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DISCLAIMER 

T h i s  r e p o r t  was prepared as an account o f  work sponsored b y  an agency o f  t h e  

U n i t e d  S t a t e s  Government. N e i t h e r  t h e  U n i t e d  S ta tes  Government n o r  any agency 

t h e r e o f ,  no r  any o f  t h e i r  employees, n o r  any o f  t h e i r  c o n t r a c t o r s ,  

s u b c o n t r a c t o r s  o r  t h e i r  employees makes any war ran ty ,  express o r  imp1 ied ,  o r  

assumes any l e g a l  1  i a b i l  i t y  o r  r e s p o n s i b i l  i t y  f o r  t h e  accuracy, completeness, 

o r  use fu l ness  o f  any i n f o rma t i on ,  apparatus,  p roduc t ,  o r  process d i s c l o s e d ,  o r  

r e p r e s e n t s  t h a t  i t s  use would n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s .  Reference 

h e r e i n  t o  any s p e c i f i c  commercial p roduc t ,  process, o r  s e r v i c e  b y  t r a d e  name, 

t rademark,  manufacturer ,  o r  o therw ise ,  does n o t  n e c e s s a r i l y  c o n s t i t u t e  o r  

imp l y  i t s  endorsement, recornmendat ion,  o r  f a v o r i n g  by  t h e  U n i t e d  S t a t e s  

Government o r  any agency t h e r e o f .  The views and op in i ons  o f  au tho rs  expressed 

h e r e i n  do n o t  n e c e s s a r i l y  s t a t e  o r  r e f l e c t  those  o f  t h e  U n i t e d  S t a t e s  

Government o r  any agency t h e r e o f .  
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Volume I, Execut ive  Summary 

Volume I con ta ins  an overv iew o f  t h e  MOD-5A Program. These t o p i c s  a re  covered: 

Ob jec t i ves  o f  t h e  MOD-5A Program 

D e s c r i p t i o n  o f  t h e  F i n a l  Design (Model 304.2) 

Cost o f  Energy 

Power Output  

Trade-Off  S tud ies  

Development Tests 

Analyses o f  Loads and Dynamics 

Manufac tur ing  and Qua1 i t y  Assurance and Safety Plans 

Volume I I ,  Conceptual and P r e l  im ina ry  Des i g n  

These sec t i ons  comprise Volume 11, which i s  d i v i d e d  i n t o  two books, as f o l l o w s :  

Book 1 1.0 Summary 

2.0 I n t r o d u c t i o n  

3.0 Design Requirements 

4.0 Conceptual Design S tud ies  

5.0 Design, Development, and Op t im iza t i on  

6.0 System Dynamics Ana lys i s  

7.0 System Loads Ana lys i s  

Book 2 8.0 Development Tes ts  

9.0 Design C r i t e r i a  

Appendix A System S p e c i f i c a t i o n  

Appendix B Design Load Tables 

Volume 111, F i n a l  Design and System D e s c r i p t i o n  

These sec t i ons  comprise Volume 111, which i s  d i v i d e d  i n t o  two books, as 

f 01 lows: 

Book 1 1.0 Summary 

2.0 I n t r o d u c t  i o n  

3.0 System D e s c r i p t i o n  - Model 304.2 

4.0 , Rotor  Subsystem 

5.0 D r i v e t r a i n  Subsystem 

6.0 Nace l l e  Subsystem 

7.0 Tower and Foundat ion Subsystems 





Book 2 8.0 Power Genera t ion  Subsystem 

9.0 Con t ro l  and Ins t rumen ta t i on  Subsystems 

10.0 Manufac tur ing  

11.0 S i t e  and E r e c t  i o n  

12.0 Qua1 i t y  Assurance and Safety  

13.0 FMEA, RAM and Maintenance 

Appendix A C.F. Braun & Company - Foundat ion Design C r i t e r i a  

Appendix B GE - Produc t  Assurance Program P lan  f o r  t h e  MOD-5A WTG 

Program 

Appendix C GE - System Sa fe t y  P lan  f o r  t h e  MOD-5A Program 

Appendix D GE - MOD-5A Con f i gu ra t i on  Management P lan  

Appendix E GE - MOD-5A Defec t  Reports f o r  Development Hardware 

Appendix F GE - MOD-5A Program Q u a l i t y  Assurance Requirements f o r  

t h e  C o n t r o l  o f  Raw M a t e r i a l s  and t h e  Blade F a b r i c a t i o n  

Process 

Appendix G GE - Statement of k'ork f o r  t h e  E r e c t i o n  o f  t h e  MOD-5A 

WTG Yaw, Nace l l e  and Blade Subsystems 

Volume I V ,  Drawings and S p e c i f i c a t i o n s  

T h i s  volume con ta ins  t h e  numbered drawings and s p e c i f i c a t i o n s  f o r  t h e  f i n a l  

des ign  o f  t h e  MOD-5A wind t u r b i n e .  The volume i s  d i v i d e d  i n t o  f i v e  books, a s  

f o l l o w s :  

Book 1 47A380002 through 47A380030 

Book 2 47A380031 th rough 47A380068 

Book 3 47A380074 th rough 47A380126 

Book 4 47A380128 th rough 47A387125 

Book 5 47D381002 th rough 47D387130 





Volume I V  o f  t h e  MOD-5A Wind 'Turbine Generator Program Design Report conta ins  

t h e  drawings and s p e c i f i c a t i o n s  f o r  t h e  base l i ne  c o n f i g u r a t i o n  i n  ascending 

drawing number order .  Due t o  b i n d i n g  1 im i ta t i ons ,  t h i s  volume i s  presented i n  

4 m u l t i p l e  books. 

4 Each book conta ins  a f u l l  breakdown p a r t s  1 i s t i n g ,  as w e l l  as "where-used" 

l i s t .  The f i r s t  and l a s t  drawing number i n  each p a r t  i s  noted below t o  

i n d i c a t e  i n  which p a r t  o f  Volume I V  t o  l o c a t e  a p a r t i c u l a r  drawing. 

Volume I V  

P a r t  1 

P a r t  2 

P a r t  3 '  

P a r t  4 

P a r t  5 

F i r s t  Drawing 

47A380002 through 47A380030 

47A380031 through 47A380068 

47A380074 through 47A380126 

47A380128 through 47A387125 

47D381002 through 470387130 

NOTES: P a r t  numbers preceded by  "**" o r  n o t  s t a r t i n g  w i t h  "47-" a re  e i t h e r  

standard hardware, vendor numbers, o r  unissued drawings. These 

numbers appear on t h e  p a r t s  l i s t s ,  b u t  a re  n o t  inc luded i n  t h e  volume. 





DRAWINGS A N D  SPECIFICATIONS 

Volume I V  
Book 3 





WTG - MOD 5A 

DRAWING L I S T  

(NUMERICAL SEQUENCE) 
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...... - . -. - - MODEL EA U N I T  0 0 0 0 0 1  . . - .  .- .. - - 
---  ECN - - - -  

I D E N T I F I C A T I O N N O .  NOMENCLATURE DWG P L - L A T E  P T CYCLE FSCM U / M  NEXT HIGHER QTY EXT/TOT-QTY CROSS 

. -- - -. I N C  OUT APPLY C ' Y  T I M E  - ASSEMBLY - . . REF - 

a 1  7 A 3 8 0 0 2 4  I N S T L  C A B L I N G  REQT X 0000 EA 4 7 E 3 8 2 3 0 4 6 1  X 0 0 1 8 6 7  

4 7 A 3 8 0 0 4 6  CONT ELEK CAB SPEC X 0000 EA 4 7 E 3 8 7 0 6 2 G 1  X 0 0 0 5 6 4  

- - 
4 7A3801052 E L E C T R I C A L  F A B .  STD X 5 0000 EA 4 7 D 3 8 7 0 8 3 6 1  X 000663 
4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA 4 7 0 3 8 7 0 8 9 6 1  X 0 0 1 5 6  1 
4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA 4 7 D 3 8 7 1 1 3 G l  X 0 0 1 7 7 4  

"?!?e0c5L -. ELECTRJCAL F A B .  STD X 5 0000 - EA 4 7 D 3 8 7 1 2 1 6 1  X ... 0 0 0 8  7 7 ... - -- 
4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA 4 7 D 3 8 7 1 3 0 6 1  X 0009 1 4  
4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD 
4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD 
4 7 A 3 8 0 0 5 2  - - E L E C T R I C A L  F A B .  STD X 5 0000 ...... .. . EA - 4 7 E 3 8 7 0 6 2 G l  X -- 00056 1 
, 1 7 A 3 8 0 0 5 2  E L E C T R I C A L  FAB. STD X 5 0000 E A  4 7 E 3 8 7 0 7 2 G l  !! 0 0 0 7 7  7 
4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA 4 7 E 3 8 7 0 8 4 6 1  X 0 0 1 8 1  1 
4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA 4 7 E 3 8 7 0 8 5 6 1  X 00 1 6 3 6  
?_!_A380052 ELECTRJCAL F A B .  STD X 5 0000 - EA 4 7 E 3 8 1 0 9 1 6 1  X - 0 0 1 5  13 
1 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA 4 7 E 3 8 7 0 9 5 6 1  X 0 0 0 6 3 8  

4 7 4 3 8 0 0 6 7  CONT SYST U.P .S .SPEC M 0000 EA 4 7 E 3 8 7 0 8 1 6 1  0 1  .OOO Ol,OOO 0 0 1 3 1 8  

4 7 A 3 8 0 0 6 8  30 -KVA XFMR SPEC M 0000 EA 4 7 E 3 8 7 0 8 1 6 1  0 1 . 0 0 0  01.000 0 0 1 3 1 6  

d l7A3800G9P3 - 1 NAMEPLATE.IDENT ( d l )  * 0000 EA-  4 7 E 3 8 7 0 2 7 6 1  0 1 . 0 0 0  0 1  .OOO - 0 0 1 3 4 5  .-.. ... 
4 7 A 3 8 0 0 6 9 P 3 1  N A M E P L A T E - I D E N T  (JI)  * 0000 EA 4 7 E 3 8 7 0 8 4 6 1  0 1  .ooo 0 1 . 0 0 0  0 0 1 8 2 2  
4 7 A 3 8 0 0 6 9 P 3  1 NAMEPLATE. IOENT (J l)  
4 7 A 3 8 0 0 6 9 P 3 1  NAMEPLATE. IDENT ( d l )  

4 7 d 3 8 0 0 6 9 P 3 2  NAMEPLATE. IDENT ( J 2 )  W O O  EA 4 7 E 3 8 7 0 8 4 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 8 2 3  
1 7 A 3 8 0 0 6 9 P 3 2  NAMEPLATE. IDENT ( J 2 )  * 0000 EA 4 7 E 3 8 7 0 8 5 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 1 6 4 7  
4 7 A 3 8 0 0 6 9 P 3 2  - NAMEPLATE. IDENT ( J 2 )  0000 EA 4 7 E 3 8 7 0 9 1 6 1  01  .OOO - - 0 1 . 0 0 0  -- 0 0 1 5 2 5  

03.000 

4 7 A 3 8 0 0 6 9 P 5 2  NAMEPLATE. I D E N T  ( T B *  * 0000 EA 4 7 E 3 8 7 0 7 2 6 1  0 1  . O W  0 1 . 0 0 0  0 0 0 7 8 2  

...... - -  . - 
1 7 A 3 8 0 0 6 9 P 7 1  NAMEPLATE,IDENT(GND) 0000 EA 4 7 E 3 8 7 0 2 7 6 1  0 1  .OOO 0 1  .OOO 001346 

3 7 A 3 8 0 0 7 0 P 3  N P L .  AN/REV STATUS 0000 EA 4 7 E 3 8 7 0 2 7 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 3 4 8  
1 7 A 3 8 0 0 7 0 P 3  . . . - N P L .  AN/REV STATUS 0000 EA 4 7 E E 0 6 2 6 1  01.000 0 1 . 0 0 0  000560 
4 7 A 3 8 0 0 7 0 P 3  N P L .  AN/REV STATUS * 0000 EA 4 7 E 3 8 7 0 7 2 G t  0 1  .OOO 0 1 . 0 0 0  0 0 0 6 7 7  

. 4  7 A 3 8 0 0 7 0 P 3  NPL. AN/REV STATUS 
! 4 7 A 3 8 0 0 7 O P 3  N P L .  AN/REV STATUS 
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. ... -- MODEL EA U N ~ - 0 0 0 0 0 1  . - 

--- ECN ----  
I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER QTY EXT/TOT-QTY CROSS 

- . . . . . - - - -- I N C  OUT APPLY C Y T IME A S S E M B L Y  - REF 

4 7 A 3 8 0 0 7 0 P 3  NPL. AN/REV STATUS * 0000 EA 4 7 E 3 8 7 0 9 1 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 5 2 7  
NPL. AN/REV STATUS ! ! P-33P07OP3 _. . . . - .. 

* EA 4 7 E 3 8 7 0 9 5 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 6 4 0  0ooo -. - - - - - - - 
0 7 . 0 0 0  

1 7 A 3 8 0 0 7  IPAR SLEEVING. SHRINK * 0000 FT 4 7 D 3 8 7 1 2 1 G l  A R 0 0 0 8 8  1 
47A380071PAR .. --  .- SLEEVING. SHRINK * 0000 FT 4 7 0 3 8 7 1 3 0 6 1  A R 0 0 0 9 2 0  
4 7 A 3 8 0 0 7  IPAR SLEEVING. SHRINK 0000 FT 4 7 E 3 8 7 0 2 7 G l  A R 00 1 3 6 6  
J7A380071PAR SLEEVING. SHRINK * 0000 FT 4 7 E 3 8 7 0 6 2 6 1  AR 0 0 0 9 5 4  
47A380071PAR SLEEVING. SHRINK 0000 F T  4 7 E 3 8 7 0 7 2 G l  AR 0 0 0 7 8 4  
?7*30007_1_PA11- SLEEVING. SHRINK * 0000 FT 4 7 E 3 8 7 0 8 4 G l  A R 0 0 1 8 1 ~  
4 7 A 3 8 0 0 7 l P A R  SLEEVING. SHRINK * 0000 FT 4 7 E 3 8 7 0 8 5 G l  A R 0 0 1 6 4 2  
17A380071PAR SLEEVING, SHRINK 0000 FT 4 7 E 3 8 7 0 9 1 G 1  A R 0 0 1 5 2 0  
4 7 A 3 8 0 0 7 l P A R  SLEEVING. SHRINK * 0000 FT 4 7 E 3 8 7 0 9 5 6 1  A R 0 0 0 6 4  3 

4 7 A 3 8 0 0 9 4  7500KVA VAR SP GEN X 0000 EA 4 7 E 3 8 7 0 8 1 G l  X 00 1 8 6 4  

F I N I S H  4 z a 3 8 o l 0 2  . . --- x 0000 - PT 47C387096G I x - . -  
4 7 A 3 8 0 1 0 2  F I N I S H  X 0000 PT 4 7 E 3 8 7 0 8 4 G l  X 

F I N I S H  M 0 0 0 0 -  QT 4 7 D 3 8 7 1 2 1 6 1  A R .- .- 

F I N I S H  M 0000 QT 4 7 D 3 8 7 1 3 0 G l  A R 

4 7 0 3 8 1 0 0 2 P l  . - . . - - - - - - BEARING, YAW M 0000 EA 4 7 E 3 8 2 1 3 3 G l  --- 0 1  .OOO 0 1 . 0 0 0  0 0 0 0 2 5  

4 7 0 3 8 1 0 0 3 P 1  ACTUATOR.HYDRAULIC M 0000 EA 4 7 E 3 8 2  165G1 0 4  ,000 0 4 . 0 0 0  0 0 0 0 3 2  

1 ~ ~ 3 8 1 0 1 O P l  BRAKE ASSY M 0000 EA 4 7 E 3 8 2  1 6 5 6 1  Q8.000 0 8 . 0 0 0  0 0 0 0 3 1  

4 7 ~ 3 8 1 0 1 0 ~ 2  BRAKE ASSY M 0000 EA 4 7 E 3 8 2 6 0 3 G l  0 2 . 0 0 0  0 4 . 0 0 0  0 0 0 2 1 8  
4 7 D 3 8  1 0 1 0 P 2  BRAKE ASSY M 0000 EA 4 7 E 3 8 2 6 0 3 6 2  0 2 . 0 0 0  0 4 . 0 0 0  0 0 0 2 4 6  

-- . . - . 0 8 . 0 0 0  

47EO81017 YAW SR ELECT I N T F C  X 0000 EA 4 7 E 3 8 2 5 9 4 G l  X 000 1 0 9  

4 7 0 3 8 1 0 1 8  . . . . - - -. ELEC INTERFACE X 0000 EA 4 7 F 3 G 9 9 G l  X 0 0 1  2 3 6  

117D381019P1 . S L I P  RNG UN YAW A X I S  

? 7 0 3 8 1 0 2 0 P  I ROTOR S L I P R I N G  U N I T  M 0000 EA 4 7 E 3 8 2 5 9 9 G 1  0 1  .O-@ 0 1 . 0 0 0  0 0 1 2 3 7  

4 7 0 3 8 1 0 2 4 P l  ROTARY P O S I T I O N  SR M 0000 EA 4 7 E 3 8 2 5 9 9 G l  0 1 . 0 0 0  01.000 0 0 1 2 5 2  

4 ~ C 3 f l ( 3 3 O P l  HINGE. TRAP DOOR o o ~ _ - -  EA 47D382430G1 0 1  . O W  0 2 . 0 0 0  0 0 0 3 9 7  
4 7 C 3 8 1 0 3 0 P l  HINGE. TRAP DOOR * 0000 EA 47D382430G2 0 1 . 0 0 0  0 2 . 0 0 0  0 0 0 4 0 5  
4 7 C 3 8 1 0 3 0 P 1  HINGE. TRAP DOOR * 0000 EA 47D382474G1 0 1  .OOO 0 1  .OOO 0 0 0 4 1 4  

'i 47C38 1 0 3 0 P  1 HINGE. TRAP DOOR * 0000 EA 47D3.9247462 0 1  .OOO 0 1 . 0 0 0  0 0 0 4 2 2  

... 06.000 
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- -. . - - -. - . . MODEL EA U N I T  0 0 0 0 0 1  - - . - - - -. . . . - - - - - - - - 
- - - ECN - - - -  

I D E N T I F T C A T I O N  NO. NOMENCLATURE DWG P L - L A T E  P T CYCLE FSCM U/M NEXT HIGHER QT Y EXT/TOT-OTY CROSS 
I N C  OUT APPLY C Y T I M E  - ASSEMBLY .- REF - 

~ 1 7 C 3 8  1 0 3 6 P  1 BOLT.FATIGUE RATED B 0000 EA 4 7 E 3 8 2 3 6 3 G l  1 4  . O W  1 4 . 0 0 0  0 0 0 3 5 0  

4 7 C 3 8 1 0 3 6 P l O  B O L T , F A T I G U E  RATED 
4 7 C 3 8 1 0 3 6 P 1 0  BOLT.FATIGUE RATED 

4 7 C 3 8 1 0 3 6 P 1 4  BOLT.FATIGUE RATED B 0000 EA 4 7 E 3 8 2 6 0 2 6 1  1 6 . 0 0 0  1 6 . 0 0 0  0 0 0 1 6 7  
1 7 C 3 8  1 0 3 6 P 1 4  BOLT.FATIGUE RATED B 0000 €A 4 7 E 3 8 2 6 0 3 G l  1 2  .OOO 2 4 . 0 0 0  0 0 0 2 3 8  
,17C38 . 1 0 3 6 P  1 4  BOLT.FATIGUE RATED - B 0000 €A 4 7 E 3 8 2 6 0 3 G 2  1 2 . 0 0 0  2 4 . 0 0 0  0 0 0 2 6 5  

6 4 . 0 0 0  

4 7 C 3 8 1 0 3 6 P 1 5  BOLT,FATIGUE RATED B 0000 EA 4 7 E 3 8 2 1 6 5 G l  36.000 36.000 0 0 0 0 4 5  

- 
4 7 ~ 3 8  1 0 3 6 ~ 1 6 - - - -  BOLT.FATIGUE RAVED B 0000 Ed 4 7 E 3 8 2  1 6 5 6 1  1 2 : 0 0 0  1 2 .000 0 0 0 0 4  6.- 

3 7 C 3 8  1 0 3 6 P 2  BOLT.FATIGUE RATED B 0000 EA 4 7 E 3 8 2 3 6 3 G 1  3 2 . 0 0 0  3 2 . 0 0 0  0 0 0 3 2 4  
. - .  4 7 C 3 8 1 0 3 6 P 2  B O L T . F A T I G U E  RATED B 0000 - €A 4 7 E 3 8 2 6 0 2 G l  2 0 . 0 0 0  2 0 . 0 0 0  0 0 0 1 7 4  

5 2 . 0 0 0  

0 7 C 3 8 1 0 3 6 P 2 0  BOLT.  FATIGUE RATED B 0000 EA 4 7 0 3 8 2 5 9 8 6 1  0 8 . 0 0 0  0 8 . 0 0 0  0 0 0 5 4 8  
4 7 C 3 8  1 0 3 6 P 2 0  - ---- BOLT,  FATIGUE RATED B 0000 EA 4 7 E 3 8 2 3 6 3 G l  8 8 . 0 0 0  8 8 . 0 0 0  0 0 0 3 2 6  
4 7 C 3 8 1 0 3 6 P 2 0  BOLT.  F A T I G U E  RATED B 0000 EA 4 7 E 3 8 2 5 9 7 G l  1 2 0 . 0 0 0  1-0%00537 

4 7 C 3 8  1 0 3 6 P 2  1 . . . . . - - - - - BOLT B 0000 €A 4 7 E 3 8 2 6 0 8 G l  0 8 . 0 0 0  0 8 . 0 0 0  0 0 1 2 9 5 -  

4 7 C 3 8  1 0 3 6 P 2 2  BOLT.FATIGUE RATED B 0000 EA 4 7 0 3 8 2 5 9 8 6 1  08.000 0 8 . 0 0 0  0 0 0 5 4 9  

4 7 C 3 8 1 0 3 6 P 2 4  . . -- B O L T . F A T I G U E  RATED B 0000 €A 4 7 9 3 8 2 5 9 8 6 1  0 8 . 0 0 0 _  0 8 , 0 0 0  0 0 0 5 4 7  0 33 0 
3 7 ~ 3 8  1 0 3 6 ~ 2 4  BOLT~FATIGUE RATED B 0000 3 6 . 0 0 0  3 6 .  ooo 000 i K Tf EA 4 7 E 3 8 2 4 4  1G1 

4 4 . 0 0 0  gg :.,. 
4 7 C 3 8  1 0 3 6 P 2 5  . BOLT.FATIGUE RATED B 0000 €A 4 7 E 3 8 2 3 6 3 G l  3 6 . 0 0 0  36 . O W  OCl0328 2 i:: 
4 7 C 3 8 1 0 3 6 P 2 6  B O L T , F A T I G U E  RATED B 0000 €A 4 7 E 3 8 2 3 6 3 G i  1 2 . 0 0 0  1 2 . 0 0 0  0 0 0 3 4 8  c{ :.. 
4 7 C 3 8  1 0 3 6 P 2 6  B O L T . F A T I G U E  RATED B 0000 EA 4 7 E 3 8 2 6 0 7 G l  9 6 . 0 0 0  96 . 000 0 0 1 2 7 9  6; .'-'.! 

1 0 8  .OOO 2: ; ::! 
. - - - - - -- - -r" t'.. - 

4 7 C 3 8 1 0 3 6 P 3  BOLT.FATIGUE RATED B 0000 EA 4 7 E 3 8 2 4 9 6 G i  8 4 . 0 0 0  8 4  .OOO 0 0 1 2 6 8  2 ill; 
4 7 C 3 8 1 0 3 6 P 3 2  BOLT M 0000 - EA . 4 7 € 3 8 2 1 3 3 G i  1 4 4 . 0 0 0  14>,000 000026 

4 7 C 3 8 1 0 3 6 P 4  B O L T . F A T I G U E  RATED M 0000 EA 4 7 E 3 8 2 3 0 6 G 1  2 0 . 0 0 0  2 0 . 0 0 0  0 0 0 3 1 0  

4 7 C 3 8 1 0 3 6 P 4 0  BOLT.  STRUCT. 2 - 1 2  h4 0%' -. EA 4 7 E 3 8 2 3 0 6 G l  - 2 4 . 0 0 0  --. 2 4 . 0 0 0  0 0 0 3 0 7  

1 7 C 3 8  1 0 3 6 P 5  B O L T . F A T I G U E  RATED B 0000 EA 4 7 E 3 8 2 4 9 5 G l  2 4  .OOO 4 8 . 0 0 0  0 0 1 2 6 7  
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-PC 

- .  -- . -. MODEL EA U N I T  00000!_- -. . . -. - - - . - -. . . - 

--- , -i ' 
ECN ---- 

I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG P L - L A T E  P  T  CYCLE FSCM U/M NEXT HIGHER QT Y  E X T / T O T - Q T Y  CROSS 

. . . -. - - - I N C  OUT APPLY C Y  T I M E  ASSEMBLY REp 

0 7 C 3 8 1 0 3 6 P 5 0  BOLT B  0000 EA 4 7 E 3 8 2 5 5 3 G l  36.000 3 6 . 0 0 0  0 0 0 3 6 6  

- . . - - - 
1 7 C 3 8 1 0 3 6 P 6  B O L T . F A T I G U E  RATED , B  0000 EA 4 7 ~ % 2 3 6 3 6 1  60.000 60.000 0 0 0 3 2 5  
4 7 C 3 8 1 0 3 6 P 6  BOLT.FATIGUE RATE0 B  0000 EA 4 7 E 3 8 2 6 0 2 G l  2 0 . 0 0 0  2 0 . 0 0 0  0 0 0 1 7 0  

8 0 . 0 0 0  

- .- 
i 1 % 3 8 1 0 3 7 ~ 1  L A C I N G  TAPE 0000 F T  4 7 D 3 8 7 1 2 1 G 1  A  R  0 0 0 8 8 0  
3 7 A 3 8  1 0 3 7 P  1  L A C I N G  TAPE 
4 7 A 3 8  1 0 3 7 P 1  L A C I N G  TAPE 
, 1 7 A 3 8 1 0 3 7 P I  . . . - - - - . . . . L A C I N G  TAPE * 0000 F T  $!€387072G1 .- AR 0(>07 ! 3 
4 7 A 3 8 1 0 3 7 P I  L A C I N G  TAPE * 0000 F T  4 7 E 3 8 7 0 8 4 G l  AR 0 0 1 8 2 0  
4 7 A 3 8  1 0 3 7 P  1  L A C I N G  TAPE 0000 F T  4 7 E 3 8 7 0 8 5 G l  A  R  0 0 1 6 4 4  
4 7 A 3 8 1 0 3 7 P 1  L A C I N G  TAPE * 0000 F T  4 7 E 3 8 7 0 9 1 G l  A  R  0 0 1 5 2 2  
4 7 A 3 8 1 0 3 7 P I  L A C I N G  TAPE * . 0000 F T  4 7 E 3 8 7 0 9 5 G 1  .- AR 0006 4 2  

00.000 

4 7 A 3 8 1 0 3 8 P 3  ' TAPE. L A C I N G  * 0000 F T  4 7 E 3 8 7 0 2 7 G l  A  R  00 1 3 6 7  

- 
4 7 ~ 3 8  1 0 3 9 ~ 1  EXPANSION JOINT M 0000 EA 4 7 E 3 8 2 5 7 0 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 5 1 9  

4 7 C 3 8  1 0 3 9 P 2  EXPANSION J O I N T  M 0000 EA 4 7 E 3 8 2 5 7 0 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 5 2 0  

- . . . - - . . - - - - - . - - - - 
1 7 D 3 8 1 0 4 0 P l  HEAT EXCHANGER M 0000 EA 4 7 ~ 3 8 7 0 6 2 ~ 1  0 2  ,000 0 2 . 0 0 0  0 0 0 5 5 5  

1 7 A 3 8  1 0 4 3 P A R  SLEEVINQ.  V I N Y L  0000 F T  4 7 E 3 8 7 0 6 2 G l  A  R  0009 5 5  
J 7 A 3 8 1 0 4 3 P A R  - SLEEVING; VINYL . .- * ooOo _.-. ._ F T  4 7 E 3 8 7 0 7 2 G 1  AR .- 0 0 0 7 7 4  
4 7 A 3 8 1 0 4 3 P A R  SLEEVING.  V I N Y L  * I 0000 F T  4 7 E 3 8 7 0 9 5 G 1  A  R  0006 2  9 

4 / A 3 8  1 0 4 5 P 3  - -. CLAMP.CABLE ( . I 8 7  D I *  * 0000 EA 4 7 E 3 8 7 0 7 2 G l  0 2 . 0 0 0  0 2 . 0 0 0 _ 0 0 0 7 s 3  

4 7 A 3 8 1 0 4 5 P 5  CABLE CLAMP B  0000 EA 4 7 E 3 8 7 0 8 4 6 1  03.000 0 3 . 0 0 0  0 0 1 8 1 7  
4 7 A 3 8 1 0 4 5 P 5  CABLE CLAMP B  0000 EA 4 7 E 3 8 7 0 8 5 G 1  03.000 0 3 . 0 0 0  0 0 1 6 4 1  
J 7 A 3 8 1 0 4 5 P 5  . . . . . . . CABLE CLAMP B 0000 EA 4 7 E 3 8 7 0 9 1 G l  -- 0 3 . 0 0 0  0 3 . 0 0 0 ~ 0 0 1 5 1 9  

09.000 

4 7 A 3 8  1 0 4 5 P 6  CLAMP.CABLE ( . 3 7 5  D I *  * 0000 EA 4 7 E 3 8 7 0 7 2 G 1  0 4 . 0 0 0  0 4 . 0 0 0  0 0 0 7 4 4  
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. -. - .  -- M O D E L E A  U N I T  0 0 0 0 0 1  -. -. 

--- ECN ---- 
I D E N T I F I C A T I O N  NO.  NOMENCLATURE DWG P L - L A T E  P T CYCLE FSCM U/M NEXT HIGHER QT y EXT/TOT-QTY CROSS 

....... - .....- INS-  OUT APPLY C Y T I M E  . ASSEMBLY REF 

4 7 E 3 8 1 0 4 6 P f  GEARBOX ENVELOPE B 0000 EA 4 7 E 3 8 2 5 5 3 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 3 6 4  

. - -. 

1 7 8 3 8 1 0 5 9 P 4  CONNECTOR CUTOUT COV* * 0000 EA 4 7 E 3 8 7 0 7 2 G 1  03.000 0 3 . 0 0 0  0 0 0 6 8 0  

4 7 D 3 8  1 0 6 0 P  1 V I D E O  MONITOR M 0000 EA 4 7 E 3 8 7 1 1 2 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 3 2 7  

.... 
4 7 ~ 3 8 1 0 6 6 ~ 1  HOSE ASSY M 0000 EA 4 7 J 3 8 2 3 3 0 G l  0 4 . 0 0 0  0 4 . 0 0 0  0 0 1 1 2 6  

Q 7 C 3 8 1 0 6 6 P 2  HOSE ASSY M 0000 EA 4 7 J 3 8 2 3 3 0 G l  0 6 . 0 0 0  0 6 . 0 0 0  0 0 1 1 2 5  

-. . - - - - - - 
4 7 A 3 8 1 0 6 7 P 1  C T L  PROCESSING U N I T  M 0000 EA 4 7 E 3 8 7 0 9 5 6 1  0 1 . 0 0 0  0 1 ,000 0 0 0 5 9 4  

4 7 A 3 8  1 0 6 7 P l O  1 2 0  VAC TRK OUT MDL M 0000 EA 4 7 E 3 8 7 0 6 2 G 1  4 7 . 0 0 0  4 7 . 0 0 0  0 0 0 5 7 0  

........ -. ........ - 
4 7 A 3 8 1 0 6 7 P 1 1  1 2 - B I T  A/O CONVERTER M 0000 €A 4 7 E 3 8 7 0 9 5 G P  0 2 . W  0 2 . 0 0 0  0 0 0 6 0 3  

1 7 A 3 8 1 0 6 7 P 1 2  1 2 - B I T  SS ANLG I N P U T  M 0000 EA 4 7 E 3 8 7 0 9 5 G 1  0 3 . 0 0 0  0 3 . 0 0 0  0 0 0 6 0 4  

- -. . - - - - 
4 7 A 3 8 1 0 6 7 P 1 3  1 2 - B I T  ANALOG OUTPUT M 0000 EA 4 7 E 3 8 7 0 9 5 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 6 0 5  

4 7 A 3 8 1 0 6 7 P 1 4  WATCHDOG T IMER M 0000 EA 4 7 E 3 8 7 0 9 5 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 6 0 1  

- 4 7 ~ 3 8  1 0 6 7 ~  ERROR DETECTOR M 0000 EA 4 7 E 3 8 7 0 9 5 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 6 0 0  

4 7 A 3 8  1 0 6 7 P  1 6  POWER SUPPLY M 0000 EA 4 7 E 3 8 7 0 9 5 6 1  0 1  .OOO 0 1  .OOO 0 0 0 5 9  1 0 9 
- - -'&! 

4 7 ~ 3 8 1 0 6 7 ~ 1 7  C H A S S I S  INTERFACE M 0000 EA 4 7 E 3 8 7 0 9 5 G 1  0 1  .OOO 0 1  ,000 0 0 0 5 9 5  "gl ct? 
0 ---J 

4 7 A 3 8  1 0 6 7 P 1 8  C H A S S I S  M 0000 EA 4 7 E 3 8 7 0 9 5 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 5 9 2  0 ?:!! 
m 

........ -. ... 
4 7 A 3 8 1 0 6 7 P 2  A R I T H .  PROCESSING M 0000 EA 4 7 E 3 8 7 0 9 5 G 1  0 1  .000 0 1  .OOO 0 0 0 5 9 9  0 'i:$ 

:!+J 

4 7 A 3 8 1 0 6 7 P 2 0  F I L L E R  BLANK M 0000 EA 4 7 E 3 8 7 0 9 5 6 1  1 5 . 0 0 0  1 5 . 0 0 0  0 0 0 6 0 2  f.3 
P" 1'~'ll 

CABLE.  1/0 TRACK M 0000 EA 4 7 E 3 8 7 0 6 2 G l  0 1  . O W  0 1 . 0 0 0  0 0 0 5 7 5  % - 
4 64: 

4 7 A 3 8 1 0 6 7 P 3  16K EXECUTIVE MEMORY M 0000 EA 4 7 E 3 8 7 0 9 5 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 9 6  

. - . - - . - . - - -- - - 
4 7 A 3 8 1 0 6 7 P 3 1  TERMINATOR PLUG M 0000 E & -  4 7 E 3 8 7 0 6 2 G 1  0 1  .OOO 0 1 ~ ~ 0 0 0 0 5 7 1  ' 

1 7 A 3 8 1 0 6 7 P 4  12K PROM. 4 K  RAM MEM M 0000 EA 4 7 E 3 8 7 0 9 5 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 5 9 8  

-- 
4 7 A 3 8 1 0 6 7 P 5  16K RAM MEMORY M 0000 EA 4 7 E 8 7 0 9 5 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 5 9 7  

4 7 A 3 8 1 0 6 7 P 6  TTY & E I A  I N T F C  MDL M 0000 EA 4 7 E 3 8 7 0 9 5 G l  03.000 0 3 . 0 0 0  0 0 0 6 0 6  

- -- .- 
4 7 A 3 8 1 0 6 7 P 7  1/0 SYS D R I V E R  MDL M 0000 EA 4 7 E 3 8 7 0 9 5 G 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 6 0 7  

9 47A3.9 l 0 6 7 P 8  1/0 TRACK M 0000 EA 4 7 E 3 8 7 0 6 2 G 1  0 8 . 0 0 0  0 8 . 0 0 0  0 0 0 5 6 8  
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. . -. -. . MODEL EA UNIT  0 0 0 0 0 1  - - ---. - - - 

---  ECN - - - -  
TDENTIFICATION NO. NOMENCLATURE DWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER QT Y EXT/TOT-QTY CROSS 

. INC  OUT APPLY C Y TIME ASSEMBLY REF 

47A381067P.9 1 2 0  VAC TRK I N P  MOL M .0000 EA 47E387062G l  8 1  .OOO 8 1 . 0 0 0  0 0 0 5 6 9  

. . . - - - - . . . - - - . . - - - . - - - . - 
47C381072P 1 CLAMP U N I T  M 0000 EA 47tJ382330Gl  0 4  ,000 0 4 . 0 0 0  0 0 1 1 3 8  

47C381072P2  CLAMP UNIT  M 0000 EA 4 7 J 3 8 2 3 3 0 G l  5 2 . 0 0 0  5 2 . 0 0 0  0 0 1 1 3 7  

. . - . . . - 
47C381072P3  CLAMP U N I T  M 0000 EA 47C382336G1 0 1 . 0 0 0  3 8 . 0 0 0  0?ii133 
47C381072P3  CLAMP U N I T  M 0000 EA 47C382336G2 0 1 . 0 0 0  0 8 . 0 0 0  0 0 1 1 3 6  
47C38 1072P3  CLAMP U N I T  M 0000 €A 47C382336G3 0 1  .OOO 0 6 . 0 0 0  0 0 1 1 8 6  

. . . .. - . -. - 5 2 . 0 0 0  

4 7 8 3 8  1074P 1 HOSE ASSY M 0000 EA 4 7 J 3 8 2 3 1 3 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 0 8 6  

. 4!c3e!?'~~-.. HOSE ASSY M I 0000 EA 4 7 J 3 8 2 3 1 3 G l  0 4 . 0 0 0  0 4 . 0 0 0  0 0 0 0 8 4  

47C381075P2 HOSE ASSY M 0000 EA 4 7 J 3 8 2 3 1 3 G l  0 4 . 0 0 0  0 4 . 0 0 0  0 0 0 0 8 5  

. . 4 7 D 3 8 1 0 7 8 P l  H IGH SPEED SFT ASSY B 0000 € A  47D382589G1 0 1  . O W  0 1 . 0 0 0  0 0 0 3 7 2  

47D38108OP l  TPR RLR BRG.SPDL/AFT M 0000 8 0 6 5 7  EA 47E382441G1 0 1  .OOO 0 1 . 0 0 0  0 0 0 1 7 8  

4 7 D 3 8 1 0 8 1 P l  TPR RLR BRG.SPDL/FWD M 0000 8 0 6 5 7  EA 47E382441G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 1 7 9  

17D38  1082P 1 COUPLING HUB. FWD * 0000 EA 47D382435G1 0 1  . O W  0 1 . 0 0 0  0 0 0 2 1 0  

TORQUE PLATE _ " !o?!!o~?'?? -- M 0000 EA 4 7 E 3 8 2 4 4 1 G l  0 1  . O W  0 1 . 0 0 0  0 0 0 1 9 5  

47C381083P I COUPLING HUB, AFT 0000 EA 4 7 0 3 8 2 4 3 5 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 2 1 1  

?7C38 lO87P  1 NUT ---- M 0000 EA 47E382306G1 2 0 . 0 0 0  2 0 . 0 0 0  0 0 0 3 1 1  
47C38 1087P1  NUT M 0000 EA 4 7 E 3 8 2 6 1 0 G l  2 8 . 0 0 0  5 6 . 0 0 0  0 0 1 0 2 8  

47C38 108JP 1 0  LOCKNUT B 0000 EA 47E382363G l  -- 
4 7 C 3 8 1 0 8 7 P l O  LOCKNUT B 0000 EA 4 7 E 3 8 2 6 0 8 G l  

37C381087P13  .. - -  -- NUT. FATIGUE RATED B %?E----- EA 47E382  13361  144  .OOO 1 4 4 . 0 0 0  0 0 0 0 2 7  
17C381087P13  NUT. FATIGUE RATED B 0000 EA 4 7 E 3 8 2 5 9 7 G l  1 2 0 . 0 0 0  1 2 0 . 0 0 0  0 0 0 5 3 8  

2 6 4 . 0 0 0  

37C38 1087P2 LOCKNUT B 0000 EA 47E382363G i  9 2 . 0 0 0  9 2 . 0 0 0  0 0 0 3 2 9  
Z 47C38 1087P2  LOCKNUT B 0000 EA 47E382602G1 4 0 . 0 0 0  4 0 . 0 0 0  0 0 0 1 7 3  
6 - 1 3 2 . 0 0 0  
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. . . - -. . - MODEL EA UNIT 000E)_01 - .- . - 

- - - ECN ----  
IDENTIFICATION NO. NOMENCLATURE DWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER OT Y EXT/TOT-QTY CROSS 

. . - . . - - - - - - INC OUT - APPLY C Y TIME ASSEMBLY . . REF - 

47C381087P22 LOCKNUT B 0000 EA 47E382553Gl 3 6 . 0 0 0  3 6 . 0 0 0  000368  

. . . - - . . - -. - 
J7C38 1087P5 NUT B 0000 EA 47E38244 161 3 6 0 . 0 0 0  3 6 0 . 0 0 0 - 0 0 0 2 0 0 -  
47C38 1087P5 NUT B 0000 EA 47E382603G1 1 2 . 0 0 0  2 4 . 0 0 0  000239  
47C381087P5 NUT B 0000 EA 47E382603G2 12.000 2 4 . 0 0 0  000266  

.. - 4 0 8 . 0 0 0  . - -. . - - 
17C38 1087P6 LOCKNUT B 0000 EA 47E38236361 12 .000  12 .000  0 0 0 3 3 0  
47C38 1087P6 LOCKNUT B 0000 €A 47E382608Gl 6 0 . 0 0 0  6 0 . 0 0 0  001292  

. . . . . - - . . . . - 7 2 . 0 0 0  

47C381007P9 NUT 
47C381087P9 NUT 
4 l C 3 8  1087P9 NUT B 0000 EA-. 47E382441Gl 3 6 . 0 0 0  .- . . - - - - - . - 3% 000 000 198-  
d7C381087P9 NUT B . 0000 EA 47E382607Gl 9 6 . 0 0 0  9 6 . 0 0 0  0 0 1 2 8 0  

47C381088Pl  - - WASHER.l.OO D I A  M 0000 EA 47E382306GI 2 0 . 0 0 0  - 2 0 . 0 0 0  000319  
47C381088PI  WASHER.l.OO D I A  M 0000 EA 47E382363G1 9 2 . 0 0 0  9 2 . 0 0 0  000332  
17C381088P1 WASHER.l.OO D I A  M 0000 EA 47E382496Gl 8 4 . 0 0 0  8 4 . 0 0 0  0 0 1 2 6 9  
47C381088P1 WASHER.l.OO DIA  M 0000 EA 47E38260261 4 0 . 0 0 0  4 0 . 0 0 0  0 0 0 1 7 1  

WASHER. 1 .OO DIA  ,I 'c38108Bp1.. .. M 0000 EA 47E382610Gl 2 8 . 0 0 0  5 6 . 0 0 0  0 0 1 0 2 9  
292 .OOO 

:17C38 1088P10 WASHER.l.50 D IA  B 0000 EA 47D38259861 2 4 . 0 0 0  2 4 . 0 0 0  000552  - - . - - ~ 

47C38 1088P 10 - - - - - - . WASHER, 1 .SO DIA - B 0000 EA 47E382363Gl - 1 3 6 . 0 0 0  1 3 6 . 0 0 0  000346  
47C38 1088P 10  WASHER.1.50 D IA  B 0000 EA 47E382607G1 9 6 . 0 0 0  9 6 . 0 0 0  001282  
17C381088PlO WASHER.1.50 D IA  B 0000 EA 47E382608Gl 6 8 . 0 0 0  6 8 . 0 0 0  001298  

. ... - .- 
j ? C 3 8 1 0 8 8 ~ 1 3  WASHER. HARDENED STL B 0000 ~ ~ - . - 4 7 ~ 3 8 2 1 3 3 ~ 1 -  1 4 4 . 0 0 0  14- 000028  
47C381088P13 WASHER. HARDENED STL B 0000 EA 47E38259761 120 .000  120 .000  0 0 0 5 4 0  

. . . - - - - - - .- - 
17C381088P14 WASHER. HARDENED STL B 0000 EA 4 7 ~ 3 s 5 1 3 3 6 1  1 4 4 . 0 0 0 -  144 .OOO 000029  
47C381088P14 WASHER. HARDENED STL 8 0000 EA 47E382597Gl 1 2 0 . 0 0 0  120 .000  000539  

2 6 4 . 0 0 0  

47C381088P18 WASHER 2 . 0 0  B 0000 EA 47E382306Gl 24 .000 2 4 . 0 0 0  000309  

47C381088P2 W A S ~ ~ E R . I . O O  DIA M 0000 EA 47E382306G1 2 0 . 0 0 0  2 0 . 0 0 0  0 0 0 3  12 
47C381088P2 WASHER.l.OO D I A  M 0000 €A 47E382363Gt 105 .000  105.000 000345  
47C381088P2 WASHER.l.OO DIA  M 0000 EA 47E382602G1 4 0 . 0 0 0  4 0 . 0 0 0  000172  

. .  . . 1 6 5 . 0 0 0  

~17C38 1088P2 1 WASHER B 0000 EA 47E382553G1 3 6 . 0 0 0  3 6 . 0 0 0  000367  
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. . . . - . . - - - - - - . -. - - . . - - - - - - . - - -. . -. . K I D E L  EA U N I T  O O O ~ ? !  . . . - ... . . .. . . .. . . . - . . . . . - . . . - . - . - - - -. - . - . - 
:- 

---  ECN - - - -  
I D E N T I F I C A T I O N  NO.  NOMENCLATURE DWG P L - L A T E  P  T  CYCLE FSCM U/M NEXT HIGHER QTY E X T / T O T - Q T Y  CROSS 

. - . - . - . - -. - - . - - I N C  OUT APPLY C Y  T I M E  ASSEMBLY REF 

I 
4 7 C 3 8 1 0 8 8 P 2 2  WASHER B  ' 0000 EA 4 7 E 3 8 2 5 5 3 G l  3 6 . 0 0 0  3 6 . 0 0 0  000369 

-- - - - . - - - - - - - . . 
4 7 C 3 8  1 0 8 8 P 5  WASHER.1.25 D I A  B  . 0000 EA 4 7 E 3 8 2 3 6 3 G l  1 2 . 0 0 0  1 2 . 0 0 0  000333 
1 7 C 3 8  1 0 8 8 P 5  WASHER. 1 . 2 5  D I A  B  0000 EA 4 7 E 3 8 2 4 4 1 G 1  2 4 0 . 0 0 0  2 4 0 . 0 0 0  0 0 0 2 0 1  
1 7 C 3 8  1 0 8 8 P 5  WASHER. 1 . 2 5  D I A  B  0000 € A  4 7 E 3 8 2 4 9 6 G l  0 8 . 0 0 0  0 8 . 0 0 0  0 0 1 2 7 1  
4 7 C 3 8 1 0 8 8 P 5  . . . . . - - WASHER.1.25 D I A  B  0000 ti* 47E382602G1 1 6 . 0 0 0  1 6 . 0 0 0  0 0 0 1 6 8  

2 7 6 . 0 0 0  

4 7 C 3 8  1 0 R 8 P 6  WASHER.1.25 D I A  B  0000 EA 4 7 E 3 8 2 3 6 3 G 1  1 2  .OOO 1 2 . 0 0 0  0 0 0 3 4 7  
? 7 C 3 8 l O 8 8 P 6  WASHER.1.25 D I A  B 0000 EA 4 7 E 3 8 2 6 0 3 6 1  . - - -- . - 2 4  - .000 4 8 . 0 0 0  0 0 0 2 4 2  
4 7 C 3 8 1 0 8 8 P 6  WASHER.1 .25  D I A  B  0000 EA 4 7 E 3 8 2 6 0 3 G 2  2 4 . 0 0 0  4 8 . 0 0 0  0 0 0 2 7 0  

?/5-78 1 0 8 8 P 9  WASHER.1.50 D I A  M 0000 EA 4 7 D 3 8 2 5 9 8 G  1 2 4  .OOO 2 4 . 0 0 0  0 0 0 5 4 5  
(1 7 C 3 8  1 0 8 8 P 9  WASHER.1 .50  D I A  M 0000 EA 4 7 E 3 8 2 3 6 3 G l  1 3 6  .OOO 1 3 6 . 0 0 0  0 0 0 3 3 4  
1 7 C 3 8  1 0 8 8 P 9  WASHER.1.50 D I A  M 0000 EA 4 7 E 3 8 2 4 4  1G1 7 2 . 0 0 0  7 2 . 0 0 0  0 0 0 1 9 7  
4 7 C 3 8  1 0 8 8 P 9  WASHER.1 .50  D I A  M 0000 EA 4 7 E 3 8 2 6 0 7 G l  9 6  ,000 9 6 . 0 0 0  0 0 1 2 8 1  

.I7C3! lo@!'? - . - !'&!F!! &%!?A M 0000 EA 4 7 E 3 8 2 6 0 8 G 1  6 8 . 0 0 0  6 8 . 0 0 0  0 0 1 2 9 3  
3 9 6 . 0 0 0  

4 7 E 3 8 1 0 R 9 P l  T R A I L I N G  EDGE I N S T L  M 0000 EA 4 7 E 3 8 2 5 9 0 G 1  0 2  . 000 0 2 . 0 0 0  0 0 1 0 0 8  

1 7 E 3 8 1 0 8 9 P 2  T R A I L I N G  EDGE I N S T L  M 0000 EA 4 7 E 3 8 2 5 9 0 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 0 0 9  

,17E38 1 0 8 9 P 3  T R A I L I N G  EDGE I N S T L  M 0000 EA 4 7 E 3 8 2 5 9 0 G l  0 2  . 000 0 2 . 0 0 0  0 0 1 0 1 0  

- - - . - . - - - - - - - - - -. 
i i J 3 8 1 0 9 0 ~ 1  INNER BLADE S E C T I O N  M 0000 €A- 4 7 E 3 8 2 5 9 0 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 0 0 6  

4 7 D 3 8 1 0 9 1 P 1  I C E  DETECTOR M 0000 EA 4 7 E 3 8 2 4 6 9 G l  0 2  ,000 0 4 . 0 0 0  0 0 1 0 7 1  

- 
4 7 E 3 8  1 0 9 3 P 1  BGR THRUST TEETER M 0000 EA 4 7 E 3 8 2 6 0 5 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 1 9 8  

4 7 J 3 8 1 0 9 7 P l  OUTER BLADE S E C T I O N  M 0000 EA 4 7 E 3 8 2 5 9 0 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 0 0 7  

. - . - - . . - .- - .- -- - -- -. -. - - - - - - - - - - . - - - -. 
4 7 E 3 8 1 1 0 0 P 1  C A B I N E T  M 0000 EA 4 7 E 3 8 7 0 6 2 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 5 4  

4 7 0 3 8  1 1 0 1 P  1  SHRINK D I S C  M 0000 EA 4 7 E 3 8 2 6 0 5 G l  0 2  . 000 0 2 . 0 0 0  0 0 1 2 0 0  

. 
4 7 C 3 8  1  1 0 2 P  1  ROTOR SEAL FWD M 0000 0 3 6 6 8  EA 4 7 E 3 8 2 4 4 1 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 1 8 9  

4 7 C 3 8 1 1 0 3 P l  ROTOR SEAL AFT M 0000 0 3 6 6 8  EA 4 7 E 3 8 2 4 4 1 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 1 9 0  

. . .. . - - - . - - - - - - - - - - . - - - - - - 
4 7 C 3 8 1 1 0 4 P 1  STUD M 0000 EA 4 7 E 3 8 2 4 4  1G1 1 2 0 . 0 0 0  1 2 0 . 0 0 0  0 0 0 1 9 2  
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- . . - - - . r-.-- MODEL EA U N I T  0 0 g O L -  - 

- - - ECN - ---  
I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG P L - L A T E  P  T  CYCLE FSCM U/M NEXT HIGHER QTY EXT/TOT-QTY CROSS 

. - - - - - - - - - - . - I N C  OUT -- APPLY C Y  T I M E  ASSEMBLY -- .- - ... . REF - 

d 7 E 3 8 1  105G1 BOLSTER ASSY M 0000 EA 4 7 E 3 8 2 5 9 0 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 9 8 5  
-. 

i l R 3 8 . i  l b 6 ~  1  , w ~ n R ~ ~ ~  SEAL.  AFT M 0000 0 1  .OOO 0 1 . 0 0 0  0 0 0 1 8 1  EA 4 7 ~ 3 8 2 4 4  1 6 1  - 

4 7 E 3 8  1 1 0 7 P 1  TROLLEY ASSY M 0000 EA 4 7 E 3 8 2 1 6 5 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 0 3 4  

. . . . . - . - 
, 1 7 ~ 3 8 i i o 8 ~  I SENSOR. ROTOR SPEED M 0000 8 1 6 9 2  EA 4 7 E 3 8 2 4 9 8 G 1  0 2  . O W  0 2 . 0 0 0  0 0 1 2 7 6  

4 7 B 3 8  1 1 0 9 P 1  WSHR. B E L L E V I L L E  SPR B  0000 9 2 8 3 0  EA 4 7 E 3 8 2 4 4 1 G l  1 2 0 . 0 0 0  1 2 0 . 0 0 0  0 0 0 1 9 9  

-. .. 
~ ~ ~ 3 8 1 1 1 0 ~ 1  SEAL.  FWD. COUPLING M 0000 EA 4 7 E 3 8 2 6 0 1 G l  0 4 . 0 0 0  0 4  ,000 0 0 0 2  1 4  

~ ~ 7 C 3 8 1 1 1 1 P I  BELLOWS J O I N T  M 0000 EA 4 7 E 3 8 2 5 9 9 G l  01 .OOO 0 1 . 0 0 0  0 0 1 2 3 8  

- 4 j E 3 8 1 1  12Gi  FOUNDATION RE01 M 0000 - EA 4 7 E 3 8 2 2 9 7 6 3  0 1  .OOO 0 1 . 0 0 0  0 0 0 0 0 6  

4 7 E 3 8 1 1 1 2 P l  FOUNDATION ASSEMBLY M 0000 0 1 . 0 0 0  EA 4 7 E 3 8 1 1 1 2 G l  0 1 . 0 0 0  0 0 0 0 0 7  

. . . - - - - - - - 
4 7 E 3 8  1 1  1 2 P 1 0  # I 1  REINFORCING ROD M 0000 F T  4 7 E 3 8 1 1 1 2 G l  A  R  0000 1 6  

4 7 E 3 8 1 1 1 2 P 3  NUT B  0000 EA 4 7 E 3 8 1 1 1 2 G l  1 9 2  .OOO 1 9 2 . 0 0 0  000009 

. . - -- - - . - 
d 7 E 3 8 1 1 1 2 P 5  RECT.  WIREWAY M 0000 EA 4 7 E 3 8 1  I t 2 6 1  03.000 oK0oo ooool I 

4 7 E 3 8 1 1 1 2 P 6  CONDUIT S E C T I O N  M 0000 EA 4 7 E 3 8 1 1 1 2 G l  O f  .000 0 1 . 0 0 0  o o O 0 1 2  

. 
4 7 ~ 3 0 i 1 1 2 ~ 7  CONDUIT S E C T I O N  M 0000 EA 4 7 E 3 8  1 1  12G1 0 2 . 0 0 0  0 2 . 0 0 0  o~o?GT 

4 7 E 3 8  I t  1 2 P 8  CONDUIT S E C T I O N  M 0000 . EA 4 7 E 3 8 1 1 1 2 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 0 1 4  

- .- 

4 7 ~ 3 8 1 1 1 2 ~ 9  # 0 9  REINFORCING ROD M 0000 F T  4 7 E 3 8 1 1 1 2 G 1  A  R  0000 1 5  

4 7 E 3 8 1 1 1 3 P l  F A I R I N G  ENVELOPE B  0000 EA 4 7 0 3 8 2 6 0 6 0 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 3 7 8  
-. - 

d ~ 0 3 8 1 1 1 4 ~ 1  ERG-RADIAL-TEETER M 0000 EA 4 7 E 3 8 2 5 8 3 G l  0 1  .OOO 0 2 . 0 0 0  0 0 1 1 9 5  

4 7 C 3 8 1 1 1 5 P l  ACTUATOR B  0000 EA 4 7 E 3 8 2 6 1 0 6 1  0 6 . 0 0 0  1 2 . 0 0 0  0 0 1 0 2 5  

- 
4 7 D 3 8 2 0 0 0  TOWER GEOMETRY/DIAG X 0000 EA 4 7 E 3 8 2 3 0 4 G l  X 0 0 1 8 7 3  

4 7 C 3 8 2 0 2 0  L U B R I C A T I O N  SCHEM X 0000 EA 4 7 E 3 8 2 5 7 0 G l  X 0 0 0 5 3 5  

- . - . . - - - 
4 7 E 3 8 2 0 4 5  GEOMETRY ENVELOPE X  006?-- EA 4 7 E 3 8 2 3 0 4 G l  X 00 1 3 0 7  

4 7 E 3 8 2 0 5 0 P l  YAW HSG STRUCT.UPPER M 0000 EA 4 7 E 3 8 2 1 3 3 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 0 2 3  

. - -. .- 

4 7 B 3 8 2 1 3 1 P l  ENCLOSURE. DOOR 0000 € A  4 7 0 3 8 2 4 3 0 6 1  0 1 . 0 0 0  0 2 . 0 0 0  0 0 0 3 9 6  
4 7 8 3 8 2 1 3 1 P l  ENCLOSURE. DOOR * 0000 EA 4 7 D 3 8 2 4 3 0 G 2  0 1  .OOO 0 2 . 0 0 0  0 0 0 4 0 4  
4 7 B 3 8 2 1 3 1 P l  ENCLOSURE, DOOR * 0000 EA 4 7 D 3 8 2 4 7 4 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 4 1 3  
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. M O D E L E A  U N I T 0 0 0 0 0 1  . -  - . . -- . . . - - 

*% 

---  ECN ---- 
IDENTIFICATION NO. NOMENCLATURE DWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER QT Y EXT/TOT-QTY CROSS 

. . . . . - - - - -. - . - - I N C  OUT APPLY C Y  T I M E  - _ ASSEMBLY .- -. REF 

d 7 R 3 8 2 1 3 1 P I  ENCLOSURE. DOOR 0000 €A 4 7 0 3 0 2 4 7 4 6 2  01.000 01.000 0 0 0 4 2 1  
.. - . .. - -. 0 6 . 0 0 0  

3 7 E 3 8 2 1 3 3 G l  YAW STRUCTURE ASSY M 0000 EA 4 7 D 3 8 2 5 9 3 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 0 2 2  

4 7 E 3 8 2  1 6 5 6 1  YAW D R I V E  I N S T L .  M 0000 EA 4 7 D 3 8 2 5 9 3 G 1  0 1  . O W  0 I . 000 0 0 0 0 3 ~  

4 7 C 3 8 2 1 8 1 P l  TRACK MTG BRACKET M 0000 EA 4 7 E 3 8 2 1 6 5 6 1  0 4  . 000 0 4 . 0 0 0  000033 

4 7 C 3 8 2 1 8 1 P 2  - TRACK. MTG BRACKET M 0000 EA 4 7 E 3 8 2  1 6 5 6 1  0 2 , 0 0 0  0 2 . 0 0 0  0 0 0 0 6 3  

4 7 D 3 8 2 1 9 2 P 1  BRAKE MTG P L A T E  M 0000 EA 4 7 E 3 8 2  1 6 5 6 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 0 4 1  

,178382  1 9 3 P 1  -- . . -. . - - P I N .  C L E V I S  - BRAKE M 0000 EA 4 7 E 3 8 2  1 6 5 6 1  0 4 . 0 0 0  0 4 . 0 0 0  0 0 0 0 4 4  

4 7 8 3 8 2  1 9 6 P  1  SPACER. C L E V I S  BLOCK M 0000 EA 4 7 E 3 8 2  1 6 5 G 1  0 4 . 0 0 0  0 4 . 0 0 0  0 0 0 0 6 1  
i 

1 7 8 3 8 2  1 9 6 P 2  . . . - . - - - SPCR. ACTUATOR C L E V I S  M 0000 EA 4 7 E 3 8 2 1 6 5 G l  O8 1_0?0_ . - 0 8 . 0 0 0  0 0 0 0 6 2  

4 7 0 3 8 2 1 9 8 P l  C L E V I S  BLOCK M 0000 EA 4 7 E 3 8 2  1 6 5 6 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 0 4 2  

4 7 0 3 8 2 1 9 8 P 2  . . . . - - -. - - . - C L E V I S  BLOCK -- M 0000 €A 4 7 E 3 8 2  1 6 5 6 1  0 2  .OOO 02 .000  0 0 0 0 K )  

4 7 8 3 8 2 2 0 0 P l  RETAINER.  P I N  M 0000 EA 4 7 E 3 8 2 1 6 5 G l  0 4  . 000 0 4 . 0 0 0  0 0 0 0 4 3  

4 7 E 3 8 2 2 1 9 P l  . -  Y_AW--HSG STRUCT, LOWER M 0000 EA 4 7 E 3 8 2 1 3 3 G 1  0 1 4 0 0  0 1 . 0 0 0  0 0 0 0 2 4  

4 7 C 3 8 2 2 3 4 P  1  GASKET M 0000 EA 4 7 E 3 8 7 0 6 2 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 5 6 5  

- 47B3_82248P1 A I R  B A F .  R I G H T  S I D E  M 0000 EA 4 7 E 3 8 7 0 6 2 G l  01 .OOO 0 I , 0 0 0 - 0 0 0 5 7 3  

4 7 8 3 8 2 2 4 8 P 2  A I R  B A F .  L E F T  S I D E  M 0000 EA 4 7 E 3 8 7 0 6 2 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 5 7 4  

4 7 E 3 8 2 2 6 4 P l  S I D E  SUPPORT.WLOMT M ' 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 1  .ooo 0 1  . 0 0 O . _ e 3 6 L  

4 7 E 3 8 2 2 6 5 P  1  S I D E  SUPPORT M 0000 EA 4 7 E 3 8 2 3 6 3 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 3 2 0  

-. !!E382265P2 S I D E  SUPPORT -- -. - M 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 3 2 1  

4 7 E 3 8 2 2 7 1 P l  ROTOR AOAPTER.WLDMT M 0000 EA 4 7 E 3 8 2 3 6 3 G l  01 .OOO 0 1 . 0 0 0  0 0 0 3 6 2  

?7=2272P 1  ROTOR ADAPTER S T R L  M 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 1  .OOO 0 1 , 0 0 0  0 0 0 3 2 3  

. 1 7 D 3 8 2 2 7 4  NACELLE GEOMETRY X 0000 EA 4 7 E 3 8 2 3 0 4 G l  X  0 0 1 8 7 4  

4 7 8 3 8 2 2 7 7 P l  . - D R I P  - . TROUGH - . . . M 0000 EA 4 7 E 3 8 2 1 6 5 G l  . - 0 2 . 0 0 0  - -. . - 0 2 . 0 0 0  0 0 0 0 6 9  

1 7 8 3 8 2 2 7 7 P 2  D R I P  TROUGH M 0000 EA 4 7 E 3 8 2 1 6 5 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 0 7 0  
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. . . . - - . - - - . . MODEL EA U N I T  000001- -. . - - - . . A - 

-- -  ECN ---- 
l D E N T I F I C A T I O N  NO. NOMENCLATURE OWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER QTY EXT/TOT-QTY CROSS 

. - -. -. . . -  . - I N C  OUT APPLY - C  Y TIME -- ASSEMBLY - - .. REF - 

4 7 C 3 8 2 2 7 8 P l  MANIFOLD F I T T I N G  M 0000 EA 4 7 E 3 8 2  1 6 5 6 1  0 2 . 0 0 0  0 2 . 0 0 0  000065 
-. - 

4 7 ~ 5 6 5 2 8 5  PROFILE COORDINATES X 0000 EA 4 7 E 3 8 2 5 9 0 6 1  X 0 0 1 2 2 8  

4 7 J 3 8 2 2 8 7 P l  CENTER BLADE SECT M 0000 €A 4 7 E 3 8 2 5 9 0 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 9 8 4  

- - - - - - - . - 
4 7 D 3 8 2 2 8 8  GENERAL SITE LCTN X 0000 EA 4 7 E 3 8 2 3 0 4 6 1  X 0 0 1 8 7 0 -  

4 7 0 3 8 2 2 9 6 P l  LOW SPEED SHAFT * 0000 EA 4 7 0 3 8 2 4 3 5 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 2 0 9  

.. - .. .- --- 
4 7 E 3 8 2 2 9 7 G l  TWR/FOUNOATION I N S T L  M 0000 EA 4 7 0 3 0 2 3 5 6 6 1  0 1  .ooo 0 1 . 000 0 0 0 0 0 3  

4 7 E 3 8 2 2 9 7 P 7  GROUT M 0000 L B  4 7 E 3 8 2 2 9 7 6 1  A R 0 0 0 0 2 0  

.- - 
4 i ~ X 2 2 9 8  S I T E  P L A N - i S T  U N I T  X 0000 E A  4 7 ~ 3 8 2 3 0 4 6 1  X 0 0 1 8 7 1  

4 7 E 3 8 2 3 0 1 P l  BOLSTER M 0000 EA 4 7 E 3 8 1 1 0 5 6 1  0 2  .000 0 2 . 0 0 0  0 0 0 9 8 6  

- . . . -. - - - - 
4 7 E 3 8 2 3 0 3 P 1  TWR/ FON PLATF REQT M 0000 EA 4 7 E 3 8 2 2 9 7 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 0 1 7  

4 7 E 3 8 2 3 0 4 6 1  WTG ASSY. MOD-5A I M 0000 E A 0 1 . 0 0 0  0 0 0 0 0 1  

4 7 ~ 3 8 ? 3 0 6 ~ 1  BED PL. .MACH.&DRILL .  0 1  M 0000 EA 4 7 E 3 8 2 3 6 3 6 1  6 1  .OOO 0 1 . 0 0 0  0 0 0 3 0 4  

4 7 J 3 8 2 3 1 3 G 1  HYDR P I P I N G .  YAW DR M 0000 EA 4 7 0 3 0 2 5 9 3 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 0 7 5  

-. 
1 7 i 3 8 2 3 1 4  HYDRAULIC SYS SCHEM X 0000 EA 4 7 J 3 8 2 3 1 3 6 1  X 000 1 0 5  

3 7 J 3 8 2 3 3 0 G 1  BLADE HYDRAULIC I N S T  M 0000 EA 4 7 E 3 8 2 5 9 0 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 1 1 2 2  

- . . . -. - - - - - . . - 
4 7 J 3 8 2 3 3 0 P l  TUBING -HYDRAULIC M 0000 F T  4 7 J 3 8 2 3 3 0 6 1  7 2 0 . 0 0 0  7 2 0 . 0 0 0  0 0 1 1 2 3  

4 7 J 3 8 2 3 3 0 P 2  TUBING HYDRAULIC M 0000 FT 4 7 J 3 8 2 3 3 0 6 1  4 8 0 . 0 0 0  4 8 0 . 0 0 0  0 0 1 1 2 4  

- - - -- 
4 7 ~ 3 0 2 3 3 3 ~ 1  SPINDLE SHAFT M 0000 EA 4 7 ~ 3 8 2 4 4 1 G i -  01 .ooo OI.OOO oooi i ' r  

4 7 E 3 8 2 3 3 4 P l  T I P  .BLADE M 0000 EA 4 7 E 3 8 2 5 8 2 G l  0 2 . 0 0 0  0 4 . 0 0 0  0 0 1 0 5 3  

- . - . - . -- - 
4 7 C 3 8 2 3 3 5 P l  TUBE ADAPTER M 0000 E A - 4 7 J 3 8 2 3 3 0 6 1  0 4  . 000 0s.000 0 0 1 1 4 0  

4 7 C 3 8 2 3 3 5 P 2  TUBE ADAPTER M 0000 EA 4 7 J 3 8 2 3 3 0 6  1 06.000 06.000 0 0 1 1 3 9  
- .. - 

4 7 C 3 8 2 3 3 6 ~ 1  BRKT.CLAMP.MODIFIED M (3000 EA 4 7 ~ 3 8 2 3 3 0 6 1  3 8 . 0 0 0  3 8 . 0 0 0  0 0 1 1 3 1  

4 7 C 3 8 2 3 3 6 6 2  BRKT.CLAMP MODIFIED M 6000 EA 4 7 J 3 8 2 3 3 0 6 1  0 8 . 0 0 0  0 8 . 0 0 0  0 0 1 1 3 4  

. - 
- 4 7 ~ 3 8 2 3 3 6 ~ 3  BRKT.CLAMP M 0000 EA 4 7 J 3 8 2 3 3 0 6 1  , 0 6 . 0 0 0  06.000 0 0 1 1 8 4  

1 4 7 C 3 8 2 3 3 6 P  1 BRACKET.ANGLE M 0000 EA 4 7 C 3 8 2 3 3 6 G 1  0 2 . 0 0 0  7 6 . 0 0 0  0 0 1 1 3 2  

- . - . . - - - . - - - 

6 \ 
,j 

. -.- - -- 
\ 

2 - - - - - -  
- - 
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. . . -. . - - - MODEL EA U N I T  0 0 0 0 0 1  . - - -. . . . - - . - -. - . - 

---  ECN ----  
I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER OTY EXT/TOT-OTY CROSS 

. . . . . - - I N C  OUT APPLY C Y TIME ASSEMBLY R E F .  - 

4 7 C 3 8 2 3 5 0 P l  TEETER SPRT OUTER M 0000 EA 4 7 C 3 8 2 5 5 1 6 2  0 1  .OOO 0 4 . 0 0 0  0 0 1 0 0 0  
. . 

4 7 ~ 3 8 2 3 5 1 ~ 1  TEETER SPRT INNER M 0000 EA 4 7 C 3 8 2 5 5 1 G l  0 1  .OOO 0 4 . 0 0 0  0 0 0 9 9 6  

4 7 D 3 8 2 3 5 2 G 1  TEETER ARM ASSY M 0000 EA 4 7 E 3 8 2 6 0 5 6 1  0 4 . 0 0 0  0 4 . 0 0 0  0 0 1 2 0 4  

- -. - - - - - 
- 4 7 ~ 3 8 2 3 5 2 ~ 1  TEETER ARM M 0000 EA 4 7 0 3 8 2 3 5 2 6 1  0 1  .000 0 4 . 0 0 0  0 0 1 2 0 5  

4 7 0 3 8 2 3 5 2 P 2  RETAINING R I N G  M 0000 EA 4 7 0 3 8 2 3 5 2 6 1  0 1  .OOO 0 4 . 0 0 0  0 0 1 2 0 6  

- - - - - - -- 
.- 4 7 ~ 3 8 2 3 5 3 ~  1 TEETER SUPPORT P I N  M 0000 EA 4 7 E 3 8 2 6 0 5 G 1  0 4  . 000 0 4 . 0 0 0  0 0 1 2 1 0  

4 7 E 3 8 2 3 5 5 P l  TWR STRUCTURE ASSV M 0000 EA 4 7 E 3 8 2 2 9 7 G 1  01.000 0 1 . 0 0 0  0 0 0 0 0 4  

4 7 ~ 3 8 2 3 5 6 ~ 1  TOWER ASSY. WTG M 0000 EA 4 7 E 3 8 2 3 0 4 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 0 0 2  

4 7 E 3 8 2 3 5 7 G 1  BRACKET.INBOARD M 0000 EA 4 7 J 3 8 2 3 3 0 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 1 2 7  

.-- 
1 7 E 3 8 2 3 5 7 P l  BRACKET M 0000 E b  4 7 E 3 8 2 3 5 7 G l  01 .OOO 0 2 . 0 0 0  0 0 1 1 2 8  

4 7 D 3 8 2 3 5 8 P l  BRKT.OUTBOARD M 0000 EA 4 7 ~ 3 8 2 3 3 0 6 1  0 2  .000 0 2 . 0 0 0  0 0 1 1 3 0  

.. - . -. . . . -. . - - - . . - - 
4 7 C 3 8 2 3 5 9 P l  PLATE M M 0000 EA 4 7 d 3 8 2 3 3 0 G l  0 4 . 0 0 0  0 4 . 0 0 0  0 0 1 1 6 5  

. . . . - - - - - -- - - - - 
1 7 C 3 8 2 3 6 0 P l  PLATE M 0000 EA 4 7 C 3 8 2 3 6 0 6 1  0 1  .OOO 0 2 . 0 0 0  0 0 1  1 6 1  

. - - - - - - -- 
4 7 D 3 8 2 3 6 1 G 1  BASE.HOSE SUPPORT M 0000 EA 4 7 J 3 8 2 3 3 0 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 1 5 5  

4 7 D 3 8 2 3 6 1 P I  PLATE M .0000 EA 4 7 D 3 8 2 3 6 1 6 1  0 1  . O W  0 2 . 0 0 0  0 0 1 1 5 6  

-. 4 7 ~ 3 8 2 %  1 ~ 2  PAD M 0000 EA 4 7 D 3 8 2 3 6  1 6 1  0 1  .OOO 0 2 . 0 0 0  0 0 1 1 5 7  

4 7 E 3 8 2 3 6 3 G l  NACELLE STRUCT ASSY 1 M 0000 EA 4 7 E 3 8 2 5 9 7 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 3 0 3  
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. - - - - - . - - MODEL- EA U N I T  O e O O t  

- - - ECN ----  
I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T  CYCLE FSCM U/M NEXT HIGHER CITY EXT/TOT-QTY CROSS 

. -- - - - INC OUT -APPLY C Y TIME ASSEMBLY ... . . -- REF 

47D382372P1  RTR ERG RETAINER.FW0 M 0000 EA 47E38244  1G1 0 1  .oOO 0 1 . 0 0 0  0 0 0 1 8 4  

478382373P2  SPACER M 0000 EA 4 7 J 3 8 2 3 3 0 G i  0 8 . 0 0 0  0 8 . 0 0 0  0 0 1 1 6 7  

- 
4 7 ~ 3 8 2 3 7 3 ~ 3  SPACER M 0000 E A  - 47J382330G l  0 8 . 0 0 0  oe.ooo o o i i s i i  

4 7 C 3 8 2 3 9 0 P l  PLUG. SHAFT TEETER 

-- - 
d 7  8 3 8 2 3 9 6 ~  i SHIM.ERG M 0000 EA 4 7 E 3 8 2 6 0 5 G l  02  . 000- 0 2 .  oOoT01199 
1 7 8 3 8 2 3 9 6 P l  SHIM. ERG X 0000 EA 4 7 E 3 8 2 6 0 8 G l  X  00 1 2 9 0  

0 2 . 0 0 0  

, . . . . . . . - - - - . - . - - 
47U382397GI  TEETER PVT SFT ASSY M 0000 EA 47D382550G l  0 1  . O W  0 1 ,000 000990 

4 7 0 3 8 2 3 9 7 P 1  TEETER PIVOT SHAFT M 0000 0 1  .OOO EA 4 7 0 3 8 2 3 9 7 6 1  0 1 . 0 0 0  0 0 0 9 9 1  

- . . .- 

.i i e 3 s 2 3 9 8 ~  I SPACER M moo E A  4 7 ~ 3 8 2 4 1 3 ~ 1  AR 001082 

. . . - - -. - - - - 
47E3824OOGl L IGHT ING PROT ~ N S T L  M 0000 EA 47E382590G1 0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 1 0 6  

47E382400P3  L IGHT ING STRIP M 0000 FT 47E382400G l  A  R 0 0 1  1 0 9  
- - ---- 

4 7E382400P4  SPLICE PLATE M 0000 EA 47E382400G l  1 6 . 0 0 0  3 2 . 0 0 0  0 0 1 1 1 0  

47E 382400P6  SHIM M 0000 EA 47E382400G l  0 2 . 0 0 0  0 4 . 0 0 0  0 0 1 1 1 2  

. - - - - . - 
4 7 0 3 8 2 4 0 1 P l  STUD M , 0 0 0 0  EA 47E3824  1 3 6 1  3 2 . 0 0 0  3 2 . 0 0 0 -  0 0 1 0 8  1  

47E382403P  1  1NSERT.EOLSTER M 0000 EA 47C382552G l  0 1  .000 0 2 . 0 0 0  0 0 1 0 0 4  

- . - - - - . - 
4 7 0 3 8 2 4 0 6  GEOMETRY DWG X 0000 EA 47E382590G1 X 00 1- 

47E382407P  1  LOW SP BK SPRT BRKT M 0000 EA 4 7 E 3 8 2 4 9 5 G l  0 1 . 0 0 0  0 2 . 0 0 0  0 0 1 2 5 5  

. . - - - - - 
4 7 E 3 8 2 4 1 3 G l  BALLAST - ~ N S T L  M 0000 € A '  47E382590G1 0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 0 7 9 -  

470382419P1  WASHER B 0000 EA 47E382  16561  9 6 . 0 0 0  9 6 . 0 0 0  0 0 0 0 5 0  

. - - - - - - - 
4 7 B 3 8 2 4 2 0 P l  JAM NUT B 0000 EA 4 7 ~ 3 8 5 1 6 5 ~ 1  0 4 . 0 0 0  0 4 . 0 0 0  0 0 0 0 5 6  

4 7 E 3 8 2 4 2 9 P l  BED P L .  STRUCT. WELD M 0000 €A 47E382306G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 3 0 5  
- 

4 j 0 3 8 2 4 3 0 ~ 1  TRAP DR. BEDPL / TWR M 0000 EA 47E382472G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 3 8 9  

1 4 7 0 3 8 2 4 3 0 6 2  TRAP DR. BEDPL / TWR M 0000 EA 47E382472G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 3 9 8  



7241 -3 '  TOTAL SUMMARY REPORT FOR COMPONENTS I N  ASSEMBLY 47E382304GI  WTG ASSY, MOD-5A 0 6 / 1 5 / 8 4  PAGE 4 8  
\ 

MODEL EA UNIT  0 0 0 0 0 1  . . 

- - - ECN - - - -  
I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER OTY EXT/TOT-QTY CROSS 

- . . - . - - INC OUT APPLY C Y TIME . . . - - - - . - - . . . - - - - . - - ASSEMBLY REF 

4 7 D 3 8 2 4 3 0 P l  COVER M 0000 EA 47D382430G l  0 1 . 0 0 0  0 2 . 0 0 0  0 0 0 3 9 0  
4 7 D e 2 4 3 O P l  COVER - - - - - . - - . - - M -!??!B. - -. - EA -. .. - - 47D38243062  .- _- -- 0 1 . 0 0 0  0 2 . 0 0 0  0 0 0 3 9 9  

0 4  . 000 

.17D382430P2 ANGLE M 0000 EA 4 7 0 3 8 2 4 3 0 G l  0 2 . 0 0 0  0 4 . 0 0 0  0 0 0 3 9  1 

- 4 7 D 3 8 2 4 3 0 P 2 .  _ - . ANGLE _ M 0000 EA 47D382430G2 0 2  . 000 0 4 . 0 0 0  0 0 0 4 0 0  
0 8 . 0 0 0  

4 7 0 3 8 2 4 3 0 P 3  ANGLE M 0000 EA 4 7 0 3 8 2 4 3 0 6 1  0 2  ,000 0 4 . 0 0 0  0 0 0 3 9 2  
47D382430P3  . . - ANGLE M 0000--- 0 2 . 0 0 0  0 4 . 0 0 0  0 0 0 4 0 1  EA .._4_7P38?!3C!!??_ 

0 8 . 0 0 0  

47D382430P4 R I B  M 0000 EA 47D382430G l  0 2  . 000 0 4  . 0 0 0 , 0 0 0 3 9 3  
17D382430P4  . .- . . . - - - - R I B  M 0000 EA 4 7 0 3 8 2 4 3 0 6 2  0 2 . 0 0 0  0 4 . 0 0 0  900402 - . . - - - - - - - 

0 8 . 0 0 0  

47D382430P5  PLATE M 0000 EA 47D382430G l  oi.000 0 2 . 0 0 0  0 0 0 3 9 4  
. . . . - - -- - - - - - . -. -- - -. -. - 

17D382430P6  BAR M 0000 EA 47D382430G1 0 1 . 0 0 0  0 2 . 0 0 0  0 0 0 3 9 5  
37D382430P6  BAR M 0000 EA 4 7 0 3 8 2 4 3 0 6 2  0 1  . O W  0 2 . 0 0 0  0 0 0 4 0 3  

0 4  ,000 
. - - -  

47D382435G l  LOW SPEED SHAFT ASSY * 0000'- 

4 7 C 3 8 2 4 3 6 P l  SEAL RTNR. COUPLING M 0000 EA 4 7 E 3 8 2 6 0 1 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 2 1 2  

- - .  --- - - - -. - - - - 
47C382437P  1 SEAL PL.  FWD CPLG M 0000 EA 4 7 E 3 8 2 6 0 1 G l  0 6  ,000 0 6 . 0 0 0  0 0 0 2 1 3  

4 7 E 3 8 2 4 4 0  SCHEM ROTOR HYOR SYS X 0000 EA 4 7 E 3 8 2 5 9 0 G l  X 0 0 1 2 2 7  

- . . . - - . . - - . . 
j T E 3 8 2 4 4 1 ~ 1  YOKE / SPINDLE ASSY M 0000 EA 4 7 E 3 8 2 6 0 1 G l  0 1  .OOO 01 .006  000i59 

4 7 E 3 8 2 1 5 0 P l  GEARBOX MTG. STRUCT. ' M 0000 EA 4 7 E 3 8 2 3 0 6 G l  0 1  .ooo 0 1 . 0 0 0  0 0 0 3 0 6  
-- - . . . - .- . . - - - - - - - . - . -- .- - - - 

4 7 8 3 8 2 4 5 4 P l  ANTI-ROTATION P I N  , M 0000 EA 4 7 E 3 8 2 4 4 1 G l  0 2 . 0 0 0  0 2  ,000 000183 

17D382455P  1 D ISC .  RTR SPEED SNSR M 0000 EA 4 7 E 3 8 2 4 4 1 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 1 9 1  

4 7 0 3 8 2 4 5 6 P l  RTR SEAL RTNR. AFT M 0000 EA 47E38244  1 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 1 8 2  

1 7 D 3 8 2 4 5 7 P l  LOW SPEED BRAKE D ISC  M 0000 EA 47E382441G1 0 1  .OOO 0 1 . 0 0 0  0 0 0 1 8 5  
- - . - - - - . - . - - - . - - . - -. - - - - - - - 

4 7 C 3 8 2 4 5 8 P l  RETAINER. AFT M 0000 EA 4 7 E 3 8 2 4 4 1 G l  0 6 . 0 0 0  0 6 . 0 0 0  0 0 0 1 8 0  

3 7 E 3 8 2 4 6 0  BLADE TOLERANCE DWG X 0000 EA 4 7 E 3 8 2 5 9 0 G l  X 0 0 1 2 2 6  

- . - . . - - - - - . - - - - - - 
1 7 D 3 8 2 4 6 1 P l  LOW SPEED BRAKE M 0000 EA 47E382495G l  0 4  .600 0 8 . 0 0 0  0 0 1 2 5 6  

? 47C382463G l  RING. MOUNTING M 0000 EA 47C382464G1 0 2  . 000 0 8 . 0 0 0  0 0 1 0 6 7  



7 2 4 1 - 3  TOTAL SUMMARY REPORT FOR COMPONENTS I N  ASSEMBLY 47E382304G1 Q WTG ASSY. MOD-5A 0 6 / 1 5 / 8 4  PAGE 4 9  

-- . - MODEL EA UNIT  0 0 0 0 0 1  

- - - ECN - - - -  
IDENT IF ICAT ION NO. NOMENCLATURE DWG FL-LATE P T CYCLE FSCM U/M NEXT HIGHER QTY EXT /TOT-QTY CROSS 

. . -- . - INC OUT APPLY C Y TIME - ASSEMBL-V -. -. REF 

47C382463P1  RING. MOUNTING M 0000 EA 47C382463G1 0 2 . 0 0 0  0 8 . 0 0 0  0 0 1 0 6 8  

. - 
1 7 C 3 8 2 4 6 4 6 1  RING & HOUSING ASSY M 0000 EA 4 7 ~ 3 8 2 4 6 9 ~ 1  0 2  ,000 04 .000  0 0 1 0 6 ~  
47C382464G1 RING & HOUSING ASSY M 0000 EA 47E382469G2 0 2 . 0 0 0  0 4 . 0 0 0  0 0 1 0 9 7  

0 8 . 0 0 0  

-- - 
4 7 5 3 8 2 4 6 5 ~  1 FRAME.TRAP DOOR M 0000 EA 47E38247261  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 4 2 3  

4 7 8 3 8 2 4 6 7 P l  RETAINER M 0000 €A 47E382469G1 0 2 . 0 0 0  0 4 . 0 0 0  0 0 1 0 7 2  

. - . - - . - . . 
1 7 8 3 8 2 4 6 7 P 2  RETAINER / COVER M 0000 EA 47E382469G1 0 2 . 0 0 0  0 4 . 0 0 0 0 0 1 0 ~  
,178382467P2 RETAINER / COVER M 0000 EA 47E382469G2 0 2 . 0 0 0  0 4 . 0 0 0  0 0 1 1 0 3  

0 8  . 000 

- -- -.. 

1 7 8 3 8 2 4 6 8 P 1  GASKET 1 0009 0 2 . 0 0 0  0 4 . 0 0 0  0 0 1 0 7 3  EA 47E382469G l  

-1 7 E 3 8 2 4 6 9 6 1  I C E  DETECTOR INSTL  M 0000 EA 47E382590G1 0 2 . 0 0 0  0 2  .OOO 0 0 1 0 6 5  

-. 
47E382469G2 ICE DETECTOR INSTL M 0000 EA 47E382590G l  0 2 . 0 0 0  0 2 . 0 0 0 - 6 0 w  

4 7 8 3 8 2 4 7 0 P l  GASKET. COVER M 0000 EA 47E382469G1 0 2 . 0 0 0  0 4 . 0 0 0  0 0 1 0 7 8  Ra & 
M 0000 EA 47E382469G2 02,000 0 4  .OOO 0 0 1  lOZ_ 

0 

~17B38247OP 1 _ GASKET. COVER - 
0 8 . 0 0 0  95 0 22 

0 3-9 
4 7 E 3 8 2 4 7 2 6 1  LAD & FALSE F L  INSTL  M 0000 EA 47E382597G l  0 1  . O W  0 1 . 000 0 0 0 3 8 8  :& r:x 

. - . - - . - - - -. -. - - . - -- 
17E382472P11  SEALING S T R ~ P  M 0000 € A  4 7 ~ 3 8 2 4 7 2 6 1  A R 0 0 0 4 2 9  0 ?3 

C ' - 1  

E-1 fi? 
47E382472P8  ROOF SCUTTLE B 0000 EA 47E382472G1 0 1  .OOO 0 1 . 0 0 0  0 0 0 4 2 6  p B . ~ J  

e. 

.- -- -- .. -4 ,-> 

47D382474G1 TRAP DR.BEDPL / LUBE M 0000 EA 47E382472G1 0 1 . 0 0 0  01 .000 0 0 0 4 0 6  =<< ,:i2 

4 7 0 3 8 2 1 7 4 6 2  TRAP DR.BEDPL / LUBE M 0000 EA 4 7 E 3 8 1 4 7 2 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 4 1 5  

4 7-%m COVER M 0000 EA 4 7 0 3 8 2 4 7 4 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 4 0 7  
47D382474P1  COVER M 0000 EA 470382474G2  0 1  .OOO 0 1 . 0 0 0  0 0 0 4 1 6  

0 2 . 0 0 0  

4 %? i824m.  ANGLE M 0000 €A 4 7 0 3 8 2 4 7 4 6 1  0 2  ,000 0 2 . 0 6 0  0 0 0 4 0 8  
47D382474P2 ANGLE M 0000 EA 4 7 0 3 8 2 4 7 4 6 2  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 4  17  

0 4  ,000 

. .  ----A .- 

4 7 0 3 8 2 4 7 4 P 3  ANGLE M 0000 EA 4 7 0 3 8 2 4 7 4 6 1  0 2  1000 0 2  . 000 000409- 
47D382474P3 ANGLE M 0000 EA 4 7 0 3 8 2 4 7 4 6 2  0 2 . 0 0 0  0 2  ,000 0 0 0 4  18  

0 4  . 000 

.- 
4 7 ~ 3 g 2 4 7 4 ~ 4  . R I B  M 0000 EA 4.7038247461 0 2 . 0 0 0  O ~ . O O O  0 0 0 4 1 0  
47D382474P4 R I B  M 0000 €A 4 7 0 3 8 2 4 7 4 6 2  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 4 1 9  

0 4  . 000 



7 2 4 1 - 3  TOTAL SUMMARY REPORT FOR COMPONENTS I N  ASSEMBLY 47E382304G1 WTG ASSY. MOD-SA 0 6 / 1 5 / 8 4  PAGE 5 0  

. . .. - - - - MODEL EA U N E  0 0 0 0 0 1  - -- --- 

- - - ECN ---- 
I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER QT Y EXT /TOT-QTY CROSS 

INC  OUT APPLY C Y TIME ASSEMBLY REF .- 

47D382474P5  PLATE M 0000 EA 47D382474G1 0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 4 1 1  

- - - - -- - - . - . - - - - - - --- - . 
17D382474P6  BAR M 0000 EA 4 7 0 3 8 2 4 7 4 6 1  0 1 . 0 0 0  0 1  .OOO 0 0 0 4  12 
4 7 0 3 8 2 4 7 4 P 6  BAR M 0000 EA 4 7 0 3 8 2 4 7 4 6 2  0 1  .OOO 0 1 . 0 0 0  0 0 0 4 2 0  

0 2 . 0 0 0  

478382480P  1 BRACKET. SENSOR M 0000 EA 47E382498G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 2 7 5  

. - -- a 

4 7 C 3 8 2 4 8 5 P l  L IFTING.BRKT M 0000 EA 47D382598G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 5 4 3  

4 7 E 3 8 2 4 8 6 P l  S IDE SUPPORT M 0000 EA 47E382599G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 2 3 5  

-- 
d 7 ~ 3 8 2 4 8 8 ~  1 PRE-LOAD FIXTURE M 0000 EA 47E38260561  0 2 . 0 0 6  0 2 . 0 0 0  0 0 1 2 1 3  

3 7 E 3 8 2 4 9 1 G l  A I R  DUCT U N I T  M 0000 EA 47E387062G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 5 5 6  

47D382492P1  NUT PLATE M 0000 EA 47E382495G l  0 1 . 0 0 0  0 2  .OOO 0 0 1 2 5 9  

17D382492P2  NUT PLATE M 0000 EA 47E38249501  0 2 . 0 0 0  0 4  .OOO 0 0 1 2 5 8  
. - - - - . . . 

47D382492P3  NUT PLATE M 0000 EA 47E38249561  0 1 . 0 0 0  02:%6 00 1 2 6 0  

47D382492P4 NUT PLATE M 0000 EA 47E382495G l  0 2 . 0 0 0  0 4 . 0 0 0  0 0 1 2 5 7  

4 7 ~ 3 8 2 4 9 3 ~ 1  NUT PLATE M 0000 EA 47E38249561  02 .000-  0 4 . 0 0 0  0 0 1 2 6 2  ' 

3 7 0 3 8 2 4 9 3 P 2  NUT PLATE M 0000 EA 47E38249561  0 1  .OOO 0 2 . 0 0 0  0 0 1 2 6 3  

703.8249Fp3 
NUT PLATE M 0000 EA 47E38249501  0 2 . 0 0 0  04 ,000 ooi261- 

4 7 B 3 8 2 4 9 4 P l  NUT PLATE M 0000 EA 47E382495G1 0 8 . 0 0 0  1 6 . 0 0 0  0 0 1 2 6 4  

- .  -- -. - - - . - . . - - -. - 
4 7 E 3 8 2 4 9 5 6 1  LOW SP BK SPRT ASSY' M 0000 EA 47E38249661  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 2 5 4  

4 7 E 3 8 2 4 9 6 6 1  LOW SPEED BRAKE INST  M 0000 EA 47E382607G1 0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 2 5 3  
.- -. 

4 7 E 3 8 2 4 9 8 G l  RTR SPEED SNSR INSTL  M 0000 EA 47E38260701  6 1  .OOO 0 1 . 0 0 0  CmmT- 
47C382499P1  TOWER ACCESS DOOR M 0000 EA 47E382297G1 0 1  . O W  0 1 . 0 0 0  0 0 0 0 0 5  

- - -- - - - 
47D382550G1 SFT-TEETER ERG ASSY M 0000 EA 47E38110561  0 1  .OOO 0 1 . 0 0 0  0 0 0 9 8 7  

. . - . - - - . . . . - - - - - -. . 
17D382550P2  ADHESIVE M 0000 0 2  47D382550G l  AR 0 0 0 9 8 9  

1 47C382551G l  TEETER RESTR ASSY M 0000 EA 47E381105G l  0 4  ,000 0 4 . 0 0 0  0 0 0 9 9 3  
0 

- - . . . - - . - - -. - . , 

G 

j 
- -. - - - - - - - - . . - . -- - -. .- - - -. - - . . - - - - -  - .  . 



7 2 4 1 - 3  TOTAL SUMMARY REPORT FOR COMPONENTS I N  ASSEMBLY 4 7 E 3 8 2 3 0 4 G l  WTG ASSY. MOO-5A 0 6 / 1 5 / 8 4  PAGE 5 1  

. -. . . - - - - MODEL EA U N I T  OOOgCl! . . . - 

- - -  ECN - - --  
I D E N T I F I C A T I O N  N O .  NOMENCLATURE DWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER QTY EXT/TOT-QTY CROSS 

. . .- I N C  OUT APPLY C Y TIME - -- ASSEMBLY REF 

4 7 C 3 8 2 5 5 1 G 2  TEETEER RESTR ASSY M 0000 EA 4 7 E 3 8 1 1 0 5 G l  0 4 . 0 0 0  0 4 . 0 0 0  0 0 0 9 9 7  

- 
4 7 C 3 8 2 5 5 1 P l  CLOTH. FIBERGLASS M 0000 F T  4 7 C 3 8 2 5 5 1 G 1  A R 0 0 0 9 9 4  
4 7 C 3 8 2 5 5 1 P l  CLOTH. FIBERGLASS 

. . . . - - - - - - - 
1 7 C 3 8 2 5 5 1 P 2  ADHESIVE. EPOXY M 0000 0 2  4 7 C 3 8 2 5 5 1 G l  A R 0 0 0 9 9 5  
4 7 C 3 8 2 5 5 1 P 2  ADHESIVE. EPOXY M 0000 0 2  47C382551G2 AR 0 0 0 9 9 9  

00.000 

. - . . . - - - 
4 7 C 3 8 2 5 5 2 G l  BOLSTER INSR ASSY M 0000 EA 4 7 E 3 8 1 1 0 5 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 0 0 1  

4 7 C 3 8 2 5 5 2 P 2  ADHESIVE W 0000 0 2  4 7 C 3 8 2 5 5 2 6 1  A R 00 1 0 0 3  

1 7 E 3 8 2 5 5 3 G l  GEARBOX I N S T A L L A T I O N  M 0000 EA 4 7 E 3 8 2 5 9 7 6 1  0 1  . O W  0 1 . 0 0 0  0 0 0 3 6 3  

4 7 0 3 8 2 5 5 4 P l  FLOORING. BEDPLATE M 0000 EA 4 7 E 3 8 2 3 0 6 G l  0 1  .000 0 1 . 0 0 0  0 0 0 3 1 3  

4 7 D 3 8 2 5 5 5 P l  L I F T I N G  BRKT M 0000 EA 4 7 0 3 8 2 5 9 8 6 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 5 4 4  

-. . -- - 
4 7 E 3 8 2 5 5 6 G l  GEA%OX/CLG PLATFORM M 0000 EA 4 7 E 3 8 2 5 7 9 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 4 4 4  

j i E 3 8 2 5 5 6 ~  1 0  S I D E  PLATE 4 . 0  HT M 0000 EA 4 7 E 3 8 2 5 5 6 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 4 5 4  

. 4 7 € 3 8 2 5 5 6 P  1 3  ANGLE.3 X 3 X 3 / 8  M 0000 EA 4 7 E 3 8 2 5 5 6 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 4 5 7  

. -. . - - - . . - - . - 
4 7 E 3 8 2 5 5 6 P  14  ANGLE, 3 X 3 X 3 / 8  ' M 0000 € A  4 7 E 3 8 2 5 5 6 G l  0 2 . 0 0 0  0 2  ,000 0 0 6 4 r  

4 7 E 3 8 2 5 5 6 P 6  9 - I N  X 2 1 / 2  OP DECK M 0000 €A 4 7 E 3 8 2 5 5 6 G l  1 4 . 0 0 0  14  ,000 0 0 0 4 5 0  

- 
4 7 E 3 8 2 5 5 6 P 7  6 - I N  X 2 1 / 2  DP DECK M 0000 EA 4 7 E 3 8 2 5 5 6 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 4 5 1  

! 4 7 E 3 8 2 5 5 6 P 8  9 - I N  X 2 1 / 2  OP DECK M 0000 EA 4 7 E 3 8 2 5 5 6 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 4 5 2  
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. . MODEL EA U N I T  0 0 0 0 0 1  . .  . 
\ 

- - - ECN ----  
I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T  CYCLE FSCM U/M NEXT HIGHER QTY EXT/TOT-QTY CROSS 

-- INS- . .  O U I A P P L Y  C Y T I M E  ASSEMBLY . . REF 

3 7 E 3 8 2 5 5 6 P 9  END PLATE 4 . 0  HT M 0000 EA 4 7 E 3 8 2 5 5 6 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 4 5 3  

ROTOR ERG S H I M  M 0000 EA 4 7 E 3 8 2 4 4  1 6 1  0~.000 0 4 . 0 0 0  0 0 0 1 8 6  

4 7 8 3 8 2 5 5 8 P l  INSERT. BRAKE D I S C  M 0000 EA 4 7 E 3 8 2 4 4 1 G l  1 2 0 . 0 0 0  1 2 0 . 0 0 0  0 0 0 1 8 7  

. .. . -- - . - - - - -. - 
4 7 C 3 8 2 5 5 9 P l  RTR S ~ ~ - ? ~ T N R ,  FWD M 0000 EA 4 7 E 3 8 2 4 4 1 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 1 8 8  

4 7 C 3 8 2 5 6 0 P 1  PLUG. TORQUE PLATE M 0000 EA 4 7 E 3 8 2 4 4 l G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 1 9 4  

- 
4 7 D 3 8 2 5 6 3 G l  TORQUE PLATE ASSY M 0000 EA 4 7 E 3 8 2 1 6 5 G l  0 4  ,000 0 4 . 0 0 0  0 0 0 0 3 5  

1 7 D 3 8 2 5 6 3 P 1  TORQUE PLATE M 0000 €A 4 7 D 3 8 2 5 6 3 G l  0 1  .OOO 0 4 . 0 0 0  0 0 0 0 3 6  

- .- .- - --- - ... - 
4 7 B 3 8 2 5 6 4 P l  BEARING ANGLE M 0000 EA 4 7 D 3 8 2 5 6 3 G l  0 2 . 0 0 0  0 8 . 0 0 0  0 0 0 0 3 7  

4 7 E 3 8 2 5 7 0 G i  LUBE PLATFORM I N S T L  M 0000 EA 4 7 E 3 8 2 5 9 7 G l  0 1  .ooo 0 1 . 0 0 0  0 0 0 4 4 2  

- 4 7 E 3 8 2 5 7 0 ~  10 P I P E  ASSY M 0000 E A-4 % 3 8 x 7 0 ~  1  0 1  ,000 0 1 . 0 0 0  0 0 0 5 1 3  

4 7 E 3 8 2 5 7 0 P 1 1  P I P E  ASSY M 0000 EA 4 7 E 3 8 2 5 7 0 G l  0 1  .ooo 0 1 . 0 0 0  0 0 0 5 1 4  

. .. - - - - -- 
i i E 3 8 2 5 7 0 ~ 1 2  P I P E  ASSY M 0000 EA 4 7 E 3 8 2 5 7 0 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 1 5  

4 7 E 3 8 2 5 7 0 P 1 3  P I P E  ASSY M 0000 EA 4 7 E 3 8 2 5 7 0 G i  0 1  .OOO 0 1 . 0 0 0  0 0 0 5 1 6  

-- .- 
4 7 E 3 8 2 5 7 0 P 4  P I P E  ASSY M 0000 EA 4 7 E 3 8 2 5 7 0 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 0 7  

4 7 E 3 8 2 5 7 0 P 5  P I P E  ASSY M 0000 €A 4 7 E 3 8 2 5 7 0 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 0 8  

. . - -. . - - - - . - . . . -. . - . 
4 7 ~ 3 8 2 5 7 0 ~ 6  P I P E  ASSY M 0000 EA 4 7 E 3 8 2 5 7 0 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 5 0 9  

4 7 E 3 8 2 5 7 0 P 7  P I P E  ASSY M 0000 EA 4 7 E 3 8 2 5 7 0 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 5 1 0  
-- .- - - - . - - - - - 

4 7 E 3 8 2 5 7 0 P 8  P I P E  ASSY M 0000 EA 4 7 E 3 8 2 5 7 0 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 1 1  

4 7 E 3 8 2 5 7 0 P 9  P I P E  ASSY M 0000 EA 4 7 E 3 8 2 5 7 0 G 1  0 1  .ooo 0 1 . 0 0 0  0 0 0 5 1 2  

- - 
1 7 E 3 8 2 5 7  1  L I F T  REQT. TWR CMPNT X 0000 EA 4 7 D 3 8 2 3 5 6 G l  X 0 0 0 1  5 7  

4 7 D 3 8 2 5 7 2 P l  SPACER.ADAPTER M 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 1 . 0 0 0  
I 

0 1 . 0 0 0  0 0 0 3 3 8  

h i D 3 8 2 5 7 2 ~ 2  SPACER.ADAPTER M 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 1 . 0 0 0  0 1 . o o ~ o ? ~ ? %  - 

4 7 D 3 8 2 5 7 2 P 3  SPACER.ADAPTER M 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 1  .ooo 0 1 . 0 0 0  0 0 0 3 4 0  
. - - . - - - - - - - - -- .- 

i 7 0 3 8 2 5 7 2 ~ 4  SPACER.ADAPTER M 0000 EA 4 7 E 3 8 2 3 6 3 G 1  0 1 . 0 0 0  0 1 . 000 0 0 0 3 4  1 

1 4 7 0 3 8 2 5 7 2 P 5  SPACER.SIDE SUPPORT M 0000 EA 4 7 E 3 8 2 3 6 3 G 1  0 4 . 0 0 0  0 4 . 0 0 0  0 0 0 3 4 2  : 
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. . . . - - . . - -- MODEL EA U N I T ~ 0 0 0 0 0 1  -- - -- A 

--- ECN - - - -  
I D E N T I F I C A T I O N  NO.  NOMENCLATURE OWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER QTY EXT/TOT-QTY CROSS 

.. . . -- I N C  OUT APPLY C Y T IME ASSEMBLY -- !SF_ 

1 7 D 3 8 2 5 7 2 P 6  SPACER.SI0E SUPPORT M 0000 EA 4 7 E 3 8 2 3 6 3 6 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 3 4 3  

- 
4 7 0 3 8 2 5 7 2 ~ 7  SPACER.SIO6 SUPPORT M 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 3 4 4  

3 7 D 3 8 2 5 7 4 P  1 TOP,STRL.FWD.WLDMT M 0000 EA 4 7 E 3 8 2 3 6 3 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 3 6 0  

- . - - - -. . 
4 7 D 3 8 2 5 7 5 P 1  TOP STRUCTURE FWD M 0000 EA 4 7 E 3 8 2 3 6 3 G 1  0 1  .OOO O~-.-OOO 0 0 0 3 3 6  - 

4 7 D 3 8 2 5 7 6 P 1  TOP.STRL.AFT.WLDMT M 0000 EA 4 7 E 3 8 2 3 6 3 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 3 5 9  

- 
d i 7 ~ 3 8 2 5 7 7 ~  1 TOP STRUCTURE.AFT M 0000 EA 4 7 ~ 3 8 2 3 6 3 ~ 1  0 1  .OOO o m  0 0 0 3 2 2  

4 7 E 3 8 2 5 7 8 P  1 CRANE.MOUNTING STRL M 0000 EA 4 7 E 3 8 2 3 6 3 G  1 0 1  .OOO 0 1  .OOO 0 0 0 3 3 7  
. - -- 

4 7 g 3 8 2 5 7 9 ~  1 COOLING PLATFORM ASM M 0000 E A  47E38257CGf  0 1  .OOO 0 1 . 000 i % ?  

4 7 E 3 8 2 5 7 9 P 2 4  PIPE.SCHED 4 0 . 3 I N  FT 4 7 E 3 8 2 5 7 9 G 1  M 0000 0 5 . 0 0 0  0 5 . 0 0 0  0 0 0 4 9 1  
.. ... 

3 7 B 3 8 2 5 8 0 P l  SEAL.TOP STRUCTURE M 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 1 . 0 0 0  0 1  . ~ O O  0 0 0 3 5 1  

4 7 8 3 8 2 5 8 0 P 2  SEAL.TOP STRUCTURE M 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 3 5 3  

4 7 8 3 8 2 5 8 0 P 3  SEAL.TOP STRUCTURE M 0000 EA 4 7 E 3 8 2 3 6 3 6 1  0 2  . 000 0 2 . 0 0 0  000354 

4 7 E 3 8 2 5 8 1 P l  HUB. ERG - TEETER M 0000 EA 4 7 E 3 8 2 5 8 3 6 1  0 1  .ooo 0 2 . 0 0 0  0 0 1 1 9 6  
- . - - - - - . . . .- 

3 7 E 3 8 2 5 8 2 6 1  BLADE T I P  ATCH ASSY M 0000 E A -  4 7 E 3 8 2 5 9 0 G  1 0 2  . 000 0 2 . 0 0 0  0 0 1 0 5 1  

4 7 E 3 8 2 5 8 2 P 1 0  ADHESIVE.EPOXY B 0000 PT 4 7 E 3 8 2 5 8 2 G l  AR 0 0 1 0 6  1 

4 7 E 3 8 2 5 8 2 P l l  GLASSFIBER CLOTH B 0000 FT 4 7 E 3 8 2 5 8 2 G 1  A R 0 0 1 0 6 2  

1 7 E 3 8 2 5 8 3 G l  TEETER HUB/BRG ASSY M 0000 EA 4 7 E 3 8 2 6 0 5 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 1 9 4  
-. 

4 7 ~ 3 8 2 5 8 3 ~ 3  DOWEL P I N  M 0000 EA 4 7 E 3 8 2 5 8 3 6 1  0 3 . 0 0 0  06.000 0 0 1  1 9 7  

4 7 C 3 8 2 5 8 4 G l  MOT/PUMP/CLR PLATF M 0000 E l  4 7 6 3 8 2 5 7 9 6 1  01 .OOO 0 1 . 0 0 0  0 0 0 4 6 4  
. - - - - - - - - 

4 7 C 3 8 2 5 8 4 P l  PLATE.EASE M 0000 EA 4 7 C 3 8 2 5 8 4 G l  0 1  -000 0 1 .OOO- 0 0 0 4 6 5  

1 4 7 B 3 8 2 5 8 5 P l  ANCHOR STUD M 0000 EA 4 7 E 3 8 1 1 1 2 G l  9 6 . 0 0 0  9 6 . 0 0 0  000008 
.. . -.- \ 
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- -. . -- MODEL EA U N I T  0 0 0 0 0 1  - - . . . - . . - - - . . 

- - -  ECN ----  
I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER OT Y EXT/TOT-QTY CROSS 

- .. .  -. -- I N C  .- OUT APPLY C Y TIME ASSEMBLY REF . - - -- . . . . - . - 

. . 
3 7 8 3 8 2 5 8 6 P 1  ANCHOR PLATE M 0000 EA 4 7 E 3 8 1 1 1 2 G l  4 8 . 0 0 0  4 8 . 0 0 0  0 0 0 0 1 0  

4 703g258-7 FLOATING MT BRACKET M 0000 EA 4 7 E 3 8 2 5 9 2 G 1  0 4  ,000 0 4 . 0 0 0  000152 

4 7 0 3 8 2 5 8 8 P l  CROSS SPRT TOP STRL M 0000 EA 4 7 E 3 8 2 3 6 3 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 3 5 2  
. . .. . - - 

4 7 0 3 8 2 5 8 9 6 1  GEN & HS SFT I N S T L  M 0000 €A 4 7 E 3 8 2 5 9 7 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 3 7 0  

1 7 E 3 8 2 5 9 0 6 1  ROTOR BLADE ASSY M 0000 EA 4 7 E 3 8 2 3 0 4 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 9 8 3  

.. 
4 7 E 3 8 2 5 9 0 P 1 2  FIBERGLASS.CLOTH B 0000 ~ A 4 1 € 3 8 % 9 0 ~  I A R 0 0 1 0 9 5  

4 7 E 3 8 2 5 9 0 P 2 3  ADHESIVE.EPOXY B 0000 PT 4 7 E 3 8 2 5 9 0 G 1  A R 0 0 1  1 9 1  
- - - - -- 

- ~ ? D ~ ~ z s ~ I P  1 STRUCTURE FRAME U N I T  M 0000 EA 4 7 E 3 8 2 5 9 2 G l  0 4 . 0 0 0  0 4 . 0 0 0  0 0 0 1 4 9  

4 7 E 3 8 2 5 9 2 G 1  PERS ELEV/SUPT I N S T L  M 0000 €A 4 7 0 3 8 2 3 5 6 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 1 4 6  

- - 
4 7 E 3 8 2 5 9 2 P 5  ANGLE SECTION M 0000 EA G E 3 8 2 5 9 2 ~ 1  2 0 . 0 0 0  2 0 . 0 0 0  0 0 0 1 5 1  

4 7 0 3 8 2 5 9 3 6 1  YAW S/S ASSY M 0000 EA 4 7 D 3 8 2 3 5 6 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 0 2 1  

.. - 
4 7 E 3 8 2 5 9 4 G l  YAW S L I P  R I N G  I N S T L  M 0000 EA 4 7 = 5 ? 5 9 3 ~  1 0 1  .OOO 0 1 . 0 0 0  0 0 0 1 0 7  

1 7 E 3 8 2 5 9 5 G 1  TWR PLATFORM I N S T L  M 0000 EA 4 7 D 3 8 2 3 5 6 6 1  0 1  -000 0 1 . 0 0 0  0 0 0 1 2 7  

-- 
4 7 ~ 3 f i 2 5 ~ 9 6 ~ 1  AUX CRANE I N S T L  M 0000 EA 4 7 E 3 8 2 5 9 7 G l  01.000 0 1 . 0 0 0  0 0 0 3 7 3  

4 7 E 3 8 2 5 9 7 G l  NACELLE OVERALL ASSY 1 M 0000 EA 4 7 E 3 8 2 3 0 4 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 3 0 2  
4 7 E 3 8 2 5 9 7 G 1  -. . . . . - NACELLE OVERALL A S K  1 X 0000 EA 4 7 E 3 8 2 6 0 7 G l  - X 0 0 1  2 3 0  -- - - - -. - - 

0 1 . 0 0 0  

4 7 0 3 8 2 5 9 8 G l  L F T  BRACKETS I N S T L  M 0000 EA 4 7 E 3 8 2 5 9 7 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 4 2  

4 7 0 3 8 2 5 9 8 P 9  SPACER.STA 2 2 7 . 5  M 0000 €A 4 7 0 3 8 2 5 9 8 6 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 5 5 1  

- - . - . - - . - - 
1 7 E 3 8 2 5 9 9 G  1 S L I P  R I N G  I N S T  M 0000 EA 4 7 E 3 8 2 6 0 7 G 1  0 1  .OOO 0 1 . 0 0 0  0 0 1 2 3 2  

4 7 E 0 8 2 5 9 9 P  1 0  CONDUIT 1 . 5 0  D I A  M 0000 €A 4 7 E 3 8 2 5 9 9 6 1  0 6 . 0 0 0  06.000 0 0 1 2 4 2  

d i m 2 5 9 9 ~ i 9  ANGLES M 0000 EA 4 7 E 3 8 2 5 9 9 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 2 5 1  

4 7 E 3 8 2 5 9 9 P 9  CONDUIT 2 . 0 0  D I A  M 0000 EA 4 7 E 3 8 2 5 9 9 G l  0 3 . 0 0 0  0 3 . 0 0 0  0 0 1 2 4 1  

- - -  
/17E3826OOP 1 YOKE STRL.WELDMENT M 0000 E A 4 7 ~ 3 8 2 6 0 2 ~  1 01 .OOO 0 1 . 0 0 0  0 0 0 1 6 1  

1 1 7 E 3 8 2 6 0 1 G l  YOKE ASSY M 0000 EA 4 7 E 3 8 2 3 0 4 G 1  0 1  .ooo 0 1 . 0 0 0  0 0 0 1 5 8  
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. . . . MODEL EA U N I T  0 0 0 0 0 1 -  - .  -. 

- - - ECN - - - -  
I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE FSCM u/M NEXT HIGHER QT Y EXT/TOT-QTY CROSS 

. . . . . - - - - - I N C  OUT APPL_V C Y TIME ASSEMBLY . REF 

3 7 E 3 8 2 6 0 1 G 1  YOKE ASSY X 0000 EA 4 7 E 3 8 2 6 0 7 G l  X 0 0 1 2 3 1  

-. . . .- - - 0 1  .ooo 

4 7 E 3 8 2 6 0 1 P 2 7  GREASE B 0000 L B  4 7 E 3 8 2 6 0 1 G 1  A R 0 0 0 3 0 0  

4 7 E 3 8 2 6 0 2 6 1  - . - - - -- - MACHINING ASSY, YOKE M 0000 EA 4 7 E 3 8 2 4 4 1 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 1 6 0  

1 7 E 3 8 2 6 0 2 P 1 6  YOKE ERG CAP MACH X 0000 EA 4 7 E 3 8 2 6 0 2 G 1  X 000 1 7 6  

47€3826_02P2 .. .. YOKE ERG CAP . . M 0000 EA 4 7 E 3 8 2 6 0 5 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 1 9 3  

4 7 E 3 8 2 6 0 2 P 3  BRACKET M 0000 EA 4 7 E 3 8 2 6 0 2 G l  06.000 06.000 0 0 0 1 6 3  

4,€3_82602P4 BRACKET --- M 0000 EA 4 7 E 3 8 2 6 0 2 G l  0 1  . O W  0 1 . 0 0 0  0 0 0 1 6 4  

4 7 E 3 8 2 6 0 2 P 5  BRACKET M 0000 EA 4 7 E 3 8 2 6 0 2 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 1 6 5  

4 7 E 3 8 2 6 0 3 G 1  . . - -. . - - - TEETER RSTR BK ASSY - . M 0000 EA 47E-38260161 0 2 . 0 0 0  0 2 . 0 0 0  O O O E  

4 7 E 3 8 2 6 0 3 G 2  TEETER RSTR BK ASSY M 0000 EA 4 7 E 3 8 2 6 0 1 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 2 4 3  

4 7 lJ382604G1 -- SHAFT ALIGNMENT FTG M 0000 EA 4 7 E 3 8 2 6 0 1 G 1  0 4  .OOO - 03 ,000 0 0 0 2  8 8  

4 7 D 3 8 2 6 0 4 P  1 SHOE M 0000 EA 4 7 0 3 8 2 6 0 4 6 1  0 1 . 0 0 0  0 4 . 0 0 0  0 0 0 2 8 9  

1 7 D 3 8 2 6 0 4 P 2  ADJUSTING SCREW M 0000 EA 4 7 0 3 8 2 6 0 4 6  1 - 0 1 . 0 0 0  0 4 . 0 0 0  0 0 0 2 9 0  

4 7 D 3 8 2 6 0 4 P 3  BRACKET M 0000 EA 47D382604G1 0 1 . 0 0 0  0 4 . 0 0 0  0 0 0 2 9 1  
0 0 

4 7 0 3 8 2 6 0 4 P 4  . P I N . 6 . 0 0 - L G  X . 5 0  D I A  M 0000 EA 4 7 D 3 8 2 6 0 4 G l  0 2 . 0 0 0  0 8  ,000- 0 0 0 2 9 2  .;!,! 
y? z? 

4 7 D 3 8 2 6 0 4 P 9  PAD. NY LON M 0000 EA 4 7 0 3 8 2 6 0 4 6 1  0 2 . 0 0 0  0 8 . 0 0 0  0 0 0 2 9 7  0 ;., 2 
f> - .  . .  

,17E3826056_1 ... -- TEETER BRG/RSTR I N S T  M 0000 EA 4 7 E 3 8 2 5 9 0 G l  0 1 . 0 0 0  - 0 1  .OOO 0 0 1  192.- X I?. ' 

4 7 E 3 8 2 6 0 5 P 1 9  P IN  M 0000 EA 4 7 E 3 8 2 6 0 5 6 1  0 4  . 000 0 4 . 0 0 0  0 0 1 2 1 9  c? 
*I 

b-, .: ' - 
2s ;-'> 

4 7 D 3 8 2 6 0 6 G l  F A I R I N G  I N S T A L L A T I O N  M 0000 €A 4 7 E 3 8 2 5 9 7 G 1  0 1 . 0 0 0  01.0-~ 0 0 0 3 7 7  is:,; - 
4 7 D 3 8 2 6 0 6 P 2  SEALING S T R I P  M 0000 EA 4 7 D 3 8 2 6 0 6 G 1  A R -9 0 0 0 3 7 9  =+, 

4 7 D 3 8 2 6 0 6 P 3  ADHESIVE(SEE NOTE 4 )  B 0000 EA 47D382606G1 A R 0 0 0 3 8 0  . 

4 7 E 3 8 2 6 0 7 G l  YOKE / NACELLE I N S T L  M 0000 EA 4 7 E 3 8 2 3 0 4 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 2 2 9  

4 7 E . 6 0 8 G  1 ROTOR BLADE I N S T L  M 0000 EA 4 7 E 3 8 2 3 0 4 G 1  0 1  . O W  0 1 . 0 0 0  0 0 1 2 8 9  

- 4 7 D 3 8 2 6 0 9 P  1 YOKE ERG CAP.WLDMT M 0000 EA 4 7 E 3 8 2 6 0 2 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 1 6 2  
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.. . - - - - - MODEL EA U N I T  0 0 0 0 0 1  - -. . . . . . . . - - . . . - - - . - - -. . - - - . . - . 

- - - ECN ---- 
IDENTIFICATION NO. NOMENCLATURE OWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER QTY EXT/TOT-QTY CROSS 

- I N C  OUT APPLY C Y  T I M E  ASSEMBLY REF-- - 

4 7 E 3 8 2 6 1 0 G l  A I L E R O N  I N S T A L L A T I O N  M 0000 EA 4 7 E 3 8 2 5 9 0 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 0 1 1  

4 7 ~ 3 8 7 6 x  I & C  S I G N A L  L I S T  X  0000 EA 4 7 E 3 8 2 3 0 4 G 1  X  0 0 1 8 6 9  

4 7 D 3 8 7 0 0 9 P 1  GROUNDING XFMR M 0000 EA 4 7 E 3 8 7 0 6 0 G 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 9 6 4  

. . . . . - - - -. - . . . . . - . . . - -- - - - - - - - . 
1 7 D 3 8 7 0 1 0 P l  CURRENT XFMR M 0000 EA 4 7 E 3 8 7 0 6 0 G l  0 6 . 0 0 0  0 6 . 0 0 0  0 0 0 9 6 6  

. 4 7 D 3 8 7 0 1 1 P 1  P O T E N T I A L  XFMR M 0000 EA 4 7 E 3 8 7 0 6 0 G 1  0 3 . 0 0 0  0 3 . 0 0 0  000967 

. . . . . - - - - .- .- 

4 7 C 3 8 7 0 1 3 P l  GROUNDING RESISTOR M 0000 EA 4 7 E 3 8 7 0 6 0 G 1  0 2  ,000 0 2 . 0 0 0  0 0 0 9 6 5  

1 7 E 3 8 7 0 1 4  SCHEM.NACELLE.GEN X 0000 EA 4 7 E 3 8 2 3 0 4 G l  X  0 0 1 8 7 2  

.. - . -. - - -. - 
, i i E 3 8 7 0 1 8  POWER D I S T B R  SCHEM X 0000 EA 4 7 E 3 8 7 0 8 1 G l  X  00 1 8 5 9  

4 7 0 3 8 7 0 2 2  SCHEMATIC X  0000 EA 4 7 0 3 8 7 1 2 1 G 1  X  0 0 0 8 7 6  

-. . -- -- 
4 7 E 3 8 7 0 2 7 G 1  ASSY.WTG CONTROL PAN* 0000 EA Z i i E 5 8 7 1 1 2 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 3 2 8  

4 7 D 3 8 7 0 2 8 P l  PANEL.FRONT.WTG CONT* * 0000 EA 4 7 E 3 8 7 0 2 7 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 3 2 9  

- - -- - - -- -- - - - -. . - - 
4 7 D 3 8 7 0 2 9 P 1  CONNECTOR PANEL.  WTG* * 0000 EA 4 7 E 3 8 7 0 2 7 G l  0 1  .OOO 0 1 . 0 0 0  0 0 1 3 3 0  

4 7 D 3 8 7 0 3 0  SCHEMATIC D IAGRAM E L *  X  5  0000 EA 4 7 E 3 8 7 0 2 7 G l  X  00 1 3 6 9  

4 7 ~ % 7 0 3 P G -  GEAR BOX S I G N A L  COND* * 0000 EA 4 7 E 3 8 7 0 7 2 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 6 8 3  

J 7 D 3 8 7 0 3 4 G l  WIND S I G N A L  C O N D I T I O *  * 0000 EA 4 7 E 3 8 7 0 7 2 G 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 6 8 4  

. . 
1 7 E 3 8 7 0 3 7 G l  ASSY.SYN S I G  CON0 E D  * 0000 EA 4 7 E 3 8 7 0 7 2 G 1  0 2 . 0 0 0  0 2 1 0 0 0  ~ o o s e s  
4 7 D 3 8 7 0 3 8  SCHEMATIC X  0000 EA 4 7 E 3 8 7 0 3 7 G 1  X  0 0 0 7 0 2  

. - - - - - - - - - - - - 
4 7 A 3 8 7 0 3 9  WIRE L I S T  X 0000 EA 4 7 E 3 8 7 0 3 7 G l  X  0 0 0 6 8 7  

4 7 0 3 8 7 0 4 0 G l  POWER S I G N A L  C O N D I T I *  * 0000 EA 4 7 E 3 8 7 0 7 2 G l  0 1  .OOO 0 1  . 000 0 0 0 6 8  1  

-- - -- - - - - - - - - - 
4 7 D 3 8 7 0 4 3 G l  SYNCRO TO CURRENT CO* 0000 EA - 4 7 E 3 8 7 0 7 2 G l  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 6 8 2  

4 7 E 3 8 7 0 6 0 G 1  H I G H  VOLTAGE CG ASSY M 0000 EA 4 7 E 3 8 2 5 9 7 G 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 9 6 2  

. . - -- 
1 7 E 3 8 7 0 6 1  SCHEMATIC X  0000 EA 4 7 E 3 8 7 0 7 2 G l  X  0 0 0 7 7 8  

4 7 E 3 8 7 0 6 2 G 1  CONT ELEK CAB. (CEC)  M 0000, EA 4 7 E 3 8 2 5 9 7 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 5 3  

-- - - -- - - - 
4 7 D 3 8 7 0 6 3 P 1  PANEL M 0000 EA 4 7 D 3 8 7 1 2 1 G l  0 1 . 0 0 0  0 I .000 0 0 0 8 5 7  

e 

1 4 7 D 3 8 7 0 6 3 P 2  MOUNTING C H A S I S  M 0000 EA 4 7 D 3 8 7 1 2 1 G l  0 1  .000 0 1 . 0 0 0  0 0 0 8 5 8  

. -. - - - - -. . . . -- 

3 
5 
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- . - . - - - . MODEL €4 U N I T  0 0 0 0 0 1  . . 

- - -  ECN - - - -  
I D E N T I F I C A T I O N  N O .  NOMENCLATURE DWG P L - L A T E  P T CYCLE FSCM U/M NEXT HIGHER QT Y EXT/TOT-QTY CROSS 

. - -- I N C  OUT APPLY C Y T I M E  ASSEMBLY -- REF 

4 7 E 3 8 7 0 G 4  SCHEMATIC X 0000 EA 4 7 E 3 8 7 0 6 2 6 1  X 0 0 0 5 6 2  

JlE3!7064 .. S C H E M A T I C -  . X 0000 - EA 4 7 E 3 8 7 0 9 5 G l  X -- 0 0 0 6 3 7  
00.000 

4 7 E 3 8 7 0 6 5 G l  PANEL.  R I G H T  S I D E  * 0000 EA 4 7 E 3 8 7 0 6 2 G i  01.000 0 1 . 0 0 0  000816 

--  
1 7 E 3 8 7 0 6 5 ~ 1  PANEL.R IGHT S I D E  * 0000 € A -  7 7 ~ 3 8 7 0 6 5 ~ 1  0 1 . 0 0 0  0-i 300 0008 I 7 

d 7 E 3 8 7 0 6 9 G i  H I G H  V CG D R I L L  ASSY M 0000 EA 4 7 E 3 8 7 0 6 0 G 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 9 6 3  

.- - -- -- . .- 

4 7 ~ 3 8 7 0 7 0 6 1  CENTER PANEL * 0000 EA 4 7 E 3 8 7 0 6 2 G l  0 1 . 0 0 0  0 1 . 000 000582 

4 7 D 3 8 7 0 7 0 P l  PANEL 0000 EA 4 7 D 3 8 7 0 7 0 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 8 3  

.- . - . .- 
4 7 D 3 8 7 0 7 0 P 2  SPACER S 'TRIP  * 0000 E d  4 7 D 3 8 7 0 7 0 G 1  0 2 .  OOC 0 2 . 0 0 0  00058s- 

4 7 E 3 8 7 0 7 2 G l  I & C  S I G  CONDIT IONER * 0000 EA 4 7 E 3 8 7 0 6 2 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 6 4 5  

.- 
4 i E 3 8 7 0 7 3 ~  I PANEL.FRONT * 0000 E A  4 7 E 3 8 7 0 7 2 ~ 1  OI.OOO 0 1 . 0 0 6  0 0 0 6 4 6  

4 7 D 3 8 7 0 7 4 P  1 PANEL.R IGHT S I D E  * 0000 EA 4 7 E 3 8 7 0 7 2 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 6 4 7  
- -- 

4 7 ~ 3 8 7 0 7 4 ~ 2  P A N E L ~ L E F T  SIDE * OOOO EA 4 7 E 3 8 7 0 7 2 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 6 4 8  

d 7 C 3 8 7 0 7 5 P  1 PANEL.REAR * 0000 EA 4 7 E 3 8 7 0 7 2 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 6 4 9  

- 
4 7 8 3 0 7 0 7 6 6 1  MTG. B R A C K E T . C I R C U I T *  * 0000 EA 4 7 E 3 8 7 0 7 2 G l  Ozi.OOO 0 2 . 0 0 0  000664 

4 7 8 3 8 7 0 7 6 6 2  MTG. B R A C K E T . C I R C U I T *  * 0000 EA 4 7 E 3 8 7 0 7 2 6 1  0 2  ,000 0 2 . 0 0 0  0 0 0 6 6 8  

- - . - -- .- 
4 7 8 3 8 7 0 7 6 P  I BRACKET 0000 E A  4 7 8 3 8 7 0 7 6 6 1  0 1  .OOO 0 2  :?lo0 0 0 0 6 6 5  

4 7 8 3 8 7 0 7 6 P 2  BRACKET * 0000 EA 4 7 8 3 8 7 0 7 6 6 2  0 1 . 0 0 0  0 2 . 0 0 0  0 0 0 6 6 9  

. -. - - - . 
4 7 8 3 8 7 0 7 8 ~ 1  SUPPORT ANGLE.CABLE * 0000 EA 4 7 ~ 3 8 7 3 2 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 6 7 8  

4 7 8 3 8 7 0 7 9 P 1  MTG. BRACKET * 0000 EA 4 7 E 3 8 7 0 7 2 G l  0 2  . 000 0 2 . 0 0 0  0 0 0 6 7 9  

4 7 8 3 8 7 0 8 2 P l  S H I E L D  * 0000 EA 4 7 E 3 8 7 0 7 2 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 7 4 8  
4 7 8 3 8 7 0 8 2 P l  - . . . . - -. S H I E L D  * 0000 EA 4 7 E 3 8 7 0 9 5 6 1  0 1 . 000---- 0 1 . 0 0 0  0 0 0 6 1 1  

0 2 . 0 0 0  

4 7 D 3 8 7 0 8 3 G l  ASSY. MOTHER B D - S I G N *  * 0000 EA 4 7 E 3 8 7 0 7 2 G l  0 1 . 0 0 0  0 1 . 000 0 0 0 6 5  1 

- - - - 
4 7 ~ 3 8 7 0 8 3 ~ 4  TERMINAL BLOCK * 0000 EA 4 7 D 3 8 7 0 8 3 G l  0 1  .OOO 0 1 . 000 o o m  

T 4 7 D 3 8 7 0 8 3 P 5  TERMINAL BLOCK 0000 EA 4 7 0 3 8 7 0 8 3 6 1  0 1  .OOO 0 1 ,000 0 0 0 6 5 6  

-. . .- - .- 

k. 

5 
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. -. .- - - - . . -. - - MODEL - - EA U N I T  0 0 0 0 0 1  . .. - ............... - - - .. , 

- - - ECN ---- 
I D E N T I F I C A T I O N N O .  NOMENCLATURE OWG P L - L A T E  P T CYCLE FSCM U/M NEXT HIGHER QTY E X T l T O T - Q T Y  CROSS 

. .- I N C  -0Uf APPLY C Y T I M E  -- ASSEMBLY - . . REF - - . - 

4 7 E 3 8 7 0 8 4 G l  ASSY. STATUS PANEL M 0000 €A 4 7 E 3 8 7  1 1 2 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 6 6 6  

- ....-.-.. - .- - 
4 ? € 3 8 7 0 8 4 ~ 2  PANEL. S I D E  B 0000 EA 4 7 ~ 3 8 7 0 8 4 G T  0 2  . 000 0 2 . 0 0 0  00- 

4 7 E 3 8 7 0 8 5 G l  ASSY, U T I L I T Y  PANEL M 0000 EA 4 7 E 3 8 7 1 1 2 G 1  0 1  . O W  0 1 . 0 0 0  0 0 1 5 4 4  

-- 
4 j ~ 3 8 7 6 8 5 ~ 2  PANEL.  S I D E  M 0000 ~ ~ 4 7 ~ 3 8 7 0 8 5 6 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 i s 4 s  

1 7 8 3 8 7 0 8 6 P l  ANGLE . * 0000 EA 4 7 0 3 8 7 0 8 3 6 1  0 2  ,000 0 2 . 0 0 0  0 0 0 6 5 3  

-. - - - . -. . - . - - - 
4 7 ~ 3 8 7 0 8 7 6 1  ASSY. COLOR CODE F L *  * 0000 EA 4 7 E 3 8 7 0 7 2 G 1  0 7  ,000 0 7 . 5 0 0  0 0 0 7 3 8  

4 7 8 3 8 7 0 8 8  WIRE L I S T  X 0000 EA 4 7 E 3 8 7 0 7 2 G 1  X 0 0 0 7 7 0  

- - - -. . - -- 
4 7 f 1 3 8 7 0 8 9 6 1  ASSY.MTR SIGFNDTNR M 0000 €A 4 7 E 3 8 7 0 8 4 G i  0 5 . 0 0 0  0 5 . 0 0 0  0 0 1 6 7 5  
4 7 D 3 8 7 0 8 9 G l  ASSY.MTR S I G  CONDTNR M 0000 EA 4 7 E 3 8 7 0 8 5 G 1  0 3 . 0 0 0  0 3 . 0 0 0  0 0 1 5 5 3  
4 7 D 3 8 7 0 8 9 G l  ASSY.MTR S I G  CONDTNR M 0000 EA 4 7 E 3 8 7 0 9 1 G 1  0 3  ,000 0 3 . 0 0 0  0 0 1 3 8 0  

4 7 E 3 8 7 0 9 0 P l  D R I L L  & T R I M  * 0000 EA 4 7 D 3 8 7 0 8 3 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 6 5 2  

4 7 E 3 8 7 0 9 1 6 1  - -. ASSY.GENERATOR - - . - - - PANEL M 0000 €A 4 7 E 3 8 7 1 1 2 G 1  0 1  .OOO .- . 0 1 . 0 0 0  0 0 1 3 7 1  

4 7 E 3 8 7 0 9 1 P 2  PANEL.  S I D E  B 0000 EA 4 7 E 3 8 7 0 9 1 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 1 3 7 3  

4 7 D-38709 2 SCHEMATIC x 0000 EA 4 7 0 3 8 7 0 8 9 6 1  X 0 0 1 6 8 2  

4 7 E 3 8 7 0 9 3 G l  WIND TRANSLATOR M 0000 EA 4 7 E 3 8 7 0 6 2 G l  0 1  .OOO 0 1 . 0 0 0  0 0 0 8 0 0  

4 7E-387095G 1 CONTROLLER ASSY -. M 0000 €A 4 7 E 3 8 7 0 6 2 G 1  - .- 0 1  . O W  0 1 . 0 0 0  0 0 0 5 8 9  

1 7 E 3 8 7 0 9 5 P 4 2  BUSHING.  S T R A I N  R L F  M 0000 EA 4 7 E 3 8 7 0 9 5 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 6 3 1  

4 7 E 3 8 7 0 9 5 P 4 3  BUSHING.  S T R A f l R L F  M 0000 - EA 4 7 E 3 8 7 0 9 5 G l  0 8 . 0 0 0  .... 0 8 . 0 0 0  0 0 0 6 3 2  

4 7 E 3 8 7 0 9 5 P 4 7  PLUG. SNAP OUT M 0000 EA 4 7 E 3 8 7 0 9 5 6 1  0 3 . 0 0 0  0 3 . 0 0 0  0 0 0 6 3 6  

47C3EO9%! -  - - -. . - . MTG BRACKET ASSY - - M 0000 EA 4 7 E 3 8 7 0 6 2 G l  0 2 . 0 0 0  - 0 2 . 0 0 0  ...... 0 0 0 8 2 4  

4 7 C 3 8 7 0 9 6 P  1 MTG BRACKET M 0000 EA 4 7 C 3 8 7 0 9 6 6 1  0 1 . 0 0 0  0 2 . 0 0 0  0 0 0 8 2 5  

4 7 E 3 8 7 0 9 8 P l  PANEL.  FRONT M 0000 EA 4 7 E 3 8 7 0 8 5 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 5 4 5  

4 7 C 3 8 7 0 9 9 P 1  - PANEL, REAR -- M 0000 €A 4 7 E 3 8 7 0 8 5 6 1  0 1  .OOO 0 1 . 0 0 0  0 0 1 5 4 7  ...... 

4 7 0 3 8 7 1 0 0  SCHEMATIC X 0000 EA 4 7 D 3 8 7 1 1 3 G l  X 0 0 1 7 7 2  
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. - . . . - . . MODEL !A U N I T  0 0 0 0 0 1 ~  --- 
---  ECN ---- 

I D E N T I r I C A T I O N  NO.  NOMENCLATURE OWG P L - L A T E  P  T  CYCLE FSCM U/M NEXT HIGHER QT Y  EXT/TOT-QTY CROSS 

.- I N C  O U T -  APPLY C Y  TIUE . REF AssEMpLY 

3 7 E 3 8 7 1 0 1  SCHEMATIC X 0000 EA 4 7 E 3 8 7 0 8 4 6 1  X 0 0 1 8 1 2  

. . . . . - . -. -- - - 
4 7 ~ 3 0 7 1 0 3  SCHEMATIC X 0000 EA 4 7 E 3 8 7 0 9 1 G l  X 0 0 1 5 1 4  

4 7 E 3 8 7 1 0 4 P 1  PANEL.  FRONT B  0000 EA 4 7 E 3 8 7 0 8 4 G l  0 1  .OOO 0 1 . 0 0 0  0 0 1 6 6 7  

. . . . - - . . . . - -- - - -- 
4 7 E 3 8 7 1 0 5 P I  PANEL.  FRONT B  0000 EA 4 7 E 3 8 7 0 9 1 G l  0 1  .OOO 0 1  .OOO 0 0 1 3 7 2  

4 7 D 3 8 7 1 0 6 P l  PANEL.  REAR B  0000 EA 4 7 E 3 8 7 0 8 4 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 6 6 9  
.- 4 7 0 3 8 7 1 0 6 P l  - PANEL.  ..REAR B  0000 EA 4 7 E 3 8 7 0 9 1 G 1  - 0 1  .OOO_- 0 1 . 0 0 0  0 0 1 3 7 4  

0 2  ,000 

1 7 0 3 8 7 1 0 7 P 1  SGL CO F R . . M O O I F I E D  B  0000 EA 4 7 E 3 8 7 0 8 4 G l  0 1  .OOO 0 1 . 0 0 0  0 0 1 6 7 1  
4 7 D 3 8 7 1 0 7 P 1  . . . . . -- . . . . . . SGL CD F R . . M O D I F I E D  B  0000 EA 4 7 E 3 8 7 0 9 1 G 1  0 1  .OOO 0 1 . 0 0 0  001376- 

0 2 . 0 0 0  

4 7 0 3 8 7 1 0 B P l  BRACKET.  CARD FRAME B  0000 EA 4 7 E 3 8 7 0 8 4 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 6 7 2  
4 7 0 3 8 7  1 0 8 P  1  _ - BRACKET.  CARD FRAME B  0000 EA 4 7 E 3 8 7 0 9 1 G 1  0 1  . O W  0 1  .OOO 00 1 3 7 7  

0 2 . 0 0 0  

4 7 D 3 8 7  1 0 9 6 1  FRONT PANEL M 0000 EA 4 7 E 3 8 7 0 6 0 G i  0 1  .OOO 0 1 . 0 0 0 0 0 0 9 7 1  9':) =m 2 . d  
-- . ,>3 

. 1 i D 5 G i i  IOPI BUS BAR M 0000 EA 4 7 ~ 3 8 7 0 6 0 ~ 1  0 1 . 0 0 0  o I ,000-000969 ,=&I ,g? 
c2 7:; 

1 7 E 3 8 7 1 1 2 G I  SYS D I S P L A Y  PNL ASSY M 0000 EA 4 7 E 3 8 7 0 8 1 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 1 3 2 6  

. . . . - - - . . - 7 -  - 

4 7 0 3 8 7 1 i 3 ~ 1  SECURITY ALARM BOARD M 0000 EA 4 7 E 3 8 7 0 8 4 G l  0 1  .OOO 0i-000 0 0 1 7 6 3  r c :  
4 7 0 3 8 7 1 1 3 6 1  SECURITY ALARM BOARD M 0000 EA 4 7 E 3 8 7 0 9 l G l  0 1  .ooo 0 1 . 0 0 0 0 0 1 4 6 4  

0 2 . 0 0 0  

. . - . - . . - 
CONTROL SYSTEM SCHEM 4 7 E 3 8 7 1 1 4  X O W 0  EA 4 7 E 3 8 2 3 0 4 G 1  X 

4 7 E 3 8 7 1 1 5 P l  MOUNTING FRAME M 0000 EA 4 7 E 3 8 7 0 9 5 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 5 9 0  

. - - .- 
4 7 E 3 8 7  1 1 6 P 1  D R I L L  & T R I M  M 0000 EA 4 7 D 3 8 7 0 8 9 6 1  03.000 1 1 . 0 0 0  0 0 1 3 8 1  

4 7 D 3 8 7 1 2 1 G l  ESD ELECT ASSY M 0000 EA 4 7 E 3 8 7 0 6 2 G 1  0 1  .OOO 0 1 . 0 0 0  0 0 0 8 5 6  

- 4 7 ~ 5 7 1 2 2  SCHEMAT I C  X 0000 €A 4 7 0 3 8 7 1 3 0 6 1  X 000903 

4 7 8 3 8 7  1 2 4  WIRE L I S T  X 0000 EA 4 7 E 3 8 7 0 9 5 6 1  X 0 0 0 6  3 0  

. - 
4 7 8 3 8 7  1 2 5  WIRE L I S T  X 0000 EA 4 7 0 3 8 7 1 2 1 6 1  X  0 0 0 8 6 9  

4 7 A 3 8 7 1 2 8  WIRE L I S T  X 0000 EA 4 7 D 3 8 7 1 3 0 G l  X 0 0 0 9 0 2  

4m29P1-- PANEL M 0000 €A 4 7 D 3 8 7 1 3 0 6 1  01 ,060 0 1  . 000 0 0 0 8 8 3  

1 4 7 0 3 8 7  1 2 9 P 2  MOUNTING C H A S S I S  M 0000 EA 4 7 0 3 8 7 1 3 0 8 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 8 8 4  

- - . - -. . - -. 

t 

! 
$ - .  



7 2 1 1 - 3  TOTAL SUMMARY REPORT FOR COMPONENTS I N  ASSEMBLY 4 7 E 3 8 2 3 0 4 G 1  WTG ASSY. MOD-SA 0 6 / 1 5 / 8 4  PAGE 6 0  
.. MODEL EA U N I T  0 0 0 0 0 1  - . . .  -- 

--- ECN ---- 
I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG P L - L A T E  P T CYCLE FSCM U/M NEXT HIGHER QT Y E X T / T O T - Q T Y  CROSS 

. I N C  OUT APPLY C Y T I M E  ASSEMBLY REF 

1 7 D 3 8 7 1 3 0 G l  "G"  SWITCH TEST ELEK M 0000 EA 4 7 E 3 8 7 0 6 2 G 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 8 8 2  

-. -- --- 
4 7 D 3 8 7 1 3 2 G 1  I C E  DETECTOR ELEK M 0000 EA 4 7 E 3 8 7 0 6 2 G 1  0 1  .OOO 0 1  :COO 0 0 0 9 2 2  

I HP PLUG B 0000 9 7 5 7 6  EA 4 7 d 3 8 2 3 1 3 G l  0 3 . 0 0 0  0 3 . 0 0 0  000099 

,jPNqS N I P P L E .  P I P E  B 0000 9 7 5 7 6  EA 4 7 J 3 8 2 3 1 3 G l  0 3 . 0 0 0  0 3 . 0 0 0  0 0 0 0 7 9  

4 P T - S S  TEE.  P I P E  B 0000 9 7 5 7 6  EA 4 7 J 3 8 2 3 1 3 G 1  0 3 . 0 0 0  03.000 0 0 0 0 8 1  

-. .. -- - - .- - . - - - - - - - - - - - . - - - 
4 1F2RO RESISTOR.  2 OHM M 0000 0 3 6 1 5  EA 4 7 D 3 8 7 1 3 0 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 8 9 7  

4 1 5 6 - 1 4 - 1  TERMINAL M 0000 1 7 1 1 7  EA 4 7 D 3 8 7 1 3 0 G 1  0 8 . 0 0 0  0 8 . 0 0 0  0 0 0 8 8 6  

- - - -- - - -. . - - - . - . - - . . - - 
1 2 7 D - S I Z E - 4  ELBOW.LONG B 0000 1 4 9 5 9  EA 4 7 E 3 8 2 5 7 0 G 1  0 6 . 0 0 0  0 6 . 0 0 0  0 0 0 5 0 5  

. - . . - - . 
4 4 A O 1 1 1 - 1 6 - 9  WIRE.  AWG # I 6  B 5 0000 0 6 0 9 0  F T  4 7 E 3 8 7 0 2 7 G 1  A R 00 1 3 6 4  
4 4 A O 1 1 1 - 1 6 - 9  WIRE.  AWG # I 6  
4 4 A O 1 1 1 -  1 6 - 9  WIRE.  AWG # I 6  

4 4 A 0 1 1 1 - 2 0 - 9  WIRE.  AWG # 2 0  B 5 0000 0 6 0 9 0  F T  4 7 D 3 8 7 1 2 1 G l  A R 0 0 0 8  7 4 
4 4 A O 1 1 1 - 2 0 - 9  WIRE.  AWG # 2 0  B 5 0000 0 6 0 9 0  F T  4 7 D 3 8 7 1 3 0 G 1  AR 0009 1 5  
4 4 A O i  11-20;!-- - - WIRE.  AWG # 2 0  B 5 0000 06090 F T  4 7 E 3 8 7 0 6 2 G l  A R 0 0 0 9 5 8  

00.000 

4 4 A O 1 1 1 - 2 2 - 9  WIRE.  # 2 2  AWG B 5 0000 0 6 0 9 0  F T  4 7 E 3 8 7 0 7 2 G 1  AR 0 0 0 7  8 3 

4 4 K 0 1 . 1 - 2 4  -9 WIRE,  AWG 2 4  B 5 0000 0 6 0 9 0  F T  4 7 E 3 8 7 0 8 4 G l  A R 0 0 1 8 1 6  
4 4 A 0 1 1 1 - 2 4 - 9  WIRE.  AWG 2 4  B 5 0000 06090 F T  4 7 E 3 8 7 0 8 5 G l  A R 00 1 6 4 0  
4 4 A 0 1 1 1 - 2 4 - 9  WIRE.  AWG 2 4  B 5 0000 0 6 0 9 0  F T  4 7 E 3 8 7 0 9 1 G 1  A R 0 0 1 5 1 8  

4 4 A O 8 1 1 - 1 2 - 9  WIRE.  AWG # I 2  B 5 0000 06090 F T  4 7 E 3 8 7 0 6 2 G 1  A R 0 0 0 9 5 6  

?5381<1. . -- TFE SEALER. TEFLON B 0000 3 9 4 2 8  EA 4 7 J 3 8 2 3 1 3 G l  0 1  .ooo 0 1 . 0 0 0  0 0 0 0 7 6  

4 6 9 7 - 1 0 3 2 - 5 5 - 2 0  HEX M & F STANDOFF M 0000 5 5 5 6 6  EA 4 7 E 3 8 7 0 6 2 8 1  1 2 . 0 0 0  1 2 . 0 0 0  0 0 0 9 3 4  

- 4 7 - 6 1 - 2 0 1 -  1 0  C A P T I V E  SCREW M 0000 9 4 2 2 2  EA 4 7 D 3 8 7 1 2 1 G 1  0 4  . 000 0 4 . 0 0 0  0 0 0 8 6 1  
1 7 - 6 1 - 2 0 1 - 1 0  C A P T I V E  SCREW M 0000 9 4 2 2 2  EA 4 7 0 3 8 7 1 3 0 G 1  0 4  . 000 0 4 . 0 0 0  0 0 0 8 8 5  

?34_5_1-1-- RELAY B 7 0000 1 8 3 4 2  EA 4 7 0 3 8 7 0 8 9 G l  09.000 3 3 . 0 0 0  0 0 1 5 9 5  

5 5 9 6 A - 8  TERMINAL BOARD * 0000 7 5 3 8 2  EA 4 7 E 3 8 7 0 7 2 6 1  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 7 5 0  



WTG - MOD 5A 
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BREAK DOWN 
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. . . . . . - . . -. - M O D E L E A U N I T O O O ~ O O I  __ - . . . - - - . - - - ... - - - - - . . . - - - . . . - 

- - - - - - - ECN - - - - - -  I 

L V L  I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG P L - L A T E  P T CYCLE U/M PL-QTV EXT/TOT OTY I T E M /  FSCM CROSS 

. - . - -. - - I N C -  -.OUT APPLY C Y T I M E  -. REF DESG .. . - REF- 

WTG ASSY. MOO-5A 1 M 0000 EA 1 .DO - 00000 I 00 4 7 E 3 8 2 3 0 4 G l  
- -. . - - 

- -  0 i - 7 z 3 8 2 3 5 6 ~  1.' TOWER ASSY. WTG M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 0 0 2  ! 

0 2  4 7 E 3 8 2 2 9 7 G l  TWR/FOUNOATION I N S T L  M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 0 0 3  

- - - . - . . . ... . -- -. 

0 3  4 7 E 3 8 2 3 5 5 P l  TWR STRUCTURE ASSY M 0000 ~h 1 . 0 0  1 .00 - 1 - 0 0  0 0 0 0 0 4  - 
0 3  4 7 C 3 8 2 4 9 9 P l  TOWER ACCESS DOOR M 0000 EA 1 .OO 1 .OO 2 -00 0 0 0 0 0 5  
0 3  4 7 E 3 8 1 1 1 2 G l  FOUNDATION REQT M 0000 EA 1 . 0 0  1 .OO 3 - 0 0  0 0 0 0 0 6  

. . . . . - - 
0 0 0 0 0 7  0 4  4 7 E 3 8 1 1 1 2 P 1  FOUNDATION ASSEMBLY M 0000 EA 1 . 0 0  1 .OO 1 - 0 0  

0 4  4 7 8 3 8 2 5 8 5 P l  ANCHOR STUD M 0000 EA 9 6 . 0 0  9 6 . 0 0  2 -00 0 0 0 0 0 8  
0 4  4 7 E 3 8 1 1 1 2 P 3  NUT B 0000 EA 1 9 2  .OO 1 9 2  .OO 3 - 0 0  000009 

- .  0 4 -  4 7 8 3 8 2 5 8 6 P  1 ANCHO-R P L A T E  M 0000 EA 4 8  .OO 4 8 . 0 0  - .  4 - 0 0  0000 1 0  
134 4 7 E 3 8  i 1 ; 2P5  RECT.  VIREWAY M 0000 EA 3 .OO 3 .00 5 - 0 0  0000 1 1 
0 4  4 7 E 3 8 1 1 1 2 P 6  CONDUIT S E C T I O N  M 0000 EA 1 .OO 1 .OO 6 -00 0000 1 2  

M 0000 EA 2 . 0 0  2 . 0 0  7 -00 0000 1 3 
i 

0 4  4 7 E 3 8 1 1 1 2 P 7  CONDUIT S E C T I O N  
0 4  4 7 E 3 8 1 1 1 2 P B  CONDUIT SECTION M 0000 EA 1 . 0 0  
0 4  4 7 E 3 8 1 1 1 2 P 9  # 0 9  REINFORCING ROD M 0000 F T  AR 
0 4  4 7 E 3 8 1 1 1 2 P l O  # I 1  REINFORCING ROD M 0000 F T  A R 1 0 - 0 0  0000 1 6  

0 3  4 7 E 3 8 2 3 0 3 P I  . . - - - - - TWR/ FDN P L A T F  REQT M 0000 EA I .OO 1 .OO - 4 -00 0000 I 7 
0 3  N 2 1 4 P 5 8 B  NUT 2 1 / 2  D I A .  B 0000 EA 96.00 9 6  .OO 5 -00 0000 I 8  
0 3  N 4 0 2 P 5 8 B  WASHER B 0000 EA 96.00 9 6  .OO 6-00 0000 1 9 
0 3  4 7 E 3 8 2 2 9 7 P 7  GROUT M 0000 L B  A R 7 - 0 0  0 0 0 0 2 0  

. - 
0 2  4 7 D 3 8 2 5 9 3 6 1  Y A W  S / S  ASSY M 0000 EA 1 . 0 0  1 .OO 2 -00 0 0 0 0 2  1 

0 3  4 7 E 3 8 2  1 3 3 G 1  YAW STRUCTURE ASSY M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 0 2  2 

-. .. - - - . . . - -. . 

0 4  4 7 E 3 8 2 0 5 0 P  1 YAW HSG STRUCT.UPPER M 0000 E A -  I .OO 1 .OO - 1-00 0 0 0 0 2  3 
0 4  4 7 E 3 8 2 2 1 9 P l  YAW HSG STRUCT.LOWER M 0000 EA 1 .OO 1 .OO 2 -00 0 0 0 0 2  4 
0 4  4 7 D 3 8 1 0 0 2 P l  BEARING.  YAW M 0000 EA 1 .OO 1 .OO 3 -00 0 0 0 0 2 5  
0 4  4 7 C 3 8 1 0 3 6 P 3 2 . -  ... .. . BOLT .- i M 00OQ -EA 1 4 4  .OO - - 144.. 00 - 4 100 000026 - 
0 4  4 7 C 3 8 1 0 8 7 P 1 3  NUT.  F A T I G U E  RATED B 0000 EA 1 4 4 . 0 0  1 4 4 . 0 0  5 -00 0 0 0 0 2  7 
0 4  4 7 C 3 8  1 0 8 8 P  1 3  WASHER. HARDENED S T L  B 0000 EA 1 4 4  .OO 1 4 4  .OO 6 - 0 0  0 0 0 0 2 8  
0 4  4 7 C 3 8 1 0 8 8 P 1 4  WASHER. HARDENED S T L  B 0000 EA 1 4 4  .OO 1 4 4 . 0 0  7 - 0 0  0 0 0 0 2 9  

. . . - - - - - - - 
0 3  4 7 E 3 8 2 1 6 5 G l  YAW D R I V E  I N S T L  M 0000 EA 1 .OO 1 .OO 2 - 0 0  0 0 0 0 3 0  

0 4  4 7 D 3 8 1 0 1 0 P l  BRAKE ASSY M 0000 EA 8 . 0 0  8 . 0 0  1 - 0 0  0 0 0 0 3  1 - - -  - -  
-..C)4 4 7 D 3 8 1 0 0 3 P 1  . ACTUATOR.HYDRAULIC M 0000 EA 4 .OO 4 .OO -- 2 -00 0 0 0 0 3 2  -- - 

0 4  4 7 C 3 8 2  1 8  1P 1 TRACK MTG BRACKET M 0000 EA 4 .OO 4 . 0 0  3 - 0 0  0 0 0 0 3 3  
0 4  4 7 E 3 8  1 1 0 7 P  1 TROLLEY ASSY M 0000 EA 2 .OO 2 .OO 4 -00 0 0 0 0 3 4  
0 4  4 7 0 3 8 2 5 6 3 6 1  TORQUE PLATE ASSY M 0000 EA 4 . 0 0  4 .OO 5 - 0 0  0 0 0 0 3 5  

-. . - - - - - - . .- - 
0 5  4 7 D 3 8 2 5 6 3 P  1 TORQUE PLATE M 0000 EA 1 .OO 4 . 0 0  1 - 0 0  0 0 0 0 3 6  
0 5  4 7 B 3 8 2 5 6 4 P i  B E A R I N G  ANGLE M 0000 EA 2 . 0 0  8 . 0 0  2 - 0 0  0 0 0 0 3 7  

f 0 5  N 2 3 P 2 5 0 1 2 B  SCREW. CAP B 0000 EA 6 . 0 0  2 4  .OO 3 - 0 0  0 0 0 0 3 8  



' 7241-1  TOPDOWN BREAKDOWN FOR ASSEMBLY 4 7 E 3 8 2 3 0 4 G l  WTG ASSY. MOD-5A 0 6 / 1 5 / 8 4  PAGE 0 2  

-- . - . MODEL - -. - EA U N I T  0 0 0 0 0 1  . -- 

- - - - - - - ECN ------  
L V L  I D E N T I F I C A T I O N N O .  NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY ITEM/  FSCM CROSS 

- -. . . - - . . . . - - - . - - - - - I N C  OUT APPLY C Y T IME - - .. - - REF .- OESG REF 

0 5  N 4 0 0 P 1 3 B  WASHER,PLAIN B W O O  EA 6 . 0 0  2 4 . 0 0  4 -00 0 0 0 0 3 9  
05- N406P4 3 6  LOCK WASHER - --. -. - B 0000 EA 6.00 2 4 . 0 0  5 - 0 6  0 0 0 0 4 0  

0 4  4 7 D 3 8 2 1 9 2 P 1  BRAKE MTG PLATE M 0000 EA 2 . 0 0  2 . 0 0  6-00 0 0 0 0 4  1 
0 4  4 7 D 3 8 2 1 9 8 P 1  C L E V I S  BLOCK M 0000 EA 2 . 0 0  2 . 0 0  7 -00 0 0 0 0 4  2 
0 4  4 7 8 3 8 2 2 0 0 P 1  RETAINER. P I N  4 . 0 0  h! OooO € 5  4 A!-- _ 8 - 0 0  0 0 0 0 4  3 
0 4  4 7 8 3 8 2  193P I P I N .  C L E V I S  - BRAKE M 0000 EA 4 .OO 4 . 0 0  9-00 0 0 0 0 4  4 
0 4  4 7 C 3 8 1 0 3 6 P 1 5  BOLT.FATIGUE RATED B 0000 EA 3 6 . 0 0  3 6  .OO 1 0 - 0 0  0 0 0 0 4  5 
0 4  4 7 C 3 8 1 0 3 6 P 1 6  BOLT.FATIGUE RATED B 0000 EA 1 2 . 0 0  12  .OO 1 1 - 0 0  0 0 0 0 4 6  
0 4  N 7 3 3 P 3 3 1 1 2 B  -- - SCREW.12 POINT B 0000 E d  1 2 . 0 0  1 2 . 0 0  1 2 - 0 0  
0 4  B L F R - 2 2  SPHERICAL BEARING B 0000 EA 4 .OO 4 .OO 

O O K ? 4 _ 7  
1 3 - 0 0  8 1 3 7 6  0 0 0 0 4 8  

0 4  OREM-20-080 ROO END BEARING B 0000 EA 4 .OO 4 .OO 1 4 - 0 0  8 1 3 7 6  0 0 0 0 4 9  
0 4  4 7 8 3 8 2 4  19P 1 WASHER B 0000 EA 9 6  .OO 9 6 . 0 0  1 5 - 0 0  0 0 0 0 5 0  

.. 0 4  - N 7 2 7 P 3 3 0 4 0 8  CAPSCREW B 0000 EA 2 4 . 0 0  2 4  .OO 1 6 - 0 0  -- -. . .- 0 0 0 0 5  I 
0 4  N 2 6 5 P 3 3 B  LOCKNUT B 0000 EA 3 2 . 0 0  3 2 . 0 0  17 -00 0 0 0 0 5 2  
0 4  N 2 6 5 P 3 4 B  LOCKNUT B 0000 EA 1 2 . 0 0  1 2 . 0 0  1 8 - 0 0  0 0 0 0 5  3 
0 4  N 2 1 4 P 3 4 B  HEX NUT B 0000 EA 1 2 . 0 0  12  .OO 1 9 - 0 0  0 0 0 0 5 4  

...94-!266P43B LOCKNUT B 0000 EA 4 8 . 0 0  4 8  .OO 2 0 - 0 0  0 0 0 0 5 5  
0 4  4 7 B 3 8 2 4 2 0 P l  JAM NUT B 0000 EA 4 .OO 4 .OO 

--- 
2 1 - 0 0  0 0 0 0 5 6  

0 4  N402AP17B P L A I N  WASHER. NARROW 8 0000 EA 6 4 . 0 0  6 4  .OO 2 2 - 0 0  0 0 0 0 5  7 
0 4  N402AP48B P L A I N  WASHER. REG. B 0000 EA 2 4  .OO 2 4 . 0 0  2 3 - 0 0  0 0 0 0 5 8  
94.- * * 4 7 E 3 8 2  1 6 5 - 2 4  BOLT B 0000 EA 2 4 . 0 0  2 4  .OO 0 0 0 0 5 9  - - . - - . . - - - 
0 4  N22BP2 1 0 1 6 B  CAPSCREW B W O O  EA 16.00 1 6 . 0 0  

2 4  -00 . 
2 6  -00 0 0 0 0 6 0  

0 4  4 7 8 3 8 2  196P 1 SPACER, C L E V I S  BLOCK M 0000 EA 4 . 0 0  4 .OO 2 7 - 0 0  00006 1 
0 4  4 7 8 3 8 2 1 9 6 P 2  SPCR.ACTUATOR C L E V I S .  M 0000 EA 8 . 0 0  8 . 0 0  2 8 - 0 0  0 0 0 0 6 2  
0 4  4 7 C 3 8 2  181P2 . -. . - - - - TRACK. MTG BRACKET h! 0°00 EL-- 2 . 0 0  2 . 0 0  2 9 - 0 0  0 0 0 0 6 3  
0 4  4 7 0 3 8 2 1 9 8 P 2  C L E V I S  BLOCK M 0000 EA 2 . 0 0  2 . 0 0  3 0 - 0 0  0 0 0 0 6 4  
0 4  4 7 C 3 8 2 2 7 8 P 1  MANIFOLD F I T T I N G  M 0000 EA 2 . 0 0  2 .OO 3 1 -00 0 0 0 0 6  5 
0 4  N 2 2 P 2 5 0 3 6 B  CAPSCREW B 0000 EA 8.00 8 . 0 0  3 2 - 0 0  0 0 0 0 6 6  
0 4  N402AP13B . - - - - . - - P L A I N  WASHER, NARROW 6 0000 EA 8.00 8.00 
0 4  N 4 0 5 P 4 3 B  LOCKWASHER - MEDIUM B 5 0000 €A 8 .OO 8.00 3 4 - 0 0  0 0 0 0 6 8  

33-00._ .. .. PO0067 
0 4  4 7 8 3 8 2 2 7 7 P l  D R I P  TROUGH M 0000 EA 2 . 0 0  2 . 0 0  3 5 - 0 0  0 0 0 0 6 9  
0 4  4 7 8 3 8 2 2 7 7 P 2  D R I P  TROUGH M 0000 EA 2 . 0 0  2 . 0 0  3 6 - 0 0  0 0 0 0 7 0  

.- 9 4 3  1 0 0 - 4  TUBE FTG. MALE CONN. B 0000 EA 4.00 4 .OO 3 7 - 0 0  9 7 5 7 6  0 0 0 0 7 1  
0 4  A 4 0 0 - 4  TUBE FTG. MALE ELBOW 8 0000 EA 1 6 . 0 0  16.00 3 8 - 0 0  9 7 5 7 6  0 0 0 0 7 2  
0 4  7 0 0 - 4  TUBE FTG. TEE UNION B 0000 EA 8 .OO 8 .OO 3 9 - 0 0  9 7 5 7 6  0 0 0 0 7 3  
0 4  B7A17B , 2 5 0  0 . D  X . 0 3 5  WALL M 0000 F T  2 0 . 0 0  2 0  .OO 4 0 - 0 0  0 0 0 0 7 4  

- - -  -- - 
0 3  4 7 J 3 8 2 3 1 3 G l  HYOR P I P I N G .  YAW OR M 0000 €A 1.00 1.00 3 - 0 0  0 0 0 0 7 5  

0 4  4 5 3 8 K 1  TFE SEALER. TEFLON B 0000 EA 1 .OO 1 .OO 1 - 0 0  3 9 4 2 8  0 0 0 0 7 6  
0 4  * * 4 7 J 3 8 2 3 1 3 - 2  ACCUMULATOR & V PKG M 0000 EA 1 . 0 0  1 .OO 2 -00 0 0 0 0 7  7 
0 4  * * 4 7 J 3 8 2 3 1 3 - 3  YAW POWER U N I T  M 0000 EA 1 .OO 1.00 3 - 0 0  0 0 0 0 7  8 
0 4  4PN-SS N I P P L E .  P I P E  €4 0000 €A 3 . 0 0  3 . 0 0  4 - 0 0  9 7 5 7 6  0 0 0 0 7 9  - 
0 4  3 0 4 3 1 1 8  l1uu1 BOLT & NUTS B 5 0000 EA 6.00 6.00 5 - 0 0  3 9 4 2 8  0 0 0 0 8 0  
0 4  4PT-SS . -. .. . -- - - TEE, P I P E  -. - -. . . B 0000 EA 3 . 0 0  3 . 0 0  6-00 9 7 5 7 6  0 0 0 0 8 1  
0 4  B 7 A 1 7 B - , 0 3 5  TUBING. . 2 5 0  00 B 0000 FT 4 .OO 4 .OO 7 - 0 0  0 0 0 0 8 2  
0 4  8 7 8 1 7 8 - . 0 6 5  TUBING, .500 OD B 0000 FT 2 0 0 . 0 0  2 0 0 . 0 0  6 - 0 0  0 0 0 0 8  3 

1 0 4  4 7 C 3 8 1 0 7 5 P 1  HOSE ASSY M 0000 EA 4 . 0 0  4 .OO 9-00 0 0 0 0 8  4 
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. - . . . - . - . - . - - . - - - MODEL EA U N I T  0 0 0 0 0 1  - - - . - . - - - - - - -. - - - . - - - - . - 

- - - - - - -  ECN - - - - - -  
ILVL I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

- ... . .--. IN?.. _OUT APPLY C Y T I M E  - .. REF DESG !!KF..- 

0 4  4 7 C 3 8  1 0 7 5 P 2  HOSE ASSY M 0000 EA 4 .OO 4 . 0 0  10-00: 0 0 0 0 8  5 
0 4  4 7 B 3 8 1 0 7 4 P l  - -  - . . . - . . - - - HOSE ASSY M 0000 EA 2 . .O_O 2 .OO I!.-!?' 0 0 0 0 8 6  
0 4  C 9 6 1 2 - 3  PRESSURE. SWITCH- B 0000 EA 3 . 0 0  3 . 0 0  1 2 - 0 0  8 9 3 2 6  0 0 0 0 8 7  
0 4  HP36GT VALVE.  . 5 0  NPT B 0000 EA 3 . 0 0  3 . 0 0  1 3 - 0 0  0 1 0 2 9  0 0 0 0 8 8  
0 4  2 2 6 1 7 - 8  O - R I N G  6 0000 EA 1 0 . 0 0  1 0 . 0 0  1 4 - 0 0  0 1 2 7 6  000089 
0 4  9 8 0 - 8 - 8 5 s  -. - - .--- - - - CDNNECTOI?, BULKHEAD B 0000 EA 
0 4  1 0 0 - 8 - 4 S S  CONNECTOR. MALE B 0000 EA 
0 4  1 0 0 - 8 - 8 5 s  CONNECTOR, MALE 
0 4  8TFNSS N I P P L E  
0 4  A 4 0 0 - 8 S S  - . . - . . - . - -. . . - . - ELBOW. M!LE 8 .OO 8.!z .- 8 0000 EA - -  1 9 - 0 0  9 7 5 7 6  0 0 0 0 9 4  
0 4  A 6 0 0 - B S S  TEE BRANCH. MALE B 0000 EA 3 . 0 0  3 . 0 0  2 0 - 0 0  9 7 5 7 6  0 0 0 0 9 5  
0 4  1 4 0 - 8 - 4 S S  ADAPTER. REDUCER B 0000 EA 4 .OO 4 . 0 0  2 1 - 0 0  9 7 5 7 6  000096 
0 4  7 0 0 - 8 5 s  TEE.  U N I O N  B 0000 EA 1 6  .OO 1 6 . 0 0  2 2 - 0 0  9 7 5 7 6  0 0 0 0 9 7  

-0%- I O O C - ~ S S  -. TUBE CAP - B 0 ~ ~ 0  EA 4 .OO -- 4 . 0 0  2 3 - 0 0  915!6 0 0 0 0 9 8  
0 4  4HP PLUG B 0000 EA 3 . 0 0  3 . 0 0  2 4 - 0 0  9 7 5 7 6  000099 
0 4  1 0 0 0 2 5  CLAMP ASSY B 0000 EA 5 . 0 0  5 . 0 0  2 5 - 0 0  5 5 0 1 7  0 0 0 1 0 0  

~ ~ 

0 4  1 0 0 0 5 0  CLAMP ASSY B 0000 EA 1 0 3  .OO 1 0 3 . 0 0  2 6 - 0 0  5 5 0 1 7  0 0 0 1 0 1  
0 4  8PRC-SS .. . --- CONNECTOR. REDUCING B 0000 EA 3 . 0 0  3 . 0 0  2 7 - 0 0  9 7 5 7 6  0 0 0 1 0 2  
0 4  3001-1 1 - 1 5 ~ ~ ~ 0 4  -K PRESSURE TRANSDUCER B 0000 EA 3.00 3.00 2 8 - 0 0  8 9 3 2 6  0 0 0 1 0 3  
0 4  N 4 0 5 P 4 1 B  LOCK WASHER B 5 0000 EA 1 2  .OO 1 2 . 0 0  2 9 - 0 0  000 1 0 4  
0 4  4 7 E 3 8 2 3 1 4  HYDRAULIC SYS SCHEM : X 0000 EA X 3 0 - 0 0  000 1 0 5  

3. - . - - . . - . - -- - 
GREASESHIELD INSTL 

. -- 
* * 4 7 D 3 8 2 5 9 3 - 4  M 0000 EA 1 .OO 1 .OO 4 -00 000 1 0 6  

0 3  4 7 E 3 8 2 5 9 4 G l  YAW S L I P  R I N G  I N S T L  M 0000 EA 1 .OO 1 . 0 0  5 - 0 0  000 1 0 7  

0 4  4 7 D 3 8 1 0 1 9 P 1  S L I P  RNG U N  YAW A X I S  M 0000 €A 1 .OO -. 1 .oo 1 - 0 0  _ 
0 4  4 7 E 3 8 1 0 1 7  YAW SR ELECT I N T F C  X 0000 EA X 2 -00 
0 4  * * 4 7 E 3 8 2 5 9 4 - 3  CROSS BEAM M 0000 €A 2 . 0 0  2 . 0 0  3 - 0 0  
0 4  * * 4 7 E 3 8 2 5 9 4 - 4  MOUNTING BRACKET M 0000 EA 1 .OO 1 .OO 4 -00 
94. * * 4 7 E 3 8 2 5 9 4 - 5  SUPPORT ANGLE M go00 EA 4 .OO 4 . 0 0  5 - 0 0  ... . 
0 4  + * 4 7 E 3 8 2 5 9 4 - 6  YAW ELEC&INSTR INSTL.. M 0000 EA 1 .OO 1 .OO 6-00 
0 4  N 2 2 P 3 5 0 5 2 B  HEX HD BOLT B 0000 EA 2 4  .OO 2 4 . 0 0  7 -00 - - 

0 4  N 2 2 A P 3 5 0 4 0 B  HEX HD BOLT 6 0000 EA 1 2 . 0 0  1 2 . 0 0  8 - 0 0  
0 4  N 2 6 5 P 3 5 B  . - - - . - - - - - . - - LOCK NUT, 3 / 4  D I A .  + 0000 EA 2 4  .OO 2 4 . 0 0  9-00 
0 4  N 4 0 2 P 1 8 B  WASHER. 3 1 4  D I A :  B 0000 EA 3 6 . 0 0  36.00 1 0 - 0 0  
0 4  N 2 2 P 3 9 0 6 8 B  HEX H D  B D L T  
0 4  N 2 6 5 P 3 9 B  LOCK NUT - 1 D I A .  
0 4  N 4 0 2 P 2 0 B  WASHER 0 0000 EA 8.00 8.00 1 3 - 0 0  OOOllp. 
0 4  M S 2 0 9 9 5 C 2 0  LOCK WIRE B 5 0000 F T  A R 1 4 - 0 0  0 0 0 1 2  1 - - 

0 4  6 5 0 L R - H A 6 3 5 0  POWER D I S T R  CONN B 0000 EA 1 4  .OO 1 4  .OO 1 5 - 0 0  1 1 1 1 7  0 0 0 1 2 2  
0 4  6 0 0 B E  EXTENDER B 0000 EA 6 .OO 6 . 0 0  1 6 - 0 0  1 1 1 1 7  0 0 0 1 2 3  

* * 4 7 E 3 8 2 5 9 4 - 1 7  (' ! . - - - .- . - DRAG L I N K  M 0000 EA 2 . 0 0  2 . 0 0  1 7 -00 0 0 0 1 2 4  

0 3  * * 4 7 0 3 8 2 5 9 3 - 6  ERG. AUTO LUBE I N S T L  M 0000 EA 1 . 0 0  1 .OO 6-00 0 0 0 1  2 5  

92 * * 4 7 0 3 8 2 3 5 6 - 3  - ELEC WIRE WAY I N S T L  M 0 0 0 0 2  1 .oo 1 .OO 3 - 0 0  000 1 2 6  
0 2  4 7 E 3 8 2 5 9 5 G 1  TWR PLATFORM I N S T L  M 0000 EA 1 .OO 1 .OO 4 -00 000 1 2 7  

0 3  * * 4 7 € 3 8 2 5 9 5 - 1  LOWER PLATFORM ASSY M 0000 EA 1 .OO 1 .OO 1 - 0 0  000 1 2 8  

. .. . - .- ... .- 
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MODEL EA U N I T  0000_01 - .. .. .- . 

- - - - - - -  ECN - - - - - -  
L V L  I D E N T I F I C A T I O N  NO.  NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

. .. - - -- --- I N C  OUT APPLY 5 Y T I M E  REF DESG - REF 

* * 4 7 € 3 8 2 5 9 5 - 2  M I 0  PLATFORM ASSY M 0000 EA I .OO 
* * 4 7 E 3 8 2 5 9 5 - 3  - - - - UPR ( Y A W )  PLATF ASSY - - -  M 0 0 0 9 - E A  1 .OO 
* ' 4 7 E 3 8 2 5 9 5 - 4  STAIRWAY ASSY M 0000 EA I .OO 
* * 4 7 E 3 8 2 5 9 5 - 5  PRIMARY LADDER ASSY M 0000 EA 1 .OO 
* * 4 7 E 3 8 2 5 9 5 - 6  A L T N  LADDER ASSY M 0000 EA 1 .OO - - - -  - - 
* * 4 7 € 3 8 2 5 9 5 - 7  . - .  GUARDRAIL ASSY M O0o0 E!-..-- - 1 .OO 
* * 4 7 E 3 8 2 5 9 5 - 8  HGR CABLE ASSY - UPR M 0000 EA 1 2 . 0 0  
* * 4 7 E 3 8 2 5 9 5 - 9  HGR CABLE ASSY - LWR 
* * 4 7 E 3 8 2 5 9 5 - 1 0  ACCESS COVER HATCH - - - - - -  - . . -- 

- * * 4 7 E 3 8 2 5 9 5 -  1 1  HGR C L E V I S  F I T T I N G - ,  - M O O E  EA 1 2 . 0 0  
* * 4 7 E 3 8 2 5 9 5 - 1 2  B E A R I N G  PADS M 0000 EA 1 2  .OO 
N 2 2 P 3 5 0 3 6 B  BLT.HEX HD.  3 / 4  D I A .  B 0000 EA 3 6  .OO 
N 2 6 J P 3 5 B  LOCKNUT. 3 / 4  D I A .  B 0000 EA 36.00 
N 4 0 2 P  1 8 B  -- - -  WASHER. - 3 / 4  D I A .  - -- B 0000 €A 3 6 . 0 0  

* * 4 7 D 3 8 2 3 5 6 - 5  TWR I N S T M  I N S T L  M 0000 EA 1 . 0 0  . - 

0 2  * * 4 7 0 3 8 2 3 5 6 - 6  TOWER MARKINGS M 0000 EA 1 .OO 1 .OO 6-00 000 1 4 4  
* * 4 7 0 3 8 2 3 5 6 - 7  -. 02 GND WIRE WAY I N S T L  M 0000 EA 1 .OO 1 .OO 7 - 0 0  000 1 4 5  -- 

0 2  4 7 E 3 8 2 5 9 2 G l  PERS ELEV/SUPT I N S T L  M 0000 EA I .OO 1 .OO 8-00 0 0 0 1  4 6  

0 3  * * 4 7 E 3 8 2 5 9 2 - 1  LWR G TWR SECT ASSY M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 1 4 7  - - ~ ~  . - 

. 03_-_f '47E382592-2 UPR G TWR SECT ASSY - M 0000 € 4 -  1  .OO 1.00 2 - 0 0  000 1 4 8  - 
0 3  4 7 ~ 3 8 2 5 9 1 ~  I--.- STRUCTURE FRAME U N I T  M 0000 EA 4 . 0 0  4 .OO 3 - 0 0  0 0 0 1 4 9  
0 3  1 5 A S 6 5 0  PERS ELEVATOR U N I T  M 0000 EA I .OO 1 .OO 4 - 0 0  000 1 5 0  
0 3  4 7 E 3 8 2 5 9 2 P 5  ANGLE S E C T I O N  M 0000 €A 2 0 . 0 0  2 0 . 0 0  5 - 0 0  0 0 0 1 5 1  
0 3  4 7 D 3 8 2 5 8 7 P 1  - . F L O A T I N G  MT BRACKET- M 0000 -!A 4 . 0 0  4 . 0 0  .- 6 - 0 0  000 1 5 2  
0 3  N 1 4 P 3 5 0 6 0 B  HEX HD B O L T . 3 / 4  D I A .  B 0000 EA 1 6 . 0 0  1 6 . 0 0  7 - 0 0  000 1 5 3  
0 3  N 2 6 5 P 3 5 B  LOCK NUT.  3 / 4  D I A .  * 0000 EA 16 .OO 1 6 . 0 0  8 - 0 0  000 1 5 4  - - - -  - - - -  
0 3  N 4 0 2 P 1 8 B  WASHER. 3 / 4 .  O I A .  B 0000 EA 1 6 . 0 0  1 6 . 0 0  9-00 000 1 5 5  
03 E 3 4 - 4 1 4  PARA BLT.CONC ANCHOR B 0000 EA 1 6 . 0 0  -- 1 6 . 0 0  lo-00 .. . .- 000 -- 1 5 6  

0 2  4 7 E 3 8 2 5 7 1  L I F T  REQT. TWR CMPNT X 0000 €A X 9-00 0 0 0 1 5 7  

0.1 4 7 E 3 0 2 6 0 1 G 1  YOKE ASSY M---0000 EA I .OO I .OO . 2  -00 000 1 5 8  

0 2  4 7 E 3 8 2 4 4 1 G l  YOKE / S P I N D L E  ASSY M 0000 EA I .00 1 .OO 1 - 0 0  000 1 5 9  

0 3 - 4 7 E 3 8 2 6 0 2 G I  M A C H I N I N G  ASSY. YOKE --- 

YOKE STRL,WELOMENT 
YOKE ERG CAP.WLOMT 

- BRACKET - 
BRACKET - - 

BRACKET 
P IN .TAPERED OOWEL#13 
BOLT.FATIGUE RATED 
W A S H E R . I . 2 5  O I A  
LOCK WASHER 
BOLT.FATIGUE RATED 
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. - - . - - - - - . - M O D E L E A  U N I T 0 0 0 0 0 1  -- - - - . . - - - -. 

- - - - - - -  ECN - - - - - -  
LVL I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY ITEM/  FSCM CROSS 

. - .. -. INC OUT APPLY- C Y TIME .. - . . . - - REF - DESG - - - - - - . . . . REF . - 

0 3  4 7 C 3 8  1088P 1 WASHER.l.OO O I A  M 0000 EA 4 0 . 0 0  4 0 . 0 0  1 1 - 0 0  0 0 0 1 7  1 . - -  - - 

B C)--flC38_1088P2 WASHER.1.00 D I A  . -. . . . . . M 0000 EA 4 0  .LO.- 4 0 . 0 0  1 2 - 0 0  0 0 0 1 7 2  
LOCKNUT- - - - - - - - - - - - - 

0 4  4 7 C 3 8 1 0 8 7 P 2  B 0000 EA 4 0 . 0 0  4 0 . 0 0  1 3 -00 0 0 0 1 7 3  - ~ - .- - - -  
0 4  4 7 C 3 8 1 0 3 6 P 2  BOLT.FATIGUE RATED B 0000 EA 2 0 . 0 0  2 0 . 0 0  14  -00 0 0 0 1 7 4  
0 4  CHOCKFAST-ORANGE GROUTING B 0000 EA A R 1 5 - 0 0  2 0 4 2 0  0 0 0 1 7 5  
0 4 _ 4 7 E 3 8 2 6 0 2 P  16 -- YOKE ERG CAP MACH X 0000 EA X - ... 1 6 - 0 0  ooo.!.la 
0 3  4 7 E 3 8 2 3 3 3 P l  SPINDLE SHAFT ! M 0000 EA 1 .OO 1 .OO 2 -00 000 1 7 7  
0 3  4 7D38 1080P 1 TPR RLR BRG.SPDL/AFT M 0000 EA 1 .OO 1 .OO 3 - 0 0  8 0 6 5 7  0 0 0 1 7 8  
0 3  4 7 0 3 8 1 0 8 1 P 1  . . - - - . - . - TPR RLR BRG.SPOL/FWD M 0_000 EA I :Go_ 1 .OO 4 - 0 0  8 0 6 5 7  0 0 0 1 7 9  

- - 
0 3  4 7 C 3 8 2 4 5 8 P  1 RETAINER. AFT M 0000 EA 6 . 0 0  6 . 0 0  5 - 0 0  000 I 8 0  
0 3  4 7 B 3 8 1 1 0 6 P l  "0" R I N G  SEAL. AFT M 0000 EA 1 .OO 1 .OO 6-00 0 0 0 1 8  1 
0 3  4 7 D 3 8 2 4 5 6 P  1 RTR SEAL RTNR. AFT M 0000 EA 1 .OO 1 .OO 7 -00 000 1 8 2  
03 - 4 7 8 3 8 2 4 5 4 P !  A N T I - R O T A I I O N  P I N  M 0000 E! - 2 . 0 0  2 . 0 0  8 -00 000 1 8 3  -- -. - - -- 
0 3  4 7 0 3 8 2 3 7 2 P l  RTR ERG RETAINER.FW0 M 0000 EA i .OO i .OO 9 -00 003 184 
0 3  4 7 0 3 8 2 4 5 7 P  1 LOW SPEED BRAKE D I S C  M 0000 EA 1 .OO 1 .OO 1 0 - 0 0  000 1 8 5  
0 3  4 7 C 3 8 2 5 5 7 P l  ROTOR ERG SHIM M 0000 EA 4 .OO 4 .OO 1 1 - 0 0  000 1 8 6  
0 3  4 7 8 3 8 2 5 5 8 P l  INSERT. BRAKE D I S C  M 0000 EA 1 2 0 . 0 0  1 2 0 . 0 0  1 2 - 0 0  -- 0 0 0 1 8 7  
0 3  4 7 C 3 8 2 5 5 9 P 1  RTR SEAL RTNR. FWD M 0000 €A 1 .OO 1 . 0 0  1 3 - 0 0  000 1 8 8  
0 3  4 7 C 3 8  1 1 0 2 P  1 ROTOR SEAL FWD M 0000 EA 2 .OO 2 . 0 0  4 4 - 0 0  0 3 6 6 8  0 0 0 1 8 9  :% 0 
0 3  4 7 C 3 8 1 1 0 3 P i  ROTOR SEAL AFT M 0000 EA 2 .OO 2 . 0 0  1 5 - 0 0  0 3 6 6 8  0 0 0 1 9 0  ;:< 2-3 

D I S C .  RTR SPEED SNSR -. 03. -4 i r 0 3 8 2 4 5 5 P  1 . M --0 EA 1 . 00 1 .OO 1 6 ; 0 0  0 0 0 1 9 1  WS!? 
0 3  4 7 C 3 8  1104P 1 STUD M 0000 EA 1 2 0 . 0 0  1 2 0 . 0 0  1 7 -00 0 0 0 1 9 2  0 ':'-J 
0 3  4 7 C 3 8 1 1 0 4 P 2  STUD M 0000 EA 1 2 0 . 0 0  1 2 0 . 0 0  1 8 -00 0 0 0 1 9 3  5 i:.;! 
0 3  4 7 C 3 8 2 5 6 0 P 1  PLUG. TORQUE PLATE M 0000 EA 2 .OO 2 . 0 0  1 9 - 0 0  000 1 9 4  
0 3  4 7 0 3 8 1 0 8 2 P 2  . . . - - - - TORQUE. PLATE M 0000 EA 1 . 0 0  .- 1 .OO 2 0 1 0 0 .  0 0 0 1 9 5  &);i.! 
0 3  4 7 C 3 8 1 0 3 6 P 2 4  BOLT,FATIGUE RATED B 0000 EA 3 6 . 0 0  3 6 . 0 0  2 1 - 0 0  000 1 9 6  [-.A -,. . , 
0 3  4 7 C 3 8 1 0 8 8 P 9  WASHER.1.50 D I A  M 0000 EA 7 2 . 0 0  7 2 . 0 0  2 2 - 0 0  000 1 9 7  3.1 ; '? 
0 3  4 7 C 3 8 1 0 8 7 P 9  NUT B 0000 EA 3 6  .OO 3 6 . 0 0  2 3 - 0 0  0 0 0 1 9 8  c:! ' :  

_ 93 4 7 8 3 8  1 109P 1 - .  WSHR. B E L L E V I L L E  SPR B 0000 EA - 1 2 0 . 0 0  1 _ 2 ~ . 0 0  2 4 - 0 0  9 2 8 3 0  0 0 0 1 9 9  '-" II , -  , 
0 3  . 4 7 C 3 8 1 0 8 7 P 5  NUT B 0000 EA 3 6 0 . 0 0  2 5 - 0 0  000200 =< t:.! 3 6 0 . 0 0  
0 3  4 7 C 3 8 1 0 8 8 P 5  WASHER.1.25 D I A  B 0000 EA 2 4 0 . 0 0  2 4 0 . 0 0  2 6 - 0 0  0 0 0 2 0  1 
0 3  N 2 8 0 0 P 2  F I T T I N G .  LUBE B 0000 EA 4 .OO 4 .OO 2 7 - 0 0  0 0 0 2 0 2  
03 -!7_33P25016B - SCREW, TWELVE-POINT B 0000 EA 7 8  .OO 7 8 . 0 0  28%L--.. 0 0 0 2 0 3  
0 3  N 4 0 5 P 4 3 B  LOCKWASHER - MEDIUM 6 5 0000 EA 7 8  .OO 7 8  .OO 2 9 - 0 0  0 0 0 2 0 4  
0 3  N 5 7 0 0 P 6 0 5 3 B  PLUG. P I P E  B 0000 EA 4 .OO 4 .OO 3 0 - 0 0  0 0 0 2 0 5  
0 3  N 7 3 3 P 2 9 0 2 4 B  SCREW. TWELVE-POINT B 0000 EA 3 6  .OO 3 6 . 0 0  3 1 -00 0 0 0 2 0 6  
0 3  N 4 0 5 P 4 5 B  . . . . . - . - - WASHER, LOCK . .. B 5 0002 EA 3 6 . 0 0 -  3 6 . 0 0  - - 3 2 - 0 0  0OOZp- I  

0 2  4 7 D 3 8 2 4 3 5 6 1  LOW SPEED SHAFT ASSY 0000 EA 1 .OO 1 .OO 2 -00 0 0 0 2 0 8  

03 _ 4 7 D 3 8 2 2 9 6 P 1  - LOW SPEED SHAFT * W O O  EA 1 .OO 1 .oo . 1 - 0 0  0 0 0 2 0 9  
0 3  4 7 0 3 8 1 0 8 2 P l  COUPLING HUB. FWD * 0000 EA 1 .OO 1 .OO 2 -00 0 0 0 2  1 0  
0 3  4 7 C 3 8  1083P 1 COUPLING HUB, AFT 0000 EA I .OO 1 .OO 3 - 0 0  0 0 0 2  1 1 

0 2  4 7 C 3 8 2 4 3 6 P l  . . . . . . . - . . - - - . . SEAL RTNR. COUPLING - - M 0000 EA 2 . 0 0  2.00 .. 3 - 0 0  .- 0 0 0 2  1 2  
0 2  4 7 C 3 8 2 4 3 7 P l  SEAL P L .  FWD CPLG M 0000 EA 6.00 6 . 0 0  4 -00 0 0 0 2  1 3  
0 2  4 7 C 3 8 1 1 1 0 P 1  SEAL. FWD. COUPLING M 0000 EA 4 .OO 4 .OO 5 - 0 0  0 0 0 2  14  ' 0 2  4 7 E 3 8 2 6 0 3 6 1  TEETER RSTR BK ASSY M 0000 EA a 2 . 0 0  2 . 0 0  6 - 0 0  0 0 0 2  15 

j 
-. . . . . . . . -. -- - . -. - - - 

2 

i. 
8 .. . - - - -- .- -- .- -- .- --- 
JI 
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. . - - . - - . . . . . . - . . . . - MODEL EA U N I T  0 0 0 0 0 1  - . - - - . . . . - -. . - - - - 
i 

-- - - - - -  ECN ------ 
L V L  I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY ITEM/  FSCM CROSS 

I N C  OUT APPLY C Y TIME . . . - . . - . . . . - . - . . - -. . - . . . - - . REF REF DESG -. 

0 3  * * 4 7 E 3 8 2 6 0 3 - 1  HOUSING WALL. L H  - _ - M 0000 EA 1 .OO . . . . .  . .  . !?!?!?216 
0 3 - - 7 ~ 3 8 2 6 0 3 - 2  HOUSING WALL.RH M 0000 €A 1 .OO 2 .OO 2 -00 0 0 0 2  17  
0 3  4 7 D 3 8 1 0 1 0 P 2  BRAKE ASSY M 0000 EA 2 . 0 0  4 .OO 3 -00 0 0 0 2  1 8  
0 3  * * 4 7 E 3 8 2 6 0 3 - 4  HOUSING COVER M 0000 EA 1 .OO 2 .OO 4 - 0 0  0 0 0 2  1 9  
0 3  * * 4 7 E 3 8 2 6 0 3 - 5  . . - - . - - - - TEETER ARM M 0000 €A I .OO 5 - 0 0  2.00 .-..---_p- 0 0 0 2 2 0  
0 3  * * 4 7 E 3 8 2 6 0 3 - 6  HOUSING COVER M 0000 EA 2 .OO 4 .OO 6 - 0 0  0 0 0 2 2  1 
0 3  * * 4 7 E 3 8 2 6 0 3 - 7  DUTBD BELLOWS COVER M 0000 EA 1 .OO 2 .OO 7 -00 0 0 0 2 2 2  
0 3  * * 4 7 E 3 8 2 6 0 3 - 8  I N B D  BELLOWS COVER M 0000 EA 1 .OO 2 . 0 0  8 - 0 0  0 0 0 2 2 3  

.... 03-_ fL47E382603-9-  _ . .- ROLLER GUIDE ASSY M 0000 EA - . - 1 - .OO - - - - - 2 . 0 0  9-00---- 0 0 0 2 2 4  
0 3  * * 4 7 E 3 8 2 6 0 3 - 1 0  BRKT A S S Y . L I M I T  SW M 0000 €A 1 .OO 2 .OO 1 0 - 0 0  0 0 0 2 2 5  
0 3  * * 4 7 E 3 8 2 6 0 3 - 1 1  BRKT.MTG.L IMIT  SW M 0000 EA 1 .OO 2 . 0 0  1 1 - 0 0  0 0 0 2 2 6  
0 3  CR115GM101 S W I T C H . L I M I T  B 0000 EA 1 .OO 2 . 0 0  1 2 - 0 0  0 2 2 9 5  0 0 0 2 2 7  
03 N j 4 P 2 1 0 1 2 B  SCREW.CAP.HEX HD B 0000 €A 4 . 0 0  8 .OO 1 3 - 0 0  0 0 0 2 2 8  
0 3  N 4 0 5 P 1 1 1 B  LOCKWASHER 6 0000 EA 4 .OO 8 . 0 0  1 4 - 0 0  0 0 0 2 2 9  
0 3  N 1 4 P 2 5 0 1 6 6  SCREW.HEX HD B 0000 EA 3 4 . 0 0  6 8 . 0 0  1 5 - 0 0  0 0 0 2 3 0  
0 3  N 4 0 5 P 1 1 3 B  LOCKWASHER B 0000 EA 3 4  .OO 6 8 . 0 0  16  -00 0 0 0 2 3  1 
03 N14P29016B_-  -. - -. SCREW HEX HD B oooo _Ed 2 . 0 0  4 . 0 0  17  -00 0 0 0 2  3 2  
0 3  N 4 0 5 P l 1 5 B  LOCKWASHER B 0000 EA 2 . 0 0  4 .OO 1 8 - 0 0  0 0 0 2 3 3  
0 3  N 1 4 P 3 5 0 3 2 B  SCREW-HEX HD B 0000 €A 4 .OO 8 .OO 1 9 - 0 0  0 0 0 2 3 4  
0 3  N 4 0 5 P l l 8 B  LOCKWASHER B 0000 EA 4 .OO 8 . 0 0  2 0 - 0 0  0 0 0 2 3 5  - - 

0 3  N 1 4 P 3 9 0 4 8 B  . SCREW.HEX HD . - B 0000 EA 1 0 . 0 0  2 0 . 0 0  0 0 0 2 3 6  2 1  -00 - 
0 3  N 2 6 6 P 3 9 B  LOCKNUT B 0000 EA 1 0 . 0 0  2 0 . 0 0  2 2 - 0 0  0 0 0 2 3 7  
0 3  4 7 C 3 8 1 0 3 6 P 1 4  BOLT.FATIGUE RATED 6 0000 EA 1 2 . 0 0  2 4 . 0 0  2 3 -00 0 0 0 2 3 8  
0 3  4 7 C 3 8 1 0 8 7 P 5  NUT 6 0000 EA 1 2 . 0 0  2 4 . 0 0  2 4 - 0 0  0 0 0 2 3 9  

HYOR F L U I D  L I N E  ASSY - .93  . -_f t47E382603-25 M 0000 EA 1 .OO -- - - 2 . 0 0  2 5 - 0 0  0 0 0 2 4 0  
0 3  2 7 1  LOCKTITE B 0000 EA A R 2 6 - 0 0  0 5 9 7 2  0 0 0 2 4 1  
0 3  4 7 C 3 8 1 0 8 8 P 6  WASHER,1.25 D I A  B 0000 €A 2 4  .OO 4 8 . 0 0  2 8 - 0 0  0 0 0 2 4 2  

O? - 47E382603(;2 _-- . . . -- -- TEETER RSTR BK ASSY h4 OOOO El, 2 . 0 0  2 .OO 7 -00 0 0 0 2 4 3  

0 3  * * 4 7 E 3 8 2 6 0 3 - 1  HOUSING WALL.LH M 0000 EA 1 . 0 0  2 . 0 0  1 - 0 0  0 0 0 2 4  4 - - - -  - - - 
0 3  * * 4 7 E 3 8 2 6 0 3 - 2  HOUSING WALL.RH M 0000 EA 1 .OO 2 .OO 
0 3  4 7 D 3 8 1 0 1 0 P 2  . . . - . . - BRAKE ASSY -. M 0000 €A 2 .OO 4 .OO 
0 3  * * 4 7 E 3 8 2 6 0 3 - 4  HOUSING COVER : M 0000 EA 1 .OO 2 .OO 
0 3  * * 4 7 E 3 8 2 6 0 3 - 5  TEETER ARM 
0 3  * * 4 7 E 3 8 2 6 0 3 - 6  HOUSING COVER 

. .  0 3  * * 4 7 E 3 8 2 6 0 3 - 7  DUTBD BELLDWS COVER M 0000 €A 1 .OO 2 .OO - - - - - - - 
0 3  * * 4 7 E 3 8 2 6 0 3 - 8  I N B D  BELLOWS COVER M 0000 EA I .OO 2 .OO 
0 3  * * 4 7 E 3 8 2 6 0 3 - 9  ' ROLLER GUIDE ASSY 
0 3  * * 4 7 E 3 8 2 6 0 3 - 1 1  BRKT.MTG.LIMIT SW . . 

0 3  CR115GM101 - . - - - - -. - SWITCH.LIMIT B 0000 E A  1.00 2 . 0 0  
0 3  N 1 4 P 2 1 0 1 2 B  SCREW. CAP. HEX HD.- B 0000 EA 4 . 0 0  8 .OO 

- ~ - ~  - . - -  
0 3  N 4 0 5 P 1 1 3 B  LOCKWASHER -- 6 0000 EA 3 4 . 0 0  6 8 . 0 0  1 6 - 0 0  0 0 0 2 5 8 -  
0 3  N 1 4 P 2 9 0 1 6 B  SCREW HEX HD B 0000 EA 2 . 0 0  4 .OO 1 7 - 0 0  0 0 0 2 5 9  
0 3  N 4 0 5 P l l 5 B  LOCKWASHER 6 0000 €A 2 . 0 0  4 .OO 1 8 - 0 0  0 0 0 2 6 0  
0 3  N 1 4 P 3 5 0 3 2 B  SCREW,HEX HD B 0000 EA 4 . 0 0  8.00 1 9 - 0 0  0 0 0 2 6  1 
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... . .. -. . - MODEL -. EA - - -. U N I 1 -  - 0 0 0 0 0 1  - - . * 
- - - - - - -  ECN ------ 

I V I  I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY ITEM/ FSCM CROSS 
- . . - -. - INC o U T ! ! P L ?  A2 -!/ME _. .. - - . . - . . . REF OESG R E  

0 4  . - 2 3 8 2 4 2 9 P  1 B E 0  P L .  STRUCT. WELD M 0000 EA 1 .OO I .OO 1 - 0 0  0 0 0 3 0 5  - - - - - - - - - 
0 4  4 7 E 3 8 2 4 5 0 P l  GEARBOX MTG. STRUCT. M 0000 €A 1 .OO 1 .OO 2 - 0 0  0 0 0 3 0 6  

- - - - . . . . . . . - - - - - . . 
0 4  4 7 C 3 8  1 0 3 6 P 4 0  BOLT. STRUCT. 2 - 1 2  M 0000 EA 2 4  .OO 2 4  .OO 3 -00 0 0 0 3 0 7  . - - 
0 4  4 7 C 3 8 1 0 8 7 P 1 8  NUT 2 - 1 2  M 0000 EA 2 4 . 0 0  2 4 . 0 0  4 -00 0 0 0 3 0 8  
0 4  4 7 C 3 8 1 0 8 8 P 1 8  . . - -. - . . - - - - - - WASHER 2 . 0 0  . - - - . . . - 0 0000 EA 2 4  .OO -. 2 4  .OO 0 0 0 3 0 9  
0 4  4 7 C 3 8 1 0 3 6 P 4  BOLT.FATIGUE RATED M 0000 EA 2 0 . 0 0  2 0 . 0 0  6 -00 0 0 0 3  1 0  

5-00------ 

0 4  4 7 C 3 8 1 0 8 7 P  1 NUT M 0000 EA 2 0 . 0 0  2 0 . 0 0  7 - 0 0  0 0 0 3  1 1 
0 4  4 7 C 3 8 1 0 8 8 P 2  WASHER. I .00  D I A  M 0000 EA 2 0 . 0 0  2 0 . 0 0  8-00 0 0 0 3  1 2  

-. - 94 3 1 D 3 e 2 5 5 4 P  1 FLOORING. BEDPLATE M 0000 EA 1 .OO I.00 9-00 0 0 0 3  1 3  
0 4  N 7 3 3 P 3 5 0 4 0 B  BOLT. STRUCT. . 7 5 - 1 0  M 0000 EA 3 6 . 0 0  3 6 . 0 0  1 0 - 0 0  0 0 0 3  14 
0 4  N 2 7 2 P 3 5  LOCKNUT . 7 5 - 1 0  M 0000 EA 3 6 . 0 0  3 6 . 0 0  1 1 - 0 0  0 0 0 3  1 5  
0 4  N 4 0 2 P 4 8 B  WASHER . 7 5  * 0000 EA 3 6 . 0 0  3 6 . 0 0  1 2 - 0 0  0 0 0 3  1 6  

... P 4 . 4 1 5 F 6 C  1 8  RTV S I L I C O N E  SEALANT M .m?-. !21 _- A R 1 3 - 0 0  0 0 0 3  17  
0 4  4 7 C 3 8 1 0 8 8 P 1 7  WASHER 2 . 0 0  M 0000 EA 2 4  .OO 2 4  .OO 1 4 -00 0 0 0 3  1 8  
0 4  4 7 C 3 8 1 0 8 8 P l  WASHER.l.OO D I A  M 0000 EA 2 0 . 0 0  2 0  .OO 1 5 - 0 0  0 0 0 3  1 9  

03- 4 7 E 3 8 2 2 6 5 P l  S I D E  SUPPL'!?x- -. M 0000 EA I .OO 1 .OO 2 -00 000_3g _ 
0 3  4 7 E 3 8 2 2 6 5 P 2  S I D E  SUPPORT M 0000 EA 1 .OO 1 .OO 3 - 0 0  0 0 0 3 2  1 
0 3  4 7 0 3 8 2 5 7 7 P l  TOP STRUCTURE.AFT M 0000 EA 1 .OO 1 .OO 4 - 0 0  0 0 0 3 2 2  
0 3  4 7 E 3 8 2 2 7 2 P l  ROTOR ADAPTER STRL M 0000 EA 1 .OO 1 .OO 5 -00 0 0 0 3 2 3  

_ C)3 4 7 C 3 8  1 0 3 6 P 2  BOLT,FATIGUE RATED B 0000 EA 3 2 . 0 0  3 2  .OO 6-00 0 0 0 3 2 4  -. 
0 3  4 7 C 3 8 1 0 3 6 P 6  BOLT.FATIGUE RATED B 0000 €A 60.00 6 0 . 0 0  7 - 0 0  0 0 0 3  2 5 
0 3  4 7 C 3 8 1 0 3 6 P 2 0  BOLT, FATIGUE RATED B 0000 EA 8 8  .OO 8 -00 0 0 0 3 2 6  8 8  .OO 
0 3  4 7 C 3 8 1 0 3 6 P l O  BOLT.FATIGUE RATE0 B 0000 EA 1 2 . 0 0  1 2 . 0 0  9 - 0 0  0 0 0 3 2 7  
0 3  4 7 C 3 8 1 0 3 6 P 2 5  . - - . - - - - BOLT.FATIGUE RATED B O O O O E A  - - 3 6 . 0 0  3 6 . 0 0  1 0 - 0 0  0 0 0 3  2 8  
0 3  4 7 C 3 8 1 0 8 7 P 2  LOCKNUT B 0000 EA 9 2 . 0 0  9 2  .OO 1 1 - 0 0  0 0 0 3 2 9  
0 3  4 7 C 3 8 1 0 8 7 P 6  LOCKNUT B 0000 EA 1 2 . 0 0  1 2 . 0 0  1 2 - 0 0  0 0 0 3 3 0  
0 3  4 7 C 3 8  1087P 1 0  LOCKNUT B 0000 €A 1 2 4 . 0 0  1 2 4  .OO 1 3 - 0 0  0 0 0 3 3  1 

WASHER. 1 . 0 0  D I A  O3 !7C38 ?088_Pl-. M 0000 EA 9 2  .OO 9 2 . 0 0  14 -00 0 0 0 3 3 2  
0 3  4 7 C 3 8 1 0 8 8 P 5  WASHER.1.25 D I A  B 0000 EA 1 2 . 0 0  1 2 . 0 0  1 5 - 0 0  0 0 0 3 3 3  
0 3  4 7 C 3 8 1 0 8 8 P 9  WASHER.1.50 O I A  . M 0000 €A 1 3 6 . 0 0  1 3 6 . 0 0  1 6 - 0 0  0 0 0 3 3 4  
0 3  9 0 6 8 1 A 4 8 7  P I N .  TAPER B 0000 EA 6.00 6 . 0 0  1 7 - 0 0  3 9 4 2 8  0 0 0 3 3 5  
0 3  . 4 7 D 3 8 2 5 7 5 P  1 -. . - . - - - TOP STRUCTURE FWD M 0000 EA - ' .(lo 1 .%..- 1 8 - 0 0  0 0 0 3 3 6  
0 3  4 7 E 3 8 2 5 7 8 P l  CRANE.MOUNTING STRL M 0000 €A 1 . 0 0  1 .OO 1 9 - 0 0  0 0 0 3 3 7  
03 4 7 0 3 8 2 5 7 2 P  1 SPACER-ADAPTER M 0000 EA 1 .00 1 .00 2 0 - 0 0  0 0 0 3 3 8  

SPACER.SIDE SUPPORT 
SPACER.SIDE SUPPORT 
SPACER.SIDE SUPPORT 
WASHER.l.OO O I A  . - -  

WASHER. I .SO DIA 
WASHER.1.25 D I A  
BOLT,FATIGUE R!ED - 
NUT 
BOLT.FATIGUE RATED 
SEAL.TOP STRUCTURE 

0000 EA 
OOOO EA 
0000 EA 
0000 EA 
0000 EA 
0000 EA 
OOOO EA 
0000 EA 
0000 EA 
0000 EA 
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. . - . - - - - - . . . .. MODEL EA U N I T  0 0 0 0 0 1  -_ - . -. -. . . . . - - - -. - 
- - - - - - -  ECN ------  

LVL IDENTIFICATION NO.  NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY E X T / T O T  QTY ITEM/ FSCM CROSS 

. -- - - . - . - I N C  OUT APPLY C Y TIME _ .-PEL. E S S - -  .- REF 

0 3  4 7 D 3 8 2 5 8 8 P l  CROSS SPRT TOP STRL M 0000 EA 1 .OO I .OO 3 4 - 0 0  0 0 0 3 5 2  
0 3  4 7 8 3 8 2 5 8 0 P 2  SEAL.TOP STRUCTURE . - M -0000 EA 1.00 - -  1 .OO 3 5 - 0 0  - 0 0 0 3  .. - 5 3 
0 3  4 7 8 3 8 2 5 8 0 P 3  SEAL.TOP STRUCTURE M 0000 EA 2 .OO 2 .OO 3 6  -00 0 0 0 3 5 4  
0 3  N 7 3 3 P 3 5 0 4 0 B  BOLT. STRUCT. . 7 5 - 1 0  M 0000 EA 2 0 . 0 0  2 0 . 0 0  3 7 - 0 0  0 0 0 3 5 5  
0 3  N 7 3 3 P 3 5 0 6 4 B  BOLT. STRL B 0000 EA 8 .OO 8 . 0 0  3 8 - 0 0  0 0 0 3 5 6  ~ - -  

0 3  N 4 0 2 P 1 8 B  . . . . . - . - - - - WASHER, 3 / 4  D I A .  -- B 0000 €A_ _ 56.00_ 56-00-. 3 9 - 0 0  0 0 0 3 5 7  
0 3  N 2 7 2 P 3 5  LOCKNUT . 7 5 -  1 0  M 0000 EA 2 8  .OO 2 8 . 0 0  4 0 - 0 0  0 0 0 3 5 8  
0 3  4 7 D 3 8 2 5 7 6 P l  TOP.STRL.AFT,WLDMT M 0000 EA 1 .OO 1 .OO 4 1 - 0 0  0 0 0 3 5 9  
0 3  4 7 D 3 8 2 5 7 4 P l  TOP.STRL,FWD.WLDMT M 0000 EA 1 .OO 1 .OO 4 2 - 0 0  0 0 0 3 6 0  
0 3  4 7 E 3 8 2 2 6 4 P 1  -. SIDE-5UPPORT.WLDMT - M 0000 EA 1 .OO 1 .OO 43;CO 00036J-  . 
03 4 7 E 3 8 2 2 7 1 P l  ROTOR ADAPTER.WLDMT M 0000 EA 1 .OO 1 .OO 4 4 - 0 0  0 0 0 3 6 2  

0 2  4 7 E 3 8 2 5 5 3 G l  GEARBOX I N S T A L L A T I O N  M 0000 EA 1 .OO 1 .OO 2 - 0 0  0 0 0 3 6 3  

- - - 
0 3  4 7 ~ : i 8 1 0 4 6 ~  1 GEARBOX ENVELOPE E 0000 € A  1 .OO 1 .OO 1 - 0 0  0 0 0 3 6 4  
0 3  NUMBER- 1 4  TAPER P I N  6.00 LG 4 .OO 4 .OO 2 - 0 0  7 6 0 5 4  0 0 0 3 6 5  B 0000 EA 
0 3  4 7 C 3 8 1 0 3 6 P 5 0  BOLT B 0000 EA 3 6 . 0 0  3 6 . 0 0  3 - 0 0  0 0 0 3 6 6  

. . 93 4 7 C 3 8  1 0 8 8 P 2  1 WASHER -- B 0000 EA 3 6 . 0 0  3 6 . 0 0  4 - 0 0  00036_7- 
0 3  4 7 C 3 8 1 0 8 7 P 2 2  LOCKNUT B 0000 EA 3 6  .OO 3 6 . 0 0  5 - 0 0  0 0 0 3 6 8  
0 3  4 7 C 3 8 1 0 8 8 P 2 2  WASHER B 0000 EA 3 6 . 0 0  3 6 . 0 0  6-00 0 0 0 3 6 9  

GEN & HS SFT I N S T L  0 2  . - 4 7 0 3 8 2 5 8 9 6  1 . -. M 0000 EA -. I .oo 1 . o o - -  3 - 0 0  0 0 0 3 7 0  

0 3  * * 4 7 D 3 8 2 5 8 9 - 1  GENERATOR 
0 3  4 7 D 3 8 1 0 7 8 P l  H I G H  SPEED SFT ASSY 

. -. - . -. . -. . - 
0 2  4 7 D 3 8 2 5 9 6 G l  AUX CRANE I N S T L  M 0000 EA 1 .OO 1 .OO 4 -00 

-. , . 
0 3  P 2 0 - 1 0 - 3 0 - 2 0  CRANE B 0000 EA 1 . 0 0  1 .OO 1 - 0 0  5 8 8  I 1 0 0 0 3 7 4  5; 'i 

3 6 . 0 0  
000375 95.: : 

0 3  N 4 0 5 P 4 9 B  .. .. - . LOCKWASHER B 0000 EA 3 6 . 0 0  ~ ~ - ~ - -  
0 3  E 2 ~ 3 6 0 6 4 8  BOLT B 0000 EA 3 6  .OO 3 6 . 0 0  3 - 0 0  0 0 0 3 7 6  A3 ... :!.; 

C. , . .  : 

0 2 -  4 7 D 3 8 2 6 0 6 G l  F A I R I N G  INSTALLATION M 0000 EA 1 . 0 0  1 .OO 5 - 0 0  
0 0 0 3 7 7  2'. ! '' I" a &'J 

-. -- - . . -  
,: .- 

.. - e 

0 3  4 7 ~ 3 8 1  1 1 3 ~ 1  FA~RING ENVELOPE B 0000 EA 1 .OO 1 .OO 1 - 0 0  000378 E L !  '. .' < L.J 
0 3  4 7 0 3 8 2 6 0 6 P 2  SEALING S T R I P  M 0000 €A AR 2 -00 0 0 0 3 7 9  
0 3  4 7 0 3 8 2 6 0 6 P 3  ADHESIVE(SEE NOTE 4 )  B 0000 EA A R 3 - 0 0  0 0 0 3 8 0  
0 3  B E 3 6 0 - 8 1 3 - 3  .- - . . . B L I N D  NUT ASSY -. B 5 0 0 0 0 -  EA 5 6  .OO 56 :OO 4 - 0 0  7 3 1 9 7  0 0 0 3 8 L  
0 3  N24P29048C SCREW.HEX HD B 0000 EA 4 8 . 0 0  4 8  .OO 5 - 0 0  0 0 0 3 8 2  

WASHER.LOCK 
WASHER 1 / 2  O I A  - .  - -  - - - - 

0 3  N 2 4 P 2 9 0 2 4 C  SCREW.HEX HO 8 - 0000 EA 8 . 0 0  8 . 0 0  8-OR 0 0 0 3 8 5  
0 3  * * 4 7 D 3 8 2 6 0 6 - 9  WINT SENSOR MAST M 0000 EA 2 . 0 0  2 . 0 0  9-00 0 0 0 3 8 6  

0 2  * * 4 7 E 3 8 2 5 9 7 - 6  ELECT EQUIP I N S T L  M 0000 EA 1 . 0 0  1 .OO 6 - 0 0  0 0 0 3 8 7  
0 2  4 7 E 3 8 2 4 7 2 G l  . . . . - . - - . . LAD & FALSE F L  I N S T L  . .. M 0000 EA -- 1 .OO ' . o ~ - - -  7 - 0 0  0 0 0 3 8 8  

0 3  4 7 0 3 8 2 4 3 0 G l  TRAP DR. BEDPL / TWR M '0000 EA 2 .OO 2 .OO 1 - 0 0  0 0 0 3 8 9  

0 4  4 1 0 3 8 2 4 3 0 P 1  - .- ... COVER M 0000 EA 1 .OO -- 2 . 0 0  1 - 0 0  0 0 0 3 9 0  bl 
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. . . . . . . . - . . . . - - MODEL EA U N I T  0 0 0 0 0 t  . . - - . . . - . . . - 

- - - - - - -  ECN ------  ' I, 

I V L  I D E N T I F I C A T I O N  NO.  NOMENCLATURE DWG P L - L A T E  P T CYCLE U / M  PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 
-. . . . . - . -. INC ---Oc APPLY C Y T I M E  REF '?E SG . . .. . REF 

0 4  4 7 D 3 8 2 4 3 0 P 2  ANGLE M 0000 EA 2 . 0 0  4 .OO 2 - 0 0  0 0 0 3 9  1 
0 4  4 7 D 3 8 2 4 3 0 P 3  ANGLE 4 .OO M OooO €A -2.00 - - . 3 - 0 0  0 0 0 3 9 2  
0 4  4 7 D j 8 2 4 3 0 ~ 4  R I B  M 0000 EA 2 .OO 4 .OO 4 -00 0 0 0 3 9 3  
0 4  4 7 D 3 8 2 4 3 0 P 5  PLATE M 0000 EA I .OO 2 .OO 5 - 0 0  0 0 0 3 9 4  
0 4  4 7 0 3 8 2 4 3 0 P 6  BAR M 0000 EA 1 .OO 2 . 0 0  6-00 0 0 0 3 9 5  
94 ...47!382 1 3  1P 1 ENCLOSURE. DOOR * 0000 EA I .OO 2 . 0 0  7 -00 0 0 0 3 9 6  - - - .- - . - - - 
0 4  4 7 C 3 8 1 0 3 0 P l  H I N G E .  TRAP DOOR * 0000 €A 1 .OO 2 .OO 8 - 0 0  0 0 0 3 9 7  

0 3  4 7 0 3 8 2 4 3 0 6 2  TRAP OR. BEDPL / TWR M 0,000 E A 2 . 0 0  2 .OO 2 - 0 0  0 0 0 3 9 8  

0 4  4 7 6 3 8 2 4 3 0 P T -  
- - - - . . - 

COVER M 0000 EA 1 .OO 2 . 0 0  1 - 0 0  0 0 0 3 9 9  
0 4  4 7 0 3 8 2 4 3 0 P 2  ANGLE M 0000 EA 2 . 0 0  4 .OO 2 -00 0 0 0 4  00 
0 4  4 7 D 3 8 2 4 3 0 P 3  ANGLE M 0000 EA 2 .OO 4 .OO 3-00 0 0 0 4 0 1  

R I B  04 _ 4703_824?0P_4_- . . -- M 0000 EA 2 . 0 0  4.00 -- -- 4 - 0 0  i50 0 0 0 4 0 2  
0 4  4 7 D 3 8 2 4 3 0 P 6  BAR M 0000 EA 1 .OO 2 . 0 0  0 0 0 4 0 3  
0 4  4 7 8 3 8 2 1 3 1 P l  ENCLOSURE, DOOR 0000 EA 1 .OO 2 . 0 0  7 - 0 0  0 0 0 4 0 4  
0 4  4 7 C 3 8 1 0 3 0 P l  H I N G E .  TRAP DOOR * 0000 EA 1 .OO 2 .OO 8 - 0 0  0 0 0 4 0 5  

- - - . - - . - - - -. - - - - - . - - - - 
4 7 D 8 8 2 4 7 4 6 1  TRAP DR.BEOPL / LUBE - M 0000 EA 1 .OO 1 .OO 3 - 0 0  0 0 0 4 0 6  

0 4  4 7 D 3 8 2 4 7 4 P 1  COVER M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 4 0 7  
94- 4 7 D 3 8 2 4 7 4 P 2  ANGLE - -. . . . - . - - M 0000 EA 2 . 0 0  2 .OO 2 - 0 0  0 0 0 4 0 8  

ANGLE 
. - - - - . - 

0 4  4 7 0 3 8 2 4 7 4 P 3  M 0000 EA 2 . 0 0  2 .OO 3-00 0 0 0 4 0 9  
0 4  4 7 D 3 8 2 4 7 4 P 4  R I B  
0 4  4 7 D 3 8 2 4 7 4 P 5  PLATE 
0 4  ...44!382474P6 BAR M 0000 EA I .= 1 .OO 6-00 0 0 0 4  1 2  
0 4  4 7 8 3 8 2 1 3 1 P 1  ENCLOSURE. DOOR * 0000 EA 1 .OO 1 .OO 7 -00 0 0 0 4  1 3  
0 4  4 7 C 3 8 1 0 3 0 P l  H I N G E .  TRAP DOOR * 0000 EA 1.00 . 1 .OO 8 - 0 0  0 0 0 4  14 

0 3  4 7 D 3 8 2 4 7 4 G 2  . . . . . . - - - - - TRAP 0R.BEDPL / LUBE - - .  M 0000 EA 1 .OO 1 .OO 4-oo - .. _00P!15.  

0 4  4 7 D 3 8 2 4 7 4 P l  COVER M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 4  1 6  
0 4  4 7 D 3 8 2 4 7 4 P 2  ANGLE M 0000 EA 2 . 0 0  2 .OO 2 - 0 0  0 0 0 4  1 7  

ANGLE O4 !7D38_2424P3 M 0000 EA 2 *oO - .. - 2 .. .OO - --- 3 - 0 0  0 0 0 ~  
0 4  4 7 D 3 8 2 4 7 4 P 4  R I B  M 0000 EA 2 .OO 2 . 0 0  4 - 0 0  0 0 0 4  1 9  
0 4  4 7 D 3 8 2 4 7 4 P 6  BAR M 0000 EA 1 .OO I .OO 6 - 0 0  0 0 0 4  2 0  . . 

0 4  4 7 8 3 8 2 1 3 1 P l  ENCLOSURE. DOOR * 0000 EA 1 .OO 1 .OO 7 - 0 0  0 0 0 4  2 1 
0 4  .- 4 7 C 3 8 1 0 3 0 P 1  H I N G E .  TRAP DOOR - * 0000 €A 1 .OO 1 .OO 8-!x! . - -?00422 

4 7 D 3 8 2 4 6 5 P l  FRAME,TRAP DOOR 
4 7 C 3 8 2 4 7 5 P l  MOUNTING BLOCK 
+ + 4 7 E 3 8 2 4 7 2 - 7  .- FALSE FLOOR M 
4 7 E 3 8 2 4 7 2 P 8  ROOF SCUTTLE B 
* * 4 7 E 3 8 2 4 7 2 - 9  LADDER.ROOF M 
* * 4 7 E 3 8 2 4 7 2 -  I0 LADDER.TOWER M 
4 7 E 3 8 2 4 7 2 P  1 . - - - . . - - - - - - - S E A L I N G  S T R I P  M 
N 7 2 7 P 2 9 0 1 6 B  BOLT,STRUCTURAL B 
N 4 0 2 P 4 5 B  WASHER B 
N 2 6 5 P 2 9 B  N U T S S E L F - L O C K I N G  . 5 0 *  * 
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. -  --- . - M O D E L E A  U N I T  0000(3i .. . 

L V L  I D E N T I F I C A T I O N  N O .  NOMENCLATURE 

-. . . . . . . - - - . . -- - 

- -. . 
DWG P L - L A T E  P T CYCLE U / M  PL-OTY 

I N C  OUT APP-L_Y C Y T I M E  .- . ... 

EXT/TOT OTY I T E M /  FSCM CROSS 
REF DESG REF . -- . -- 

03 N 7 2 7 P 2 9 0 2 8 B  BOLT.STRUCTURAL 
0 3  A 1 5 F 6 C 1 8  R T V  S I L I C O N E  SEALANT 

03 4 7 E 3 8 2 5 7 9 G f  COOLING PLATFORM ASM M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 4  4 3 

- - 
0 4  4 7 ~ 3 8 2 5 5 6 6 1  GEARBOX/CLG PLATFORM-- M OOOO € A  1 .OO 1 .OC 1 - 0 0  0 0 0 4  4 4 

CHANNEL.8 -20  L B  M 0000 EA 4 .OO 4 .OO 5 - 0 0  & 5 5 4 4 9  a 9 
9 - I N - X  2 1 / 2  D P  DECK M 0000 EA. 1 4  .OO 1 4  .OO . 6 -00 - - . . . - - 0 0 0 4 5 0  ,'d c!>  

6 - I N  X 2 1 / 2  DP DECK M 0000 EA I .OO 1 .OO 7 - 0 0  0 0 0 4 5 1  3 
9 - I N  X 2 1 / 2  D P  DECK M 0000 EA 1 .OO 1 .OO 8 - 0 0  0 0 0 4 5 2  a >> 
END P L A T E  4 . 0  H T  M 0000 EA 2 .OO 2 .OO 9-00 0 0 0 4 5 3  cD :i : 

S I D E  PLATE 4 . 0  H T  M _ _  _ 0000 EA 2 . 0 0  . . 2.00 1 0 - 0 0 .  - 0 0 0 4 5 4  a B "  
ANGLE.3 X 3 X 3 / 8  M 0000 EA 4 . 0 0  4 .OO 1 1 - 0 0  0 0 0 4 5 5  0 r -  8 

ANGLE.3 X 3 X 3 / 8  M 0000 EA 4 . 0 0  4 .OO 1 2 - 0 0  0 0 0 4 5 6  7.' ': 
 ANGLE.^ x 3 x 3 / 8  M 0000 E A  2 . 0 0  2 .oo 1 3 - 0 0  000457 2, i;.: 
ANGLE.3 X 3 X 3 / 8  . - M -0000 EA - 2 .OO 2: 00 1 4 - 0 0  0 0 0 4 5 8  !:: :I.!: 

SCREW.HEX H D . 1 / 2 - 1 3  B 0000 EA 1 3 0 . 0 0  1 3 0 . 0 0  1 5 - 0 0  0 0 0 4 5 9  m-C . . 

LOCKWASHER 
N U T . H E X . 1 / 2 - 1 3  

.. E ) 5 . - 1 - 7 0 0  - CRIMPING TOOL B 0000 EA --- 1 .OO 
05 1-600 J-BOLT~NUT/WASHER B 0000 EA 1 2 . 0 0  

- - -  - -  

0 5  4 7 C 3 8 2 5 8 4 P 3  BEAM.6 W 9 #  2 .OO 2 .OO 3 - 0 0  0 0 0 4 6 7  M 0000 EA 

$5 .- .N?2P33020B- SCREW.HEX HD B 0000 E A - .  1 6 . 0 0  1 6 . 0 0  . . 4:00 0 0 0 4 6 8  - 
0 5  N 4 0 5 P 7 7 B  LOCKWASHER B 0000 EA 1 6 . 0 0  1 6  .OO 5 - 0 0  0 0 0 4 6 9  

0 4  3 5 0 - S E R I E S - 3 D C  PUMP B 0000 EA I .OO 1 .OO 3 - 0 0  5 9 1 8 0  0 0 0 4 7 0  
- 91 - 3 2 6 T - F R A M E  MOTOR. TEFC .. - B 0000 EA 1 .OO -- 1 - .OO 4 - 0 0  0 0 0 4  7 1 

0 4  N~~OB-SERIES-N~OC-  COUPLING B 0000 EA 1 .OO 1 .OO 5 - 0 0  8 9 0 4 0  0 0 0 4 7 2  
0 4  O C S - 2 0 0 0 0  O I L  COOLER B 0000 EA 3 . 0 0  3 .OO 6 - 0 0  6 7 0 4 9  0 0 0 4 7 3  

b 0 4  8 9 2 8 1 / 2 F  CHECKVALVE.SWG.125LB B 0000 EA 1 .OO 1 . 0 0  7 - 0 0  6 3 6 8 6  0 0 0 4 7 4  r I b 
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. . . . . . . - . - . - - MODEL EA U N I T  0 0 0 0 0 1  - - - -- - . - - - - - - .h! ---- - - -  ECN - - - - - -  
I V L  I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY ITEM/  FSCM CROSS 

REF DESG REF . 
'6 

. . . . -. - . -. . . . . . . I N C  OUT-.,APPLY C Y T I M E  . . . . . . . . - - - - - . . . . - - - - . - - - - . - -- - - - -. . - - 

MODEL-400-D F I L T E R . D U P L E X . 4 - I N  B 0000 EA 1 .OO 1 .OO 8 - 0 0  6 1 4 2 4  0 0 0 4 7 5  
* * 4 7 E 3 8 2 5 7 9 - 9  -- BASE.FILTER SUPPORT M 0000 EA 1 .OO 9-00 0 0 0 4  7 6  1 . 0 0 _ - .  _- .- - -  . . - . - . .- -- 
4 7 C 3 8 1 0 8 4 P l  VALVE.THERMO.AMOT M 0000 EA 1 .OO 1 .OO 1 0 - 0 0  0 0 0 4  7 7 
4 7 C 3 8  1 0 8 6 P 1  V A L V E . R E L I E F . 4 - I N  M 0000 EA 1 .OO 1 .OO 1 1 - 0 0  0 0 0 4  7 8  
F I G - 2 5 8 - 3 2 I N - L O N G  SADDLE SUPPORT.4 I N  B 0000 EA 2 .OO 2 .OO 1 2 - 0 0  9 2 9 5 9  0 0 0 4 7 9  
F I G - 2 5 8 - 1 2 . 5 I N - L O N G  SADDLE SUPPORT,4 I N  B 0000 EA 1 . 0 0  1 . 0 0  1 3 - 0 0  9 2 9 5 9  0 0 0 4 8 0  
F I G - 2 7 7  P I P E  ROLL & PLATE B 0000 EA 1 .OO 1 .OO 1 4 - 0 0  9 2 9 5 9  0 0 0 4 8 1  

0 4  N 2 2 P 3 5 0 5 6 B  SCREW.HEX HD 
0 4  N 4 0 5 P 4 8 B  LOCKWASHER 
?4.*14P35B NUT B 0000 EA 1 2 0 . 0 0  1 2 0 . 0 0  0 0 0 4 9 6  2 9 - 0 0  
0 4  N 2 2 P 3 3 0 3 6 B  SCREW.HEX HD B 0000 EA 8 . 0 0  8 . 0 0  3 0 - 0 0  0 0 0 4 9 7  

LOCKWASHER 
NUT 

!?.! .. N 2 2 P 3 3 0 3 2 B  SCREW . H E X H D - .  . . . _ .. .. - B 0000 EA 1 0 . 0 0  1 0 . 0 0  3 3 - 0 0  - 0 0 0 5 0 0  
0 4  N402AP17B P L A I N  WASHER. NARROW B 0000 EA 5 0 . 0 0  5 0 . 0 0  3 4  -00 0 0 0 5 0  1 
0 4  N 2 2 P 3 3 0 2 0 B  SCREW.HEX HD B 0000 EA 4 0 . 0 0  4 0 . 0 0  3 5 - 0 0  0 0 0 5 0 2  
0 4  N 2 2 P 2 9 0 1 8 B  SCREW.HEX HD B 0006, EA 8 .OO 8 . 0 0  3 6  -00 0 0 0 5 0 3  
0 4  N 4 0 5 P 4 5 B  WASHER. LOCK B 5 0000 EA 8 . 0 0  8 . 0 0  3 7  -00 0 0 0 5 0 4  

0 3  4 2 7 D - S I Z E - 5  ELBOW.LONG B 0000 EA 3 . 0 0  3 . 0 0  3 - 0 0  1 4 9 5 9  0 0 0 5 0 6  
03- -Q/E382570P4 - - P I P E  - -. ASSY - - -- - . - M 0000 EA 1 .OO 1 .OO 4 -0° 0 0 0 5 0 7  
0 3  4 7 E 3 8 2 5 7 0 P 5  P I P E  ASSY M 0000 EA 1 .OO 1 .OO 5 - 0 0  0 0 0 5 0 8  
0 3  4 7 E 3 8 2 5 7 0 P 6  P I P E  ASSY M 0000 EA 1 . 0 0  1 .OO 6-00 0 0 0 5 0 9  
0 3  4 7 E 3 8 2 5 7 0 P 7  P I P E  ASSY M 0000 EA 1 .OO I .OO 7 -00 0 0 0 5  1 0  
C)3 -4.7J382570P8 P I P E  ASSY M 0000 EA 1 .OO 1 .OO 8 -00 0 0 0 5  1 1 
0 3  4 7 E 3 8 2 5 7 0 P 9  P I P E  ASSY M 0000 EA I .OO 1 .OO 9-00 0 0 0 5  12  
0 3  4 7 E 3 8 2 5 7 0 P l O  P I P E  ASSY 
0 3  4 7 E 3 8 2 5 7 0 P 1 1  P I P E  ASSY 
0 3  4 7 E 3 8 2 5 7 0 P 1 2  - . - -. - - P I P E  ASSY M 0000 EA 1 .OO 1 .OO l2-o0 -. .. - . . . - - . - . - -- -. -. - - - - - - 
0 3  4 7 E 3 8 2 5 7 0 P 1 3  P I P E  ASSV M 0000 EA 1 .OO 1 .OO 1 3 -00 

EXPANSION JOINT M 0000 E A  2 .oo 2 . 0 0  16-00  0005.19.  _ 
EXPANSION J O I N T  M 0000 EA 1 . 0 0  1 .OO 1 7 - 0 0  0 0 0 5 2 0  

0 3  F I G - 8 8 - S I Z E - 4  U-BOLT 
7 0 3  F I G - 8 8 - S I Z E - 5  U-BOLT 
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. -- - - . -. - MODEL E A A I T  0 0 0 0 0 1  - -. - .. . . -- - - . - - - - 
---- - - -  ECN ------  

I V L  I D E N T l F I C A T I O N  NO. NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

-- -- - . . - - - - - . - I N C  OUT APPLY C Y T I M E  . . . . - - - - -. . . .. - REF DESG REF . .. . - 

0 3  N 2 1 4 P 3 3 B  NUT B 0000 EA 2 .OO 2 . 0 0  2 4 - 0 0  00053 7 - - -  

03 -. Nl17P35056B BOLT.STRUCTURAL .. - - B 0009 EA 2 0 0 . 0 0  . 2 0 0 . 0 0  ---- - 2 5 - 0 0  . ~ 0 0 5 q ~  
0 3  N 4 0 5 P 4 8 B  LOCKWASHER B 0000 EA 2 0 0 . 0 0  2 0 0 . 0 0  2 6 - 0 0  0 0 0 5  2 9 
0 3  N 2 1 4 P 3 5 B  NUT B 0000 EA 2 0 0 . 0 0  2 0 0 . 0 0  2 7 - 0 0  0 0 0 5 3 0  
0 3  N 7 2 7 P 3 5 0 4 8 B  BOLT,STRUCTURAL B 0000 EA 3 2 . 0 0  3 2 . 0 0  2 8 - 0 0  0 0 0 5 3  1 
0 3  N 4 0 2 P 4 B B  . -. - - - - - - . - - -- - . WASHER .7_5 * 0000 E b  32,OO 32,OO ?!?Sz - _  0 0 0 5 3 2  - 
0 3  N 2 6 5 P 3 5 B  LOCK NUT.  3 / 4  D I A .  * 0000 EA 3 2  .OO 3 2  .OO 30-00 0 0 0 5 3 3  
0 3  9 1 1 5 1 A 0 3 6  WASHER.BEVEL B 0000 EA 3 2  .OO 3 2  .OO 3 1 - 0 0  3 9 4 2 8  0 0 0 5 3 4  

. . -- -. - .  

O? - * * 4 7 ~ 3 8 2 % ' 1 - 9  ELECT WW 6 CND I N S T L  M 0000 EA 1 .OO 1 . 0 0  9700 0 0 0 5 3 6  
0 2  4 7 C 3 8 1 0 3 6 P 2 0  BOLT.  F A T I G U E  RATED B 0000 EA 1 2 0 . 0 0  1 2 0 . 0 0  1 0 - 0 0  0 0 0 5  3 7 
0 2  4 7 C 3 8 1 0 8 7 P 1 3  NUT.  F A T I G U E  RATED B 0000 EA 1 2 0 . 0 0  1 2 0 . 0 0  1 1 - 0 0  0 0 0 5 3 8  
0 2  4 7 C 3 8 1 0 8 8 P 1 4  - -  . -. . -. - - - - - - WASHER, HARDENED S T L  B 000Q EA .- 1 2 0 . 0 0  - 1 ~ 0 . 0 0  1 2 1 0 0  0 0 0 5 3 9  
0 2  4 7 C 3 8 1 0 8 8 P 1 3  WASHER. HARDENED S T L  B 0000 EA 1 2 0 . 0 0  1 2 0 . 0 0  1 3 - 0 0  0 0 0 5 4 0  

RTV S I L I C O N E  SEALANT 
L F T  BRACKETS I N S T L  

. . 
L I F T I N G . B R K T  
L I F T I N G  BRKT 
WASHER. 1 . 5 0  D I A  
NUT 
8 O L T . F A T I G U E  RATED 
B O L T .  F A T I G U E  RATED 
B D L T . F A T I G U E  RATED 
SPACER. STA 2 2 7  ._5 -- - 
SPACER.STA 2 2 7 . 5  
WASHER. 1 .  SO D I A  

0 2  - 3 3 8 7 0 6 2 G l  - COeT ELEK CAB. (CEC) -- M 0000 EA 1 . 0 0  - 1 . 0 0  -- 1 6 - 0 0  000553 

C A B I N E T  
HEAT EXCHANGER 
A I R  DUCT U N I T  
SIGNATURE S T R I P  
SCR.DR RD HD.#4  X . 3 1  
NAMEPLATE 
N P L .  AN/REV STATUS 
E L E C T R I C A L  F A B .  STD 
SCHEMATIC 
WIRE L I S T  - ~ 

0 3  4 7 ~ 3 8 0 0 4 6  -. . - - - . . - - - - - . CONT ELEK CAB SPEC- X 0000 EA x .  -- 1 1 - 0 0  0 0 0 5 6 4  
0 3  4 7 C 3 8 2 2 3 4 P 1  GASKET M 0000 EA 2 . 0 0  2 .OO 1 2 - 0 0  0 0 0 5 6 5  
0 3  * * 4 7 E 3 8 7 0 6 2 - 1 3  PANEL.  REAR RIGHT 

2 0 3  * * 4 7 E 3 8 7 0 6 2 - 1 4  PANEL.  REAR L E F T  
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.- - - - - - -. - - MODEL EA U N I T  0 0 0 0 0 1  

- ------  ECN ------  \ 
I .V l .  I D E N T I F I C A T I O N  NO.  NOMENCLATURE OWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS , >> 

- . . - . . - .- I N C  OUT APPLY C Y T I M E  REF DESG -. REF 

0 3  4 7 A 3 8 1 0 6 7 P 8  I / D  TRACK M 0000 EA 8 .OO 8 . 0 0  1 5 - 0 0  0 0 0 5 6 8  
0 3  4 7 A 3 8 1 0 6 7 P 9  1 2 0  VAC TRK I N P  M D L -  M 0000 EA 8 1  .OO 8 1  .OO . -. . . - - . - - - - - - - - -. - . . . . - - - - - - - - - - - - -. - . - . . 0 0 0 5 6 9  16-00--- 
0 3  4 7 A 3 8  1 0 6 7 P  1 0  1 2 0  VAC TRK OUT MDL M 0000 EA 4 7  .OO 4 7  .OO 1 7 - 0 0  0 0 0 5 7 0  
0 3  4 7 A 3 8 1 0 6 7 P 3 1  TERMINATOR PLUG M 0000 EA I .OO 1 .OO 1 8 - 0 0  0 0 0 5 7  1 
0 3  * * 4 7 E 3 8 7 0 6 2 - 1 9  CABLE ASSY M 0000 EA 3 .OO 3 . 0 0  1 9 - 0 0  0 0 0 5 7 2  
0 3  4 7 6 3 8 2 2 4 8 P 1  AIR BAF. RIGHT x!E!L- M 0000 EA 1 .OO 1 .OO 2 0 ~ ~ o  0 0 0 5 7 3  
0 3  4 7 B 3 8 2 2 4 8 P 2  A I R  BAF.  L E F T  S I D E  M 0000 EA 1 .OO 1 .OO 2 1 -00 0 0 0 5 7 4  
0 3  4 7 A 3 8 1 0 6 7 P 2 3  CABLE.  1/0 TRACK M 0000 EA 1 .OO 1 .OO 2 2 - 0 0  0 0 0 5 7 5  
0 3  * * 4 7 E 3 8 7 0 6 2 - 2 3  CABLE CLAMP SUPPORT M 0000 EA 1 .OO 1 .DO 2 3 - 0 0  0 0 0 5 7 6  
0 3  l r 4 - 2 E 3 8 7 0 6 2 - 2 4  CABLE CLAMP SUPPORT M 0000 EA 1 .OO 1 .OO 2 4 - 0 0  0 0 0 5 7 7  
0 3  * * 4 7 E 3 8 7 0 6 2 - 2 5  CABLE CLAMP SUPPORT M 0000 EA 1 .OO 1 .OO 2 5 - 0 0  0 0 0 5 7 8  
03 4 7 A 3 8 1 0 4 5 P A R  CLAMP.LOOP-CUSHIONED 
0 3  A-72FSCPS CENTER PANEL SUPPORT 
0 3  A - 7 2 R P 2 4 F 5  . - . - - . . . RELAY RACK ANGLE M 0000 EA I .?!s? I .OO 2 8 - 0 0  0 0 8 4 3  0 0 0 5 8 1  
0 3  4 7 D 3 8 7 0 7 0 G 1  CENTER PANEL * 0000 EA I .OO 1 .OO 2 9 - 0 0  0 0 0 5 8 2  

0 4  4 7 D 3 8 7 0 7 0 P l  PANEL * 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 5 8 3  
9 4  4 7 D 3 8 7 0 7 0 P 2  SPACER S T R I P  -- * 0000 EA 2 . 0 0  2 .OO 2-0e? . 0 0 0 5 8 4  
0 4  S S -  0 2 4 - 3 - 2 1  S E L F  C L I N C H I N G  FASTE*  * 0000 EA 2 9  .OO 2 9 . 0 0  3 - 0 0  4 6 3 8 4  0 0 0 5 8 5  
0 4  5 - 8 3 2 - 3 - 2 1  S E L F  C L I N C H I N G  FASTE*  
0 4  5 - 6 3 2 - 3 - 2 1  S E L F  C L I N C H I N G  FASTE*  

..- 
0 3  * * 4 7 ~ 3 0 ? 0 6 2 - 3 0  CABLE RETAINER M 0000 EA I .OO I .OO 3 0 - 0 0  0 0 0 5 8 8  
0 3  4 7 E 3 8 7 0 9 5 G 1  CONTROLLER ASSY M 0000 EA 1 .OO 1 .OO 3 1 - 0 0  0 0 0 5 8 9  

- 0 1  4 7 E 3 8 7 1 1 5 P 1  - MOUNTING FRAME M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 5 9 0  
0 4  4 7 A 3 8 1 0 6 7 P 1 6  POWER SUPPLY M 0000 EA I .OO 1 .OO 2 - 0 0  0 0 0 5 9  1 
0 4  4 7 A 3 8  1 0 6 7 P  1 8  C H A S S I S  
0 4  5 5 0 0 - 3 0  HOL.RN0 3 0  SET-OFF 

- 9 4  4 7 A 3 8 1 0 6 7 P 1  - C T L  PROCESSING U N I T  M 0000 EA 1 .OO 1 .OO 5 - 0 0  0 0 0 5 9 4  
0 4  4 7 A 3 8  1 0 6 7 P  1 7  C H A S S I S  INTERFACE M 0000 EA 1 .OO 1 .OO 6-00 0 0 0 5 9 5  
0 4  4 7 A 3 8  1 0 6 7 P 3  1 6 K  EXECUTIVE MEMORY 
0 4  4 7 A 3 8 1 0 6 7 P 5  1 6 K  RAM MEMORY 

. . . . . - . - - 1 2 K  PROM, 4 K  RAM MEM o4 47A381067P4 . M 0000 EA 1 . 0 0  1 .oo 9 -00 o o o z  
0 4  4 7 A 3 8 1 0 6 7 P 2  A R I T H .  PROCESSING M 0000 EA 1 .OO 1 . 0 0  1 0 - 0 0  0 0 0 5 9 9  
0 4  4 7 A 3 8  1 0 6 7 P  1 5  ERROR DETECTOR 
0 4  4 7 A 3 8  1 0 6 7 P  1 4  WATCHDOG T IMER 

- _O4 - 2 7 A 3 8  1 0 6 7 P 2 0  F I L L E R  BLANK M 0000 EA 1 5 . 0 0  1 5 . 0 0  1 3 - 0 0  0 0 0 6 0 2  
0 4  4 7 A 3 8 1 0 6 7 P 1 1  1 2 - B I T  A/D CONVERTER M 0000 EA 2 . 0 0  2 .OO 1 4 -00 0 0 0 6 0 3  
0 4  4 7 A 3 8 1 0 6 7 P 1 2  1 2 - B I T  SS ANLG I N P U T  M 0000 EA 3 . 0 0  3 . 0 0  1 5 - 0 0  0 0 0 6 0 4  
0 4  4 7 A 3 8  1 0 6 7 P  1 3  1 2 - B I T  ANALOG OUTPUT M 0000 EA 2 . 0 0  2 . 0 0  1 6 - 0 0  0 0 0 6 0 5  
0 4  4 7 A 3 8  1 0 6 7 P 6  -. - -. . . . - TTY & E I A  I N T F C  MDL M 0000 -- € 6 . -  3:_00-. .. . .  . 3.00 .. . ' . 0 0 0 6 0 6  
0 4  4 7 A 3 8  1 0 6 7 P 7  I/o SYS D R I V E R  MDL M 0000 EA 1 .OO 1 .OO 1 8 - 0 0  - 0 0 0 6 0 7  
0 4  3 5 9 G A - 3  TERMINAL BOARD 
0 4  M S 3 5 9 6 A - X P - 3 - 3 8 C  MARKER S T R I P  

0 4  2083- SPACER. THREADED * 0000 EA 2 .OO 2 .OO 2 1 - 0 0  8 3 3 3 0  0 0 0 6 1 0  
0 4  4 7 8 3 8 7 0 8 2 P l  S H I E L D  * 0000 EA 1 .OO I .OO 2 2 - 0 0  0 0 0 6  1 1 

COMPOUND. ( L O C K T I T E )  
PRIMER 
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. - . . - - MODEL EP_ U N I T  0 0 0 0 0 1 .  . . .. - . - . . . . . - - - . . . . - - - - - - . - - - 

--- - - - -  ECN - - - - - -  
L V L . I O E N T I F I C A T I O N  NO. NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

.. . . -. I N C  OUT APPLY C Y  T I M E  REF-OESG -- REF 

0 4  N 1 5 3 P  1 3 0 2 4  SCREW. PAN HD. 1 6 - 3 2  * 0000 EA 2 .OO 2 . 0 0  2 5 - 0 0  0 0 0 6  1 4  
O!_,_N4 1 5 P 1 3  . - WASHER. LOCK, >6 -. - * 0000 E!.. .- 4.00 4 . 0 0 - 2 6 - O P  . 0 0 0 6  1 5  
0 4  N 1 0 0 P 3 7  WASHER. F L .  # 6  2 .OO 2 . 0 0  2 7 - 0 0  0 0 0 6  1 6  * 0000 EA 

NUT.PLAIN HEX. 1 6 - 3 2  
WSHR.LOCK. I N T L  T # 6  - 

0!-.- SFSW-IOF-CP-GO2NA PAN-L-SCREW, U 1 0 - 3 2  - ... B 0000 EA _ 1 2  .OO 1 2 . 0 0  .. .- 0 0 0 6  1 9  3 0 - 0 0  
0 4  N 1 5 3 P 1 6 0 0 6  SCR. PH. # 1 0 - 3 2  4 . 0 0  4 .OO 3 1 -00 0 0 0 6 2 0  * 0000 EA 
0 4  N 4 1 5 P 1 9  WASHER. LOCK, 1 1 0  * 0000 EA 4 . 0 0  4 .OO 3 2  -00 0 0 0 6 2  1 
0 4  D C - 3 7 P  CONNECTOR B 0000 EA 4 .OO 4 . 0 0  3 3 - 0 0  7 1 4 6 8  0 0 0 6 2 2  
o ? - ~ ~ ~ I - I L  - - JACK SOCKET K I T  - * 0000 Eh_ 4.00 _ _  - ---- 4 .OO 3 4 - 0 0  - 5 2 7 6 0  0 0 0 6 2 3  
0 4  C P 7 0 0 - 5 1  CONN HOUSING K I T  B 0000 EA 9.00 9.00 3 5 - 0 0  1 9 0 0 6  0 0 0 6 2 4  

CABLE.  5 T P  
CABLE.  8 T P  

- p! .87?1__- CABLE.  2 T P  -. . B 0003-FT A R 3 8 - 0 0  0 7 9 0 7  0 0 0 6 2 7  k . 2  k . . - . . . -- -- 
0 4  8 7 4 0  CABLE.  1TP B 0000 F T  A R 3 9 - 0 0  0 7 9 0 7  0 0 0 6 2 8  ?.", - - 

0 4  4 7 A 3 8  1043PAR SLEEVING. VINYL 
0 4  4 7 A 3 8 7 1 2 4  WIRE L I S T  - -  - - - -  

-94 .  . 4 ' ? E 3 8 7 0 9 5 P 4 2  BIJSJING. S T R A I N  R L F  M -. 0000 EA 1 .OO 1 . 0 0  -- - 4 2 - 0 0  0 0 0 6 3  !-ti) 7:: 
0 4  4 7 E 3 8 7 0 9 5 P 4 3  BUSHING.  S T R A I N  RLF M 0000 EA 8 . 0 0  8 . 0 0  4 3 - 0 0  0 0 0 6 3 2  11 

0 4  AML31EBA4AC SWITCH. PUSH BUTTON B 0000 EA 1 .OO 1 .OO 4 4 - 0 0  9 1 9 2 9  0 0 0 6 3 3  4 ,\ t - ,  

0 4  AML.76F lOTOiP  SWI TCH.GUARD B 5 0000 EA 1 .OO 1 .OO 4 5 - 0 0  9 1 9 2 9  0 0 0 6 3 4  'z :I' 
0 4 _ - - * * 4 7 E 3 8 7 0 9 5 - 4 6  . LENS (RESET)  -. M 0000 EA- - .  1 .OO . .- 1 .OO 4 6 - 0 0  -- 0 0 0 6  3 5  ':.., ; 
0 4  4 7 E 3 8 7 0 9 5 P 4 7  PLUG. SNAP OUT M 0000 EA 3 . 0 0  3.00 4 7 - 0 0  0 0 0 6 3 6  i!': , 

0 4  4 7 E 3 8 7 0 6 4  SCHEMATIC 
0 4  4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  S T 0  

. . . O 4  - N P - 2 0 6 4  1 7  - NAMEPLATE . . 6-5. 0000 EA - - 1 .OO - 1 .OO . . - . - - 5 0 - 0 0  0 0 0 6 3 9  
04 4 7 A 3 8 0 0 7 0 P 3  N P L .  AN/REV STATUS * 0000 EA 1 .OO 1 .OO 5 1 -00 0 0 0 6 4 0  

SN60WRMAP2 SOLDER / QQ- '5-571 B 5 0000 L B  A R 5 2  -00 0 0 0 6 4  I 
4 7 A 3 8  1 0 3 7 P  1 L A C I N G  TAPE A R 5 3 - 0 0  0 0 0 6  4 2 * 0000 F T  
4 7 A 3 8 0 0 7 i F A R  S L E E V I N E ,  SHRINK 0000. F T  . A R - 5 4 - 0 0  0 0 0 6 4 3  . 

* ' 4 7 E 3 8 7 0 6 2 - 3 2  TACHOMETER PANEL 
4 7 E 3 8 7 0 7 2 G l  I & C  S I G  CONDIT IONER 

-. .-- -- - . -- . 
4 7 D 3 8 7 0 7 3 P  1 PANEL.FRONT * 0000 EA 1 .OO 1.. 00 1 - 0 0  0 0 0 6 4 6  
4 7 D 3 8 7 0 7 4 P l  PANEL.RIGHT S I D E  1 .OO 1 .OO 2 -00 0 0 0 6 4 7  * 0000 EA 
4 7 0 3 8 7 0 7 4 P 2  P A N E L - L E F T  S I D E  0000 EA 1 .OO 1 .OO 3 - 0 0  0 0 0 6 4 8  

0 4  4 7 C 3 8 7 0 7 5 P 1  . . . - - - . . . . PANEL ;REAR * 0 0 G R - E A  1 .= 1 . 0 0  4_100 000649. 
0 4  FCA4 HANDLE 2 .OO 2 .OO 5 - 0 0  0 8 7 3 0  0 0 0 6 5 0  B 5 0000 EA - - 

0 4  4 7 D 3 8 7 0 8 3 G 1  ASSY. MOTHER B D - S I G N *  1 .OO 1 .OO 6-00 0 0 0 6 5  1 0000 EA 

9 5  4 7 E 3 8 7 0 9 0 P l  . - D R I L L  & TRIM- 1 . 0 0  - 1 .OO I -oo_.. . - -  0 0 0 6 5 2  * 0000 E L  
0 5  4 7 8 3 8 7 0 8 6 P  1 ANGLE * 0000 EA 2 .OO 2 .OO 2 -00 0 0 0 6 5 3  - - - - -  - - -  

05 SN6OWRMAP2 SOLDER / QQ- '5-571 
0 5  4 7 D 3 8 7 0 8 3 P 4  TERMINAL BLOCK -.- - - -  

- 0 5  47D38_1083P5  TERMINAL BLOCK 1 . 0 0  5 - 0 0  0 0 0 6  5 6  * 0000 EA -- 1 .GO - - -  -- 
0 5  R C 3 6 - 8 5 4 2 - 5  RECEPTACLE 0000 EA 1 0 . 0 0  1 0  00 6 - 0 0  5 7 8 5 6  0 0 0 6 5 7  
0 5  3 4 3 2 - 4 2 0 5  HEADER * 0000 EA 1 0 . 0 0  1 0  00 7 - 0 0  5 2 7 6 0  0 0 0 6 5 8  
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. . - - . - - - . . . - - MODEL EA U N I T  0 0 0 0 0 1  - -. - - - . - . - - - . - - - - .. . -- -- 35 
-------  ECN - - - - - -  

L V L  I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY ITEM/  FSCM CROSS 

. . I N C  OUT APPLY C Y TIME REF DESG REF - - - - 

0 5  N 4 1 5 P l l  WASHER. LOCK. # 4  2 0 . 0 0  2 0 . 0 0  9 - 0 0  0 0 0 6 6 0  * 0000 EA 
0 5  N 2 2 6 P 9  NUT. HEX, # 4 - 4 0  * -- 0000 - E A  2 0 . 0 0  2 0 . 0 0  1 0 - 0 0  0 0 0 6 6 1  
0 5  AO34BS R I V E T  * 0000 EA 9.00 9 . 0 0  1 1 - 0 0  7 7 0 7  0 0 0 6 6 2  
0 5  4 7 A 3 8 0 0 5 2  ELECTRICAL FAB. ST0 X 5 0000 EA X 1 2 -00 0 0 0 6 6  3 

0 4  4 7 8 3 8 7 0 7 6 G l  . -. . - -- - . MTG. BRACKET.CIRCUIT* * 0000 EA 2 . 0 0  2 .OO 7-00--- 0 0 0 6 6 4  

0 5  4 7 B 3 8 7 0 7 6 P l  BRACKET 1 .OO 2 . 0 0  1 - 0 0  0 0 0 6 6 5  * 0000 EA 
0 5  C L S S - 0 3 2 - 3 2 1  SELF CLINCHING FASTE* 0000 EA 1 .OO 2 .OO 3 - 0 0  4 6 3 8 4  0 0 0 6 6 6  

SELF CLINCHING FASTE* 0 5  C L S - 8 3 2 - 3 2 1  ... .. . * 0000 EA 2 . 0 0  4 .OO 4 - 0 0  4 6 3 8 4 . 0 0 0 6 6 7  

0 4  4 7 8 3 8 7 0 7 6 6 2  MTG. BRACKET.CIRCUIT* * 0000 €A 2 .OO 2 .OO 8 -00 0 0 0 6 6 8  

05 . ._478387076!2- BRACKET 0000 EA 1 .OO 2 . 0 0  2-oo -- . 0 0 0 6 6 9  
0 5  C L S S - 0 3 2 - 3 2 1  SELF CLINCHING FASTE* 0000 EA 1 .OO 2 .OO 3 - 0 0  4 6 3 8 4  0 0 0 6 7 0  
0 5  C L S - 8 3 2 - 3 2 1  SELF CLINCHING FASTE* * 0000 EA 2 . 0 0  4 .OO 4 - 0 0  4 6 3 8 4  0 0 0 6 7 1  

9 4  H E 2 1 5  POWER SUPPLY B 5 0000 EA 1 .OO 1 .OO 9 - 0 0  1 8 6 5 5  0 0 0 6 7 2  -- -- 
0 4  PM345 POWER SUPPLY * 0000 EA 1 . 0 0  I .OO 1 0 - 0 0  1 8 6 5 5  0 0 0 6 7 3  . - - -  - 

0 4  R G R 1 7 - , 2 5 0  GUIDE RAIL .CAR0 
0 4 .  0 5 1 - 6 4 - 0 0 2 - 4 1  GUIDE 
O q - N P - 2 0 6 4  17  NAMEPLATE B 5 0000 EA 1 .OO 1 .OO 1 3 - 0 0  0 0 0 6 7 6 -  - 
0 4  4 7 A 3 8 0 0 7 0 P 3  NPL. AN/REV STATUS * 0000 EA 1 .OO 1 .OO 1 4 - 0 0  0 0 0 6  7 7 
0 4  4 7 8 3 8 7 0 7 8 P l  SUPPORT ANGLE.CABLE * 0000 EA 1 .OO 1 .OO 1 5 - 0 0  0006 7 8 
0 4  4 7 8 3 8 7 0 7 9 P  1 MTG. BRACKET 0000 EA 2 . 0 0  2 . 0 0  1 6 -00 0006 7 9 

c)4 .4783!i1!259P! CONNECTOR CUTOUT COV* * 0000 EA 3 . 0 0  0 0 0 6 8 0  2 . 9 9  j?-E--. 
0 4  4 7 D 3 8 7 0 4 0 G 1  POWER SIGNAL C O N D I T I *  * 0000 EA I .OO 1 .OO 1 8 - 0 0  0 0 0 6 8  1 
0 4  4 7 D 3 8 7 0 4 3 G 1  SYNCRO TO CURRENT CO* 2 . 0 0  2 .OO 1 9 - 0 0  0 0 0 6  8 2 * 0000 EA 
0 4  4 7 0 3 8 7 0 3 2 G l  GEAR BOX SIGNAL COND* * 0000 EA 1 .OO 1 .OO 2 0 - 0 0  0 0 0 6 8 3  
04_. 4 7 0 3 8 7 0 3 4 G I  WIND SIGNAL CONOITIO* I * 0000 EA 1 .OO I .OO 2 1 -00 0 0 0 6 8 4  - 
0 4  4 7 E 3 8 7 0 3 7 G l  ASSY.SYN S I G  COND BD 2 .OO 2 . 0 0  0000 EA 2 2 - 0 0  0 0 0 6 8 5  

0 5  8 6 0 3 - 0 5 0 1  BOARD B 0000 EA 1 .OO 2 . 0 0  1 - 0 0  5 7 8 5 6  0 0 0 6 8 6  
WIRE L I S T  X 0000 EA X 
SOCKET. 8 - P I N  B 0000 EA 6.00 1 2  .OO 

0 5  SC-1W3-GG SOCKET 
05 SC-1W1-GG-1 TERMINAL 
05.._oss_-c4 - - SWITCH - - - - COVER - M 0000 EA 1 . 0 0  2 . 0 0  6-00 9 5 1 4 6  000~9!- 
0 5  AP-616-G-E ADAPTER PLUG M 0000 EA 2 .OO 4 .OO 7 - 0 0  5 5 3 2 2  0 0 0 6 9 2  

TERMINAL 
TERMINAL - - - -  - 

0 5  N t 5 3 P 9 0 0 6  . . . - . .. . - - SCR.PNH 4 - 4 0  X . 3 7 5 L G  . B 0000 EA 2 .OO 4 .OO 1 0 - 0 0  0 0 0 6 9 5  
0 5  N 4 0 0 P 3 5  WASHER.FLAT. NO. 4 * 0000 EA 2 . 0 0  4 .OO 1 1 - 0 0  0 0 0 6 9 6  
0 5  N 4 1 5 P l l  WASHER. LOCK. #4 . * 0000 EA 2 .OO 4 . 0 0  1 2 - 0 0  0 0 0 6 9 7  
05  47B381099PAR WIRE-AWG 3O.SLDRLESS B 0000 FT AR 1 3 - 0 0  0 0 0 6 9 8  . - - - -  - -  - - - .  ~ - - -  . - - - - - - 

0 5  T - 1 s t - G  TERMINAL B 0000 EA 2 1  .OO 4 2 . 0 0  1 4 - 0 0  5 5 3 2 2  00_06= - -. - - - - - - . . - - -. - - . - 
0 5  SNGOWRMAP2 SOLDER / QQ-S-571 B 5 0000 L B  A R 1 5 - 0 0  0 0 0 7 0 0  
0 5  4 7 A 3 8 0 0 5 2  ELECTRICAL FAB.  ST0 X 5 0000 EA X 1 6 - 0 0  0 0 0 7 0  1 

1 0 5  4 7 0 3 8 7 0 3 8  SCHEMATIC X 0000 EA X 1 7 - 0 0  0 0 0 7 0 2  

.. 
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-. . - . - . . - . .. - -  MODEL EA U N I T  0 0 0 0 0 1  -. -- .. .- 

L V L  I D E N T I F I C A T I O N  N O .  NOMENCLATURE OWG PC-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

. -. . - - - -. I!= OUT APPLY C Y T I M E  .- . REF .!?=.-. ._ REF _- 

0 5  AWG-26-TYPE-S BUS WIRE / 9 0 - W - 3 4 3  B 0000 F T  A R 1 8 - 0 0  0 0 0 7 0 3  
05 - TKOGBX 1 0 4 K  CAPACITOR. .I MED 1 .OO 2,OO C 1  -00. 9 5 2 7 5  0 0 0 7 0 4  B 5 OOOQ EA -. 

05 C K 0 6 B X 1 0 4 K  CAPACITOR. .I MFD B 5 0000 EA 1 .OO 2 . 0 0  C 2  -00 9 5 2 7 5  0 0 0 7 0 5  
0 5  1 5 0 D  1 0 6 X 9 0 3 5 R 2  CAPACITOR. 1 0  MFD B 5 0000 EA 1 .OO 2 . 0 0  C 3  -00 5 6 2 8 9  0 0 0 7 0 6  
05 C K 0 6 B X 1 0 4 K  CAPACITOR. .I MFD B 5 0000 €A 1 .OO 2 . 0 0  C4  -00 9 5 2 7 5  0 0 0 7 0 7  
0 5  CK06BX 1 0 4 K  CAPACITOR. .I MFO B 5 0000 EA - 1 .OO 2 . 0 0  C 5  -00 9 5 2 7 5  0 0 0 7 9 8 -  
05 - m 5 5 ~ 4 5 3 0 ~ ~  .- RESISTOR.  4 5 3  OHMS B 0000 EA 1 .OO 2 . 0 0  R 1  -00 0 0 0 7 0 9  
0 5  R N C 5 5 H 1 1 0 2 F S  RESISTOR.  1 1  K B 5 0000 EA 1 .OO - 00 0 0 0 7  1 0  2 . 0 0  R 1 0  
0 5  R N C 5 5 H 1 1 0 2 F S  RESISTOR.  I 1  K B 5 0000 EA 1 .OO 2 . 0 0  R 1 1  - 00 0 0 0 7  1 1 
0 5  3 0 0 9 P - 1 - 2 0 2  - -- - POTENTIOMETER. 2 K - B 0000 EA - 1 . 00 -- 2 . 0 0  R 1 2  -00 3 2 9 9 7  O O O ~ ! ~  
0 5  R N C S 5 H 9 0 9 l F S  RESISTOR.  9.09 K B 5 0000 EA 1 .OO - 00 0 0 0 7  1 3  2 . 0 0  R 1 3  
0 5  R N C 5 5 H l O O l F S  RESISTOR B 5 0000 EA 1 .OO 2 . 0 0  R 1 4  -00 0 0 0 7  1 4  
0 5  3 0 0 9 P - 1 - 2 0 2  POTENTIOMETER. 2 K B 0000 EA 1 .OO 2 . 0 0  R 1 5  -00 3 2 9 9 7  0 0 0 7 1 5  
0 5  RNC55H1912FS-  . . RESISTOR.  1 9 . 1  K B 5 W O O  EA 1 .OO 2 . 0 0  R 1 6  -00 0 0 0 7  1 6  
05 3 0 0 9 P - 1 - 5 0 1  POTENTIOMTR 500 OHMS B 0000 EA 1 .OO 2 . 0 0  R 1 7  -00 3 2 9 9 7  0 0 0 7 1 7  
0 5  3 0 0 9 P - 1 - 5 0 1  POTENTIOMTR 5 0 0  OHMS B 0000 EA 1 . 0 0  2 . 0 0  R I B  -00 3 2 9 9 7  0 0 0 7 1 8  
0 5  3 0 0 9 P - 1 - 5 0 1  POTENTIOMTR 5 0 0  OHMS B 0000 EA 1 .OO 2 . 0 0  R 1 9  -00 3 2 9 9 7  0 0 0 7 1 9  
0 5  3 0 0 9 P - 1 - 1 0 2  . . . . - - - . . - POTENTIOMETER, 1 K B 7 0000 EA 1 .OO 2 . 0 0  _R2 -00 3 2 9 9 7  0 0 0 7 2 0  
0 5  3 0 0 9 P - 1 - 5 0 1  POTENTIOMTR 5 0 0  OHMS B 0000 EA 1 .OO 2 .OO R 2 0  -00 3 2 9 9 7  0 0 0 7 2 1  
0 5  R N C 5 5 H 1 0 0 3 F S  RESISTOR.  1 0 0  K B 5 0000 EA 1 .OO 2 .OO R 3  - 00 0 0 0 7 2 2  
0 5  RNC55t1127 1FS RESISTOR.  1 . 2 7  K B 0000 EA 1 .OO 2 .OO R 4  - 00 0 0 0 7  2 3 

RESISTOR,  1 0 0  K 0 5  R N C 5 5 H 1 0 0 3 F S  -. B 5 0000 EA 1 .OO 2 .OO R 5  -oO 0 0 0 7 2 4  
.. 05 - . % N C ~ ~ H I O O ~ F S  RESISTOR.  1 0 0  K B 5 0000 EA 1 .OO 2 .OO R 6  - 00 0 0 0 7 2 5  

0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 .OO 2 .OO R 7  - 00 0 0 0 7 2 6  
0 5  R N C 5 5 H 1 3 3 3 F S  RESISTOR.  1 3 3  K B 0000 EA I .OO 2 .OO R 8  - 00 0 0 0 7  2 7 
0 5  R N C 5 5 H 3 9 2 2 F S  - -. . - - - - - - RESISTOR.  3 9 . 2  K - B 5 0000 E A -  1 .OO - 00 0 0 0 7  2 0  2 . 0 0  R 9  - 
0 5  0 5 5 - 4  SWITCH B 0000 EA 1 .OO 2 . 0 0  s 1  -00 9 5 1 4 6  0 0 0 7 2 9  
0 5  S A 8 1 0 - C - 9 6 - 0  SYN TO DC CONVERTER M 0000 EA 1 .OO 2 . 0 0  U 1  -00 1 4 3 5 2  0 0 0 7 3 0  
0 5  T L 0 8 7 C P  OPERATIONAL AMPL M 0000 EA 1 .OO 2 . 0 0  U 2  -00 0 1 2 9 5  0 0 0 7 3 1  
0 5  TLO87CP OPERATIONAL AMPL M 0000 EA 1 .OO 2 . 9 0  U 3  -00 0 ? 2 2 5  0 0 0 7 3 2  
0 5  T L 0 8 7 C P  OPERATIONAL AMPL M 0000 EA 1 . 0 0  2 . 0 0  U 4  -00 0 1 2 9 5  0 0 0 7 3 3  
0 5  TLOA7CP OPERATIONAL AMPL M 0000 EA 1 .OO 2 . 0 0  U 5  -00 0 1 2 9 5  0 0 0 7 3 4  
0 5  2 8 2 0 8  VOLT TO CUR CONV M 0000 EA 1 .OO 2 . 0 0  U 6  -00 2 4 3 5 5  0 0 0 7 3 5  
O S 2 8 ? 0 !  - Y ~ L T  TO CUR CONV M 0000 .!A 1 .O_O 2 . 0 0  u 7  -00 2 4 3 5 5  0 0 0 7 3 6  
0 5  TLOR7CP OPERATIONAL AMPL M 0000 EA 1 .OO 2 . 0 0  UB -00 0 1 2 9 5  0 0 0 7 3 7  

ASSY. COLOR COOED F L *  * 0000 EA 7 .OO 7 . 0 0  2 3 - 0 0  0 0 0 7 3 8  

CONNECTOR 0000 EA 1 .OO 7 . 0 0  1 - 0 0  7 5 0 3 7  0 0 0 7 3 9  
CONNECTOR B 5 0000 EA 1 . 0 0  7 . 0 0  2 - 0 0  7 5 0 3 7  0 0 0 7 4 0  
CABLE 1 2 "  L G  OOOO EA 1 .OO 7 . 0 0  3 - 0 0  7 5 0 3 7  0 0 0 7 4 1  

- 
JACK SOCKET K I T  * 0000 EA 7 .OO 7 . 0 0  2 4 - 0 0  5 2 7 6 0  0 0 0 7 4 2  
CLAMP.CABLE ( . I 8 7  D I *  * 0000 EA 2 .OO 2 . 0 0  2 5 - 0 0  0 0 0 7 4 3  
CLAMP.CABLE ( . 3 7 5  D I *  * 0000 EA 4 . 0 0  4 . 0 0  2 6 - 0 0  0 0 0 7 4 4  - - - - -~ - -  

-. TERMINAL BOARD 0000 EA 1 .oo 1 .oo 2 7 - 0 0  7 5 3 8 2  000745 
MARKER S T R I P  * 0000 EA I .00 1 .OO 2 8 - 0 0  7 5 3 8 2  0 0 0 7 4 6  
SPACER. THREADED * 0000 EA 2 . 0 0  2 . 0 0  2 9 - 0 0  8 3 3 3 0  0 0 0 7 4 7  
S H I E L D  0000 EA 1 .OO 1 .OO 30 - 00 0 0 0 7 4 8  9 k 
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. . - -. - - . . MODEL EA U N I T  0 0 0 0 0 1  - - - - - - -- - 

-- - - - - -  ECN - - - - - -  
L V L  I D E N T I F I C A T I O N  NO.  NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

.. . - ! N C  .OU_T-APPLY-.C.-!-TIME . . . . . . .  . . . REF DESG REF . . 

!)4 -. =_96A-8 TERMINAL BOARD 0000 EA 1 .OO 1 .OO 3 2 - 0 0  7 5 3 8 2  0 0 0 7 5 0  
0 4  N 1 5 3 P 1 5 0 1 0  SCR. PH.  # 8 - 3 2  0000 EA 4 .OO 4 .OO 3 3 - 0 0  0 0 0 7  5 1 
0 4  N 4 1 5 P 1 6  WASHER. LOCK. # 8  . * 0000 EA 3 0 . 0 0  3 0 . 0 0  3 4 - 0 0  0 0 0 7 5 2  
0 4  N 6 7 8 P  1 5 0 0 8  SCREW. F L A T  HD B 5 0000 EA 2 . 0 0  2 . 0 0  3 5 - 0 0  0 0 0 7  5 3 
o! ...N226P15 NUT.  HEX.  1 8 - 3 2  B 5 0000 EA 6:00_.-. 6.00 3 6 - 0 0  0 0 0 7  54 
0 4  N 1 5 3 P 1 6 0 1 0  SCREW.PAN HO # l o - 3 2 X *  * 0000 EA 4 .OO 4 .OO 3 7 - 0 0  0 0 0 7 5 5  
0 4  N 3 1 5 P 1 9  WASHER. LOCK. # I 0  * 0000 EA 2 0 . 0 0  2 0 . 0 0  3 8 - 0 0  0 0 0 7 5 6  
0 4  N 2 2 6 P 1 6  NUT. HEX.  8 1 0 - 3 2  * 0000 EA 1 6 . 0 0  1 6 . 0 0  3 9 - 0 0  0 0 0 7 5 7  

.. 0 4  .-A! 5 3 P  1 5 0 0 5  SCREW.PAN HO # 8 - 3 2 X 5 *  0000 EA 1 2 . 0 0  1 2 . 0 0  4 ~ - ~ ~  - . . 0 0 0 7 5 8  
0 4  N 1 5 3 P 9 0 0 3  SCREW.PAN HD # 4 - 4 0 X 3 *  0000 EA 4 . 0 0  4 . 0 0  4 1 - 0 0  0 0 0 7 5 9  
0 4  N 4 1 5 P 1 1  WASHER. LOCK. # 4  * 0000 EA 6.00 6.00 4 2 - 0 0  0 0 0 7 6 0  
0 4  N 1 5 3 P 1 6 0 0 7  SCREW. PAN HD * 0000 EA 8 . 0 0  8 . 0 0  4 3 - 0 0  0 0 0 7 6  1 

N 1 5 3 P 1 5 0 0 5  SCREW.PAN HD # 8 - 3 2 X 5 *  * 0000 EA 4 .OO 4 .OO 4 4 - 0 0  0 0 0 7 6 2  04 . - . _ . .- - 
0 4  N 1 5 3 P 1 3 0 2 4  SCREW. PAN HD. # 6 - 3 2  2 . 0 0  2 .OO 4 5 - 0 0  0 0 0 7 6 3  0000 EA 

WASHER. LOCK. # 6  
WASHER, F L .  # 6  

0 4  N 1 5 3 P 9 0 1 2  SCREW.PAN HO # 4 - 4 0 X 3 *  
0 4  N 2 2 6 P 9  NUT.  HEX.  # 4 - 4 0  

- O j  4 7 A 3 8 7 0 8 8  WIRE L I S T  X 0000 EA X 5 2 - 0 0  0 0 0 7 7 0  
0 4  L l O B P 1 2 0 1 2  SCREW.PAN H D . M 4 X 1 2  * 0000 EA 8 . 0 0  8 . 0 0  5 3 - 0 0  0 0 0 7 7  1 

SOLDER / Q Q - S - 5 7 1  
L A C I N G  TAPE 
S L E E V I N G .  V I N Y L  __. _ -  . - . . A - - - - . - - - - - - 
WIRE.  AWG # I 6  
WASHER. F L A T .  # I 0  
E L E C T R I C A L  F A B .  STD 
SCHEMATIC 
WSHR.LOCK. I N T L  T #6 
PRIMER 
MARKER S T R I P  
NAMEPLATE. I D E N T  ( T B *  
WIRE.  # 2 2  AWG : 

SLEEVING.  SHRINK 
SOLDER LUG 

0 4  18RA-6  -. --- TERMINAL.  LUG - 0000 EA 8 . 0 0  !!:_0!? . - 68-0059730.00078.6-- 
0 4  ~ % R A - C F L X  TERMINAL LUG. CRIMP B 5 0000 EA 8 . 0 0  8 .OO 69-00 5 6 5 0 1  0 0 0 7 8 7  

~ - 

0 4  1 8 R A - 1 0  TERMINAL LUG: RING ( *  * 0000 EA 4 .OO 4 .OO 7 0 - 0 0  5 6 5 0 1  0 0 0 7 8 8  
0 4  3 0 6 - 0 1 0  WIRE WRAP WIRE ( 1 " )  0000 F T  AR 7 1 - 0 0  8 6 6 6  0 0 0 7 8 9  
0 4  3 0 W - 0 2 0  . . - . - - - - WIRE WRAP WIRE ( 2 " )  0000 F T  A R 7 2 - 0 0  8 6 6 6  0 0 0 7 9 0  
0 4  3 0 Y - 0 3 0  WIRE WRAP WIRE ( 3 " )  * 0000 F T  A R 7 3 - 0 0  8 6 6 6  0 0 0 7 9 1  
0 4  3 0 R - 0 4 0  WIRE WRAP WIRE ( 4 " )  
01 3 0 B L K - 0 5 0  WIRE WRAP WIRE ( 5 " )  

0 4  3 0 Y - 0 8 0  WIRE WRAP WIRE ( 8 " )  * 0000 F T  A R 7 8 - 0 0  8 6 6 6  0 0 0 7 9 6  
0 4  3 0 R - 0 9 0  WIRE WRAP WIRE ( 9 " )  * 0000 F T  A R 7 9 - 0 0  8 6 6 6  0 0 0 7 9 7  

- . - . - . - - - -. - - . . - . - - - - - - - . - . . . . . - 



7 2 4 1 - 1  TOPDOWN BREAKDOWN FOR ASSEMBLY 4 7 E 3 8 2 3 0 1 G 1  WTG ASSY. ~6b-SA 0 6 / 1 5 / 8 4  PAGE 1 9  

- -. - .. - - - - - - - . - . . - - - -- - MODEL EA UNIT- .  0 0 0 0 0 1  

- - - - - - -  ECN - - - - - -  
1.VI. I D E N T I F I C A T I O N  NO.  NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

. . -. -. - - . - - - - - -. - INC- OUT APPLY C Y T I M E  -. -. --REF DESG -- REF 

0 4  3 0 B L K - 1 0 0  WIRE WRAP WIRE,(IO") * 0000 F T  A R 8 0 - 0 0  8 6 6 6  0 0 0 7 9 8  

- ?!..!!!-16 - .  .-- WIRE WRAP WIRE.  ROLL - -  - -  * 0000 FT A R -- -- 8 1 - 0 0  4 6 6 6  0 0 0 7 2 9  

0 3  4 7 E 3 8 7 0 9 3 G 1  WIND TRANSLATOR M 0000 EA 1 .OO 1 .OO 3 4 - 0 0  0 0 0 8 0 0  
0 3  * + 4 7 E 3 8 7 0 6 2 - 3 5  SPCR, CABLE RETAINER M 0000 EA 1 .OO 1 .OO 3 5 - 0 0  0 0 0 8 0  1 
0 3  **47!%7062-36 -- -. - . - - WIRE DUCT M 0000 EA .- 2 . 0 0  2.00 . . 3 6 - 0 0  OOOGt3l 
0 3  * + 4 7 E 3 8 7 0 6 2 - 3 7  WIRE DUCT COVER M 0000 EA 2 . 0 0  2 . 0 0  3 7 - 0 0  0 0 0 8 0 3  
0 3  7 2 2 1 4 0  TERMINAL S T R I P  
0 3  * * 4 7 E 3 8 7 0 6 2 - 3 9  MARKER S T R I P  
93 f T 4 7 E 3 8 7 0 6 2 - 4 0  .- CABLE -- ASSY. W1 -. . . . . - M 0000 € A _ -  1 .OO 1 .GI 4 0 - 0 0  0 0 0 ~  
0 3  * + 1 7 E 3 8 7 0 6 2 - 4 1  CABLE ASSY. W2 M 0000 EA 1 .OO I .OO 4 1 - 0 0  0 0 0 8 0 7  
03 * + 4 7 E 3 8 7 0 6 2 - 4 2  CABLE ASSY. W3 M 0000 EA 1 .OO 1 .OO 4 2 - 0 0  0 0 0 8 0 8  
03 * * 4 7 E 3 8 7 0 6 2 - 4 3  CABLE ASSY. W4 M 0000 EA 1 .OO 1 .OO 4 3 - 0 0  0 0 0 8 0 9  
0 3  * * 4 7 E 3 8 7 0 6 2 - 4 4  - . . . - . . - - - CABLE ASSY . -4% M 0000 EA - 1 - .OO 1 .OO 4 4 9 0  0 0 0 8  1 0  
0 3  * * 4 7 E 3 8 7 0 6 2 - 4 5  CABLE ASSY. W6 0000 EA 1 .OO 1 .OO 4 5 - 0 0  0 3 0 8  1 1 
0 3  * * 4 7 E 3 8 7 0 6 2 - 4 6  CABLE ASSY. W7 M 0000 EA 1 .OO 1 .OO 4 6 - 0 0  0 0 0 8  1 2  
0 3  * + 4 7 E 3 8 7 0 6 2 - 4 7  CABLE ASSY. W8 M 0000 EA 1 .OO 1 .OO 4 7 - 0 0  0 0 0 8  1 3  
03 * * 4 7 E 3 8 7 0 6 2 - 4 8  CABLE ASSY, W 9  - M 0000 EA I .OO 1 .OO 4 8 - 0 0  0 0 0 8  1 4  
0 3  * + 4 7 E 3 8 7 0 6 2 - 4 9  CABLE ASSY. W10 M 0000 EA 1 .OO 1 .OO 4 9 - 0 0  0 0 0 8  1 5  
0 3  4 7 E 3 8 7 0 6 5 G l  PANEL.  R I G H T  S I D E  * 0000 EA 1 .OO 1 .OO 5 0 - 0 0  0 0 0 8  1 6  

0 4  4 7 E 3 8 7 0 6 5 P 1  . . - -. . . . - PANEL,R!GHT S I D E  * 0000 EA 1 . 0 0  1 .OO - - - . . - 1 - 0 0  0 0 0 8 ' -  
0 4  S - 0 4 2 0 - 2 - 2 1  SELF C L I N C H I N G  FASTE*  * 0000 EA 1 2  .OO 1 2 . 0 0  2 - 0 0  4 6 3 8 4  0 0 0 8 1 8  
0 4  S S - 0 2 4 - 3 - 2 1  SELF C L I N C H I N G  FASTE*  * 0000 EA 4 5 . 0 0  4 5 . 0 0  3 - 0 0  4 6 3 8 4  0 0 0 8 1 9  

SELF C L I N C H I N G  FASTE*  * 0000 EA 2 . 0 0  2 . 0 0  4 - 0 0  4 6 3 8 4  0 0 0 8 2 0  
SELF C L I N C H I N G  FASTET+_- B 5 O O O L E A  6 . 0 0  6 . 0 0  5 - 0 0  4 6 3 8 4 . . 0 0 0 8 2 1  

WIRE DUCT M 0000 EA 1 .OO 1 .OO 5 1 - 0 0  0 0 0 8  2 2 
WIRE DUCT COVER M 0000 EA 1 .OO 1 .OO 5 2 - 0 0  0 0 0 8  2 3 
MTG BRACKET ASSY - -- -- M 0000 EA - 2 . 0 0  2 .go 5 3 - 0 0  0 0 ( 3 8 ? 4  

MTG BRACKET M 0000 EA 1 .OO 2 .OO 1 - 0 0  0 0 0 8  2 5 
SELF C L I N C H I N G  FSTNR B 0000 EA 8.00 1 6 . 0 0  2 - 0 0  4 6 3 8 4  0 0 0 8 2 6  
F I N I S H  X 0000 P T  X 3 -00 - .- 0 0 0 8  2 7  

0 3  * * 4 7 E 3 8 7 0 6 2 - 5 4  BLANK PANEL 
0 3  N 3 0 A P 1 6 0 1 0  SCR. HEX HD. # l o - 3 2  
0 3  N 4 1 5 P 1 9  . - - - - . . - . - . WASHER. LOCK. # I 0  * 0000 EA -- 1 8 7 . 0 0  5 6 - 0 0  Ia7 .oo.. . 0 0 0 8 3 0  
0 3  N 2 2 6 P 1 6  NUT.  HEX.  1 1 0 - 3 2  * 0000 EA 1 0 3 . 0 0  1 0 3  .OO 5 7 - 0 0  0 0 0 8  3 1 - - 

0 3  N 3 0 A P 2 1 0 1 0  SCR, HEX HD. 1 1 / 4 - 2 0  B 0000 €A 3 7 . 0 0  37.00 5 8 - 0 0  0 0 0 8 3 2  
0 3  N 4 1 5 P 2 5  WASHER. LOCK. ( 1 / 4 )  B 0000 EA 3 7  .OO 3 7 . 0 0  5 9 - 0 0  0 0 0 8 3 3  
0 3  N 4 0 0 P 3 9  . - . - - . - WASHER. F L A T ,  # I 0  * 0000 EA 6 0 . 0 0  -. 60.00 0 0 0 8  3 4 6 0 - 0 0  -- .- 
0 3  SFSWIOFIGCP-GO~NA SCR, PANEL,  # l o - 3 2  B 0000 EA 1 2 . 0 0  1 2 . 0 0  6 1 - 0 0  1 2 3 2 4  0 0 0 8 3 5  
0 3  SFSWIOFBCP-G02NA SCR. PANEL,  1 1 0 - 3 2  B 5 0000 EA 1 2 . 0 0  1 2 . 0 0  6 2 - 0 0  1 2 3 2 4  0 0 0 8 3 6  
0 3  N 6 7 8 P 1 5 0 1 6  SCR. F L A T  HD. 1 8 - 3 2  B 0000 EA 9.00 9.00 6 3 - 0 0  0 0 0 8  3 7 
0 3  N 4 1 5 P 1 6  WASHER. LOCK. #8 .  * 0000 EA 19 .00_  1 9 . 0 0  6 4 - 0 0  0 0 0 8  3 8 --- 
0 3  N 2 2 6 P 1 5  NUT.  HEX.  # 8 - 3 2  B 5 0000 EA 9.00 9.00 6 5 - 0 0  0 0 0 8 3 9  _ 0 3  N 1 5 3 P 9 0 1 4  SCR. PH. # 4 - 4 0  B 0000 EA 3 2 . 0 0  3 2  .OO 6 6 - 0 0  0 0 0 8 4 0  

5 0 3  N 4 1 5 P 1 1  WASHER. LOCK. # 4  * 0000 EA 3 2 . 0 0  3 2 . 0 0  6 7 - 0 0  0 0 0 8 4  1 
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- . . - . . -. - - . M O D E L E A U N I T 0 0 0 0 0 1  - - -- -. -- 

---- - - -  ECN - - - - - -  
I V L  I D E N T I F I C A T I O N  NO.  NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

. . - . . . - I N C  OUT APPLY C -Y-TIME- REF DESG !?EL -4 
.\ 

NUT. HEX.  # 4 - 4 0  * 0000 EA 3 2  .OO 3 2  .OO 6 8 - 0 0  0 0 0 8 4 2  
RIVET.DOMED H D , B L I N D  B 0000 EA 5 0 . 0 0 - .  5 0 . 0 0  69-00 0 0 0 8 4 3  
SCR. HEX HD. # l o - 3 2  B 0000 EA 3 0 . 0 0  3 0 . 0 0  7 0 - 0 0  0 0 0 8  4 4 
CLAMPING NUT 8 B 0000 EA 9.00 9.00 7 1 - 0 0  0 0 8 4 3  0 0 0 8 4 5  
SCR. PH. # l o - 3 2  * 0000 EA 1 8 . 0 0  1 8  .OO 7 2 - 0 0  0 0 0 8 4 6  
SCR. PH. 1 6 - 3 2  . * 0000 ELI--.- .- 6.00 6.00 7 3 - 0 0  0 0 0 8  4 7 
SCR, PH. # 6 - 3 2  B 0000 EA 1 3 . 0 0  1 3 . 0 0  7 4 - 0 0  0 0 0 8 4 8  
WASHER. LOCK. # 6  * 0000 EA 2 9 . 0 0  2 9 . 0 0  7 5 - 0 0  0 0 0 8 4 9  
SCR. PH. # 8 - 3 2  * 0000 EA 4 . 0 0  4 .OO 7 6 - 0 0  0 0 0 8 5 0  
SCR. PH.  # 6 - 3 2  * 0000 EA 1 6 . 0 0  1 6 . 0 0  7 7 - 0 0  0 0 0 8 5  1 - - . -. - - . - - - - - 
SOLDER / 4 0 - 5 - 5 7 1  B 5 0000 L B  AR 7 8 - 0 0  0 0 0 8  5 2 
L A C I N G  TAPE * 0000 F T  AR 7 9 - 0 0  0 0 0 8  5 3 
BRKT.PWR SUPPLY SPRT M 0000 EA 8.00 8 .OO 8 0 - 0 0  0 0 0 8 5 4  
RELAY .- B @&!?-&' 1 .OO 1 .OO 6 1 - 0 0  7 2 9 6 2  00~855- 
ESD ELECT ASSY M 0000 EA 1 .OO 1 .OO 8 2 - 0 0  0 0 0 8  5 6  

0 4  4 7 D 3 8 7 0 6 3 P  1 PANEL M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 8 5 7  
0 4  4 7 D 3 8 7 0 6 3 P 2  . . . . - -. . - - MOUNTING CHE M 0000 E A  - I .oo .- I .oo 2 - 0 0  oooase 
0 4  K H U 1 7 A 1 1 - 1 2 0  RELAY B 5 0000 EA 6.00 6.00 3-00 7 7 3 4 2  0 0 0 8 5 9  
0 4  K H U 1 7 D 1 1 - 2 8  RELAY B 0000 EA 1 .OO 1 .OO 4 - 0 0  7 7 3 4 2  0 0 0 8 6 0  
0 4  4 7 - 6 1 - 2 0 1 - 1 0  C A P T I V E  SCREW M 0000 EA 4 .OO 4 .OO 5 - 0 0  9 4 2 2 2  0 0 0 8 6 1  
0 4  N 6 7 8 P 1 3 0 0 7  SCR,ELH 6 - 3 2  X . 4 4 L G  l4 Oo00 € A  . 4 . 0 0  4 .OO 6 - 0 0  0 0 0 8 6 2  
0 4  N 4 1 5 P 1 3  WASHER. LOCK. # 6  * 0000 EA 6.00 6.00 7 - 0 0  0 0 0 8 6 3  
0 4  N 2 2 6 P 1 3  N U T . P L A I N  HEX.  # 6 - 3 2  0000 EA 4 .OO 4 .OO 6 - 0 0  0 0 0 8 6 4  
0 4  N 2 2 6 P 7  NUT.  HEX 3 - 4 8  M 0000 EA 7.00 7 . 0 0  9-00 0 0 0 8 6 5  

...o 4 - _  !!! !5!9 . .  WASHER,LOCK. EXT T # 3  -- M 0000 EA 7 . 0 0  7 .OO 1 0 - 0 0  0-00866 
0 4  I N 4 0 0 5  D I O D E  B 0000 EA 1 .OO I .OO I 1 - 0 0  0 0 0 8 6 7  
0 4  4 7 A 3 8 1 0 4 4 P A R  SLEEVING.TEFLON * 0000 F T  A R 1 2 - 0 0  0 0 0 8 6 8  
0 4  4 7 A 3 8 7 1 2 5  WIRE L I S T  X 0000 EA X 1 3 - 0 0  0 0 0 8 6 9  
0 4  MRA2OPJ CONNECTOR M 0000 EA I .OO 1 .OO --- 1 4 - 0 0  7 9 3 7 6  0 0 0 8 7 0  
0 4  6 S T V - 1 5  TERMINAL S T R I P  M 0000 EA 1 .OO 1 .OO 1 5 - 0 0  5 3 3 3 7  0 0 0 8 7 1  
0 4  T C 6 - 1 5  COVER. TERM S T R I P  M 0000 EA 1 .OO 1 .OO 1 6 - 0 0  5 3 3 3 7  0 0 0 8 7 2  
0 4  N 1 9 5 P 1 3 0 6  SCR.PNH 6 - 2 0  X . 3 7 5 L G  M 0000 EA 2 .OO 2 .OO 1 7  -00 0 0 0 8  7 3 
0 4  .. - 44AO111-2_0203- WIRE.  AWG # 2 0  B 5 0000 F T  A R 1 8 - 0 0  0 6 0 9 0  0 0 0 8 7 4  
0 4  AWG-20-TYPE-S WIRE.  BUS/QQ-W-343 B 0000 F T  A R 1 9 - 0 0  0 0 0 8  7 5 
0 4  4 7 0 3 8 7 0 2 2  SCHEMATIC X 0000 EA X 2 0 - 0 0  0 0 0 8 7 6  
0 4  4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 O O O O  EA X 2 1 - 0 0  0 0 0 8 7 7  

_.. 0.l 4 7 A 3 8 0 1 0 2 P  1 F I N I S H  M 0000 QT A R 2 2 - 0 0  
- - - -. - -- - . - 0 0 0 8 7 8  , 

0 4  SNGOWRMAP2 SOLDER / Q Q - S - 5 7 1  B 5 0000 L B  A R 2 3 - 0 0  0 0 0 8 7 9  
0 4  4 7 A 3 8 1 0 3 7 P 1  L A C I N G  TAPE * 0000 F T  AR 2 4  -00 0 0 0 8 8 0  
0 4  4 7 A 3 8 0 0 7 1 P A R  SLEEVING.  SHRINK * 0000 F T  A R 2 5 - 0 0  0 0 0 8 8  1 

- .  - 
0 3  4 7 D 3 8 7 1 3 0 6 1  "6" SWITCH -TEST ELEK M 0000 EA 1 .OO I .OO 8 3 - 0 0  0 0 0 8 8 2  

0 4  4 7 D 3 8 7 1 2 9 P l  PANEL M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 0 8 8 3  
, - v !  4 7 D 3 8 7 1 2 9 P 2  - .. MOUNTING C H A S S I S  M 0000 EA 1 . 0 0  1 .OO 2 - 0 0  0 0 0 8 8 4  

0 4  4 7 - 6 1 - 2 0 1 - 1 0  C A P T I V E  SCREW M 0000 EA 4 . 0 0  4 .OO 3-00 9 4 2 2 2  0 0 0 8 8 5  
- 0 4  4 1 5 6 - 1 4 - 1  TERMINAL M 0000 EA 8 . 0 0  8 . 0 0  4 - 0 0  1 7 1 1 7  0 0 0 8 8 6  
1 0 4  K H U i 7 A 1 7 - 1 2 0  RELAY M 0000 EA 6 . 0 0  6 .OO 5 - 0 0  7 7 3 4 2  0 0 0 8 8 7  
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. . . . . - . - MODEL EA U N I T  0 0 0 0 0 1  . . - . . - - . . - . - - - 

LVL IDENTIFICATION NO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY ITEM/ FSCM CROSS 
- . . . - - . -. - . . .- I N C  OUT APPLY C Y T I M I -  REF DESG . - - - -. - - REF 

0 4  MJ tOOO TRANSISTOR B 5 0000 EA 1 .OO 1 . 00 6 - 0 0  0 4 7 1 3  0 0 0 8 8 8  
.. 0s - 1 7 7 . - 3 - 6 2  INSULATOR - B 5 O O O O E A _  1 .OO I .oo 7 - 0 0  0 5 8 2 0  0 0 0 8 8 9  

0 3  M D - 3 4 5 2 - G  SOCKET.TO-3 B 5 0000 EA 1 .OO I .OO 8 - 0 0  0 6 7 7 0  0 0 0 8 9 0  
0 4  1 2 0 - 2  GREASE.THERMAL B 5 0000 0 2  A R 9-00 0 5 8 2 0  0 0 0 8 9 1  
0 4  L M l O C H  OPERATIONAL A M P L I F I E R  B 7 0000 EA 1 .OO 1 .OO 1 0 - 0 0  2 7 0 1 4  0 0 0 8 9 2  
0 4 - 6  1 4 0 - 1 8 8 -  1 SOCKET. 8 P I N  M 0000 EA -- - 1 .OO 1 .OO I I - 0 ~ - . ~ 7 . 1 1 7  0 0 0 8 9 3  
0 4  3 0 5 9 J -  1- 102M POTENTIOMETER M 0000 EA 2 . 0 0  2 . 0 0  1 2 - 0 0  3 2 9 9 7  0 0 0 8 9 4  
0 4  W B R 1 0 0 0 - 5 0  CAPACITOR B 5 0000 EA 1 .OO 1 . 0 0  1 3 - 0 0  1 4 6 5 5  0 0 0 8 9 5  
0 4  1 5 0 D 1 0 5 X 9 0 3 5 A 2  C A P A C I  TOR B 5 0000 EA 1 .OO 1 .OO 1 4 - 0 0  5 6 2 8 9  0 0 0 8 9 6  

RESISTOR,  2 OHM - . . . - - - M 0000 Eh--- 
RESISTOR.  1M OHM B 5 0000 €A 
CONNECTOR 
TERMINAL S T R I P  

04.-TC6-.10 COVER,IERM. S T R I P  M 0000 EA 1 . 0 2  1 .OO 1 9 - 0 0  5 3 3 3 7  0 0 0 9 0 1  
0 4  4 7 6 3 8 7 1 2 8  WIRE L I S T  X 0000 EA X 2 0 - 0 0  0 0 0 9 0 2  
0 4  4 7 D 3 8 7  1 2 2  SCHEMATIC 
0 4  N 6 7 8 P 1 3 0 0 7  SCR.FLH 6 - 3 2  X . 4 4 L G  

.. 04.. !415P13 - WASHER. LOCK. # 6  0 0 0 0 - E A  8 . 0 0  8 , O O  2 3 - 0 0  00090~ 
0 4  N 2 2 6 P 1 3  N U T . P L A I N  HEX.  # 6 - 3 2 -  * 0000 EA 4 .OO 4 .OO 2 4 - 0 0  000906 

NUT. HEX 3 - 4 8  
WASHER.LOCK. EXT T 1 3  

. . SCR.PNH 6 - 2 0  X . 3 7 5 L G  _ 
SCREW.PAN HD.  # 6 - 3 2  
SCREW. F L A T  HD . # 4 - 4 0  
WASHER. LOCK. #4 
NUT, HEX.  # 4 - 4 0  - 
ELECTRICAL FAB.  STD 
WIRE.  AWG # 2 0  
WIRE.  BUS/QQ-W-343 

.- M 0000 E L - . . .  2 .oo 2 . 0 0  - 
M 0000 EA 2 . 0 0  2 . 0 0  

. - -  
F I N I S H  - 

SOLDER / Q Q - 5 - 5 7 1  
L A C I N G  TAPE 
SLEEVING.  SHRINK 
SLEEVING.TEFLON 

I C E  DETECTOR ELEK 
CONNECTOR 

0 3  * *  4 7 E 3 8 7 0 6 2 - 8 6 _ . -  WIRE DUCT . .- M 0000-EA 4 .OO 4 .oo 8 6 - 0 0  0 0 0 9 2 4  
0 3  * * 4 7 E 3 8 7 0 6 2 - 8 7  WIRE DUCT COVER M 0000 EA 4 .OO 4 .OO 8 7 - 0 0  0 0 0 9 2  5 
0 3  * * 4 7 E 3 8 7 0 6 2 - 8 8  C I R C U I T  BKR PANEL 
0 3  . 1 1 2 - 2 2 0 - 1 0 1  C I R C U I T  BKR ( 2 0 A )  

... 0 3 . _ 1 1 2 - 2 ! 5 - 1 0 1  C I R C U I T  BKR ( 1 5 A )  B 0000 EA 7 . oo--. 7 . 0 0  90-00 7 7 3 4 2  0 0 0 9 2 8  
0 3  1 1 2 - 2 1 0 - 1 0 1  C I R C U l  T BKR * 0000 EA 7 .OO 7 . 0 0  9 1 - 0 0  7 7 3 4 2  0 0 0 9 2 9  - - . -. 

0 3  1 1 2 - 2 0 5 - 1 0 1  C I R C U I T  BKR ( 5 ~ )  B 0000 EA 2 .OO 2 . 0 0  9 2 - 0 0  7 7 3 4 2  0 0 0 9 3 0  
0 3  1 4 2 2 5 5 2  POWER BLOCK ( 2  CKT)  M 0000 EA 1 .OO 1 .OO 9 3 - 0 0  2 6 4 0 5  0 0 0 9 3 1  
0 3  1 4 2 3 5 5 2  -- PGWER BLOCK ( 3  CKT)  h! 0000 E A  1 .OO I .OO -. 9 4 - 0 0  2 6 4 0 5  0 0 0 9 3 2  
0 3  * * 4 7 E 3 8 7 0 6 2 - 9 5  SAFETY S H I E L D  M 0000 EA 1 .OO 1 .OO 9 5 - 0 0  0 0 0 9 3 3  _ 0 3  4 6 9 7 - 1 0 3 2 - 5 5 - 2 0  HEX M & F STANDOFF M 0000 EA 1 2 . 0 0  1 2 . 0 0  9 6 - 0 0  5 5 5 6 6  0 0 0 9 3 4  

1 0 3  2 4 2 0 5  COMPOUND. ( L O C K T I T E )  * 0000 0 2  A R 9 7 - 0 0  0 5 9 7 2  0 0 0 9 3 5  
@n 
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. . - . . - . . - - - . MODEL EA U N I T  0 0 0 0 0 1  - . . - . . . -- - 

-------  ECN - - - - - -  
I.VL I D E N T I F I C A T I O N  NO.  NOMENCLATURE DWG P L - L A T E  P T CVCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

. . - .  . INC_--OgI  _ APPLY C Y T I M E  - - -. . . - REF OESG REF - 3 
0 3  7 4 7 5 5  PRIMER * 0000 0 2  A R 9 8 - 0 0  0 5 9 7 2  0 0 0 9 3 6  - - - -  - -  

SPACER 0 3  * * 4 7 € 3 8 7 0 6 2 - 9 9  ---- -- M- 0000 EA 1 3 . 0 0  I? 9 >-&o - . 0 0 0 9 3 7  
0 3  * * 4 7 E 3 8 7 0 6 2 - I 0 0  S U P P O R T . ( 0 4 - 0 4 - 4 2 - 8 )  M 0000 EA 1 3 . 0 0  1 3 . 0 0  1 0 0 - 0 0  0 0 0 9 3 8  
0 3  * * 4 7 E 3 8 7 0 6 2 - 1 0 1  BUS BAR M 0000 EA 1 .OO 1 .OO 1 0 1 - 0 0  0 0 0 9 3 9  
0 3  * * 4 7 E 3 8 7 0 6 2 - 1 0 2  BUS BAR M 0000 EA 1 .OO 1 .OO 1 0 2  -00 0 0 0 9 4 0  

_ - _  9 3 _ 2 , 4 7 E 3 8 7 0 6 2 -  I 0 3  BUS BAR - .- M 0000 EA 1 . 00- 1 .OO 1 0 3 - 0 0  -- 0 0 0 9 4  1 
0 3  * * 4 7 E 3 8 7 0 6 2 - 1 0 4  BUS BAR M 0000 €A 1 .OO 1 .OO 1 0 4  -00 0 0 0 9 4  2 
0 3  ' 9 4 7 E 3 8 7 0 6 2 - 1 0 5  CONNECTION M 0000 EA 1 3 0 . 0 0  1 3 0 . 0 0  1 0 5 - 0 0  0 0 0 9 4  3 -.-. 

* * 4 7 € 3 8 7 0 6 2 - 1 0 6  CONNECTION M 0000 EA 6 2 . 0 0  6 2 . 0 0  1 0 6 - 0 0  0 0 0 9 4 4  
* * 4 7 E 3 8 7 0 6 2 - 1 0 7  CONNECTION .- M 0000 €A 4 .OO 4 . 0 0  0 0 0 9 4  5 107-00 
* * 4 7 E 3 8 7 0 6 2 - 1 0 8  CONNECTION M 0000 EA 1 .OO 1 .OO 1 0 8 - 0 0  0 0 0 9 4 6  
* * 4 7 € 3 8 7 0 6 2 - 1 0 9  MARKERS ( 1  THRU 1 2 0 )  
* * 4 7 E 3 8 7 0 6 2 - 1 1 0  MARKERS ( 1  THRU 1 4 )  

~ - 

* * 4 7 E 3 8 7 0 6 2 - 1 1 1  -- MARKERS ( 1  THRU 63) M O O 0 0  EA 1 .OO 
FD 1 5 - 5 0  PWR SUPPLY.+/ -  15VDC M 0000 EA 1 .OO 
B 2 4 N 7 5  PWR SUPPLY.  ( 2 4  VDC) M 0000 EA 1 .OO 
B 2 8 N 7 0  PWR SUPPLY.  ( 2 8  VOC) M 0000 EA 1 . 0 0  . . - -  - - 

B 3 5 F T 4 0  PWR SUPPLY ; i 3 5  voc j M OOOO-EL 1 .OO 
4 7 A 3 8 0 0 7 1 P A R  SLEEVING.  SHRINK * 0000 F T  A R 
4 7 A 3 8 1 0 4 3 P A R  SLEEVING; VINYL 
4 4 A 0 8 1 1 - 1 2 - 9  WIRE.  AWG # I 2  - - --.- 
4 4 A O 1 1 1 - 1 6 - 9  . - - - - -. . - - . - WIRE. AWG # I 6  - B 5 0000 F T  AR- 
4 4 A O 1 1 1 - 2 0 - 9  WIRE. AWG # 2 0  B 5 0000 F T  A R ~ - 

18RA-6FLX TERMINAL LUG. CRIMP 
0 3  1 0 R C - I O F L X  TERMINAL LUG. CRIMP B 0000 EA A R 1 2 2 - 0 0  5 6 5 0 1  0 0 0 9 6 0  
03 -**47787062-123 BRKT.  W I R I N G  SUPPORT M 0000 €A ' 4s 1 .OO 1 2 3 - 0 0  0 0 0 9 6  1 

0 2  4 7 E 3 8 7 0 6 0 G l  H I G H  VOLTAGE CG ASSY M 0000 EA 1 .OO 1 .OO 1 7 - 0 0  0 0 0 9 6 2  

0 3  4 7 E 3 8 7 0 6 9 6 1  .. . - - - - - - - H I G H  V CG D R I L L  ASSY - -- M 0000 EA I . O o  - 1 .OO 1 -00 0 0 0 9 6 3  
0 3  4 7 0 3 8 7 0 0 9 P 1  GROUNDING XFMR M 0000 EA 1 .OO 1 .OO 2 -00 0 0 0 9 6 4  
0 3  4 7 C 3 8 7 0 1 3 P l  GROUNDING RESISTOR M 0000 EA 2 . 0 0  2 .OO 3 - 0 0  0 0 0 9 6 5  
0 3  4 7 D 3 8 7 0 1 0 P l  CURRENT XFMR M 0000 EA 6.00 6 . 0 0  4 - 0 0  0 0 0 9 6 6  
0 3  4 7 0 3 8 7 0 1  1P_1-.-- - . . - . . . - - P O T E N T I A L  XFMR . M 0000 EA 3.00 3 . 0 0  0 0 0 9 6 7  
0 3  N 2 4 P 2 5 0 1 6  

5 -00 
BOLT.  HEX HEAD ' B  0000 EA 1 2 . 0 0  1 2 . 0 0  6-00 0 0 0 9 6 8  

0 3  4 7 D 3 8 7  1 1 0 P 1  BUS BAR M 0000 EA 1 .OO 1 .OO 7 - 0 0  0 0 0 9 6 9  
EYE B O L T  
FRONT PANEL 
NUT. HEX 
WASHER. LOCK 
NUT.  HEX 
WASHER. LOCK -- 
B O L T .  HEX HD 
BOLT.  HEX HD 
WASHER. LOCK 

.- NUT. HEX 
BOLT.  HEX HD. SLOTTED 
WASHER. LOCK: ( 1 / 4 )  
WASHER. F L A T  



7 2 4 1 - 1  TOPOOWN BREAKDOWN FOR ASSEMBLY 4 7 E 3 8 2 3 0 4 6 1  WTG ASSY. MOD-5A 0 6 / 1 5 / 8 4  PAGE 2 3  
M O D E L E A  U N I T 0 0 0 0 0 1  . -  - . . . . - - . . - - - A -. . . . -- - . . - -. - 

------- ECN ------ 
L V L  IDENTIFICATION NO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT Q T Y  ITEM/ FSCM CROSS 

. . - - . -. . . I N C  OUT APPLY- C Y TIME REF.  !??=-- . . -- REF 

- (I!. 4 7 E 3 8 2 5 9 O G l  ROTOR BLADE ASSY - - M 0000 EA.- 1 .OO -- 1 .OO 4 5 ! ? - -  0 0 0 9 8 3  . .- 

0 2  4 7 J 3 8 2 2 8 7 P l  CENTER BLADE SECT 
0 2  4 7 E 3 8 1 1 0 5 G l  BOLSTER ASSY 

. .. . -  -- 
0 3 7 - 1  P 1 BOLSTER 2 .OO 2 .OO 1 - 0 0  0 0 0 9 8 6  M 0000 -.EA 
0 3  4 7 0 3 8 2 5 5 0 6 1  SFT.TEETER BRG ASSY . M  0000 EA 1 .OO 1 .OO 2 - 0 0  0 0 0 9 8  7 

0 4  4 7 0 3 8 2 5 5 0 P l  ., . - . - . . . - - . CLOTH.F!BERGLASS - AR - 1 - 0 0  M 0000 FT 0 0 0 9 ~ -  
0 4  4 7 D 3 8 2 5 5 0 P 2  ADHESIVE M 0000 OZ AR 2 - 0 0  0 0 0 9 8 9  
0 4  4 7 D 3 8 2 3 9 7 G 1  TEETER PVT SFT ASSY M 0000 EA I .OO 1 .OO 3 - 0 0  0 0 0 9 9 0  

0 5  4 7 0 3 8 2 3 9 Y P  1 TEETER PIVOT SHAFT .. 1 .OO 1 .OO 1 - 0 0  00099 1 M 0000 EA 
0 5  4 7 C 3 8 2 3 9 0 P 1  PLUG. SHAFT TEETER M 0000 EP. 2.00 2 .OO 2 - 0 0  0 0 0 9 9 2  

0 3  4 7 C 3 8 2 5 5 1 G 1  TEETER RESTR ASSY 4 .OO 4 .OO 3 - 0 0  0 0 0 9 9 3  M 0000 EA 

- -- . .. . . .- 
0 4  4 7 C 3 8 2 5 5 1 P  1 CLOTH, FIBERGLASS A A 1 - 0 0  0 0 0 9 9 4  M 0000 FT 
0 4  4 7 C 3 8 2 5 5  l P 2  ADHESIVE. EPOXY M 0000 OZ AR 2 - 0 0  0 0 0 9 9 5  $2 

. . - - - . - - -. 0 ,;i 0 3  47C382551G2 TEETEER RESTR ASSY M 0000 EA 4 . 0 0  4 .OO 4 - 0 0  00099 7 ~3 :;.,. 
23 1 " 

0 4  4 7 C 3 8 2 5 5  1P 1 CLOTH. FIBERGLASS A R 4-00 0 0 0 9 9 8  M 0000 F T  
O? 4 7 C 3 8 2 5 5 1 P 2  - ADHESIVE. EPOXY M 0000 OZ A R 2 -00 0 0 0 9 9 9  LJ) '<< 
0 4  4 7 C 3 8 2 3 5 0 P 1  TEETER SPRT OUTER I .OO 4 .OO 4 - 0 0  M 0000 EA 00 e: ; : 

&. .. 
2 . 3  ! .' - 

0 3  4 7 ~ 3 8 2 5 5 2 ~  1 BOLSTER INSR ASSY M 0000 EA 2 . 0 0  2 . 0 0  5 - 0 0  0 0 1 0 0 1  !L; * ' "  
c-.: I -  I 

.. . - - -. 4; (:; 
0 4  - 4 7 ~ 3 8 2 5 5 2 ~  1 CLOTH.FIBERGLASS A R 1 - 0 0  00 1 0 0 2  M 0000 F T  
0 4  4 7 C 3 8 2 5 5 2 P 2  ADHESIVE M 0000 OZ A R 2 -00 00 1 0 0 3  
0 4  4 7 E 3 8 2 4 0 3 P 1  1NSERT.BOLSTER M 0000 EA 1 .OO 2 .OO 3 - 0 0  00 1 0 0 4  

0 2  4 7 J 3 8 1 0 9 0 P l  INNER BLADE SECTION M 0000 EA 2 . 0 0  2 . 0 0  3 - 0 0  00 1 0 0 6  
0 2  4 7 J 3 8 1 0 9 7 P l  _ _  - - - . . . . - OUTER BLADE SECTION M 0000 EA -. - 2 . 0 0 -  2 .OO. 4 - 0 0 .  00 1007-  
0 2  4 7 E 3 8 1 0 8 9 P l  T R A I L I N G  EDGE I N S T L  M 0000 EA 2 . 0 0  2 .OO 5 - 0 0  00 1 0 0 8  
0 2  4 7 E 3 8 1 0 8 9 P 2  T R A I L I N G  EDGE I N S T L  M 0000 EA 2 . 0 0  2 . 0 0  6-00 00 1 0 0 9  

4 7 E 3 8 1 0 8 9 P 3  T R A I L I N G  EDGE I N S T L  M 0000 €A 2 . 0 0  2 . 0 0  7 - 0 0  O O I O I O  
4 7 E 3 8 2 6 1 0 G l  - .  AILERON 1-NSTALLATION M 0000 EA 2 . 0 0  2 .OO 8 - 0 0  0 0 1 0 1  1 

* ' 4 7 E 3 8 2 6 1 0 - 1  A I L  SECT.INDB DRIVE 
* ' 4 7 E 3 8 2 6 1 0 - 2  A I L  SECT.INBD T R A I L  
* * 1 7 E 3 8 2 6 1 0 - 3  - - . A I L  SECT.CENTER DR M 0000 EA- 2 . 0 0  4 .OO 3-!?!? - -  0 0 1 0 1 4  
* * 4 7 E 3 8 2 6 1 0 - 4  A I L  SECT.CENTER TR M 0000 EA 2 . 0 0  4 .OO 4 -00 0 0 1 0 1 5  
* + 4 7 E 3 8 2 6 1 0 - 5  A I L  SECT.OUTBD DRIVE 
* * 3 7 E 3 8 2 6 1 0 - 6  A I L  SECT.OUTBD T R A I L  
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MODEL EA U N I T  0 0 0 0 0 1  . - - .-- 

- - - - - - - ECN ------ 
L V L  I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY ITEM/  FSCM CROSS 

. -. - .- -- I N C  OUT APPLY C Y T I M E  - - . . -. - . . . REF DESG .-. .- E E L  

0 3  * * 4 7 € 3 8 2 6 1 0 - 7  HINGE F I T T I N G . I N B D  M 0000 EA 2 . 0 0  4 .OO 7 -00 0 0 1 0 1 8  
(03 - * * 4 7 E 3 8 2 6 1 0 - 8  - HINGE F I T T I N G . I N B 0  M 0000 EA 2 .OO 4 .OO 8 -00 0 0 1 0 1 9  - . - - . -. 
0 3  * * 4 7 E 3 8 2 6 1 0 - 9  HINGE FITTING.CENTER M 0000 EA 2 . 0 0  4 .OO 9 - 0 0  00 1 0 2 0  
0 3  * * 4 7 € 3 8 2 6 1 0 -  1 0  HINGE FITTlNG.CENTER M 0000 EA 2 . 0 0  4 .OO 1 0 - 0 0  0 0 1 0 2  1 
0 3  * * 4 7 € 3 8 2 6 1 0 - 1 1  HINGE FITTING.OUTBD M 0000 EA 2 .OO 4 .OO 1 1 - 0 0  0 0 1 0 2 2  

HINGE FITTING,OUTBD . 03- 2*4!~381_61L?~11--.- M 0000 EA 2 . 0 0  4 .@ 1 2 - 0 0  - _ 0 0 1 0 2 3  
0 3  * * 4 7 E 3 8 2 6 1 0 - 1 3  HINGE F I T T I N G . T I P  M 0000 EA 2 -00 4 .OO 1 3 - 0 0  0 0 1 0 2 4  
0 3  4 7 C 3 8 1 1 1 5 P l  ACTUATOR B 0000 EA 6 . 0 0  1 2 . 0 0  1 4 - 0 0  0 0 1 0 2 5  - - ~ -  

03 MXJPR-IOAS ROD END.MALE B 0000 EA 6.00 t 2 . 0 0  1 5 - 0 0  7 3 1 4 3  0 0 1 0 2 6  
0 3  FXJRR- IOAS ROD END FEMALE M 0000 EA 6 .OO 1 2 . 0 0  - - -  . -  - - -  L 
0 3  4 7 C 3 8  1087P 1 NUT M 0000 EA 2 8 . 0 0  5 6 . 0 0  

161!20_??!4? 1 7 - 0 0  %!!02?-. 0 0 1 0 2 8  

0 3  4 7 C 3 8  1 0 8 8 P  f WASHER, f .00  D I A  M 0000 EA 2 8 . 0 0  5 6 . 0 0  1 8 - 0 0  0 0 1 0 2 9  
0 3  * * 4 7 E 3 8 2 6 1 0 - 1 9  P I N . S P E C I A L  M 0000 EA 6.00 1 2 . 0 0  1 9 - 0 0  00 1 0 3 0  
0 3  N9OOP62C RING,RETAINING B 0000 EA 1 2 . 0 0  2 4 . 0 0  2 0 - 0 0  - - - . . - - - - - 00 1 0 3 1  
0 3  ~ 4 0 2 T 3 C - - - -  WASHER.SHIM B 0000 EA 6.00 1 2 . 0 0  2 1 - 0 0  0 0 1 0 3 2  
0 3  * * 4 7 E 3 8 2 6 1 0 - 2 2  STUD.SPECIAL M 0000 EA 6 . 0 0  1 2 . 0 0  2 2 - 0 0  0 0 1 0 3 3  - - - -  
0 3  * * 4 7 E 3 8 2 6 1 0 - 2 3  PIN.HOLLOW SPECIAL M 0000 EA 6.00 1 2 . 0 0  2 3 - 0 0  00 1 0 3 4  
0 3  _**47E3_8?610-24  SPACER SLEEVE M 0000 EA 2 4  .OO 1 2 . 0 0  2 4  -00 001~03 
0 3  * * 4 7 E 3 8 2 6 1 0 - 2 5  SPACER SLEEVE M 0000 EA 6.00 1 2 . 0 0  2 5 - 0 0  0 0 1 0 3 6  

0 3  * * 4 7 € 3 8 2 6 1 0 - 3 0  
0 3  * L 4 7 E 3 8 2 6 1 0 - 3 1  

-. ?3-_ N900P75C 
0 3  N402P18C 
0 3  MODEL-RC 
0 3  * * 4 7 E 3 8 2 6 1 0 - 3 5  

~ ~ 

NUT . . . -. . - . - - - - - B 0000 EA 2 4  .OO 48 . O "  . . ?a--K- 00 1 0 3 9  
SHOULDER P I N  M 0000 EA 1 2 . 0 0  2 4  .OO 2 9 - 0 0  0 0 1 0 4 0  
SPACER SLEEVE M 0000 EA 2 4  .OO 4 8 . 0 0  3 0 - 0 0  0 0 1 0 4  1 
P I N  M 0000 EA 6.00 1 2 . 0 0  3 1 - 0 0  0 0 1 0 4 2  - - - -  
R I N G S R E T A I N I N G  B 0000 EA -. - 1 2 . 0 0  2 4  .OO 3 2 - 0 0  0 0 1 0 4 3  
WASHER 3 / 4 " 0 I A  B 5 0000 EA 1 2 . 0 0  2 4  .OO 3 3 - 0 0  0 0 1 0 4 4  
SHOCK ABSORBER B 0000 EA 8 . 0 0  1 6 . 0 0  3 4 - 0 0  9 4 3 8 9  0 0 1 0 4 5  
ACTUATOR ARM-ADJ M nnnn EA 8 . 0 0  1 6 . 0 0  3 5 - 0 0  0 0 1 0 4 6  - -  ---- 

0 3  N 9 4 P 7 5 0 2 4  SCREW. SHOULDER- - B 0000 EA 8 .OO 1 6 . 0 0  0 0 1 0 4 7  
0 3  N 2 6 4 P 3 3 8  LOCKNUT B 0000 EA 4 0 . 0 0  8 0 . 0 0  3 7 - 0 0  0 0 1 0 4 8  

3 6 - 0 0  --. . -- - . -- - 

0 3  N 4 0 2 P 1 7 B  WASHER 0000 EA 4 0 . 0 0  8 0 . 0 0  3 8 - 0 0  0 0 1 0 4 9  
0 3  N 2 2 P 3 3 0 3 6 8  SCREW.HEX HD B 0000 EA 3 2  .OO 6 4  .OO 3 9 - 0 0  00 1 0 5 0  

-- - -  -- - 
0 2  4 7 E 3 8 2 5 8 2 G l  

2 .  00 - - . -- - 
BLADE T I P  ATCH ASSV M 0000 EA 2 . 0 0  9-00 0 0 1 0 5  1 

0 3  * * 4 7 E 3 8 2 5 8 2 - 1  ATCH STRIP-NOSE SECT M 0000 EA 2 .OO 4 .OO 1 - 0 0  00 1 0 5 2  
0 3  - 4 7 E 3 8 2 3 3 4 P l  T IP .BLADE M 0000 EA 2.00 . 4 .OO 2 -00 00 1 0 5 3  
0 3  D 1 7 0 - R F - 6 - 6 - 5  1NSERT.DELRIN B 0000 EA 1 0 . 0 0  2 0 . 0 0  3 - 0 0  0 0 1 0 5 4  
0 3  N 5 0 P 2 4 0 2 0 C  SCREW.HEX HD B 0000 EA 1 0 . 0 0  2 0 . 0 0  4 - 0 0  00 1 0 5 5  - - - -  

0 3  N 4 0 0 P 4 3  WASHER. FLAT 8 0000 EA 1 0 . 0 0  2 0 . 0 0  5 - 0 0  00 1 0 5 6  
0 3  * * 4 7 € 3 8 2 5 8 2 - 6  - . . - . - - -- ATCH STRIP-UPPER FWD M 0000 EA 2 -00 4 .OO 6-00 00 1 0 5 7  
0 3  * * 4 7 E 3 8 2 5 8 2 - 7  ATCH STRIP-UPPER AFT M 0000 EA 2 . 0 0  4 .OO 7 - 0 0  00 1 0 5 8  
0 3  * * 4 7 E 3 8 2 5 8 2 - 8  ATCH STRIP-LOWER FWD M 0000 EA 2.00 4 . 0 0  8 -00 00 1 0 5 9  
0 3  * * 4 7 E 3 8 2 5 8 2 - 9  ATCH STRIP-LOWER AFT M 0000 EA 2 .OO 4 .OO 9-00 00 1 0 6 0  

0 3  4 7 E 3 8 2 5 8 2 P 1 0  ADHESIVE.EPOXY 6 0000 PT AR . . . . . . . 1 0 - 0 0  00 I 0 6  I 
0 3  4 7 E 3 8 2 5 8 2 P  I I GLASSFIBER CLOTH B 0000 F T  AR I 1 - 0 0  00 1 0 6 2  
0 3  A 1 5 F 7 A 1  S I L I C O N E  POTTING RTV 

1 0 3  N 1 9 7 P 2 4 4 0  SCERW.WOOD.FLAT HO 
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. MODEL_EA U N I T  0 0 0 0 0 1  -_  - .. . . - . . - 

- - - - - - -  ECN - - - - - -  
L V L  IDENTIFICATION NO. NOMENCLATURE D WG PL-LATE P T CYCLE U/M PL-QTY EXT /TOT O T Y  ITEM/ FSCM CROSS 

. - . -  I N C  OUT APPLY C Y  TIME.  . .- -. !EF-E?!? -- REF 

0 2  . 4 7  € 3 8 2 4 6 9 6 1  Is!.-DETECTOR I N S T C  M 0000 EA 2 . 0 0  2.00 ... 1 0 - 0 0  _ 0 0 1 0 6 5  

0 3  4 7 C 3 8 2 4 6 4 G  1  R I N G  8 HOUSING ASSY M 0000 EA 2 . 0 0  4  .OO 1 - 0 0  00 1 0 6 6  

0 4 - 4 7 c 3 ~ 2 4 6 3 ~  1  RING. MOUNTING -- . M 0000 E A - .  I .oo 4  ,oo r - o q  - 001067  . .. . 

0 5  4 7 C 3 8 2 4 6 3 P 1  R I N G .  MOUNTING 
05 T L C - 4 C - 0 5 0 0 W  INSERT.  C O I L  THREAD 

- 0 4 - - m 1 - 6 4 ~  -. -.  
CAN. HOUSING M 0000 EA 1  .OO 4  .m 2 - 0 6  i 9 1 7 8  001070  - 

0 3  4 7 D 3 8 1 0 9 1 P l  I C E  DETECTOR M 0000 EA 2  .OO 4  .OO 2  -00 0 0 1 0 7  1  
03 4 7 B 3 8 2 4 6 7 P 1  -. .. . R E T A I t j E R  M 0000 EA 2 . 0 0  4 . 0 0  3-00 0 0 1 0 7 2  
0 3  4 7 8 3 8 2 4 6 8 P l  GASKET M 0000 EA 2 . 0 0  4  .OO 4 - 0 0  0 0 1 0 7 3  
0 3  * * 4 7 E 3 8 2 4 6 9 - 5  EPOXY. ASBESTOS B  0000 OT AR 5 - 0 0  0 0 1 0 7 4  
0 3  4 7 8 3 8 2 4 6 7 P 2  RETAINER / COVER M 0000 EA 2 . 0 0  4  .OO 6-00 0 0 1 0 7 5  - - - -  - - .- . - 
0 3  N 6 7 8 P 2 1 0 1 0  . SCREW. 100 DEG-CSK B  0000 EA 1 0 . 0 0  2 0 . 0 0  
0 3  N 6 7 8 P 9 0 0 6  SCREW. 1 0 0  DEG CSK B 0000 EA 1 0 . 0 0  2 0 . 0 0  
0 3  4 7 8 3 8 2 4 7 0 P  1  GASKET. COVER ?4 0000 EA ' 2 . 0 0  4  .OO 9-00 0 0 1 0 7 8  

_ ...o ?..-4? E 3 8 2 4 1 3 G L -  B A L L A S T  I B T L  -. M  0000 EA. 1  .OO 1  .OO I l-oo.- .- 0 0 1 0 7 9  

0 3  4 7 C 3 8 2 3 9 9 P i  BLOCK.BALLAST 
0 3  4 7 8 3 8 2 4 0 1 P  1  STUD 
0 3  4 7 B 3 8 2 3 9 8 P l  SPACER M 0000 EA A  R  

. - 3-00 00 1 0 8 2  
0 3  N 2 1 4 D P 4 4 B  NUT B  0000 EA 6 4  .OO 6 4  .OO 4  -00 00 1 0 8 3  
03 * * 4 7 E 3 8 2 4  1 3 - 5  WASHER M 0000 EA 6 4  .OO 6 4  .OO 5 - 0 0  00 1 0 8 4  
0 3  * * 4 7 € 3 8 2 4 1 3 - 6  HOUSING,BALLAST M 0000 EA 2  .OO 2 . 0 0  6-00 00 1 0 8 5  
0 3  * * 4 7 E 3 8 2 4  1 3 - 7  .- -- PLATE.RETAINER ... M 0000 EA 2 . 0 0  2 . 0 0  - 0 0 1 0 8 6  0 0 7 - 0 0  
0 3  * * 4 7 € 3 8 2 4 1 3 - 8  STEM.THREADED M 0000 EA 2 . 0 0  2 . 0 0  8 -00 0 0 1 0 8 7  Tl >j 
0 3  * * 4 7 E 3 8 2 4 1 3 - 9  NUT M 0000 EA 2 . 0 0  2 . 0 0  9-00 .. ., 

0 3  * * 4 7 € 3 8 2 4 1 3 - 1 0  WASHER M 0000 EA 2 . 0 0  2 . 0 0  1 0 - 0 0  -.. - - .- - - -  - - -  - -  - - -  
0 3  * * 4 7 E 3 8 2 4 1 3 - 1 1  . . . - - - . SCREW.HEX HD M 0000 EA 2 4 . 0 0  24,OO 1  1 - 0 0 .  0 0 1 0 9 0  :: <:.I 

03 * * 4 7 E 3 8 2 4 1 3 - 1 2  PLATE .KEEPER ' M  0000 EA 2  .OO 2 . 0 0  1 2 - 0 0  00 1 0 9  1  5.'; ; : .: . .. - 

0 3  * * 4 7 E 3 8 2 4 1 3 - 1 3  SCREW.HEX HO M OOOq EA 8 . 0 0  8 . 0 0  1 3 - 0 0  00 1 0 9 2  
03 * * 4 7 E 3 8 2 4  1 3 -  1 4  I N S E R T  M 0000 EA 8 .OO 8 . 0 0  1 4 - 0 0  001093  :r! ';: 

. _ 0 3  * * 4 7 E 3 8 2 4 1 3 ~ 1 5  I N S E R T  M 0000 EA 1 6 . 0 0  1 6 . 0 0  .. 1 5 - 0 0  00 1 0 9 4  !;!; ," .: 
0 2  4 7 E 3 8 2 5 9 0 P 1 2  F IBERGLASS.CLOTH 
0 2  4 7 E 3 8 2 4 6 9 G 2  I C E  DETECTOR I N S T L  

- - . - - - - -.  
0 3  4 7 C 3 8 2 4 6 4 G 1  R I N G  & HOUSING ASSY M 0000 EA- 2 . 0 0  4  .OO 1  -00 0 0 1 0 9 7  

0 4  4 7 C 3 8 2 4 6 3 G 1  R I N G .  MOUNTING M 0000 EA 1  .OO 4  -00 1 - 0 0  00 1 0 9 8  

- . - - - - - . - . - 
0 5  4 7 C 3 8 2 4 6 3 P 1  R I N G ,  MOUNTING M 0000 EA 1  .OO 4  .OO 1  -00 0oloss 
0 5  T L C - 4 C - 0 5 0 0 W  INSERT.  C O I L  THREAD B  0000 EA 5 . 0 0  2 0 . 0 0  2 - 0 0  2 6 3 9 0  O O I l O O  

6 - _ 0 4 _  T R - 6 4 D  CAN. HOUSING - - M 0000 A - 1 . 0 0  4  .OO 2 - 0 0  1 9 1 7 8  0 0 1 1 0 1  

y b 
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b 

MOOEL EA U N I T  0 0 0 0 0 1  . . . . . - - -. . - - -. - - -- 
G 

- - - - - - -  ECN - - - - - -  
LVL I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTY ITEM/  FSCM CROSS 

. . . -. - - - - I NC -. !!!A!?!%!- C Y T I  !!_- - - - . . . -. - - . . - . . . . . - . - -. . . R E F A S G  R E F _  

0 3  * * 4 " ? ~ 3 8 2 4 6 9 - 5  - EPOXY. ASBESTOS B 0000 QT 
0 3  4 7 8 3 8 2 4 6 7 P 2  RETAINER / COVER M 0000 EA 
0 3  N 6 7 R P 2 1 0 1 0  SCREW. 1 0 0  DEG CSK 
0 3  4 7 8 3 8 2 4 7 0 P l  GASKET. COVER 

.... . - . .- - - 
05 4 7 E 3 8 2 4 0 0 G 1  L I G H T I N G  PROT I N S T L  M 0000 EA 2 .OO 2 . 0 0  1 4 - 0 0  0 0 1  1 0 6  

0 3  * * 4 7 E 3 8 2 4 0 0 - 1  GROUND STRAP.BRAIDED M 0000 EA 6.00 1 2 . 0 0  1 - 0 0  0 0 1  1 0 7  
93 N46P20B SCREW.STEEL CAP B 0000 EA 6.00 12 .OO 2 -00 0 0 1  
0 3  4 7 E 3 8 2 4 0 0 P 3  L I G H T I N G  S T R I P  M 0000 FT A R 3 - 0 0  0 0 1  109 
0 3  4 7 E 3 8 2 4 0 0 P 4  SPLICE PLATE M 0000 EA 1 6 . 0 0  3 2 . 0 0  4 -00 0 0 1  1 1 0  
0 3  * * 4 7 E 3 8 2 4 0 0 - 5  EPOXT.WEST SYSTEM B 0000 PT A R 5 - 0 0  0 0 1 1 1 1  
0 3  4 7 E 3 8 2 4 0 0 P 6  SHIM !C-EB!!- ! A _ .  4 .OO 6 -00 00 1 112 -- 2 . 0 0  
0 3  N 1 9 7 P 8 1 6  SCREW.WOOD B 0000 EA 3 2 . 0 0  6 4 . 0 0  7 -00 0 0 1  1 1 3  

-~ - - . . - - - - . . - 

. 03... r + 4 7 ~ 3 8 2 4 0 0 - 1 0  R . T  . v ,  TEFLON B 0000 PT A R 10-00 0 0 1  1 1 6  
03 * * 4 7 E 3 8 2 4 0 0 - 1 1  JOINT COMPOUND.ELEC B 0000 PT A R 1 1 - 0 0  0 9 9 2 2  0 0 1 1 1 7  
0 3  4 7 A 3 8 0 0 0 9  DES. REQMTS.ROTOR E L  X 0000 EA X 1 2 - 0 0  0 0 1  I I 8  

92 * * 4 7 E 3 8 2 5 9 0 - 1 5  BUMPER I N S T L  M 0000 EA 1 .OO 1 .OO 1 5 - 0 0  00 1 1 1 9  
0 2  * * 4 7 E 3 8 2 5 9 0 - 1 6  TETHER RETENN I N S T L  M 0000 EA 2 .OO 2 . 0 0  1 6  -00 0 0 1  1 2 0  
0 2  * * 4 7 E 3 8 2 5 9 0 - 1 7  ELEC INSTM I N S T L  
0 2  4 7 J 3 8 2 3 3 0 G l  BLADE HYDRAULIC I N S T  

. 03.. 
-- -. -- - -- - . . - . - . - . . - . . -. -- 

4 7 J 3 8 2 3 3 0 P l  TUBING HYDRAULIC M 0000 FT 7 2 0 . 0 0  7 2 0 . 0 0  1 - 0 0  0 0 1  1 2 3  
0 3  4 7 J 3 8 2 3 3 0 P 2  TUBING HYDRAULIC 
0 3  4 7 C 3 8 1 0 6 6 P 2  HOSE ASSY 
0 3  4 7 C 3 8 1 0 6 6 P 1  -. . - - . - HOSE ASSY M 0000 EA 4 . 0 0  4 . 0 0  4 -00 0 0 1  1 2 6  
0 3  4 7 E 3 8 2 3 5 7 6 1  BRACKET.INBOARD M 0000 EA 2 . 0 0  2 .OO 5 - 0 0  0 0 1  1 2 7  

0 4  4 7 E 3 8 2 3 5 7 P l  BRACKET M 0000 EA 1 .OO 2 .OO 1 - 0 0  0 0 1  1 2 8  
0 4  N 9 2 6 P 2 2 5  . - . . - - - 1NSERT.COIL THD B 0000 EA 5 . 0 0  1 0 . 0 0  2 -00 0 0 1  1 2 9  

0 3  4 7 D 3 8 2 3 5 8 P  1 BRKT.OUTBOARD 
0 3  4 7 C 3 8 2 3 3 6 G 1  BRKT.CLAMP MODIFIED 

- - . . . - - - - . - - - . . - - . - - - - 
- -  b T T 3 8 2 3 3 6 ~  1 BRACKET.ANGLE M 0000 EA 2 . 0 0  7 6  .OO 1 - 0 0  0 0 1  1 3 2  

0 4  4 7 C 3 8 1 0 7 2 P 3  CLAMP U N I T  M 0000 EA 1 .OO 3 8  .OO 2 - 0 0  0 0 1  1 3 3  

03.- 4 7 C 3 8 2 3 3 6 G 2  BRKT.CLAMP MODIFIED M 0000 EA 8.00 8.00 -- 8-00 _ -_  0 0 1  1 3 4  

0 4  4 7 C 3 8 2 3 3 6 P 1  BRACKET.ANGLE 
0 4  4 7 C 3 8 1 0 7 2 P 3  CLAMP U N I T  , 

- o5 
i7-c58.i.6T-2P2-- - - - .  .- -- . - - - - - . - - - - - . - - - - A 

CLAMP U N I T  M 0000 EA 5 2 . 0 0  5 2  .OO 9-00 0 0 1  1 3 7  
0 3  4 7 C 3 8 1 0 7 2 P 1  CLAMP U N I T  M 0000 EA 4 .OO 4 .OO 1 0 - 0 0  0 0 1  1 3 8  
0 3  4 7 C 3 8 2 3 3 5 P 2  TUBE ADAPTER M 0000 EA 6.00 6 . 0 0  1 1 - 0 0  0 0 1  1 3 9  
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MODEL EA U N I T  0 0 0 0 0 1  . . I  

. . . . . - . - - - - . . - - - - . . - -. - - . - - - - .. - . . - . -. - - . 

L V L  I D E N T I F I C A T I O N  NO. NOMENCLATURE 

. . . - - -. .. - . - - -. - - - . 
DWG PL-LATE P T CYCLE U/M PL-QTY E X T / T O T  QTY ITEM/ FSCM CROSS 

I N C  OUT APPLY C Y TIME .- REF DESG -- .. RE 

9 4  z C 3 8 2 3 3 6 P  1 BRACKET.ANGLE -. M 0000 EA 2 . 0 0  1 2 . 0 0  1 - 0 0  0 0 1  lgl3- 
0 4  4 7 C 3 8  1 0 7 2 P 3  CLAMP U N I T  M 0000 EA 1 .OO 6 .OO 2 - 0 0  0 0 1  1 8 6  

0 2  4 7 D 3 8 2 4 0 6  GEOMETRY DWG X 0000 EA X 1 9 - 0 0  0 0 1  1 8 7  
0 2  4 7 E 3 8 2 4 6 0  . . . .- . . - BLADE TOLERANCE DWG - - - . - - - - - X 0000 EA X 2 0 - 0 0  - - - - - - . . . . -. . o_o! lee 
0 2  * * 4 7 E 3 8 2 5 9 0 - 2 1  CONNECTING PLATE M 0000 EA 2 . 0 0  2 . 0 0  2 1 -00 0 0 1  1 8 9  
0 2  * * 4 7 E 3 8 2 5 9 0 - 2 2  CONNECTING PLATE M 0000 EA 2 .OO 2 .OO 2 2 - 0 0  0 0 1  1 9 0  
0 2  4 7 E 3 8 2 5 9 0 P 2 3  ADHESIVE.EPOXY B 0000 PT A R 2 3 -00 0 0 1  1 9 1  
02 - 4 7 E 3 8 2 6 0 5 G 1  TEETER BRG/RSTR I N S T  M %?!LK!--.-- 1 .OO 1 .OO 2 4  -00 0 0 1  1 9 2  

0 3  4 7 E 3 8 2 6 0 2 P 2  YOKE ERG CAP 
0 3  4 7 E 3 8 2 5 8 3 G l  TEETER HUB/BRG ASSY 

. - . . -. . . - - - - - -. . - . . - - - - - - . . . . . . - - - . - -. . . - - . - - - - - - - - 
0 4  4 7 D 3 8 1 1 1 4 P 1  BRG,RADIAL-TEETER M 0000 EA 1.00 2 . 0 0  1 -00 0 0 1  1 9 5  
0 4  4 7 E 3 8 2 5 8  1P1 HUB. ERG - TEETER M 0000 EA 1 .OO 2 .OO 2 -00 0 0 1  1 9 6  
0 4  4 7 E 3 8 2 5 8 3 P 3  DOWEL P I N  M 0000 EA 3 . 0 0  6 . 0 0  3 - 0 0  0 0 1  1 9 7  

.. . . . -. - - 
0 3  4 7 E 3 8 1 0 9 3 P l  BGR THRUST TEETER 2 . 0 0  2 . 0 0  3 - 0 0  0 0 1  1 9 8  M 0000 EA 
0 3  4 7 8 3 8 2 3 9 6 P l  SHIM.BRG 2 . 0 0  2 .OO 4 -00 0 0 1  1 9 9  M 0000 EA 
0 3  4 7 D 3 8  1 1 0 1 P  1 SHRINK D I S C  M 0000 EA 2 . 0 0  2 . 0 0  5 - 0 0  00 1 2 0 0  

0 3  N!?G?- LOCKNUT.TYPE SD B 0000 EA 2 .OO 2 .OO 6-00 8 0 6 4 8  0 0 1 2 0 1  
0 3  P 6 0  LOCK PLATE B 0000 EA 2 .OO 2 .OO 7 - 0 0  8 0 6 4 8  0 0 1 2 0 2  
0 3  V112OE SEAL-VEE R I N G  B 0000 EA 2 . 0 0  2 . 0 0  8-00 00 1 2 0 3  
0 3  4 7 0 3 8 2 3 5 2 0 1  TEETER ARM ASSY M 0000 EA 4 .OO 4 .OO 9-00 00 1 2 0 4  

- 
04- 4 7 D 3 8 2 3 5 2 P  1 TEETER ARM M 0000 EA 1 .OO 4 .OO 1 - 0 0  00 1 2 0 5  
0 4  4 7 0 3 8 2 3 5 2 P 2  RETAINING R I N G  M 0000 EA 1 .OO 4 .OO 2 - 0 0  00 1 2 0 6  
0 4  GE 160TG3AS-2RS MONO BEARING B 0000 EA 1 . 0 0  4 .OO 3 - 0 0  5 2 6 7 6  0 0 1 2 0 7  
0 4  N22BP2 1 0 1 4 8  . . - - . - -. - - - - . - . -. . - - BOLT. LOCK B 0000 EA 8.00 
0 4  N 4 0 % P I l B  WASHER. NARROW B 5 0000 EA 8 .OO 

0 3  4 7 C 3 8 2 3 5 3 P  1 TEETER SUPPORT P I N  M 0000 EA 4 . 0 0  4 .OO 1 0 - 0 0  0 0 1 2 1 0  
0 3  N 2 2 B P 8 2 0 8 0 B  . . . - . . - -. - - BOLT. LOCK B OOOOJA 3 6 . 0 0  3 6  .OO 0 0 1 2 1  1 1 1 - 0 0  
0 3  N 4 0 2 P 2 0 B  WASHER B 0000 EA 3 6  .OO 3 6 . 0 0  1 2 - 0 0  0 0 1 2 1 2  

PRE-LOAD FIXTURE 
PRE-LOAD COLLAR 
LOADING STUD - . - - - - - - - M 0000 EA 6.00 
HYOR EXTENDER M 0000 EA 2 . 0 0  - - - -  

BOLT. SLFLKG B 0000 EA 2 4  .OO 
WASHER B 0000 EA 2 4  .OO 
P I N  M 0000 EA 4 .OO 

SCREW.WOOD 
BUTT WEDGE-REAR SPAR 

0 2  ' " 4 7 E 3 8 2 5 9 0 - 2 7  -- J O I N T  WEDGE-UPPER M 0000 EA - - - - - - - - - - 2 . 0 0  2 .oo 2 1 : O L -  00 1 2 2 2  
0 2  * * 4 7 E 3 8 2 5 9 0 - 2 8  J O I N T  WEDGE-LOWER M 0000 EA 2 . 0 0  2 . 0 0  2 8 - 0 0  0 0 1 2 2 3  
0 2  4 7 A 3 8 0 0 0 9  DES. REQMTS.ROTOR E L  

7 0 2  4 7 0 3 6 2 4 0 6  GEOMETRY DWG 
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. . . - . - - . - - - .- MODEL EA U N I T  0 0 0 0 0 1  . -  -. - - . - . .. - 

- - - - - - -  ECN - - - - - -  
L V L  I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY E X T / T O T  OTY ITEM/ FSCM CROSS 

-. . . . . I N C  OUT APPL-Y C Y TIME - REF D E S G . -  REF 

02  4 7 E 3 8 2 4 6 0  BLADE TOLERANCE DWG X 0000 €A X 3 1 - 0 0  0 0 1 2 2 6  ~ - 

.. 0 2 - - 4 7 E 3 8 ? 4 4 0  SCHEM ROTOR HYDR SYS X 0000 EA - )( .- 32-00 0 0 1 2 2 7  
0 2  4 7 A 3 8 2 2 8 5  PROFILE COORDINATES X 0000 EA X 3 3 - 0 0  0 0 1 2 2 8  

0 1  4 7 E 3 8 2 6 0 7 G 1  YOKE / NACELLE I N S T L  M 0000 EA 1 .OO 1 . 00 5 -00 0 0 1 2 2 9  

. . . . - 
0 5 - 7 ~ 3 8 2 5 9 7 ~  1 NACELLE OVERALL ASSY 1 X 0000 EA X 1 -00 0 0 1  2 3 0  
02  4 7 E 3 8 2 6 0 1 G 1  YOKE ASSY X 0000 EA X 2 - 0 0  0 0 1 2 3 1  
0 2  4 7 E 3 8 2 5 9 9 G l  S L I P  R I N G  I N S T  M 0000 EA 1 .OO 1 .OO 3 - 0 0  0 0 1 2 3 2  

.. . -- - 
0 3  * * 4 7 E 3 8 2 5 9 9 - 1  SUTPORT TUBE M 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 1 2 3 3  
0 3  * * 4 7 E 3 8 2 5 9 9 - 2  SUPPORT PADS M 0000 EA 2 . 0 0  2 . 0 0  2 -00 0 0 1 2 3 4  
0 3  4 7 E 3 8 2 4 8 6 P l  S I D E  SUPPORT M 0000 EA 1 .OO 1 .OO 3 - 0 0  0 0 1 2 3 5  
O3 4 7 D 3 8 2 -  ELEC INTERFACE X O O Z E A  X 4 -00 0 0 1 _ 2 3 3  
0 3  4 7 D 3 8  1020P i ROTOR S L I P R I N G  U N I T  M 0000 EA 1 .OO 1 .OO 5 - 0 0  0 0 1 2 3 7  
0 3  47C38 1 1  11P 1 BELLOWS J O I N T  
0 3  * * 4 7 € 3 8 2 5 9 9 - 7  CONDUIT T I E  BLOCK 
93- +!4=82599-8 ..- - CONDUIT SPACER PAD M 0000 EA 6.00 6 .OO .. 6 - 0 0 .  ..-- 0 0 1 2 4 0  
0 3  4 7 E 3 8 2 5 9 9 P 9  CONDUIT 2 . 0 0  D I A  M 0000 EA 3.00 3 . 0 0  9 - 0 0  0 0 1 2 4 1  
0 3  4 7 E 3 8 2 5 9 9 P 1 0  CONDUIT 1 . 5 0  D I A  
0 3  * * 4 7 E 3 8 2 5 9 9 - 1 1  JUNCTION BOX 
0 3  * * 4 7 E 3 8 2 5 9 9 -  1 2  SEALING COLL4R . - M 0000 EA 1 . 0 0  l.00 1 2 - 0 0  0 0 1 2 4 4  
0 3  A15B36 ADHESIVE.EPOXY B 0000 0 2  A R 1 3 - 0 0  0 0 1 2 4 5  

ADHESIVE.AL TAPE 
BOLT. LOCK 
WASHER -. . - - - B 0000 EA 1 6 . 0 0  -. 1 6 . 0 0  1 6 - 0 0  0 0 1 2 4 8  
BOLT B 0000 EA 4 .OO 4 .OO 1 7 - 0 0  0 0 1 2 4 9  
NUT 1 / 2  B 5 0000 EA 4 .OO 4 .OO 1 8 - 0 0  0 0 1  2 5 0  
ANGLES M 0000 EA 2 . 0 0  2 .OO 1 9 - 0 0  0 0 1 2 5 1  
ROTARY P O S I T I O N  SR M 0900 EA 1 .OO -. I .OO 2 0 - 0 0  0 0 1 2 5 ~  

LOW SPEED BRAKE I N S T  M 0000 EA 1 .OO 1 .OO 4 -00 0 0 1 2 5 3  

LOW SP BK SPRT ASSY . - M 0000 EA- - 2 . 0 0  - 2 .OO 1 - 0 0  0 0 1  2 5 4  

LOW SP BK SPRT BRKT M 0000 EA 1 .OO 2 .OO 1 - 0 0  0 0 1  2 5 5  
0 4  4 7 D 3 8 2 4 6 1 P l  LOW SPEED BRAKE M 0000 EA 4 .OO 8 . 0 0  2 -00 00 1 2 5 6  
0 4  4 7 0 3 8 2 4 9 2 P 4  - - - - . - - - NUT PLATE . -- M 0000 EA 2 .OO 4 .OO 3 - 0 0  001227- 
0 4  4 7 D 3 8 2 4 9 2 P 2  NUT PLATE M 0000 EA 2 . 0 0  4 .OO 4 -00 0 0 1  2 5 8  
0 4  4 7 0 3 8 2 4 9 2 P l  NUT PLATE M 0000 EA 1 .OO 2 .OO 5 - 0 0  0 0 1  2 5 9  
0 4  4 7 0 3 8 2 4 9 2 P 3  NUT PLATE M 0000 EA 1 .OO 2 .OO 6-00 00 1 2 6 0  

- - 0 4  4 7 D 3 8 2 4 9 3 P 3  NUT -!LATE M 0000 EA .- 2 . 0 0  - 4 . 0 0  7 -90 0 0 1 2 6 1  
0 4  4 7 D 3 8 2 4 9 3 P  1 NUT PLATE M 0000 EA 2 . 0 0  4 .OO 8-00 00 1 2 6 2  
0 4  4 7 D 3 8 2 4 9 3 P 2  NUT PLATE M 0000 EA 1 .OO 2 .OO 9-00 00 1 2 6 3  
0 4  4 7 8 3 8 2 4 9 4 P  1 NUT PLATE M 0000 EA 8 . 0 0  1 6  .OO 1 0 - 0 0  00 1 2 6 4  
0 4  N 4 6 P 2 2 0 3 2 B  . - -. . - - - - - - SCREW. FLAT H D  - - B 0000 EA 3 8 . 0 0  7 6  .OO 1 1 - 0 0  00 1 2 6 5  
0 4  N402AP20B WASHER B 0000 EA 2 4  .OO 4 8  .OO 1 2 - 0 0  00 1 2 6 6  
0 4  4 7 C 3 8 1 0 3 6 P 5  BOLT.FATIGUE RATED B 0000 EA 2 4 . 0 0  4 8 . 0 0  1 3 - 0 0  00 1 2 6 7  

x 0 3  - 47C381036P3- BOLT.FATIGUE RATED. B 0000 EA 8 4 . 0 0  8 4 . 0 0  ' 2 - 0 0  - -  00 1 2 6 8  

5 



' 7341-1  TOPDOWN BREAKDOWN FOR ASSEMBLY 4 7 E 3 8 2 3 0 4 G l  WTG ASSY. MOD-5A 0 6 / 1 5 / 8 4  PAGE 3 0  

. . . . . - - - MODEL EA U N I T  0 0 0 0 0 1  . - - - . - . 

LVL I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY EXT/TOT QTV ITEM/ FSCM CROSS 

... . I N C  CUT APPLY C Y T IME - REF DESG REF 

0 3  4 7 C 3 8 1 0 8 8 P l  WASHER.l.OO D I A  M 0000 EA 8 4  .OO 8 4  .OO 3 - 0 0  00 1 2 6 9  
03 4 7 C 3 8 1 0 3 6 P l O  BOLT,FATIGUE RATED B 0000 EA 8 .OO 8 . 0 0  4 - 0 0  00 1 2 7 0  
0 3  4 7 C 3 8 1 0 8 8 P 5  WASHER.1.25 D I A  B 0000 EA 8 . 0 0  8 .OO 5 - 0 0  0 0 1 2 7 1  
0 3  8 1 3 4 1 E B - 3 0  EYE BOLT 
0 3  A15F6C18 RTV S I L I C O N E  SEALANT 

... . -. . - -. - 
02 - 4 7 F 3 8 2 4 9 8 ~ 1  RTR SPEED SNSR I N S T L  M 0000 EA 1 .OO 1 .OO 5 - 0 0  00 1 2 7 4  

0 3  4 7 8 3 8 2 4 8 0 P l  BRACKET. SENSOR M 0000 EA 2 . 0 0  2 .OO 1 - 0 0  0 0 1 2 7 5  
4 7 8 3 8 1 1 0 8 P 1  03 . . - - -. - -. SENSOR. ROTOR SPEED M 0000 EA 2 . 0 0  2 .OO 2 - 0 0  8 1 6 9 2  0 0 1 2 7 6  -- - - - - - -. - . - - - - -. . . - - - - - . - -. - - - - - 

0 3  N 7 3 3 P 2 5 0 1 6 B  SCREW. TWELVE-POINT B 0000 EA 4 . 0 0  4 .OO 3 - 0 0  00 1 2 7 7  

92 - 4 7 C 3 8 1 0 3 6 P 2 6  BOLT.FATIGUE RATED B 0000 EA 9 6 . 0 0  9 6 . 0 0  6-00 0 0 1 2 7 9  
0 2  4 7 C 3 8  1 0 8 7 P 9  NUT B 0000 EA 9 6 . 0 0  9 6  .OO 7 -00 0 0 1 2 8 0  
0 2  4 7 C 3 8 1 0 8 8 P 9  WASHER. 1 .SO D I A  M 0000 EA 9 6 . 0 0  9 6 . 0 0  8 - 0 0  0 0 1 2 8 1  
0 2  4 7 C 3 8  1088P 1 0  WASHER.1.50 D I A  B 0000 EA 9 6  .OO 9 6  .OO 9-00 0 0 1 2 8 2  

_ 9 1  * * 4 7 E 3 8 2 6 0 7 -  1 0  SEAL.STATOR HALVES M 0000 EA 2 .OO 2 .OO 1 0 - 0 0  0 0 1 2 8 3  
0 2  * * 4 7 E 3 8 2 6 0 7 - 1 1  SEAL PLATE M 0000 EA 6 . 0 0  6 . 0 0  1 1 - 0 0  0 0 1 2 8 4  
0 2  * * 4 7 E 3 8 2 6 0 7 - I 2  SEAL M 0000 EA 1 .OO 1 .OO 1 2 -00 0 0 1 2 8 5  
0 2  * * 4 7 € 3 8 2 6 0 7 -  1 3  LOCKBOLT M 0000 EA A R 1 3 - 0 0  00 1 2 8 6  
02-  * * 4 7 E 3 8 2 6 0 7 - 1 4  WASHER M 0000 EA A R 1 4 - 0 0  00 1 2 ~ 7  
0 2  A15F6C18 RTV S I L I C O N E  SEALANT M 0000 OZ A R 1 5 - 0 0  00 1 2 8 8  

0 1  4 7 E 3 8 2 6 0 8 G l  ROTOR BLADE I N S T L  M 0000 EA 1 .OO 1 .OO 6-00 00 1 2 8 9  

- - . . - - -. - . - - . - . . - - . - - - - - - - . - - . . . . . . - - . - . -- - . -- - . - - - - . . 
0 2  4 7 8 3 8 2 3 9 6 P l  SHIM.BRG X 0000 EA X 1 -00 00 1 2 9 0  
0 2  4 7 C 3 8 1 0 3 6 P 1 0  BOLT.FATIGUE RATED B 0000 EA 6 0 . 0 0  60.00 2 -00 0 0 1 2 9 1  
0 2  4 7 C 3 8 1 0 8 7 P 6  LOCKNUT B 0000 EA 60.00 60.00 3 - 0 0  00 1 2 9 2  
0 2  4 7 C 3 8  1 0 8 8 P 9  WASHER. 1 . 5 O  D I A  M 0000 EA 60.00 60.00 4 -00 00 1 2 9 3  
0 2  4 7 C 3 8  1 0 8 8 P  1 0  WASHER. 1 .SO D I A  B 0000 EA 6 0 . 0 0  60.00 5 -00 00 1 2 9 4  
0 2  4 7 C 3 8 1 0 3 6 P 2 1  BOLT B 0000 EA 8 .OO 8 . 0 0  6 -00 00 1 2 9 5  
0 2  4 7 C 3 8 1 0 8 7 P 1 0  LOCKNUT B 0000 EA 8 . 0 0  8 .OO 7 -00 00 1 2 9 6  

4 7 C 3 8 1 0 8 8 P 9  WASHER.1.50 D I A  8 . 0 0  8 . 0 0  6 - 0 0  0 0 1 2 9 7  .- 02  - - -  .- - M 0000 EA - -- - - - - - - - . - -. - - - - . . . - . . . . -. . .. - - - - - - 
0 2  4 7 C 3 8 1 0 8 8 P l O  WASHER.1.50 D I A .  B 0000 EA 8 .OO 8 . 0 0  9-00 00 1 2 9 8  
0 2  N 2 2 B P 8 2 0 8 0 B  BOLT. LOCK 
0 2  N 4 0 2 P 2 0 B  WASHER ~ - -  - - - - - .  -~ - -  

0 2  * * 4 7 E 3 8 2 6 0 8 -  1 2  TEETER POSN IND M 0000 EA 1 .OO I .OO 1 2 - 0 0  0 0 1 3 0 1  
0 2  * * 4 7 E 3 8 2 6 0 8 - 1 3  TEETER MOTION I N S T L  M 0000 EA 1 .OO 1 .OO 1 3 - 0 0  00 1 3 0 2  
0 2  * * 4 7 E 3 8 2 6 0 8 - 1 4  FLEX HOSE M 0000 EA 2 .OO 2 .OO 1 4 - 0 0  00 1 3 0 3  
0 2  * * 4 7 E 3 8 2 6 0 8 - 1 5  FLEX HOSE M 0000 EA 2 . 0 0  2 .OO 1 5 - 0 0  

.+47E382608- 1 6  FLEX HOSE M 0000 EA 2 . 0 0  2 . 0 0  1 6 - 0 0  

0 1  ' f 4 7 E 3 8 2 3 0 4 - 7  GNO SPRT EQUIP I N S T L  M 0000 EA 1 .OO 1 .OO 7 -00 
0 1  4 7 E 3 8 2 0 4 5  GEOMETRY ENVELOPE X 0000 EA X 6-00 

- 4 7 E 3 8 7 0 8  1G1 ELEC EQUIP B U I L D I N G  M 0000 EA 1 . 0 0  1 .OO 9-00 

0 2  * * 4 7 E 3 8 7 0 8 1 - 1  GRND ENCLOSURE BLDG 
1 0 2  * * 4 7 E 3 8 7 0 8 1 - 2  TRANSFORMER 
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. . . - . - - - . - - - . - . - MODEL EA U N I T  0 0 0 0 0 1  - .  - - . - . - - -- - - - - . - -. - . . . . - - . - - - 
-------  ECN - - - - - -  

I .VL  I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG P L - L A T E  P T CYCLE U / M  PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

. ... -. I N C  OUT APPLY C Y  T I M E  -. . . REF R E F D E S G  

P . F .  CAPACITOR 

-- CVCLOCONVERTER 
SWITCHGEAR L I N E - U P  
INTERFACE C A B I N E T  
ELECTRONICS C A B I N E T  
30-KV!JXFMR SPEC 
S T A T I O N  BATTERY SPEC 
CONT SYST U . P . S . S P E C  
ENG I N S T R  SUBSYSTEM - . - .  

O F F I C E  EQPT I N S T L  
HECO ELEC INTERFACE 
S I T E  OPERATOR TERM 

0 2  * * 4 7 E 3 8 7 0 8 1 - 1 5  FUSE PANELS M 0000 EA 2 . 0 0  2 .OO 1 5 - 0 0  0 0 1 3 2 3  
(J2 * * 4 7 E 3 8 7 0 8 1 - 1 6  A I R  COND & HEATER M 0000 EA---. 1  .OO 1 : L O  l6-o0 00 1 3 2 4  
0 2  ' * 4 7 E 3 8 7 0 8 1 - 1 7  COtvl DATA SYSTEM M 0000 EA 1 .OO 1 . 0 0  1 7 - 0 0  00 1 3 2 5  
0 2  4 7 E 3 8 7 1 1 2 G l  SVS D I S P L A Y  P N L  ASSY M 0000 EA 1 .OO 1 .OO 1 8 - 0 0  0 0 1 3 2 6  

V I D E O  MONITOR 93 .-_47D38 1 0 6 0 P  1 - .  . . M-- 0000 EA I 2 0  1 .OO l~!'o 0 0 1 3 2 7  
0 3  4 7 E 3 8 7 0 2 7 G 1  ASSY.WTG CONTROL  PA^* * 0000 EA 1 .OO 1 . 0 0  2 - 0 0  00 1 3 2 8  

0 4  4 7 0 3 8 7 0 2 8 P l  PANEL.FRONT.WTG CONT* 0000 EA 1 .OO 1 .OO 1 - 0 0  00 1 3 2 9  
0 4  4 7 ~ 3 a 7 0 2 9 P  1 C~NNECIOR PANEL, W T G *  0000 E n . _  I .oo 1 Lox! -. 2 - 0 0  - -  0 0 1  3 3 0  - 

0 4  C S - A - 3 - 1 7  C H A S S I S .  S I D E  B 5 0000 EA 1 .OO 1 .OO 3 - 0 0  6 6 6 6  0 0 1 3 3 1  
BC-A-  1 7  
T C - 8 - 1 7  
FCA8 
CR104PBM92R6C 
C R 1 0 4 P S K 4 7 A 9 2 Z  
2 0 0 0  1 

BOTTOM COVER 
TOP COVER 
HANDLE 
PUSHBUTTON.MUSHROOM * 
SWITCH.4 P O S I T I O N  NO* 

. - .  
I N D I C A T O R  L I G H T ,  GRE* 
I N D I C A T O R  L I G H T .  RED 
LAMP 
RESISTOR.  WIRE WOUND* 

- 04 - - P T 0 7 S E - 1 8 - 1 1 P  CON_NECTOR ELEC 1 1  P I N  * 0000 E L -  1 .OO 1 . 0 0  - 1 4 - 0 0  7 7 8 2 0  0 0 1 3 4 2  
0 4  1 7 2 3 6  POWER CORD B 5 0000 EA 1 .OO 1 .OO 1 5 - 0 0  1 6 4 2 8  0 0 1 3 4 3  
0 4  9 3 9  S T R A I N  R E L I E F . S M I T H  
0 4  4 7 A 3 8 0 0 6 9 P 3 1  NAMEPLATE. IDENT ( d l )  
0 4  4 7 A 3 8 0 0 6 9 P 7 1  . -. - . - - NAMEPLATE.IDENT(GND) * 0000 EA 1 .OO 1 .OO 1 a - o o .  - - 00 1 3 4 6  
0 4  N P - 2 0 6 4 1 7  NAMEPLATE 6 5 0 0 0 0  EA 1 .OO 1 .OO 1 9 - 0 0  0 0 1 3 4 7  
0 4  4 7 A 3 8 0 0 7 0 P 3  N P L .  AN/REV STATUS * 0000 EA 1 .OO 1 .OO 2 0 - 0 0  0 0 1 3 4 8  
0 4  N 1 5 3 P 1 3 0 0 5  SCREW. P A N  H D  • 0000 EA 2 . 0 0  2 . 0 0  2 1 - 0 0  0 0 1 3 4 9  
94 - N 1 5 3 ~ ! 5 0 0 6  SCR. PJ. # 8 - 3 2  --- 0000 E L -  1 2 . 0 0  1 2 . 0 0 -  2 2 - 0 0  00 1 3 5 0  
0 4  N 1 5 3 P 1 6 0 0 6  SCR, PH. 4 1 0 - 3 2  * 0000 EA 4 .OO 4 .OO 2 3 -00 0 0 1 3 5 1  
0 4  N 1 5 3 P 1 6 0 1 2  SCREW.PAN HD 4 1 0 - 3 2 X *  * 0000 EA 1 .OO 1 .OO 2 4 - 0 0  0 0 1 3 5 2  
0 4  N 6 7 8 P 1 5 0 0 8  SCREW. F L A T  HD B 5 0000 EA 8 . 0 0  8 . 0 0  2 5 - 0 0  00 1 3 5 3  - ~ 

0 4 .  N 4 1 5 P 1 3  . . . - - - . - . WASHER. LOCK. # 6  - 0000 EA 2 .00 2 . 0 0  2 6 - 0 0  - -  0 0 1 3 5 4  
0 4  N 4 1 5 P 1 6  WASHER. LOCK. #8 1 6 . 0 0  1 6 . 0 0  2 7 - 0 0  00 1 3 5 5  * 0000 EA 
0 4  N 4 0 0 P 3 9  WASHER. F L A T .  4 1 0  * 0000 €A 2 . 0 0  2 .OO 2 8 - 0 0  0 0 1  3 5 6  

1 0 4  N 4 1 5 P 1 9  WASHER, LOCK. # I 0  * 0000 EA 7 .OO 7 . 0 0  2 9 - 0 0  0 0 1 3 5 7  
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. . . . . -. . - M O D E L E A U N I T 0 0 0 0 0 1  - - - - - - . - . . . . . - - . - 

L V L  1 I ) E N T I F I C A T I O N  NO. NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY E X T / T O T  QTY ITEM/ FSCM CROSS 

. . . - . - . - . . - . . - . - - . - I N C  OUT APPLY C - Y  T I M E  REF DESG REF . 

N U T . P L A I N  HEX,  # 6 - 3 2  0000 EA 2 . 0 0  2 .OO 3 0 - 0 0  00 1 3 5 8  
NUT.  HEX.  # 8 - 3 2  . . . - . . . - - - B 5 0000 EA 4 .oo . 4 .OO 3 1 -00 00 1 3 5 9  
NUT.  HEX.  # l o - 3 2  0000 EA 6.00 6 .OO 3 2 - 0 0  00 1 3 6 0  
TERMINAL LUG,CRIMP(2+  B 5 0000 EA 3 . 0 0  3.00 3 3 - 0 0  5 6 5 0 1  0 0 1 3 6 1  
TERMINAL LUG.CRIMP(2 f  B 5 0000 EA 1 .OO 1 .OO 3 4 - 0 0  5 6 5 0 1  0 0 1 3 6 2  
WIRE J O I N T  * 0000 EA 1 . 0 0  1 ,00 3 5 - 0 0  5 6 5 0 1  0 0 1 3 6 3  

B cw66 F T  
- - - - - . - -. . - - - - - 

WIRE. AWG # I 6  A R 3 6 - 0 0  0 6 0 9 0  0 0 1 3 6 4  
WIRE J O I N T  
SLEEVING.  SHRINK - - - - 

T A P E S L A C I N G  - * 0000 F T  A R 3 9 - 0 0  0 0 1 3 6 7  
SOLDER / 0 4 - 5 - 5 7 1  B 5 0000 L B  A R 4 0 - 0 0  00 1 3 6 8  
SCHEMATIC D IAGRAM E L *  X 5 0000 EA X 4 1 - 0 0  00 1 3 6 9  
E L E C T R I C A L  F A B .  STD X 5 0000 EA X 4 2 - 0 0  0 0 1  3 7 0  

0 4  4 7 E 3 8 7 1 0 5 P 1  PANEL.  FRONT B 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 1 3 7 2  
04 - 4 7 E 3 8 7 0 9  1 P 2  PANEL,  S I D E  B 000Q--EA 1 .OO 1 .OO 2-0!?--. . 0 0 1 3 7 3  . . - 
0 4  4 7 D 3 8 7 1 0 6 P l  PANEL.  REAR B 0000 € A  1 .OO 1 .OO 3-00 00 1 3 7 4  
0 4  FCA4 HANDLE B 5 0000 EA 2 . 0 0  2 .OO 4 - 0 0  0 8 7 3 0  0 0 1 3 7 5  
0 4  4 7 0 3 8 7 1 0 7 P 1  SGL CD F R . . M O D I F I E D  B 0000 EA 1 .OO 1 .OO 5 - 0 0  00 1 3 7 6  

BRACKET. CARD FRAME ?%L!?!!387~0.!'! B 0000 fi 1 .OO -. 1  .OO - . . . - . .- - . - - 6-00 - - 00 1 3 7 7  
04 D M - 3 1 0 0 N  D I G I T A L .  METER B 5 0000 EA 6.00 6 . 0 0  7 - 0 0  5 0 5 2 1  0 0 1 3 7 8  
0 4  5 8 - 2 0 7 3 0 8 2  EDGE CONNECTOR B 5 0000 EA 6.00 6 . 0 0  8 - 0 0  5 0 5 2 1  0 0 1 3 7 9  
0 4  4 7 D 3 8 7 0 8 9 G  1 ASSY.MTR S I G  CONDTNR M 0000 EA 3.00 3.00 9-00 0 0 1 3 8 0  

. - 
0 5 . 4 7 ~ 3 8 7  1 1 6 ~ 1  DRILL & TRIM-"-- M 0000 EA 1 .OO 3 . 0 0  1 - 0 0  0 0 1 3 8  1 
0 5  AWG-22-TYPE-S BUS WIRE/QQ-W-343 B 5 0000 F T  A R 2 -00 0 0 1 3 8 2  
0 5  4 7 A 3 8 1 0 4 4 P A R  SLEEVING.TEFLON * 0000 F T  A R 3 - 0 0  0 0 1 3 8 3  
Cz... I C - 3 1 4 - S G T  SOCKET. 1 4  P I N  B-__!?!?~o> 2 . 0 0  6.00 4 - 0 0  5 5 3 2 2  OC)!384 
0 5  I C - 3 1 6 - S G T  SOCKET. 1 6  P I N  B 0000 EA 4 .OO 1 2  .OO 5 - 0 0  5 5 3 2 2  0 0 1 3 8 5  
0 5  SN60WRMAP2 S O L D E R - /  Q Q - S - 5 7 1  
0 5  4 7 0 3 8 7 0 9 2  SCHEMATIC .... 

05 4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA X 8 -00 00 1 3 8 8  
0 5  I N 4 1 4 8  D I O D E  B 7 0000 EA 1 .OO 3.00 CR1 -00 0 1 2 9 5  0 0 1 3 8 9  
0 5  I N 4 1 4 8  D I O D E  B 7 0000 EA 1 .OO 3 .OO CR2 -00 0 1 2 9 5  0 0 1 3 9 0  
0 5  I N 4  1 4 8  D I O D E  B 7 0000 EA 1 .OO 3 .OO CR3 -00 0 1 2 9 5  0 0 1 3 9 1  

('5..2!!! !!8 - D I O D E  B 7 0000 €A ls?!L---- 3.00 CR4 -00 0 1 2 9 5  0 0 1 3 9 2  
0 5  I N 4 1 4 8  D I O D E  B 7 0000 EA 1 .OO 3 .OO CR5 -00 0 1 2 9 5  0 0 1 3 9 3  
05 I N 4 1 4 8  D I O D E  B 7 0000 EA 1 .OO 3 .OO C R 6  -00 0 1 2 9 5  0 0 1 3 9 4  
05 I N 4 1 4 8  D I O D E  B 7 0000 EA I .OO 3 . 0 0  CR7 -00 0 1 2 9 5  0 0 1 3 9 5  
0 5  -AN4 1 4 8  D I O D E  B 7 0000.- 1 .OO 3 . 0 0  CR8 -00 0 1 2 9 5  0 0 1 3 9 6  
0 5  I N 4 1 4 8  D I O D E  B 7 0000 EA 1 .OO 3 .OO C R 9  -00 0 1 2 9 5  0 0 1 3 9 7  
0 5  C K R 0 5 B X 2 2  1KR CAPACITOR. 2 0 0  P F  B 0000 EA 1 .OO 3.00 C 1  - 00 00 1 3 9 8  - - 

0 5  1 9 9 D  1 0 6 X 0 0 1 0 B B  1 CAPACITOR. 1 0  MFD B 0000 EA 1 .OO 3.00 C 2  -00 5 6 2 8 9  0 0 1 3 9 9  
CAPACITOR. . O 1  MFD -. . - . . . . - B 0000 EA l.00 --- 3.00 C 3  - 00 0 0 1 4 0 0  
CAPACITOR. .I MFD B 0000 EA 1 .OO 3.00 C 4  - 00 0 0 1 4 0 1  

0 5  CKR06BX104KR CAPACITOR.  .I MFD 
1 0 5  T - 1 R 2 - T  TERMINAL 
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MODEL - € A  U N I T  0 0 0 0 0 1  _ ._ .- - . . - - -- . 

---- - - -  ECN - - - - - -  
I .VL I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG P L - L A T E  P T CYCLE U/M PL-OTY EXT/TOT QTY I T E M /  FSCM CROSS 

. . . . - - . - I N C  OUT APPLY C Y T I M E  - - . .- REF O E S G - .  REF 

0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 3 . 0 0  E l 0  -00 5 5 3 2 2  0 0 1 4 0 4  . - - 

0 5  T -  1 R 2 - T  TERMINAL B 0000 EA .- .- 1  .OO 3 : 00L - -  -00 5 5 3 2 2  0 0 1 4 0 5  
0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 3 . 0 0  E l 2  -00 5 5 3 2 2  0 0 1 4 0 6  
0 5  T - 1 R 2 - T  TERMINAL B 0000 € A  1 .OO 3.00 E l 3  -00 5 5 3 2 2  0 0 1 4 0 7  
0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 3 . 0 0  E l 4  -00 5 5 3 2 2  0 0 1 4 0 8  
0 5  T - 1 R 2 - T  . . - - . - - - -. TERMINAL B 0000 EA I .OO _- 3 . 0 0  E l ? - - - -  -00 5 5 3 2 2  0 0 1 4 0 9  -- 
0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 3 . 0 0  E l 6  -00 5 5 3 2 2  0 0 1 4 1 0  

TERMINAL 
TERMINAL 
TERMINAL B 0000 EA 1 .OO 3 . 0 0  E l 9  -00 5 5 3 2 2  0 0 1 4 1 3 -  
TERMINAL B 0000 EA 1 .OO 3 . 0 0  E 2  -00 5 5 3 2 2  0 0 1 4 1 4  
TERMINAL 
TERMINAL 

05-.L! !?2-T- .. TERMINAL !_ 0000 EA 1 .OO 3.00 € 5  -00 5 5 3 2 2  0 0 1 4 1 7  . - - - - . - - - - 
05 T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 0 . 0 0  E 6  -00 5 5 3 2 2  0 0 1 4 1 8  

TERMINAL 
TERMINAL 

0 5  T - 1 R 2 - T  . - -. . - . . - - - TERMINAL B 0000 €A 1 .OO 3 . 0 0  E9 -00 5 5 3 2 2  0 0 1 4 2 1  
0 5  5 3 4 5 1 - 1  RELAY B 7 0000 €A 1 .OO 3.00 K 1  -00 1 8 3 4 2  0 0 1 4 2 2  
05  5 3 4 5 1 - 1  RELAY B 7 0000 EA 1 .OO 3.00 K 2  -00 1 8 3 4 2  0 0 1 4 2 3  
0 5  5 3 4 5 1 - 1  RELAY B 7 0000 EA 1 .OO 3 . 0 0  K 3  -00 1 8 3 4 2  0 0 1 4 2 4  
0 5  RCRO5G102JS .- RESISTOR.  1K -.. B 7 0000 EA 1 .OO 3 .OO !I - 00 . 0 0 1 4 2 5  . - . . - - 
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA I .OO 3 . 0 0  R 1 0  -00 0 0 1 4 2 6  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR 
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR 
~ o 5 - R ~ 5 5 H l I O l F S  - -- RESISTOR.  1 . 1 K  - B 5 0000 !A I .OO 3.00 R 1 3  - - 00 0!?!!29_- 
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 .OO 3.00 R 1 4  - 00 0 0 1 4 3 0  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 .OO 3 . 0 0  R 1 5  - 00 0 0 1 4 3 1  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR 6 5 0000 EA 1 .OO 3.00 R 1 6  - 00 0 0 1 4 3 2  

_ (15._-RNC55H 1 0 0 2 F S  - - RESISTOR B 5 0000 I .OO 3.00 R 1 7  - 00 00 1 4 3 3  - 
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA I .OO - 00 0 0 1 4 3 4  3.00 R I B  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA I .OO 3 . 0 0  R 1 9  -00 0 0 1 4 3 5  
0 5  R C R 0 5 G 1 0 2 J S  RESISTOR.  1K B 7 0000 EA 1 .OO 3.00 R 2  - 00 0 0 1 4 3 6  

o?._6!"103 - - POTENTIOMETER. 1 0 K  B 0000 EA 1 .00 -- 3 .OO R 2 0  -00 0 2 ! 1 ! _ 0 0 1 4 3 7  
0 5  6 4 Y 1 0 2  POTENTIOMETER. 1K B 0000 EA 1 .OO 3.00 R 2 1  -00 0 2 1 1 1  0 0 1 4 3 8  

POTENTIOMETER. 1 0 K  
POTENTIOMETER. 1K 

05  6 4 Y  1 0 3  - POTENTIOMETER. 10%. B 0000 €A 1 .OO -00 0 2  1 1  1 0 0 1 4 4  1 3 . 0 0  R24- - -  
0 5  6 4 Y  1 0 2  POTENTIOMETER. 1K B 0000 EA 1 .OO 3 .OO R 2 5  -00 0 2 1 1 1  0 0 1 4 4 2  
0 5  RCRO5G102JS RESISTOR.  1K 
0 5  RCROSG102JS RESISTOR.  1K 

. - 0 5 -  -RCR05G47 1 J S  RESISTOR, 410 -- B 7 0000 EA 1 .OO 3.00 R 5  - 00 0 0 1 4 4 5  
0 5  R N C 5 5 H 2 4 9 0 F S  RESISTOR.  2 4 9  B 0000 EA 1 .OO 3 . 0 0  R 6  - 00 0 0 1 4 4 6  - - 

0 5  R N C 5 5 H 2 4 9 0 F S  RESISTOR.  2 4 9  
0 5  R N C 5 5 H 2 4 9 0 F S  RESISTOR.  2 4 9  . - - - - - - . - . - 

0 5  R N C 5 5 H 1 0 0 2 F S  -- - RESISTOR -- B 5 0000 €A_ 1 . 00. 3.00 I?g -00 00 1 4 4 9  
0 5  S N 7 4 7 5 N  4 - B I T  B I S T A B L E  L C H  B 5 0000 EA 1 .OO 3 . 0 0  U 1  -00 0 1 2 9 5  0 0 1 4 5 0  

OR I VER 
QUAD J F E T  OPNL AMPL 
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... . . - . . . -- MODEL EA U N I T  0 0 0 0 0 1  . - . -. - - - . . . . . . - - . - . .- . 

- - - - - - -  ECN ------  
L V L  I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG P L - L A T E  P  T  CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

I N C  OUT APPLY C Y  T I M E  - - - . . . . . . - REF DESG REF 

0 4  AML12CBC3AA . - -. - - - - - - SWITCH.(MOM) B  0000 !!!- 9.00. - 9.00 - ._ -- 1 0 - 0 0  9 1 9 2 9  . 0 0 1 4 5 3  -- 

0 4  * * 4 7 € 3 8 7 0 9 1 - 1 1  LENS. ENGRAVED M 0000 EA 1  .OO I .OO 1  1 - 0 0  0 0 1 4 5 4  
0 4  * * 4 7 E 3 8 7 0 9 1 - 1 2  LENS. ENGRAVED 
0 4  * * 4 7 E 3 8 7 0 9  1-  1 3  LENS.  ENGRAVED 
04 * + 4 7 E 3 8 7 0 9 1 - 1 4  LENS.  ENGRAVED B  0000 EA 2 . 0 0  - 2 . 0 0  1  4  -00 0 0 1 4 5 7  
0 4  * * 4 7 E 3 8 7 0 9 1 - 1 5  LENS.  ENGRAVED B  0000 EA 2 . 0 0  2  .OO 1 5 - 0 0  0 0 1 4 5 8  
0 4  * * 4 7 E 3 8 7 0 9 1 - 1 6  LENS. ENGRAVED 
0 4  * * 4 7 E 3 8 7 0 9 1 - 1 7  LENS. ENGRAVE0 

LENS. ENGRAVED ... C)!-. * 4 7 E 3 8 7 0 9 1 - 1 8  B 0000 EA 3.00 3.00 1 8  -00 00 1 4 6 L  
0 4  AML21GBA2AC SWITCH.TMOM) B 5  0000 EA 6.00 6 . 0 0  1 9 - 0 0  9 1 9 2 9  0 0 1 4 6 2  
0 4  8 6  LAMP.INCANDESCENT B  5 0000 EA 1 2 . 0 0  1 2 . 0 0  
0 4  4 7 D 3 8 7 1 1 3 G l  SECURITY ALARM BOAR0 . M  0000 EA 1  .OO 1 .OO 

.- - - -. - - - . . . - . . 
0 5  1 1 - D E - 6 P  COMPONENT CARD M 0000 EA 1  .OO 1  .OO 
0 5  E - 1  CARD EJECTOR M 0000 EA I .OO 1  .OO 
0 5  T - 1 S F 2 - T  WIRE WRAP P I N  B 5 0000 EA 6 .00 6.00 
0 5  AWG-22-TYPE-S . . . - - . - - BUS WIRE/QQ-W-343 B  5 0000 F T  A  R  
0 5  4 7 A 3 8  1 0 4 4 P 5  S L E E V I N G  B 0000 F T  A  R  
0 5  IC -314-WWG SOCKET. 1 4  P I N  B  0000 EA 7  .OO 7 . 0 0  
0 5  IC-316-WWG SOCKET. 1 6  P I N  B 0000 EA 3  .OO 3.00 
05-  A P - 6  16-G-E ADAPTER PLUG M 0000 EA - 2 . 0 0  - - - - 2 . 0 0  .- . - . - - -. . - - - - - . 8 - 0 0  -. - 5 5 3 2 2  - - . - 0 0 1 4 7 2  . - - - 
0 5  4 7 0 3 8 7  1 0 0  SCHEMATIC X  0000 EA X  9-00 0 0 1 4 7 3  
05 * * 4 7 D 3 8 7 1 1 3 - 1 0  WIRE L I S T  X 0000 EA X 1 0 - 0 0  0 0 1 4 7 4  

E L E C T R I C A L  F A B .  S T 0  

-- SOLDER / Q Q - S - 5 7 1  
WIRE-AWG 3O.SLDRLESS 
DIODE 
CAPACITOR. . O 1  MFD 
CAPACITOR. .I MFO 
CAPACITOR. . O 1  MFD 
CAPACITOR. . 4 7  UFO 
CAPACITOR. .I MFD 

R Z -  1 2  -- 
R C R 0 5 G 2 0 3 J S  

RELAY -. . 

RESISTOR.  2 0 K  
RES,  6 8 0  OHMS, 1 / 2  W 
RESISTOR.  2 K  

0 5  _**47038J113-R12 VARISTOR B 0000 EA 1  .OO 1:_00R!2 - _ 00 0 0 1 4 8 8  
0 5  3 0 0 9 - P  - 5 0 3  POTENTIOMETER. 5 0 K  B 0000 EA 1 . 0 0  1 . 0 0  R 2  -00 3 2 9 9 7  0 0 1 4 8 9  
0 5  R C R 0 5 G 5 6 3 3 S  RESISTOR.  5 6 K  
0 5  R C R 0 5 G 2 0 3 J S  RESISTOR.  2 0 K  
0 5  3 0 0 9 - P - 1 0 4  - POTENTIOMETER. 1 0 0  K B 0000 I!! 1  .OO 1  .OO R 5  -00 3 2 9 9 7  0 0 1 4 9 2  
0 5  R C R 0 5 G 7 5 3 J S  RESISTOR.  7 5 K  B 0000 EA 1  .OO 1  .OO R 6  - 00 0 0 1 4 9 3  
0 5  RCR07G68OJS RES. 6 8  OHMS. 1 / 4  W B 0000 EA 1  .OO 1 . 0 0  R 7  -00 0 0 1 4 9 4  
0 5  R C R 0 5 G 1 0 3 J S  RESISTOR.  1 0 K  B  7  0000 EA 1 .OO 1 . 0 0  R 8  - 00 00 1 4 9 5  

RESISTOR.  10K 0 5  RCR05G 103J-5 .- -- B 7  0000 EA I .OO 1  .OO R 9  - 00 001496_.- 
05  MC14013BCP DUAL 0 F L I P - F L O P  B  0000 EA 1  .OO 1 . 0 0  U 1  -00 0 4 7 1 3  0 0 1 4 9 7  
0 5  MC14081BCP QUAD 2 - I N P U T  AND G M 0000 EA 1  .OO 1 . 0 0  U I O  -00 0 4 7 1 3  0 0 1 4 9 8  

1 0 5  ' M C 1 4 5 4 1 B C P  PROGRAMMABLE OSC-TMR M 0000 EA 1 .OO 1 . 0 0  U 1 1  -00 0 4 7 1 3  0 0 1 4 9 9  
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. , - - - - - . . -- - MODEL EA U N I T  0 0 0 0 0 1  -. . . - - - - - - -. . . - - - - - - 

I .VL  I D E N T I F I C A T I O N  NO. NOMENCLATURE OWG P L - L A T E  P T CYCLE u/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

. - I N C  OUT APPLY C Y T I M E  . . REF DESG -- - REF 

0 5  MC14071BCP QUAD 2 - I N P U T  OR GATE M 0000 EA 1 .OO 1 . 0 0  U 1 2  -00 0 4 7 1 3  0 0 1 5 0 0  

_ . 0 9 - - E L 4 ? 9 0 F P  . -- CONTACT DEBOUNCER 6 - 5  0000 EA - I .OO _. I .OO U2 -00 047_13 0 0 1 5 0 1  
0 5  U N C - 4 4 0 1 A  LATCH/DRIVER B 0000 EA 1 .OO 1 .OO U 4  -00 8 0 1 8 3  0 0 1 5 0 2  
0 5  MC 1 4 5 2 8 B C P  DUAL MONOSTABLE MV B 0000 EA 1 .OO 1 .oo U 5  -00 0 4 7 1 3  0 0 1 5 0 3  
0 5  M C 1 4 0 1  I B C P  QUAD 2 - I N P U T  NAND G B 0000 EA 1 .OO 1 .OO U 8  -00 0 4 7 1 3  0 0 1 5 0 4  
0 5  M C i 4 5 4 1 B C P  . . - -. - . PROGRAMMABLE OSC-TMR M 0000 EA 1 .OO 1.00 U 9  -_ -00 0 4 7 1 3  0 0 1 5 0 5 ~ -  - 

0 4  2 T 1 8 2 1 5  RELAY 
0 4  * * 4 7 E 3 8 7 0 9 1 - 2 3  PANEL.  S I D E  

-- 0 4  j 9 8 - 0 9 0 2 - 0 0 1 .  BANANA JACK (RED)  -_ B 5 0000 EA 1 2 . 0 0  .- 1 2 . 0 0  2 6 - 0 0  7 4 9 7 0  0 0 1 5 ~  
0 4  1 0 8 - 0 9 0 3 - 0 0 1  BANANA JACK (ELK) B 5 0000 EA 1 2 . 0 0  1 2 . 0 0  2 7 - 0 0  7 4 9 7 0  0 0 1 5 0 9  

~ - - -  

0 4  P T 0 7 A - 1 4 - 5 P  RECEPTACLE. JAM NUT 
0 4  DBM-25P CONNECTOR 

04 ... 3% I - IL JACK SOCKET K I T  * 0000 EA 2 .OO 2 . 0 0  3 1 - 0 0 - 5 2 7 5 0  0 0 1 5 1 2  
0 4  4 7 ~ 3 i 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA X 3 2 - 0 0  0 0 1 5 1 3  
0 4  4 7 E 3 8 7 1 0 3  SCHEMATIC X 0000 EA X 3 3 - 0 0  0 0 1 5 1 4  
0 4  * * 4 7 E 3 8 7 0 9 1 - 3 4  WIRE L I S T  X 0000 EA X 3 4  -00 0 0 1 5 1 5  

. _ 0 4  3 E O W R M A P 2  SOLDER / QQ-S-571  . - B 5 O@O L B  A R 3 5 - 0 0  oo! 5 !6 
0 4  AWG-22-TYPE-3. .  BUS WIRE/QQ-W-343 B 5 0000 F T  AR 3 6  -00 0 0 1 5 1 7  
0 4  4 4 A O 1 1 1 - 2 4 - 9  WIRE.  AWG 2 4  B 5 0000 F T  A R 3 7 - 0 0  0 6 0 9 0  0 0 1 5 1 8  
0 4  4 7 4 3 8  1 0 4 5 P 5  CABLE CLAMP B 0000 EA 3 . 0 0  3 . 0 0  3 8 - 0 0  0 0 1 5 1 9  
04_ . ._47A38007  I P A R  --  SLEEVING,  SHRINK 0000 E T  A R 3 9 - 0 9  00 1 5 2 0  
0 4  4 7 A 3 8 1 0 4 4 P A R  SLEEVING.TEFLON 0000 F T  A R 4 0 - 0 0  0 0 1 5 2 1  
0 4  4 7 A 3 8 1 0 3 7 P l  L A C I N G  TAPE * 0000 F T  A R 4 1 -00 00 1 5 2 2  
0 4  N P - 2 0 6 4 1 7  NAMEPLATE B 5 0000 EA 1 .OO 1 . 0 0  4 2 - 0 0  0 0 1 5 2 3  

0 4  4 7 A 3 8 0 0 6 9 P 3 3  NAMEPLATE. IDENT ( J 3 )  
0 4  4 7 A 3 8 0 0 7 0 P 3  N P L .  AN/REV STATUS 

WIRE.  BUS/QQ-W-343 0 4  AWG-20-TYPE-? _ B  GOO0 F T  A R 
0 4  AWG-16-TYPE-S WIRE.  BUS/QQ-W-343 B 5 0000 F T  AR 
0 4  5 7 0 - 3 6 5 0 - 0 2 - 0 1 - 0 0  TERMINAL.  INSULATED 
0 4  N 1 5 3 P 1 6 0 0 7  SCREW. P A N  HO 

SCREW. PAN HD 
WASHER. LOCK. 1 1 0  

0 4  N 2 2 6 P 1 6  NUT.  HEX.  # l o - 3 2  
0 4  N 6 7 8 P  1 5 0 0 8  SCREW. F L A T  HO " -. 
9%- N 1 5 3 P 1 5 0 0 8  SCREW; PAN HD B 0000 EA . 4 .OO 4 . 0 0 .  58-00. 00 1 5 3 6  
0 4  N 4 1 5 P 1 6  WASHER. LOCK. #8 6 . 0 0  6 . 0 0  5 9 - 0 0  0 0 1 5 3 7  * 0000 EA 
0 4  N 2 2 6 P 1 5  NUT. HEX. 
0 4  N 1 5 3 P 1 3 0 0 4  SCR. PH. # 6 - 3 2  - - - - 

SCREW, PAN HO B 0000 EA 6.00 6 2 - 0 0  04.. N 1 5 3 P 1 3 0 0 6  . 6 . 0 0  - . -- 00 1 5 4 0  
0 4  N 4 0 0 P 3 7  WASHER. F L .  1 6  * 0000 EA 8 . 0 0  8 .OO 6 3 - 0 0  0 0 1 5 4 1  

WASHER. LOCK. # 6  
N U T . P L A 1 N  HEX. # 6 - 3 2  

1 0 4  4 7 E 3 8 7 0 9 8 P l  PANEL.  FRONT M 0000 EA 1 . 0 0  1 .OO 1 - 0 0  0 0 1 5 4 5  
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. . . . -- . - - M I D E L  EA U N I T  0 0 0 0 0 1 - -  -- .. -- 

- - - - - - -  ECN ------  
LVL I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-OTY EXT/TOT QTY I T E M /  FSCM CROSS 

.. -. I N C  OUT APPLY C Y T I M E  . - - . - - . . - - . - -- . - - - REF OESG - -. - REF 

0 4  4 7 E 3 8 7 0 8 5 P 2  PANEL,  S I D E  M 0000 EA 2 .OO 2 .OO 2 -00 00 1 5 4 6  
04.. 2 1 C 3 8 7 0 9 9 P  1 PANEL.  REAR - -. . . - . . . . . - - - . - M 0000 EA 1 .OO I .OO 3 - 0 0  00 15% 
0 4  F C A 8  HANDLE B 5 0000 EA 2 . 0 0  2 .OO 4 - 0 0  0 8 7 3 0  0 0 1 5 4 8  
0 4  1 0 8 - 0 9 0 2 - 0 0 1  BANANA JACK (RED)  
0 4  1 0 8 - 0 9 0 3 - 0 0 1  BANANA JACK ( E L K )  
0 4  O M - 3 1 0 0 N  - . . - . - - - DIGJTAL, METER B 5 0000 EA 3.00 3.00 7 - 0 0  5 0 5 2 1  0 0 1 5 5 1  
0 4  5 8 - 2 0 7 3 0 8 2  EDGE CONNECTOR B 5 0000 EA 3 . 0 0  3.00 8 - 0 0  5 0 5 2 1  0 0 1 5 5 2  - - 

0 4  4 7 0 3 8 7 0 8 9 6 1  ASSY.MTR S I G  CONDTNR M 0000 EA 3.00 3 . 0 0  9-00 0 0 1 5 5 3  

0 5  4 7 E 3 8 7 1 1 6 P 1  . - . . - - . . - - . . . - - - - - - - - D R I L L  & T R I M  M 0000 EA 1 . 0 0  3 .oo 1 - 0 0  -- -- 00 1 5 5 4  
0 5  AWG-22-TYPE-S BUS WIRE/QQ-W-343 B 5 0000 F T  A R 2 -00 00 1 5 5 5  
05 4 7 A 3 8 1 0 4 4 P A R  SLEEVING.TEFLON * 0000 F T  A R 3 - 0 0  00 1 5 5 6  
05 I C - 3 1 4 - S G T  SOCKET. 1 4  P I N  ' B  0000 EA 2 .OO 6.00 4 - 0 0  5 5 3 2 2  0 0 1 5 5 7  
05 I C - 3 1 6 - S G T  SOCKET. 1 6  P I N  -- B 0000 EA 4 .OO 1 2  .OO 5 - 0 0  5 5 3 2 2  0 0 1 5 5 8  
0 5  SN60WRMAP2 SOLDER / 0 0 - 5 - 5 7 1  . B 5 0000 L B  A R 6 - 0 0  00 1 5 5 9  
0 5  4 7 0 3 8 7 0 9 2  SCHEMATIC 
0 5  4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD 
05.- I N 4 1 4 8  - - - . - D I O D E  - - - - -. B 7 0000 EA 1 .OO 3 . 0 0  CR1 -00 0 1 2 9 5  0 0 1 5 6 2  
0 5  I N 4 1 4 8  D I O D E  B 7 0000 EA 1 .OO 3 .OO CR2 -00 0 1 2 9 5  0 0 1 5 6 3  

D I O D E  
DIODE 

05 - - E 4 1 4 8  D I O D E  B 7 O O O O . J A  - I .OO 3.00 CR5 -00 0 1 2 9 5  0 0 1 5 6 6  
0 5  I N 4 1 4 8  D IODE B 7 0000 EA 1 .OO 3 .OO CR6 -00 0 1 2 9 5  0 0 1 5 6 7  

D I O D E  
D I O D E  . - 

95 I N 4 1 4 8  D I O D E  B 7 0000 EA 1 .OO 3 . 0 0  CR9 -00 0 1 2 9 5  0 0 1 5 7 0  -. - 
0 5  CKRO5BX22 I K R  CAPACITOR. 2 0 0  PF 1 .OO 3.00 C 1  -00 0 0 1 5 7 1  B 0000 EA 
0 5  1 9 9 D 1 0 6 X 0 0 1 0 B B 1  CAPACITOR. 1 0  MFD B 0000 EA 1 .OO 3.00 C 2  -00 5 6 2 8 9  0 0 1 5 7 2  
0 5  CKROGBX 1 0 3 K R  CAPACITOR. . O 1  MFD B 0000 EA I .OO 3.00 C 3  - 00 0 0 1 5 7 3  

- -  02 .-<%06BX 104KR - CAPACITOR. - - - - - - - - - .I MFD B 0000 EA 1 .OO 3 . 0 0  C 4  -00. - .  0 0 1 5 7 4  . - -- 
0 5  CKR06BX104KR CAPACITOR. .I MFD B 0000 EA I .OO 3 . 0 0  C 5  -00 0 0 1 5 7 5  

TERMINAL 
TERMINAL 

0 5  T-!R?:I TERMINAL B 0000 EA 1 .OO - -00 5 5 3 2 2  0 0 1 5 7 8  3 . 0 0  € 1 1  
(:I5 T -  1R2-T  TERMINAL B 0000 EA 1 .OO 3 . 0 0  E l 2  -00 5 5 3 2 2  0 0 1 5 7 9  

TERMINAL 
TERMINAL 

0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 3 . 0 0  € 1 5  -00 5 5 3 2 2  0 0 1 5 8 2  - - . - - . - 
0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 3 .00 E l 6  -00 5 5 3 2 2  0 0 1 5 8 3  

TERMINAL 
TERMINAL 
TERMINAL 
TERMINAL 
TERMINAL 
TERMINAL 
TERMINAL -. 

TERMINAL 
TERMINAL 
TERMINAL 
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. - - . . . - . - - - - - MOO€&.-EA U N I T  0 0 0 0 0 1  - - - . - - - - - - - . - - . . - - - 
----- - -  ECN ------  

L V L  I O E N T I F I C A T I n N  NO. NOMENCLATURE OWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 
. . - . . . . -. I N C  OKTJT- APPLY C Y T I M E  - - . . - -. REF DESG -- REF .. 

TERMINAL 
RELAY 
RELAY 
RELAY 
RESISTOR.  1K 
RESISTOR. - - - -. -. . - 
RESISTOR 
RESISTOR 
RESISTOR.  1 . 1 K  

- RESISTOR 
RESISTOR 
RESISTOR 

- - - -  - 

- 0 5 0000 EA 1 .OO 3.00 R I O  - -  -00 00 1 2 9 9  
B 5 0000 EA I .OO 3 . 0 0  R 1 1  - 00 00 1 6 0 0  
B 5 0000 EA I .OO 3.00 R 1 2  -00 0 0 1 6 0 1  
B 5 0000 EA 1 . 0 0  3 . 0 0  R 1 3  - 00 00 1 6 0 2  

0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 . 0 0  3 . 0 0  R 1 7  - 00 00 1 6 0 6  
05.--!NCSSH 1 0 0 2 F S  RESISTOR - B 5 0000 EA 1 .OO 3.00 R 1 8  - 00 00 I 5 0 7  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 .OO 3.00 R 1 9  - 00 00 1 6 0 8  
0 5  RCROSGlOZJS RESISTOR.  1K B 7 0000 EA 1 .OO 3.00 R 2  - 00 00 1 6 0 9  
0 5  6 4 Y 1 0 3  POTENTIOMETER. 10K B 0000 EA 1 .OO 3.00 R 2 0  -00 0 2  1 1  1 0 0 1 6  1 0  
0 5  6 4 Y  1 0 2  . . . . - - - - - - - POTENTIOt4ETER. 1K B 0000 EA . .- 1 .OO 3.00 R 2 1  -00 0 2 1  1 1  0 0 1 6 1 1  
0 5  6 4 Y 1 0 3  POTENTIOMETER. 10K B 0000 EA 1 .OO 3 . 0 0  R 2 2  -00 0 2  1 1  1 0 0 1 6 1 2  
0 5  6 4 Y  1 0 2  POTENTIOMETER. 1K B 0000 EA 1 .OO 3.00 R 2 3  -00 0 2 1 1 1  0 0 1 6 1 3  
0 5  6 4 Y 1 0 3  POTENTIOMETER. 1 0 K  B 0000 EA 1 .00 3 . 0 0  R 2 4  -00 0 2 1  1 1  0 0 1 6 1 4  
0 5  6 4 Y  1 0 2  . . . - - - - - - . - POTENTIOMETER. 1_K 0 0000 EA 1 .go 3.00 R 2 5  -00 0 2 1 1 1  0 0 1 6 1 5  
0 5  RCRO5GlO2JS RESISTOR.  1K 8 - 7  0000 EA 1 .OO 3.00 R 3  - 00 0 0 1 6 1 6  
0 5  R C R 0 5 G 1 0 2 J S  RESISTOR.  1K B 7 0000 EA 1 .OO 3.00 R 4  - 00 0 0 1 6 1 7  
0 5  RCROSG47 1 J S  RESISTOR.  4 7 0  B 7 0000 EA I .OO 3 . 0 0  R 5  - 00 0 0 1 6 1 8  
0 5  R N C 5 5 H 2 4 9 0 F S -  . - . - - - - RESISTOR.  2 4 9  B 0000 EA 1 .OO 3.00 R 6  -99 ... - 0 0 1 6 1 9  
0 5  R N C 5 5 H 2 4 9 0 F S  RESISTOR.  2 4 9  B 0000 EA 1 .OO 3.00 R 7  - 00 0 0 1 6 2 0  
0 5  R N C 5 5 t l 2 4 9 0 F S  RESISTOR.  2 4 9  B 0000 EA I .OO 3.00 R 8  -00 0 0 1 6 2 1  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 .OO 3.00 R 9  - 00 0 0 1 6 2 2  

- 05 S N 7 4 7 5 N  . 4 - B I T  B I S T A B L E  L C H  B 5 0000-EA 1 .OO 3.00 U 1  . . -- -00 0 1 2 9 5  JXlI523- 
0 5  U H P - 4 0 7  D R I V E R  B 7 0000 EA 1 .OO 3.00 U 2  -00 5 6 2 8 9  0 0 1 6 2 4  
0 5  T L 0 8 4 C N  QUAD J F E T  OPNL AMPL B 7 0000 EA 1 . 0 0  3.00 U 3  -00 0 1 2 9 5  0 0 1 6 2 5  

AMLI2CBC3AA - SWITCH.(MOM) - B 0000 EA 8.00 8 . 0 0  1 0 - 0 0  9 1 9 2 9  0 0 1 6 2 6  
* * 4 7 € 3 8 7 0 8 5 - 1 1  LENS. ENGRAVED- ' M 0000 EA 1 .OO 1 .OO 1 1 - 0 0  0 0 1 6 2 7  

- 

* * 4 7 € 3 8 7 0 8 5 -  1 2  LENS. ENGRAVED 
* * 4 7 E 3 8 7 0 8 5 - 1 3  LENS. ENGRAVED 
* * 4 7 € 3 8 7 0 8 5 - 1 4  --- LENS. ENGRAVED M 0000 EA 1 . 0 0  - -  1 .OO 1 4 - 0 0  -- 0 0 1 6 3 0  
* * 1 7 € 3 8 7 0 8 5 - 1 5  LENS. ENGRAVED M 0000 EA 1 .OO 1 .OO 1 5 - 0 0  0 0 1 6 3 1  
* * 4 7 E 3 8 7 0 8 5 -  1 6  LENS. ENGRAVED M 0000 EA 1 .OO 1 .OO 1 6 - 0 0  00 1 6 3 2  
* * 4 7 E 3 8 7 0 8 5 -  1 7  LENS. ENGRAVED M 0000 EA 1 .OO 1 .OO 1 7 -00 0 0 1 6 3 3  
* * 4 7 € 3 8 7 0 8 5 - 1 8  - . - - - - LENS.-ENGRAVED -- M OooO L A - . . . -  1 .OO I 1 8 - 0 0  0 0 1 6 3 4  
D B - 2 5 P  CONNECTOR. 2 5  P I N  B 5 0000 EA 1 .OO 1 .OO 1 9 - 0 0  7 1 7 8 5  0 0 1 6 3 5  
4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  S T 0  X 5 0000 EA X 2 0 - 0 0  0 0 1 6 3 6  

0 4  4 7 E 3 8 7 0 9 7  SCHEMATIC X 0000 EA X 2 1  -00 0 0 1 6 3 7  
04 * * 4 7 € 3 8 7 0 8 5 - 2 2  WIRE L I S T  -- ... )( oooo_.E!- X 0 0 1 6 3 8  
0 4  AWG-22-TYPE-5  BUS WIRE/QQ-W-343 B 5 0000 F T A R 2 3 - 0 0  0 0 1 6 3 9  

2 2 - 0 0  - -  

- 0 3  4 4 A O 1 1 1 - 2 4 - 9  WIRE.  AWG 2 4  B 5 0000 F T  A R 2 4 - 0 0  0 6 0 9 0  0 0 1 6 4 0  
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. - - . - - - - . . -. MODEL . - EA U N I T  0 0 0 0 0 1  

- - -----  ECN ------  
L V L  I D E N T I F I C A T I O N  N O .  NOMENCLATURE DWG P L - L A T E  P T CYCLE U / M  PL-QTY EXT/TOT QTY I T E M /  FSCM CRDSS 

.- .. - I N C  .-OUT- A P P L Y  C Y T I M E  - - . -. . . . . REF . . - . . P E S G  - REF 

0 4  4 7 A 3 8 0 0 7  I P A R  SLEEVING.  SHRINK * 0000 F T  A R 2 6 - 0 0  0 0 1 6 4 2  
94 4 7 A 3 8 1 0 4 4 P A R  SLEEVING.TEFLON * 0000 FT A R 2 7 - 0 0  O0!543 --- 
0 4  4 7 ~ 3 8 1 6 5 7 K  L A C I N G  TAPE * 0000 F T  A R 2 8  -00 0 0 1 6 4 4  
0 4  N P - 2 0 6 4 1 7  NAMEPLATE B 5 0000 EA 1 .OO 1 .OO 2 9 - 0 0  0 0 1 6 4 5  
0 4  4 7 A 3 8 0 0 6 9 P 3 1  NAMEPLATE. IDENT ( d l )  0000 EA I .OO 1 .OO 30-00 0 0 1 6 4 6  

, 0 4 . . _ - 4 7 A 3 8 0 0 6 9 P 3 2  NAMEPLATE, IDENT ( d 2 )  * 0000 EA . - 1 .OO . - -. . . - - - 1 .OO 0 0 1 6 4 7  
N P L  . - A N / R E V . ~ ~ ~ % - ~ -  3 1 

0 4  4 7 A 3 8 0 0 7 0 P 3  * 0000 EA 1 .OO 1 .OO 3 2 - 0 0  0 0 1 6 4 8  
0 4  AWG-20-TYPE-S WIRE.  BUS/QQ-W-343 B 0000 F T  A R 3 3 - 0 0  0 0 1 6 4 9  
0 4  . P T 0 7 A -  1 4 - 5 P  RECEPTACLE. JAM NUT B 0000 EA 1 .OO 1 .OO 3 4 - 0 0  7 7 8 2 0  0 0 1 6 5 0  

- 0 4  570 . -3650-02 -01 :00  . _ T E R M I N A L .  INSULATED B !5 0000 E! -- 8 . 0 0  8.00 3 5 - 0 0  7 1 2 7 9  0 0 1 6 5 1  
0 4  3 3 4 1 - 1 L  JACK SOCKET K I T  * 0000 €A I .OO 1 .OO 3 6 - 0 0  5 2 7 6 0  0 0 1 6 5 2  
0 4  AWG-16-TYPE-S WIRE.  BUS/QQ-W-343 B 5 0000 F T  A R 3 7  -00 0 0 1 6 5 3  

SCREW. PAN HD 
WASHER. LOCK. # I 0  -. - 
NUT. HEX.  # l o - 3 2  
SCREW. P A N  HD 
SCREW. PAN HD 

.-.. . WASHER. LOCK. # 8  
SCREW. F L A T  HD 
NUT.  HEX,  # 8 - 3 2  
WASHER. LOCK. # 6  

- SCR. PH. # 6 - 3 2  - 
WASHER. F L .  # 6  
NUT.PLAIN HEX. # 6 - 3 2  

P 3  4 7 E 3 8 7 0 8 4 G 1  . ASSY. -. . - - - STATUS PANEL M 0000 €A_. -. 1  .oo 1 .oo 5 - 0 0  00 1 6 6 6  

0 4  4 7 E 3 8 7 1 0 4 P 1  PANEL,  FRONT B 0000 EA 1 .OO 1 .OO 1 - 0 0  0 0 1 6 6 7  
n 4  4 7 ~ 3 8 7 0 8 4 ~ 2  PANEL. SIDE B 0000 E A  2 . 0 0  2 .oo 2 - 0 0  00 1 6 6 8  
04- _47D3?106PI  PANEL.  REAR . . .. - . . - B 0000 EA 1 .OO 1 .OO - 3-00 - -_ 0 0 1 6 6 9  
0 4  FCA4 HANDLE B 5 0000 EA 2 .OO 2 . 0 0  4 ' 0 0  0 8 7 3 0  0 0 1 6 7 0  
0 4  4 7 f 1 3 8 7  1 0 7 P  1 SGL CO F R . . M O D I F I E D  B 0000 EA 1 .OO 1 .OO 5 -00 0 0 1 6 7 1  
0 4  4 7 D 3 8 7 1 0 8 P l  BRACKET. CARD FRAME B 0000 EA 1 .OO 1 .OO 6 - 0 0  0 0 1 6 7 2  

-...o!.-!!-3100N - . D I G I T A L .  ---- METER B 5 0000 E!.- .. -- .- 5 . 0 0  5.00 7 - 0 0  5 0 5 2 1  0 0 1 6 7 3  
0 4  5 8 -  2 0 7 3 0 8 2  EDGE CONNECTOR , B 5 0000 EA 5.00 5.00 8 - 0 0  5 0 5 2 1  0 0 1 6 7 4  
0 4  4 7 D 3 8 7 0 8 9 G l  ASSY.MTR S I G  CONDTNR M 0000 EA 5.00 5.00 9-00 0 0 1 6 7 5  

0% 4 7 E 3 8 7 1 1 6 P 1  D R I L L  & T R I M  M 0000 EA 
0 5  AWG-22-TYPE-S BUS WIRE/QQ-W-343- B 5 0000 F T  
05  4 7 A 3 8  1 0 4 4 P A R  SLEEVING.TEFLON 
0 5  I C - 3 1 4 - S G T  SOCKET. 1 4  P I N  
O? 2!?316-S% . .  . SOCKET. 1 6  P I N  B OOO!E-EA--- 
0 5  SNGOWRMAPP SOLDER / 0 0 - 5 - 5 7 1  B 5 0 0 0 0  L B  
05 4 7 0 3 8 7 0 9 2  SCHEMATIC X 0006 EA 
05 4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA 
-05. I N 4  1 4 8  D I O D E  B 7 0000 EA - -. 
0 5  I N 4 1 4 8  D I O D E  B 7 0000 EA 
0 5  I N 4 1 4 8  D I O D E  B 7 0000 EA 
05  I N 4 1 4 8  D I O D E  B 7 0000 EA 
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. . . . - . - - . - . .. . MODEL EA U N I T  0 0 0 0 0 1 - .  _ - .  . . .- 

- - - - - - - ECN - -----  
LVL I D E N T I F I C A T I O N  N O .  NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

. . . . - . . - -. - - . - . . . . . I N C  OUT APPLY. C Y T I M E  - . . - - -. .. REF OESG - .  REF 

05 I N 4 1 4 8  D IODE 6 7 0000 EA 1 .OO 5 . 0 0  CR5 -00 0 1 2 9 5  0 0 1 6 8 8  

_ C)5JN4 ! 48 -. . - DIODE - 6 7 0000 EA 1 . 0 0  - 5 . 0 0  CR6 -00 0 1 2 9 5  0 0 1 6 8 9  
0 5  I N 4 1 4 8  0 I ODE 6 7 0000 EA 1 .OO 5 . 0 0  CR7 -00 0 1 2 9 5  0 0 1 6 9 0  
0 5  I N 4 1 4 8  D I O D E  6 7 0000 €A 1 .OO 5 . 0 0  CR8 -00 0 1 2 9 5  0 0 1 6 9 1  
0 5  I N 4 1 4 8  0 I ODE B 7 0000 EA 1 .OO 5 .OO CR9 -00 0 1 2 9 5  0 0 1 6 9 2  

CAPACITOR. 2 0 0  PF  - 05 CKRO5BX22 1KR 6 0000 EA 1 .OO 5 . 0 0  C 1  -. 00 1 6 9 3  -oo-. -- 
0 5  1 9 9 0  1 0 6 X 0 0 1 0 B B  1 CAPACITOR. 1 0  MFD 6 0000 EA I .OO 5 . 0 0  C 2  -00 5 6 2 8 9  0 0 1 6 9 4  
0 5  CKR06BX 103KR CAPACITOR. . O 1  MFD B 0000 EA 1 .OO 5 . 0 0  C 3  - 00 00 1 6 9 5  
0 5  CKR06BX104KR CAPACITOR. .I MFD B 0000 EA 1 .OO 5 . 0 0  C 4  - 00 00 1 6 9 6  
0 5  CKRO68X104KR . . . . - - - CAPACITOR. .I MFD 'B @OO EA 1 .OO 5 . 0 0  C 5  -9- 0 0 1 6 9 7  - 
0 5  T - 1 R 2 - T  TERMINAL 8 0000 EA 1 .OO 5 . 0 0  E l  -00 5 5 3 2 2  0 0 1 6 9 8  

TERMINAL 
TERMINAL 

... TEffMINAL 6 0000 EA 
TERMINAL 8 0000 EA 
TERMINAL 
TERMINAL 
TERMINAL 6 0000 EA 
TERMINAL 6 0000 EA 
TERMINAL 
TERMINAL - - - -  

. . TERMINAL 6 0000 EA -- 
TERMINAL B 0000 EA 
TERMINAL B 0000 EA 

5 . 0 0  E l 0  -00 5 5 3 2 2  0 0 1 6 9 9  
5 . 0 0  E l l  -00 5 5 3 2 2  0 0 1 7 0 0  

0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 5 . 0 0  E 5  -00 5 5 3 2 2  0 0 1 7 1 2  
95 . I - . j R 2 - T  TERMINAL B 0000 EA - 1  .OO - -00 5 5 3 2 2  0 0 1 7 1 3  5 . 0 0  ISpp-.-- 
0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 5 . 0 0  E 7  -00 5 5 3 2 2  0 0 1 7 1 4  
0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 .OO 5 . 0 0  € 8  -00 5 5 3 2 2  0 0 1 7 1 5  
0 5  T - 1 R 2 - T  TERMINAL B 0000 EA 1 . 0 0  5 . 0 0  E 9  -00 5 5 3 2 2  0 0 1 7 1 6  
0 5  5 3 4 5 1 - 1  - .  RELAY 6 7 0000 JA - 1 .OO 5 . 0 0  K 1  -00 1 8 3 4 2  0 0 1 7 1 7  
0 5  5 3 4 5 1 - 1  RELAY B 7 0000 EA 1 .OO 5 . 0 0  K 2  -00 1 8 3 4 2  0 0 1 7 1 8  
0 5  5 3 1 5 1 - 1  RELAY 
0 5  R C R 0 5 G I O 2 J S  RESISTOR.  1K 
0 5  R N C 5 5 H 1 0 0 2 F S  -. .. - RESISTOR -- - - .  B 5 0000 EA - 1 .OO -- 5 . 0 0  R 1 0  -00 - 001721- 
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 .OO 5 . 0 0  R 1 1  - 00 0 0 1 7 2 2  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR 6 5 0000 EA 1 .OO 5 . 0 0  R 1 2  - 00 00 1 7 2 3  
0 5  R N C 5 5 H 1 1 O l F S  RESISTOR,  1 . 1 K  B 5 0000 €A 1 .OO 5 . 0 0  R 1 3  - 00 00 1 7 2 4  - . ---.  ~ 

0 5  R N C 5 5 H 1 0 0 2 F S  - . . - - - . RESISTOR - B 5 0000 EA -- 1 .OO 5 . 0 0  R 1 4  - 00 0 0 1  1 2 5  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 .OO 5 . 0 0  R 1 5  -00 0 0 1 7 2 6  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 . 0 0  5 . 0 0  R 1 6  - 00 0 0 1 7 2 7  
0 5  R N C 5 5 H l 0 0 2 F S  RESISTOR B 5 0000 €A 1 .OO 5 .OO R 1 7  -00 00 1 7 2 8  

- 0 5  . R N C 5 5 H 1 0 0 2 F &  RESISTOR 6 5 0000 -!A 1 .QO 5 . 0 0  R I B  - 00 0 0 1 7 2 9  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR B 5 0000 EA 1 .OO 5 . 0 0  R 1 9  - 00 00 1 7 3 0  
0 5  RCRO5G102JS RESISTOR.  1K 6 7 0000 EA 1.00 5 . 0 0  R 2  - 00 0 0 1 7 3 1  
0 5  6 4 Y 1 0 3  POTENTIOMETER. 1 0 K  B 0000 EA 1 . 0 0  5 . 0 0  R 2 0  -00 0 2 1 1 1  0 0 1 7 3 2  
0 5  6 4 Y i 0 2  . . . . . - - - . POTENTIOMETER. 1K -- B_ 0000 EA - 1 . O O -  5 . 0 0  R 2 1  -00 0 2 1 1 1  0 0 1 7 3 3  
0 5  6 4 Y 1 0 3  POTENTIOMETER. !OK B 0000 EA 1 .OO 5 . 0 0  R 2 2  -00 0 2 1 1 1  0 0 1 7 3 4  
0 5  6 4 Y  1 0 2  POTENTIOMETER. 1K  B 0000 EA 1 . 0 0  5 . 0 0  R 2 3  -00 0 2 1 1 1  0 0 1 7 3 5  

1 0 5  6 4 Y  1 0 3  POTENTIOMETER. 10K 6 0000 EA 1 .OO 5 . 0 0  R 2 4  -00 0 2 1 1 1  0 0 1 7 3 6  
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MODEL EA U N I T  0 0 0 0 0 1  ____.--. . . - - . - - - . - -. . - . . - - - - - - - . - - - - . . . . . . . - 

- - - - - - -  ECN - - - - - -  
L V L  I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TOT QTY I T E M /  FSCM CROSS 

. - . - - - - I N C  OUT APPLY C Y T I M E  R E F E G  REF 

0 5  6 4 Y 1 0 2  POTENTIOMETER. 1K B 0000 EA 1 .OO 5 .OO R 2 5  -00 0 2 1 1 1  0 0 1 7 3 7  
0 5  R C R 0 5 G 1 0 2 J S  RESISTOR I .OO 5 . 0 0  R 3  - 00 0 0 1 7 3 8  -. _ - .  --.K . 9 . .  . . - - - -  
0 5  R C R 0 5 G 1 0 2 J S  RESISTOR.  1K B 7 0000 EA I .OO 5 . 0 0  R 4  -00 0 0 1 7 3 9  
0 5  R C R 0 5 G 4 7 l J S  RESISTOR.  4 7 0  B 7 0000 EA 1 .OO 5 . 0 0  R 5  - 00 0 0 1 7 4 0  
0 5  R N C 5 5 H 2 4 9 0 F S  RESISTOR.  2 4 9  B 0000 EA I .OO 5 . 0 0  R 6  - 00 0 0 1 7 4  1 
0 5  R N C 5 5 H 2 4 9 0 F S  - RESISTOR.  2 4 9  B 0000 EA 1 .OO 5 . 0 0  R 7  - 00 00 1742- 
0 5  R N C 5 5 H 2 4 9 0 F S  RESISTOR.  2 4 9  B 0000 EA 1 .OO 5 . 0 0  R 8  - 00 0 0 1 7 4 3  
0 5  R N C 5 5 H 1 0 0 2 F S  RESISTOR 
0 5  S N 7 4 7 5 N  4 - B I T  B I S T A B L E  L C H  

D R I V E R  - . .- . . - - . - - - -. B 7 0000 EA 1 .OO 5 . 0 0  U 2  -00 5 6 2 8 9  0 0 1 7 4 6  
QUAD J F E T  OPNL AMPL B 7 0000 EA 1 .OO 5 . 0 0  U 3  -00 0 1 2 9 5  0 0 1 7 4 7  

0 4  * * 4 7 € 3 8 7 0 8 4 - 1 1  . . .. . . - . LENS. ENGRAVED M 0000 EA 2 . 0 0  2 . 0 0  - - - - - . . - - - - - - - . - - . . - - - - - - -- - - - -. - - - . . . 0 0 1 7 4 9  1 1-09 - -  . - - . --- 
0 4  + * 4 7 € 3 8 7 0 8 4 - 1 2  LENS, ENGRAVED B 0000 EA 2 . 0 0  2 .OO 1 2  -00 00 1 7 5 0  
0 4  + * 4 7 € 3 8 7 0 8 4 - 1 3  LENS. ENGRAVED 
0 4  + * 4 7 E 3 8 7 0 8 4 - 1 4  LENS. ENGRAVED 
0 4  + + 4 7 E 3 8 7 0 8 4 - 1 5  LENS. ENGRAVED 6 0000 !!! 1 .OO 1 .OO - 1 5 - 0 0  - . 0 0 1 7 5 3  
0 4  * + 4 7 E 3 8 7 0 8 4 - 1 6  LENS.  ENGRAVED B 0000 EA I .OO I .OO 1 6 - 0 0  00 1 7 5 4  
0 4  + * 4 7 E 3 8 7 0 8 4 - 1 7  LENS, ENGRAVED B 0000 EA 1 . 0 0  1 . 0 0  1 7 - 0 0  0 0 1 7 5 5  
0 4  AML2 1GBA2AC SWITCH.(MOM) B 5 0000 EA 1 .OO 1 .OO 1 8 - 0 0  9 1 9 2 9  0 0 1 7 5 6  
0 4  AML27ABK2AC02AA . . . . . -. - . . - - - - SWITCH. KEY B 0000 EA 1 .OO 1 .OO 1 9 - 0 0  9 1 9 2 9  0 0 1 7 5 7  
0 4  8 6  LAMP.INCANDESCENT B 5 0000 EA 2 .OO 2 . P O  2 0 - 0 0  9 1 9 2 9  0 0 1 7 5 8  
0 4  * * 4 7 € 3 8 7 0 8 4 - 2 1  LENS. ENGRAVED B 0000 EA 1 . 0 0  1 .OO 2 1 - 0 0  00 1 7 5 9  
0 4  * * 4 7 E 3 8 7 0 8 4 - 2 2  LENS. ENGRAVED B 0000 EA I .OO I .OO 2 2 - 0 0  00 1 7 6 0  

ALARM 04 SNP:!*8 -- B 5 0000 EA 1 . 0 0  I .OO 2 3 - 0 0  9 0 2 0 1  0 0 1 7 6 1  
0 4  P W I  WASHER. COMPRESSION B 5 0000 EA 1 .OO I .OO 2 4 - 0 0  9 0 2 0 1  0 0 1 7 6 2  
0 4  4 7 0 3 8 7 1 1 3 G l  SECURITY ALARM BOARD M 0000 EA 1 .OO 1 .OO 2 5 - 0 0  00 1 7 6 3  

.._ 9 ? . . 1 1 ~ ~ E - ~ ~  COMPONENT CARD M 0000 EA I .OO 1 .OO 1 - 0 0  5 0 1 2 5  0 0 1 7 6 4  
0 5  E - I  CARD EJECTOR M 0000 EA 1 .OO I .OO 2 - 0 0  5 0 1 2 5  0 0 1 7 6 5  
0 5  T - 1 S F 2 - T  WIRE WRAP P I N  B 5 0000 EA 6 .OO 6.00 3 - 0 0  5 5 3 2 2  0 0 1 7 6 6  
0 5  AWG-22-TYPE-S BUS WIRE/QQ-W-343 B 5 0000 F T  A R 4 -00 00 1 7 6 7  
95 4 7 A 3 8 1 0 4 4 P 5  S L E E V I N G  A R 5 - O K -  00 1 7 6 8  B 0000 F T  
0 5  IC-314-WWG SOCKET, 1 4  P I N  ' B 0000 EA 7 .OO 7 .OO 6-00 5 5 3 2 2  0 0 1 7 6 9  
0 5  IC-316-WWG SOCKET. 1 6  P I N  B 0000 EA 3 .OO 3 .OO 7 - 0 0  5 5 3 2 2  0 0 1 7 7 0  
0 5  A P - 6  16-G-E ADAPTER PLUG M 0000 EA 2 .OO 2 . 0 0  8 - 0 0  5 5 3 2 2  0 0 1 7 7 1  
?Fi - 41!?3!1100- SCHEMATIC X 0000 EA X 9 -00 0 0 1 7 7 2  
0 5  * * 4 7 D 3 8 7 1 1 3 - I 0  WIRE L I S T  X 0000 EA X 1 0 - 0 0  0 0 1 7 7 3  
0 5  4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD 
0 5  SN60WRMAP2 SOLDER / Q Q - 5 - 5 7 1  
0 5  4 7 B 3 8 1 0 9 9 P A R  . - . - - . - - - WIRE.AWG 3O.SLDRLESS B 0000 F T  AR 1 3 - 0 0  0 0 1 7 7 6  
0 5  I N 4  1 4 8  D I O D E  . B 7 0000 EA 1 .OO 1 . 0 0  CR1 -00 0 1 2 9 5  0 0 1 7 7 7  
0 5  CKOGBX103K CAPACITOR. - 0 1  MFD 
0 5  CK06BX 1 0 4 K  CAPACITOR. .I MFD 
0 5  C K 0 6 B X 1 0 3 K  . - . . - - - CAPACITOR; .OI MFD B 5 0000 EA I .OO 1 . 0 0  C 3  -00 9 5 2 7 5  0 0 1 7 8 0  
0 5  C K 0 6 B X 4 7 3 K  CAPACITOR. . 4 7  MFD B 7 0000 EA 1 . 0 0  . 1 . 0 0  C 4  - 00 0 0 1 7 8 1  
05  C K O G B X I O l K  CAPACITOR. .I MFD B 5 0000 EA 1 .OO 1 .OO C 5  -00 9 5 2 7 5  0 0 1 7 8 2  

: 0 5  R Z - 1 2  RELAY B 0000 EA 1 .OO I .OO K 1  -00 0 5 2 9 2  0 0 1 7 8 3  
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.. MODEL EA. U N I T  0 0 0 0 0 1  -. . . . -- - - -- -- 

LVL I D E N T I F I C A T I O N  NO. NOMENCLATURE DWG P L - L A T E  P T CYCLE U/M PL-QTY EXT/TDT QTY I T E M /  FSCM CROSS 

. - . ... .. .. .- 
I N C  OUT A P P L Y - C Y _  T I M E  - . - -  - - REF REF D E S G  .... 

R C R 0 5 G 2 0 3 J S  RESISTOR.  2 0 K  B 0000 EA I .OO 1 . 0 0  R 1  - 00 00 1 7 8 4  
RCR20G681JS RES. 6 8 0  OHMS. 1 / 2  W - - B 5 0 0 0 0  EA I .OO 1 . 0 0  RtG - 00 00!1!5- 
R C R 0 5 G 2 0 2 J S  RESISTOR.  2 K  B 7 0000 EA I .OO 1 . 0 0  R 1 1  - 00 00 1 7 8 6  
* * 4 7 D 3 8 7 1 1 3 - R 1 2  VARISTOR \B  0000 FA 1 . 0 0  1 . 0 0  R 1 2  - 00 00 1 7 8 7  . . - -  - - - ~ - - 

3 0 0 9 - P - 5 0 3  POTENTIOMETER. 5 0 K  B 0000 EA 1 .OO 1 .OO R 2  -00 3 2 9 9 7  0 0 1 7 8 8  
R C R 0 5 G 5 6 3 J S  . - - . . . - - RES!STOR. 5 6 K  -- B 0000 EA I .OO 1 . 0 0  R 3  - 00 00 1 7 8 9  . .--- 

R C R 0 5 G 2 0 3 J S  RESISTOR.  2 0 K  B 0000 EA I .OO 1 . 0 0  R 4  - 00 00 1 7 9 0  
3 0 0 9 - P -  1 0 4  POTENTIOMETER. 1 0 0  K 
R C R 0 5 G 7 5 3 J S  RESISTOR.  7 5 K  . - - - 

R C R 0 7 G 6 8 0 J S  .- . . -- RES. 6 8  OHMS. I/! W B 0000 EA 1 .MI I .OO R 7  . - 00 -- 00 1 7 9 3  
R C R 0 5 G 1 0 3 J S  RESISTOR.  1 0 K  B 7 0000 €A 1 .OO 1 . 0 0  R 8  - 00 0 0 1 7 9 4  
R C R 0 5 G 1 0 3 J S  RESISTOR.  10K B 7 0000 EA 1 .OO I .OO R 9  -00 00 1 7 9 5  
MC14013BCP DUAL D F L I P - F L O P  B 0000 F A  1 .OO 1 . 0 0  U 1  -00 0 4 7 1 3  0 0 1 7 9 6  - - - - -  - 

MC 1 4 0 8  I B C P  Q U A D 2 - I N P U T A N D G  - M 0000 EA 1 .OO 1 . 0 0  U 1 0  -00 0 4 7  1 3  0 0 1 7 9 7  
M C 1 4 5 4 l B C P  PROGRAMMABLE OSC-TMR M 0000 €A 1 .OO I .-& lr I I -00 0 4 7 1 3  0 0 1 7 9 8  
M C 1 4 0 7 l B C P  QUAD 2 - I N P U T  OR GATE M 0000 EA I .OO 1 . 0 0  U 1 2  -00 0 4 7 1 3  0 0 1 7 9 9  

0 5  M C 1 4 4 9 0 F P  CONTACT OEBOUNCER B 5 0000 EA 1 . 0 0  1 .OO U 2  -00 0 4 7 1 3  0 0 1 8 0 0  
0 5  U N C - 4 4 0 1 A  . - . - - - - . - - L A I C H / D R I V E R  B 0000 EA - 1 .OO 1 , E  U 4  -00 8 0 l s 3  0 0 1 8 0 1  
05  MC 1 4 5 2 8 B C P  DUAL MONOSTABLE MV B 0000 EA 1 .OO 1 .OO U 5  -00 0 4 7 1 3  0 0 1 8 0 2  
0 5  M C I I O I I B C P  QUAD 2 - I N P U T  NAND G B 0000 EA 1 .OO I .OO U 8  -00 0 4 7 1 3  0 0 1 8 0 3  
0 5  M C 1 4 5 4  I B C P  PROGRAMMABLE OSC-TMR M 0000 EA 1 .OO 1 . 0 0  U 9  -00 0 4 7 1 3  0 0 1 8 0 4  

. -- -- 
0 4  1 0 8  - 0 9 0 2  -00 I-. BANANA JACK (RED)  B 5 0000- EA 1 5 . 0 0  1 5 . 0 0  5s-00 7 4 9 7 0  0 0 1 8 0 5  
0 4  1 0 8 - 0 9 0 3 - 0 0 1  BANANA JACK ( E L K )  B 5 0000 EA 1 5 . 0 0  1 5 . 0 0  2 7 - 0 0  7 4 9 7 0  0 0 1 8 0 6  
0 4  * * 4 7 E 3 8 7 0 8 4 - 2 8  LENS. ENGRAVED B 0000 EA f .OO 1 .OO 2 8 - 0 0  00 1 8 0 7  
0 4  - P T G 7 A - 1 4 - 5 P  .. RECEPTACLE, JAM NUT B 0000 EA _ 1.00 - 1 .OO 2 9 - 0 0 . 7 7 8 2 0  0 0 1 8 0 8  
0 4  OEM-25P CONNECTOR B 5 0000 EA 2 .OO 2 . 0 0  3 0 - 0 0  7 1 7 8 5  0 0 1 8 0 9  
0 4  3 3 4 1 - 1 L  JACK SOCKET K I T  * 0000 EA 2 .OO 2 .OO 3 1 - 0 0  5 2 7 6 0  0 0 1 8 1 0  
0 4  4 7 A 3 8 0 0 5 2  E L E C T R I C A L  F A B .  STD X 5 0000 EA X 3 2 - 0 0  0 0 1 8 1 1  
04 4 7 E 3 8 7 1 0 1  . .. SCt4EMATI C X 0000 E! X .- 3 3 3 2 0  0 0 1 8 1 2  
0 4  * * 4 7 E 3 8 7 0 8 4 - 3 4  WIRE L I S T  X 0000 EA X 3 4 - 0 0  0 0 1 8 1 3  
0 4  SNGOWRMAPZ SOLDER / QQ-S-571  B 5 0000 L B  AR 3 5 - 0 0  0 0 1 8 1 4  
0 4  AWG-22-TYPE-S BUS WIRE/QQ-W-343 B 5 0000 F T  A R 3 6 - 0 0  0 0 1 8 1 5  

-- 94- .!4AOI 1 1 - 2 4 - 9  _- WIRE. AWG 2 4  - B 5 0000 F T  A R 3 7 - ~ 0 - . 0 6 0 9 0  0 0 1 8  1 6  
0 4  4 7 A 3 8  1 0 4 5 P 5  CABLE CLAMP B 0000 EA 3.00 3.00 3 8 - 0 0  0 0 1 8 1 7  
0 4  4 7 A 3 8 0 0 7  I P A R  SLEEVING.  SHRINK * 0000 FT A R 3 9 - 0 0  00 1 8  1 8  
0 4  4 7 A 3 8 1 0 4 4 P A R  SLEEVING.TEFLON 0000 F T  A R 4 0 - 0 0  0 0 1 8 1 9  
0 4  4 7 A 3 8  1 0 3 7 P  1 . , . . . . . - -. -. - - L A C I N G  TAPE .- I * 0000 F T  A R 4 1 - 0 0 - - _  0 0 1 8 2 0  
0 4  N P - 2 0 6 4 1 7  NAMEPLATE B 5 0000 EA 1 .OO I .OO 4 2 - 0 0  0 0 1 8 2 1  
0 4  4 7 A 3 8 0 0 6 9 P 3 1  NAMEPLATE. IDENT ( J I )  * 0000 EA 1 .OO 1 .OO 4 3 - 0 0  0 0 1 8 2 2  
0 4  4 7 A 3 8 0 0 6 9 P 3 2  NAMEPLATE. IDENT ( J 2 )  * 0000 EA 1 .OO 1 .OO 4 4 - 0 0  0 0 1 8 2 3  

. . O4 4 7 A 3 8 0 0 6 9 P 3 3  . . NAMEPLATE. IDENT ( J 3 )  B 0000 :A I .oo I .oo 4 5 1 0 0 .  00 1824 
0 4  4 7 A 3 8 0 0 7 0 P 3  N P L .  AN/REV STATUS * 0000 €A 1 .OO 1 .OO 4 6 - 0 0  0 0 1 8 2 5  
0 4  AWG-20-TYPE-S WIRE.  BUS/QQ-W-343 B 0000 FT A R 4 7 - 0 0  0 0 1 8 2 6  
01 AWG-16-TYPE-S WIRE.  BUS/QQ-W-343 B 5 0000 F T  A R 4 8  -00 0 0 1 8 2 7  
0 4  5 7 0 - 3 6 5 0 - 0 2 - 0 1 - 0 0  TERMINAL.  INSULATED -. . - - - - - - - B 5 0000 €A 8 . 0 0  8 .OO 4 9 - 0 0  7 1 2 7 9  0 0 1 8 2 8  
0 4  * * 4 7 € 3 8 7 0 8 4 - 5 0  LENS.  ENGRAVED B 0000 EA 1 .OO 1 .OO 5 0 - 0 0  0 0 1 8 2 9  
0 4  * * 4 7 E 3 8 7 0 8 4 - 5 1  LENS. ENGRAVED B 0000 €A 1 . 0 0  1 .OO 5 1 -00 0 0 1 8 3 0  
0 4  * * 4 7 E 3 8 7 0 8 4 - 5 2  LENS. ENGRAVED B 0000 €A 2 .OO 2 . 0 0  5 2 - 0 0  0 0 1 8 3 1  

. .. - - -- 

3 

5 
# - . -. - - - - . . . - -  - -- . 



7 2 4 1 - 1  TOPDOWN BREAKDOWN FOR ASSEMBLY 4 7 E 3 8 2 3 0 4 6 1  WTb ASSY. MOD-5A 0 6 / 1 5 / 8 4  PAGE 4 2  

. . . . - . - - . - . . . .- .. . . - MODEL EA U N I T  0 0 0 0 0 1  .. .. - - -- .. - -. - - . . . - - - 

-- - - - - -  ECN ------  
LVL IDENTIFICATIONNO. NOMENCLATURE DWG PL-LATE P T CYCLE U/M PL-QTY E X T / T O T  Q T Y  ITEM/ FSCM CROSS 

.- -. - . . .. I N C  OUT APPLY C .!LIME - . - . . - - . - -. - - REF - - DESG - - . -- REF 

0 4  N 1 5 3 P 1 6 0 0 7  SCREW. PAN HO * 0000 EA 4 -00 4 -00 5 3 - 0 0  00 1 8 3 2  
04 NI53!!3005 SCREW. PAN HD 

- 0 4  ~ 4 1 5 ~ 1 9  WASHER. LOCK. U I O  

0 4  N 6 7 8 P 1 5 0 0 8  SCREW. F L A T  HD B 5 0000 EA 2 .OO 2 .OO 5 7 - 0 0  0 0 1 8 3 6  
0 4  N 1 5 3 P  1 5 0 0 8  SCREW, P A N  HD 6 0 0 0 3 - I A  4 .OO 5 8 - 0 0  4 .oo - - ... 00 1 8 3 7  
0 4  N 4  15P 1 6  WASHER, LOCK. 1 8  * 0000 EA 4 . 0 0  4 .OO 5 9 - 0 0  0 0 1 8 3 8  
0 4  N 2 2 6 P 1 5  NUT.  HEX.  # 8 - 3 2  B 5 0000 EA 2 .OO 2 .OO 6 0 - 0 0  0 0 1 8 3 9  . - - -  

SCR. PH.  U 6 - 3 2  * 0000 EA 
SCREW. P A N  HD .-. - - B 0000 EA 
WASHER. F L .  16 * 0000 EA 

0 4  N 4 1 5 P 1 3  WASHER. LOCK. # 6  * 0000 EA 1 7  .OO 1 7 . 0 0  6 4  -00 0 0 1 8 4 3  
0 4  N 2 2 6 P 1 3  N U T . P L A I N  HEX.  U 6 - 3 2  * 0000 EA 9.00 9.00 6 5 - 0 0  0 0 1 8 4 4  
0 4  * * 4 7 E 3 8 7 0 8 4 - 6 6  -- . . . -- . - - LENS. ENGRAVED B 0000 EA 1 .OO I -99 ._. -- 6 6 - 0 0  - 0 0 1 8 4 5  
0 4  AML52-N10W LENS B 0000 EA 1 .OO 1 .OO 6 7 - 0 0  9 1 9 2 9  0 0 1 8 4 6  
0 4  4 7 A 3 8 0 1 0 2  F I N I S H  X 0000 P T  X 6 8  -00 0 0 1 8 4 7  

_Q3. + T 4 7 E 3 8 7 1 1 2 - 6  COMM PANEL M 0000 EA -- -. .. 
0 3  4 7 A 3 8 0 0 3 0  SPEC.SYST D I S P  P N L  X 0000 EA 
0 3  * * 4 7 E 3 8 7 1 1 2 - 8  BLOWER. 130 CFM 
0 3  * * 4 7 E 3 8 7 1 1 2 - 9  BLOWER - - - -  - . . - -  
0 3 . -  * * 4 7 € 3 8 7 1 1 2 - 1 0  . ENCLOSURE. FRAME M 0000 EA I .OO 1 0 - 0 0  I .OO 00 1 8 5 2  
0 3  * * 4 7 E 3 8 7 1 1 2 - 1 1  A I R  EXHAUST U N I T  L . H  8 0000 EA 1 .OO 1 .OO 1 1 - 0 0  0 0 1 8 5 3  
0 3  * * 4 7 E 3 8 7 1 1 2 - 1 2  A I R  EXHAUST U N I T  R . H  B 0000 EA 1 .OO 1 .OO 1 2 -00 00 1 8 5 4  
03 * * 4 7 € 3 8 7 1 1 2 - 1 3  SCHEMATIC X 0000 EA X 1 3 - 0 0  0 0 1 8 5 5  

- 0 3  * * 4 7 E 3 8 7  I ! 2 _ ~ 1 4  CABLE ASSY - - . . - . - . X 0000 EA x - - 1 4 - 0 0  00 1 85% 
0 3  * * 4 7 € 3 8 7 1 1 2 - 1 5  WIRE L I S T  X 0000 EA X 1 5 - 0 0  0 0 1 8 5 7  

0 2  * * 4 7 € 3 8 7 0 8 1 - 1 9  C . D . S .  OPR TERMINAL M 0000 EA 1 .OO 1 .OO 1 9  -00 00 1 8 5 8  I 
4 7 E 3 8 7 0 1 8  . . 02. POWER D I S T B R  SCHEM .-. .-. X 0000 EA X -. -. . -. -. 2 0 - 0 0  -- 00 1 8 5 9  

0 2  * * 4 7 E 0 8 7 0 8 1 - 2 1  EYE WASH S T A T I O N  M 0000 EA 1 .OO 1 .OO 2 1 - 0 0  0 0 1 8 6 0  
0 2  * * 4 7 E 3 8 7 0 8  1 - 2 2  EMER L I G H T  U N I T  M 0000 EA 3 . 0 0  3 . 0 0  2 2 - 0 0  0 0 1 8 6 1  
0 2  * * 4 7 € 3 8 7 0 8 1 - 2 3  F I R E  EXT U N I T  M 0000 EA 5 . 0 0  5 . 0 0  2 3 - 0 0  0 0 1 8 6 2  
9 2  * * 4 . 7 E 3 8 7 0 8 1 - 2 4  T E L  & S I T E  INTERCOM M 0000 EA 1 .OO 1 .OO 0 0 1 8 6 3  2 4 1 9  . . 
0 2  4 7 A 3 8 0 0 9 4  7 5 0 0 K V A  VAR SP GEN X 0000 EA X 2 5 - 0 0  00 1 8 6 4  

0 1  4 7 E 3 8 7 1 1 4  CONTROL SYSTEM SCHEM X 0000 EA X 1 0 - 0 0  00 1 8 6 5  . .-- 

- .  0 1 .  _47A3!0023 POWER C A B L I N G  REQT X 0000 EA -- . . . . -. 
0 1  4 7 A 3 8 0 0 2 4  I N S T L  C A B L I N G  REQT X 0000 EA 
0 1  4 7 A 3 8 0 0 0 8  STEP-UP XFMR SPEC X 0000 EA 
0 1  4 7 4 3 8 7 0 0 5  I & C  S I G N A L  L I S T  X 0000 EA X 1 4 -00 0 0 1 8 6 9  
0! - 4 7 D 3 8 2 2 8 8  GENERAL S I T E  L C T N  - - - - - - - X O O O ~ . _ E A  X is-!?0 . . 0 0 1 8 7 0  
0 1  4 7 0 3 8 2 2 9 8  S I T E  P L A N - I S T  U N I T  X 0000 EA X 1 6  -00 0 0 1 8 7 1  
0 1  4 7 E 3 8 7 0 1 4  SCHEM.NACELLE.GEN X 0000 EA X 1 7 - 0 0  0 0 1 8 7 2  
0 1  4 7 0 3 8 2 0 0 0  TOWER GEOMETRY/DIAG X 0000 EA X 1 8 - 0 0  0 0 1 8 7 3  
O,- -  4 7 0 3 8 2 2 7 4  . .. NACELLE GEOMETRY . X 0000 EA 1 9 - 0 0  0 0 1 8 7 4  x . -. - - . - - 
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. . - . - - - - - - . - M O D E L E A  U N I T 0 0 0 0 0 1  -.- -. . .- 

- - - ECN - - - -  
IDENTIFICATION NO. NOMENCLATURE DWG PL-LATE P T CYCLE FSCM U/M NEXT HIGHER QT Y E X T / T O T - Q T Y  CROSS 

. . . . . . - - - . - I N C  OUT A-PPLY C V T I M E  -- ASSEMBLY . - -- REF ---- 

3 0 0 H 1 - 1 5 C G - 0 4 - K  PRESSURE TRANSDUCER B 0000 8 9 3 2 6  EA 4 7 J 3 8 2 3 1 3 G 1  0 3 . 0 0 0  0 3  .OOO 0 0 0 1 0 3  

- - - . - - - - . - . 
3 0 0 9 - P - 1 0 4  POTENTIOMETER. 1 0 0  K B 0000 3 2 9 9 7  EA 4 7 ~ 3 8 7 1 1 3 6 1  0 2  . 000 0 2 . 0 0 0  0 0 1 4 9 2 -  

3 0 0 9  - P  - 5 0 3  POTENTIOMETER. 5 0 K  B 0000 3 2 9 9 7  EA 4 7 D 3 8 7 1 1 3 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 7 8 8  

3 0 0 9 P - 1 - 2 0 2  POTENTIOMETER. 2 K B 0000 3 2 9 9 7  EA 4 7 E 3 8 7 0 3 7 6 1  0 2 . 0 0 0  0 4 . 0 0 0  0 0 0 7 1 5  

-. - 
i j 0SF-  1 - 5 0  1 POTENTIOMTR 5 0 0  OHMS B 0000 3 2 9 9 7  EA 4 7 E 3 8 7 0 3 7 G l  04.000 08 . 0 5 o . o 0 0 7 1 8  

3 0 4 3 T  1 8  " U "  BOLT & NUTS B 5 0000 3 9 4 2 8  EA 4 7 J 3 8 2 3 1 3 G 1  06 ,000 06.000 0 0 0 0 8 0  

.- .- . .- 
33%9JL7- 1 0 2 ~  POTENTIOMETER M 0000 3 2 9 9 7  EA 4 7 0 3 8 7 1 3 0 6 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 0 8 9 4  

3 3 4 1 - 1 L  JACK SOCKET K I T  0000 5 2 7 6 0  EA 4 7 E 3 8 7 0 7 2 G l  0 7  ,000 0 7 . 0 0 0  0 0 0 7 4 2  
JACK SOCKET K I T  * 0000 5 2 7 6 0  E A _ Q 7 E 3 8 7 0 8 4 G 1  0 2 . 0 0 0  0 2 . 0 0 0  0 0 1 8 1 0  
JACK SOCKET K I T  * 0000 5 2 7 6 0  EA 4 7 E 3 8 7 0 8 5 G l  0 1  .OOO 0 1 . 0 0 0  0 0 1 6 5 2  
JACK SOCKET K I T  
JACK SOCKET K I T  

3 4  1 7 - 7 0 4 0  CONNECTOR B 5 0000 7 5 0 3 7  EA 4 7 0 3 8 7 0 8 7 6 1  0 1  . O W  0 7 . 0 0 0  0 0 0 7 4 0  

3 4 3 2 - 4 2 0 5  . . - . . - - - - . HEADER -- * 0000 5 2 7 6 0  -!A 4 7 0 3 8 7 0 8 3 6 1  1 0 . 0 0 0  1 0 . 0 0 0  9 0 0 6 5 8  

3 5 0 - S E R I E S - 3 D C  PUMP B 0000 5 9 1 8 0  EA 4 7 E 3 8 2 5 7 9 G l  0 1 . 0 0 0  0 1 . 0 0 0  0 0 0 4 7 0  

3 5 0 2 -  1 0 0 0  -- CONNECTOR , . * 0000 7 5 0 3 7  EA 4 / D 3 8 7 0 8 7 6 1  0 1  .OOO 0 7 . 0 0 0  0 0 0 7 3 9  

TERMINAL BOARD 
TERMINAL BOARD 

4 7 A 3 8 0 0 0 8  STEP-UP XFMR SPEC X 0000 EA 4 7 E 3 8 2 3 0 4 G l  X 00 1 8 6 8  

? 7 ~ m o o o s  DES. REQMTS~ROTOR BL .- x 0000 E A  47>82400~1 x 001 1 1 8 -  . - . - - - - 
4 7 A 3 8 0 0 0 9  OES. REQMTS.ROTOR B L  X 0000 EA 4 7 E 3 8 2 5 9 0 G 1  X 0 0 1 2 2 4  

4 7 A 3 8 0 0 1 4  S T A T I O N  BATTERY SPEC M 0000 EA 4 7 E 3 8 7 0 8  1G1 . 0 1  .OOO 0 1 . 0 0 0  0 0 1 3 1 7  - 

1 7 A 3 8 0 0 2 3  POWER C A B L I N G  REQT X 0000 EA 4 7 E 3 8 2 3 0 4 G i  X 0 0 1 8 6 6  





MOD-5A WTG PROGRAM 1 1 

ICV TITLE ?.!OD- 3R ATE PROGRAi.1 o c sn N o  i 

QUALITY. ASSURANCE REQUIREMENTS I I 

n o .  

4 7 d 3 3 C O 7 4  
. , 

CONT ON SHEET 1 1 s n  NO. 7 

FOR THE COHTROL OF I I 

CUAL I T Y  ASSUF!A;JCE R E Q U I  REI;EIdTS 
FOR TEE CONTROL C F  XALJ i : lATERIALS 

M&g F&gE E L A 3 E  F A G R I C A T I Q I I  PROCESS 

RAW MATERIALS AND THE BLADE FABRICATION PROCESS I I 
DATE : I a//s/aa 

DATE : 

I 

p. , / .' ' 
.. 

-,\ # L..t\ -,, , ,, 

- - , Mgr. , Subcontracts  

2 - r, 
1' i Cct;:, 

kigr. , u e s i  gn tng1  n e e r i  ng I 
\.- 

.- . ,  .. . , 
. -  . .- , , _  . DATE : 

t lgr . ,  I n t e g r a t i o n  & T e s t  

L 1. ZWW DATE: =//?A9 
*!*Tanager 

TOTAL I.IU!vIBER OF PAGES 17 

MADE Br APPROVALS 
A.  Cheddar A, E.  P- DIV OR - - -,--, ----- ,,- --,- orm. 47A380C74 

/ - - 7  ' 2 . ; ~  75g,83 /.gL,. ... K.,rz/~ PR~SS( d ,  & L-TION c o n 7  0" SHEET j 7 sn "0. 7 
F F - 0 0 3 - W B  (3-81 ! 
PRINTED I N  U S A  t I I CODE IDENT N( 
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SECTION 1 

INTRODUCTION 

1.1 PURPOSE 

The purpose of this document is to establish minimum quality requirements 

which must be implemented by the blade manufacturer to insure the minimum 

acceptable level of control over the blade fabrication process and the 

raw materials utilized therein. 

1.2 SCOPE 

The requirements specified herein are intended for controlling all MOD-5A 

fabrication (development and prime) and are to be implemented by the 

manufacturer immediately. Non-compliance by the manufacturer may result 

in QA rejection of all items fabricated during the period between the 

issue of this specification and the implementation of these requirements. 
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SECTION 2.0  

APPLICABLE DOCUMENTS 

2.1 DRAWINGS AND SPECIFICATIONS 

Appropriate detailed drawings or specifications applicable to the 

material or component being manufactured. 
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SECTION 3.0 

REQUIREMENTS 

3.1 EPOXY MATERIALS 

3.1.1 Assign specification numbers and revision numbers to the 

specifications for each of the materials purchased. These shall 

be controlled documents and shall be changed only through a formal 

design change system. 

3.1.2 The Purchase Order (P.0.) for materials shall reference the 

specification number and the revision number of the material being 

purchased. 

3.1.3 The P.O. shall specify certification and/or test results to be 

supplied by the vendor. 

a. Epoxide Equivalent Weight (EEW) 

b. Viscosity 

c. Color 

d. Hydrolyzable Chloride 

3.1.4 The material is to be identified by a lot or batch number and 

traceable to the P.O. on which purchased. 

3.1.5 The P.O. shall have an inspection code indicating what inspections 

or tests are to be performed in incoming inspection. 

a. Viscosity 

b. Color 
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3.1 EPOXY MATERIALS (continued ) 

3.1.6 Haterial shall be held in a quarantine area until certifications 

have been received and incoming inspections and/or tests have 

been completed. A quarantine area is a controlled area where 

materials awaiting certifications, test results, or Material 

Review Board (MRB) disposition may be kept safely and with no 

danger of being inadvertently mixed with prime materials. 

3.1.7 If certifications and inspections are satisfactory, the material 

shall be released to bonded stock or to production. 

3.1.8 If certifications and inspections are not satisfactory, a 

Nonconformance Report (NR) will be written and the material will 

be held in quarantine until a disposition has been made by the 

Material Review Board (MRB). 

3.1.9 Certifications, inspection data, P.O. copy, etc., will be 

maintained in QC files for a minimum period of 5 years. At the 

end of this period, the data shall be delivered to GE. 

3.1.10 Materials with a limited shelf life shall have the date of 

manufacture, date of purchase and date of expiration of shelf 

life recorded for easy reference. Such materials shall be 

monitored continuously to insure that expired materials are not 

used in production. 
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3.1 EPOXY LUTERIALS (continued ) 

3.1.11 Stock records shall indicate lot number, number of barrels or 

containers, individual container numbers or identification, date 

received, P.O. number, date withdrawn, amount withdrawn, job 

number to be used on. If a partial lot is withdrawn, care shall 

be taken to insure that all portions are identified to the 

original lot number or lot I . D .  

3.1.12 When individual ingredients are mixed for use in production, an 

identifying number will be assigned to each batch or lot mixed. 

The lot numbers of all the individual ingredients used in this 

batch or lot shall be recorded and shall be traceable to this 

lot. Samples ( 5 )  of the mixed lot will be taken, identified with 

the appropriate lot I.D. number and tested to verify properties 

of the mixed lot. ~- 

a. Hardness 

b. Gel Time 

c. Color 

3.2 VENEER 

3.2.1 Assign specification numbers and revision n u m b e r b o  the 

specifications for each of the materials purchased. These shall 

be controlled documents and shall be changed only through a 

formal design change system. 
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3.2 VENEER (con t inued)  

3.2.2 The Purchase  Order (p .0 . )  f o r  m a t e r i a l s  s h a l l  r e f e r e n c e  t h e  

s p e c i f i c a t i o n  number and t h e  r e v i s i o n  number of  t h e  m a t e r i a l  

be ing  purchased.  

3.2.3 The P.O. s h a l l  s p e c i f y  c e r t i f i c a t i o n  and /o r  t e s t  r e s u l t s  t o  be 

s u p p l i e d  by t h e  vendor. 

a .  Mois tu re  Content  Tes t  Data 

b. Grade - Each s h e e t  s h a l l  be marked t o  i n d i c a t e  i t s  grade.  

Marking s h a l l  be  p e r  veneer  s p e c i f i c a t i o n  and s h a l l  

be such t h a t  m a t e r i a l  used s h a l l  n o t  impa i r  t h e  

q u a l i t y  of  t h e  bond between a d j a c e n t  s h e e t s  i n  t h e  

marked a r e a .  

c .  S t i f f n e s s  

d. Yie ld  by Grade Data 

e .  Date Dried 

f .  Date Wrapped and Shipped 

3.2.4 The m a t e r i a l  i s  t o  be  i d e n t i f i e d  by a  l o t  o r  b a t c h  number and 

t r a c e a b l e  t o  t h e  P.O. on which purchased.  - - 
3.2.5 The P.O. s h a l l  have a n  i n s p e c t i o n  code i n d i c a t i n g  what i n s p e c t i o n s  

o r  t e s t s  a r e  t o  be performed i n  incoming i n s p e c t i o n .  

a .  Mois tu re  Content Samples 

b. U l t r a s o n i c  Grading Samples 

c .  Proper I d e n t i f i c a t i o n  and Marking 
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VENEER (continued) 

d. Conformance to P.O. Requirements 

e. Proper Packaging per Specification 

f. Shipping Damage 

3.2.6 Material shall be held in a quarantine area until certifications 

have been received and incoming inspections and/or tests have been 

completed. A quarantine area is a controlled area where materials 

awaiting certifications, test results, or Material Review Board 

(HRB) disposition may be kept safely and with no danger of being 

inadvertently mixed with prime materials. 

3.2.7 If certifications and inspections are satisfactory, the material 

shall be released to bonded stock or to production. 

3.2.8 If certifications and inspections --are not satisfactory, a 

Nonconformance Report (NR) will be written and the material will 

be held in quarantine until a disposition has been made by the 

Material Review Board (MRB). 

3.2.9 Certifications, inspection data, P.O. copy, etc., will be 

maintained in QC files for a minimum period of 5 years. At the 

end of this period, the data shall be delivered to GE. 

3.2.10 Stock records shall indicate lot number, number of bunks, bunk 

numbers, date received, date withdrawn, job number (used on), and 

amount withdrawn. A "Bunk" is a term used to describe a bundle or 

stack of veneer of normal shipping size, usually between 250 and 

300 sheets. 
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3.2 VENEER (con t inued)  

Note: I f  a  p a r t i a l  l o t  i s  withdrawn, t h e  p o r t i o n  withdrawn and 

t h e  p o r t i o n  remaining must be i d e n t i f i e d  w i t h  t h e  

a p p r o p r i a t e  l o t  number o r  l o t  I . D .  A 

3.2.11 When veneer  i s  removed from s t o r a g e  s t a c k s  o r  bunks,  mois tu re  

c o n t e n t  samples r e p r e s e n t a t i v e  of  t h e  e n t i r e  bunk w i l l  be drawn, 

checked and recorded  (MIN. 10 samples spaced e q u a l l y  from t o p  t o  

bottom of bunk o r  s t a c k ) .  

3.2.12 When veneer  i s  be ing  used f o r  a  "lay-up", an  a c c u r a t e  r ecord  of 

I I rough-peel" d i s c a r d s  w i l l  be recorded and f i l e d  w i t h  d a t a  f o r  

t h a t  l o t .  A "lay-up" i s  a  p re l iminary  s t a c k i n g  of veneer  f o r  a  

p a r t i c u l a r  job d u r i n g  which each p i e c e  of veneer  i s  checked,  

trimmed t o  c o r r e c t  s i z e ,  s t a c k e d  dry  and marked w i t h  a  l a y e r  

number and a  p o s i t i o n  number o r  l e t t e r  w i t h i n  t h a t  l a y e r .  

Note: Marking m a t e r i a l  s h a l l  be  such t h a t  i t  w i l l  no t  impair  t h e  

q u a l i t y  of t h e  bond between a d j a c e n t  s h e e t s .  

The veneer  i s  then  uns tacked ,  coa ted  w i t h  epoxy and r e t u r n e d  t o  

t h e  same p o s i t i o n  i n  t h e  f i n a l  assembly t h a t  i t  occupied i n  t h e  

lay-up. "Rough peel"  i s  a  term used t o  d e s c r i b e  s h e e t s  of veneer  

w i t h  a  rougher  than  normal s u r f a c e  f i n i s h .  A number of f a c t o r s  

may c o n t r i b u t e  t o  t h i s  c o n d i t i o n ,  inc luded among which a r e  t h e  

a n g l e  t h e  c u t t i n g  b l a d e  makes w i t h  a  p a r t i c u l a r  l o g ,  mois tu re  

c o n t e n t  of t h e  l o g ,  sha rpness  of t h e  c u t t i n g  b l a d e ,  e t c .  S h e e t s  - 

of veneer  having t h i s  abnormally rough f i n i s h  a r e  d i s c a r d e d .  

"Rough peel"  should  be  measured r a t h e r  t h a n  a r b i t r a r i l y  and 

v i s u a l l y  determined.  
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3.2 VENEER (continued) 

3.2.13 When more than one bunk of veneer is required for a lay-up, the 

bunks shall be blended to insure a uniform distribution of veneer 

from each bunk throughout the lay-up. Each lay-up must be 

planned on an individual basis after the total number of bunks 

required and the number of sheets per bunk have been determined. 

The lay-up is then planned to give the optimum distribution of 

veneer sheets from the various bunks. 

3.3 FABRICATION 

3.3.1 All fabrication shall be to written instructions describing the 

detailed operations to be performed in fabricating a billet or 

blade sect ion. 

3.3.2 Each individual participating in or contributing to the 

fabrication process shall be thoroughly familiar with the written 

instructions and shall be trained in the performance of his 

functions. 

3.3.3 A copy of the written instructions shall be available at each 

work station. 

3.3.4 A list of all machines, special tools, fixtures, inspection 

and/or test instrumentation required in the performance and/or 

monitoring of the process shall be prepared and attached to the 

process instruction. The process instruction shall include 

directions for operation and use of each item delineated. 
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3.3 FABRICATION (continued) 

3.3.5 Detailed Quality Control inspections and tests shall be 

incorporated into the Process Instruction. These shall specify 

the type of inspection or test to be performed, the number of 
e 

checks to be made or the number of samples to be taken, precise 

instructions for performing checks or selecting samples, 

acceptancelrejection criteria for each test or inspection 

performed, limits of process parameters for satisfactory 

operation, data to be recorded, ambient shop conditions, etc. 

3.3.6 Prior to production of any hardware, a Process Readiness Review 

will be conducted with key personnel from GE serving as members 

of the Review ~oard. As a minimum, the Board will consist of 

representatives from Design Engineering, Quality Control 

Engineering and Manufacturing Engineering. The Review Team will 

verify the capability of the process to be performed based on 

adequate process development, process documentation and controls 
- 

implemented, tools, equipment and facilities available and 

verified, personnel properly trained, and- first article try-out 

verified. 

3.3.7 As a minimum, the fabrication process shall include the following 

tests and/or inspections: - 
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3.3 FABRICATION (continued) 

3.3.7.1 Moisture Content (MC) - As veneer is being removed from 
a storage stack for use in a preliminary "build-up" or 

I I lay-up", a minimum of ten (10) moisture content samples 

will be taken from each stack. Samples will be 10" 

square or 12" square pieces. One sample will be 

selected from the top layer and one from the bottom 

layer of the stack. The remaining eight samples will be 

taken from eight layers equally spaced between the top 

and bottom of the stack. Samples shall be identified by 

layer number from which drawn. Raw weight data and 

calculated values of moisture content shall be recorded 

for each sample by sample number. Zlloisture content 

values for each sample must be within TBD % of the mean 

for the ten samples taken. In addition, the mean must 

be within TBD % of the TBD % nominal value of moisture 

content desired in finished product. 

3.3.7.2 Glue Spread Rate - Control parameters (upper and lower 

limits) for glue spread rates shall be established based 

on glue machine capability. Sufficient glue spread 

samples shall be taken at each machine start-up, prior 

to coating any prime veneer, to insure that glue spread 

rate is within specified limits and has been stabilized. 
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3.3 FAliRICATION (continued ) 

3.3.7.2 (continued) 

Glue spread samples will be 10" or 12" square pieces of 

veneer representative of the lot being processed. 

Spread rate shall be considered stabilized when three 

successive glue spread samples show rates within TBD % 

of each other. Each sample shall be identified with the 

job number being processed plus a consecutive serial 

number assigned in the order in which each sample was 

coated. Each sample shall be identified with its dry 

weight, its specified coated weight and its actual 

coated weight. 

3.3.7.3 Glue Coating - Coating of prime veneer may commence 

after glue spread rate has been stabilized within 

process limits. Glue spread samples will be coated at 

regular intervals throughout the veneer coating cycle. 

One (1) glue spread sample shall be required for every 

two hundred and forty (240) square feet of veneer 

coated. Sample numbers, dry weight, coated weight and 

glue spread rates shall be recorded on appropriate data 

sheets and maintained on file with other data for the 

job being processed. 



MOD-5A WTG 
478380074 

DECEMBER 1982 

3 .3  FABRICATION (con t inued)  

3.3.7.4 Veneer S t a c k i n g  - Depending on t h e  s i z e  of t h e  job,  one 

o r  two s e n i o r  t e c h n i c i a n s  w i l l  be a s s i g n e d  

r e s p o n s i b i l i t y  f o r  c o r r e c t l y  s t a c k i n g  t h e  coa ted  

veneer .  He o r  they s h a l l  be r e s p o n s i b l e  t o  i n s u r e  t h a t  

each s h e e t  of veneer  i s  p laced i n  t h e  e x a c t  l o c a t i o n  i n  

which i t  appeared i n  t h e  "lay-up". They s h a l l  i n s u r e  

t h a t  t h e  c o r r e c t  f a c e  of  t h e  s h e e t  f a c e s  upward; t h a t  

t h e  c o r r e c t  edge of t h e  s h e e t  goes a g a i n s t  t h e  s t o p s  o r  

gu ides  a s  a p p r o p r i a t e ;  t h a t  s h e e t s  b u t t  c o r r e c t l y  and do 

n o t  r i d e  up and o v e r  each o t h e r ;  t h a t  a l l o w a b l e  v o i d s  o r  

k n o t h o l e s  a r e  f i l l e d  w i t h  epoxy a s  r e q u i r e d ;  t h a t  s h e e t s  

hav ing  s c a r f e d  edges  a r e  mated p r o p e r l y ;  t h a t  t h e  number 

of l a y e r s  i s  c o r r e c t ,  and t h a t  t h e  o v e r a l l  h e i g h t  of t h e  

b u i l d - u p  i s  w i t h i n  drawing dimensional  requirements .  

3.3.7.5 Vacuum Bagging - A f t e r  t h e  coa ted  veneer  has  been 

p r o p e r l y  s t a c k e d  i n  t h e  mold o r  on t h e  t a b l e ,  t h e  

build-up s h a l l  be  bagged and evacua ted .  To i n s u r e  

p roper  bagging,  e l i m i n a t i o n  o f  l e a k s  and uniform 

p r e s s u r e  on t h e  c u r i n g  bui ld-up,  t h e  vacuum i n s i d e  t h e  

bag s h a l l  be monitored.  A vacuum gage w i l l  be p laced  a t  

each end of t h e  assembly and a t  a  maximum of t e n  (10)  

f o o t  i n t e r v a l s  a long  t h e  l e n g t h  of  t h e  assembly. 
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3.3 FABRICATION (continued) 

3.3.7.5 (continued) 

Each gage will be calibrated against a master or 

reference gage and shall have an appropriate correction 

attached or assigned to it. Each gage shall be assigned 

a number and its number, location, actual reading and 

corrected reading shall be recorded on appropriate data 

sheets. Readings shall be taken and recorded at fifteen 

(15) minute intervals during the first hour after 

bagging. Readings shall be recorded at one-half (112) 

hour intervals for the next three (3) hours. Starting 

with the fifth hour, readings shall be recorded at one 

(1) hour intervals for the remainder of the cure cycle. 

3.3.7.6 Ambient Conditions - During the course of a fabrication, 
the temperature and relative humidity in the shop or 

work area will be checked at one-half (112) hour 

intervals and recorded with other data for the job. 

3.3.8 All data shall be recorded on standard data sheets which have 

been reviewed and approved for use by GE. A11 data shall bear 

the date and the signature of the individual recording the data. 

Job numbers, serial numbers and any other identifying numbers 

specified shall be recorded legibly on the data sheets. Data 

shall be reviewed and signed off by the Quality Control Engineer 

and stored in Quality Control files. Data shall be maintained on 

file for a period of at least five (5) years. At the end of this 

period, the data shall be delivered to GE. 
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SECTION 1 .0 

INTRODUCTION 

1.1 SCOPE 

T h i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  requ i rements  f o r  a speed i n c r e a s e r  gearbox 

and a u x i l i a r y  equipment. The gearbox w i l l  be used as a speed i n c r e a s e r  i n  a 

w ind  t u r b i n e  genera to r .  
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SECTION 2.0 

APPLICABLE DOCUMENTS 

2.1 GENERAL ELECTRIC DRAWINGS AND SPECIFICATIONS 

GE Drawing 47E381046 - Gearbox Envelope 

GE S p e c i f i c a t i o n  47A380048 - S p e c i f i c a t i o n  f o r  M a t e r i a l  F i n i s h e s  

2.2 STANDARDS 

AGMA A i r c r a f t  S p e c i f i c a t i o n  

AFBMA Method o f  E v a l u a t i n g  Load R a t i n g s  f o r  R o l l e r  Bear ings ,  S tandard  

S e c t i o n  #11 

AWS-Dl.1-76 S t r u c t u r a l  Weld ing Code 

SSPC-SP10-63T S t e e l  S t r u c t u r e s  P a i n t i n g  Counci 1  Sur face  P r e p a r a t i o n  

S p e c i f i c a t i o n  
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SECTION 3.0 

REQUIREMENTS 

3.1 TYPE - 
The speed i n c r e a s e r  s h a l l  be  a t h r e e  s tage  u n i t  w i t h  e p i c y c l i c  f i r s t  and second 

s tages and p a r a l l e l  s h a f t  t h i r d  s tage.  I n p u t  t o r q u e  t o  t h e  gearbox i s  genera ted 

b y  t h e  WTG r o t o r  system. The gearbox i n  t u r n  w i l l  d r i v e  a v a r i a b l e  speed 

genera to r .  However, t h e  system w i l l  r u n  a t  two nomina l  r o t o r  i n p u t  speeds: 

16.8 and 13.7 RPM. 

3.2 CONFIGURATION 

The o v e r a l l  o u t l i n e  d imens ions o f  t h i s  s tand-a lone speed i n c r e a s e r  gearbox s h a l l  

n o t  exceed t h o s e  shown i n  GE Drawing 47E381046. 

3.3 WEIGHT 

The w e i g h t  o f  t h e  speed i n c r e a s e r  s h a l l  be k e p t  t o  a minimum, c o n s i s t e n t  w i t h  a 

c o s t - e f f e c t i v e  des ign .  

3.4 PERFORMANCE AND OPERATING CRITERIA 

Performance requ i remen ts  s h a l l  be as shown i n  Tab le  1. Gear ing  s h a l l  be 

designed f o r  s t r e n g t h  and d u r a b i l i t y  i n  accordance w i t h  a p p l i c a b l e  AGMA 

s tandards  f o r  30  y e a r  l i f e  under  t h e  i n p u t  t o r q u e  l o a d  spect rum shown i n  

F i g u r e  1 and Tab le  2. 



I n p u t  Speed - Nominal 

I n p u t  Speed Range 

Speed I n c r e a s e r  R a t i o  

Rated I n p u t  Torque 

S e r v i c e  F a c t o r  

Maximum Running Losses 

. . 

MOD-5A WTG 
47A38008 3 

REV A 
SEPTEMBER 1983 

TABLE 1 -- PERFORMANCE REQUIREMENTS 

Maximum Break-Away Torque 

Duty  C y c l e  

Maximum No-Load Losses 

D i r e c t i o n  o f  R o t a t i o n  

16.8 RPM 

13.70 RPM t o  16.8 RPM 

3.38 x l o 6  f t - l b  (10812 HP 
8 16.8 RPM) 
1.49 x 106 f t - l b  $ 13.70 R P M  

C o n s i s t e n t  w i t h  30 y e a r  l i f e  and 
d u t y  c y c l e  o f  F i g u r e  1 and Tab le  2 

3% a t  r a t e d  power (324  HP @ 
16.8 RPM) 

15,000 f t - l b  ( a t  l ow  speed s h a f t )  

See Tab le  2 

1.5% o f  r a t i n g  a t  nominal  i n p u t  
speed (162 HP 8 16.8 RPM) 

Clockwise when l o o k i n g  a t  t h e  l o w  
speed s h a f t  
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FIGURE 1 
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CUMULATIVE P R O B A B I L I T Y  

TORQUE/RATED TORQUE 
GEARS H A V I N G  GEARS H A V I N G  

RANDOM PHAS I NG F I X E D  P H A S I N G  

ROOT MEAN . 9 2 1  . 9 8 5  
FOURTH LOAD ( W I T H  3 0 %  MAX OVERLD) ( W I T H  30% MAX OVERLD) 

RATED TORQUE = 3 . 3 8  E 6  
T O T A L  ROTOR CYCLES = 1 . 7 8  E 8  
LOADS C O N T A I N  1 . 1 5  CONTINGENCY FACTOR 

T A B L E  2 - GEARBOX TORQUE DUTY CYCLE 
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3.4.1 Over load Maximum 

( a )  Design L i m i t  - S t a t i c  a t  200% o f  r a t e d  torque,  5  occurrences over  l i f e  f o r  

5  seconds each. 

( b )  V a r i a b l e  speed genera to r  c o n t r o l  w i l l  l i m i t  r e a c t i o n  t o r q u e  t o  130% o f  

r a t e d  t o r q u e  (53,800 f t - l b ) .  

3.4.2 Overspeed Maximum 

No degrada t ion  w i t h  r a t e d  t o r q u e  a t  22 RPM f o r  30 hours t o t a l .  

3.4.3 S t a r t - S t o p  

Events t o  e i t h e r  i n p u t  speed - -  35,000 over  30 years  

High t o  low p l u s  low t o  h i g h  -- 25,000 w h i l e  r o t a t i n g  

3.4.4 Reverse Torque 

The WTG may u t i l i z e  t h e  genera to r  t o  b r i n g  t h e  r o t o r  up t o  speed. I n  t h a t  case 

t h e  r e v e r s e  t o r q u e  w i l l  n o t  exceed 50% o f  r a t e d  t o r q u e  f o r  a  t o t a l  of 600 hours  

o f  o p e r a t i o n .  Park ing  b rake  t o r q u e  may be i n  e i t h e r  d i r e c t i o n  when stopped, b u t  

w i  11 n o t  exceed 80% o f  r a t e d  torque.  
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3.4.5 O f f -Des ign  O p e r a t i o n  

The speed i n c r e a s e r  may b e  opera ted  i n  o f f - d e s i g n  c o n d i t i o n s  t h a t  c o n s i s t  o f  

e i t h e r  an i n c r e a s e  i n  t h e  e f f e c t i v e  i n p u t  t o r q u e  r a t i n g  o r  an i n c r e a s e  i n  t h e  

p r o b a b i l i t y  o f  i n p u t  t o r q u e s  g r e a t e r  t h a n  r a t i n g .  The a b s o l u t e  l o a d s  s p e c i f i e d  i n  

paragraph 3.4.1 w i l l  remain  unchanged. 

L i  f e - d u t y  c y c l e  ad jus tmen t  s h a l l  be computed b y  t r a n s 1  a t i n g  t h e  upper  c u r v e  i n  

F i g u r e  1  h o r i z o n t a l l y  such t h a t  t h e  c u r v e  passes t h r o u g h  t h e  new r a t i n g  p o i n t  

P1 (Y1, XI). F i n d  i n t e r s e c t i o n  o f  t r a n s l a t e d  c u r v e  w i t h  o/Qrated = 1  .O. 

T h i s  f i x e s  p o i n t  P2 ( 1  .O, X 2 )  The a d j u s t e d  1  i f e  s h a l l  be found  as f o l l o w s :  

Ad jus ted  L i f e  = 30 y e a r s  x  '2 
.82 

The maximum o f f - d e s i g n  t o r q u e  r a t i n g  i n c r e a s e  s h a l l  be 1  i rn i t ed  t o  r e s u l t  i n  a  

minimum a d j u s t e d  l i f e  o f  no l e s s  t h a n  20 yea rs .  
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3.5 LIFE - 
The gearbox s h a l l  have a  d e s i g n  l i f e  o f  30 yea rs .  A n t i f r i c t i o n  b e a r i n g s  s h a l l  

nave a  Blo l i f e  o f  a t  l e a s t  30  y e a r s  i n  accordance w i t h  AFBMA Standard  

Sec t ions  No. 9  o r  11. F o r  t h e  purposes o f  comput ing  b e a r i n g  and gear  l i f e ,  t h e  

gearbox may be assumed t o  be o p e r a t i n g  a t  r a t e d  power and a t  f r a c t i o n s  o f  r a t e d  

power f o r  t h e  d u r a t i o n  shown i n  T a b l e  2, d u r i n g  t h e  30 y e a r  l i f e .  Gear l i f e  

s h a l l  be determined i n  accordance w i t h  AGMA A i r c r a f t  s p e c i f i c a t i o n .  There s h a l l  

b e  3 x lo6 t o r q u e  c y c l e s  a s s o c i a t e d  w i t h  s t a r t i n g ,  chang ing speed, and 

s y n c h r o n i z a t i o n  w i t h  a  t o r q u e  p r o f i l e  o f  0%-50%-0% o f  r a t e d .  

3.6 CONFIGURATION 

The t r a n s m i s s i o n  i s  t o  be housed i n  a  c a s i n g  t h a t  i s  capab le  o f  o p e r a t i n g  under  

t h e  a p p l i c a b l e  l o a d s  and s h a l l ,  as a  minimum, p r o v i d e  t h e  f o l l o w i n g  f u n c t i o n s :  

( a )  The case s h a l l  s e r v e  as a  p a r t i a l  o i l  r e s e r v o i r  f o r  t h e  l u b r i c a t i o n  system. 

( b )  The case s h a l l  p r o v i d e  a  p a r t i a l  o i l  c o o l i n g  ( h e a t  r e j e c t i o n )  su r face .  

( c )  The hous ing  s h a l l  be  o f  s p l i t  c o n s t r u c t i o n  t o  a f f o r d  access t o  i n t e r n a l  

d r i v e  t r a i n .  

( d )  The hous ing  s h a l l  p r o v i d e  env i ronmen ta l  p r o t e c t i o n  and o i l  conta inment .  

( e )  H igh speed s h a f t  end o f  hous ing  t o  p r o v i d e  mount ing  pads f o r  p a r k i n g  b rake  

and s l i p  r i n g s .  

( f )  Bear ings  o f  i n p u t  and o u t p u t  s h a f t  s t u b s  i n t e r n a l  t o  gearbox t o  be s i z e d  t o  

s u p p o r t  w e i g h t  o f  l o w  speed and h i g h  speed d r i v e  s h a f t  assembl ies ( r a d i a l  

l o a d s  and t h r u s t  l oads  due t o  7' a n g l e  o f  i n c l i n a t i o n ) .  

( g )  The mount ing  s u r f a c e  n e a r e s t  t h e  f i r s t  s t a g e  r i n g - g e a r  a t tachment  f l a n g e  on 

t h e  hous ing  s h a l l  be capab le  o f  s t a t i c  r e a c t i o n  t o  a l l  i n p u t  s h a f t  t o rques .  
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3.7 LUBRICATION 

A f o r c e d  feed l u b r i c a t i o n  system u s i n g  redundant  pumps s h a l l  be  p r o v i d e d  b y  t h e  

gearbox manu fac tu re r .  GE s h a l l  s u p p l y  t h e  o i l  c o o l e r  as s p e c i f i e d  b y  t h e  

gearbox manufac turer .  I n t e r n a l  hea te rs ,  f i l t e r s  and m o n i t o r i n g  sensors  s h a l l  be 

s u p p l i e d  b y  t h e  gearbox manu fac tu re r  as r e q u i r e d  b y  t h e  env i ronmen ta l  and 

o p e r a t i o n  c o n s i d e r a t i o n s .  D u r i n g  shutdown and s imul taneous l o s s  o f  e l e c t r i c a l  

power t h e  s tandby pump s h a l l  p r o v i d e  s u f f i c i e n t  o i l  c i r c u l a t i o n  t o  a l l o w  t h e  

system t o  come t o  a  s t o p  w i t h o u t  a d v e r s e l y  a f f e c t i n g  t h e  gears  and b e a r i n g s  i n  a  

p e r i o d  o f  f i v e  minutes .  The gearbox s h a l l  b e  so des igned  t h a t  s low  r o t a t i o n  

( < I  RPM) w i t h  power o f f  under  no l o a d  w i l l  n o t  cause any wear o r  damage t o  t h e  

d r i v e  t r a i n .  O i l  s h a l l  r e t u r n  t o  t h e  r e s e r v o i r  b y  g r a v i t y  d r a i n i n g .  

3.8 LUBRICATING O I L  

The l u b r i c a t i n g  o i l  s h a l l  be  s p e c i f i e d  b y  t h e  manu fac tu re r  c o n s i s t e n t  w i t h  t h e  

o p e r a t i n g  tempera tu re  requ i remen ts  o f  paragraph 3.13 and performance 

requ i remen ts  o f  paragraph 3.4. 

3.9 CONDUIT PASSAGE 

A 6 "  I . D .  c e n t e r  t u b e  s h a l l  be des igned t h r o u g h  t h e  gearbox t o  a l l o w  passage o f  

c o n d u i t  t o  r o t o r .  A s l i p  r i n g  assembly 14" O.D. x  48"  l o n g  s h a l l  be mounted on 

t h e  back face  o f  t h e  t h i r d  s tage  hous ing  s u p p o r t  s t r u c t u r e  c o n c e n t r i c  w i t h  t h e  

i n p u t  s h a f t .  S l i p  r i n g  mount ing  d e t a i l s  w i l l  be p r o v i d e d  b y  GE. 

3.10 WELDING 

Welding s h a l l  b e  i n  accordance w i t h  vendors s p e c i f i c a t i o n  s u b j e c t  t o  GE r e v i e w  

and approva l  . 
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3.1 1 FINISH 

3.11.1 I n t e r i o r  F i n i s h  

The unmachined s u r f a c e s  s h a l l  be degreased and c leaned p r i o r  t o  p a i n t i n g  b y  t h e  

#10 near  w h i t e  b l a s t  c l e a n i n g  method o f  SSPC-SP10-63T. P a i n t  i n t e r i o r  surfaces 

w i t h  an epoxy p a i n t  such as Sherwin-Wi l l iams POLANE. Po lyurethane Enamel ASA 

No. 6 1  Gray o r  equal. 

3.11.2 E x t e r i o r  F i n i s h  

The case e x t e r i o r  s h a l l  be f i n i s h e d  as f o l l o w s :  

A l l  unmachined su r faces  s h a l l  be c leaned p r i o r  t o  p a i n t i n g  b y  t h e  810 near  w h i t e  

b l a s t  c l e a n i n g  method o f  SSPC-SP10-63T. 

Apply  one c o a t  of Z i n c - r i c h  t y p e  p r i m e r  (Carbo-z inc  o r  e q u a l ) .  

Apply  one f i n i s h  c o a t  p e r  GE S p e c i f i c a t i o n  47A380048. 

3.12 TURNING GEAR 

The gearbox s h a l l  be equipped w i t h  a  " t u r n i n g  gear" t o  f a c i l i t a t e  p o s i t i o n i n g  o f  

t h e  r o t o r .  The t u r n i n g  gear s h a l l  d r i v e  t h e  gearbox t o  produce a  r o t o r  r a t e  o f  

0.1 rpm. The gear s h a l l  be r e v e r s i b l e  ( i .e .  a l l o w  cw and ccw r o t o r  r o t a t i o n ) .  

Engagement and disengagement o f  t h e  t u r n i n g  gear s h a l l  be manual. 



MOD-5A WTG 
47A380083 

REV A 
SEPTEMBER 1983 

3.13 OTHER FACTORS 

The gearbox s h a l l  be designed t o  w i t h s t a n d  t h e  f o l l o w i n g  env i ronmenta l  

c o n d i t i o n s .  

Temperature -40°C t o  +50°C (-40°F t o  +122OF) ambient a i r  
(non-opera t i  ng) 
-20°C t o  40°C (-4OF t o  104OF) ambient a i r  
( o p e r a t i n g )  

H u m i d i t y  exposure e q u i v a l e n t  t o  MIL-STD-210B f o r  exposed o r  
Sand/Dust s h e l t e r e d  ground equipment as a p p l i c a b l e  
S a l t  Spray 
Fungus 

A1 t i  tude sea l e v e l  t o  7,000 f t .  
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SECTION 4.0 

QUALITY ASSURANCE P R O V I S I O N S  

4.1 MANUFACTURING AND TEST FLOW PLAN 

The s u p p l i e r  s h a l l  submi t  a manu fac tu r ing  and t e s t  f l o w  p l a n  showing t h e  b a s i c  

manu fac tu r ing  o p e r a t i o n ,  s p e c i a l  processes,  and t e s t s  f o r  General E l e c t r i c  

r e v i e w  and e s t a b l i s h m e n t  o f  GE i n s p e c t i o n  p o i n t s .  

4.2 INSPECTION BY GENERAL ELECTRIC 

General  E l e c t r i c  s h a l l  m a i n t a i n  cogn izance o v e r  t h e  s u p p l i e r  q u a l i t y  system and 

performance on t h e  m a t e r i a l  t o  be f u r n i s h e d .  The s u p p l i e r  s h a l l  n o t i f y  General 

E l e c t r i c  f o r t y - e i g h t  (48) hours  i n  advance o f  t h e  t i m e  work, processes,  o r  t e s t s  

a r e  ready  f o r  i n s p e c t i o n  i n  accordance w i t h  t h e  Manu fac tu r ing  and Test  Flow P lan .  

4.3 TEST PLAN 

The s u p p l i e r  s h a l l  f u r n i s h  t o  General E l e c t r i c  a b r i e f  p l a n  d e s c r i b i n g  proposed 

t e s t s  o f  t h e  gearbox. These t e s t s  s h a l l  i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o  t h e  

f o l l o w i n g :  a f o u r  ( 4 )  hour  no- load r u n - i n  t e s t  a t  r a t e d  speed, v e r i f i c a t i o n  o f  

breakaway to rque ,  and no - load  l o s s  measurement. 
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4.4 TEST DATA 

The supplier shall record all operating test times and conditions of operation 

such as speed and load. One copy of this record shall be submitted to General 

Electric when the gearbox is delivered. 

4.5 MATERIAL RECORDS 

The supplier shall maintain a file, for General Electric review, all material 

inspection records (physical and chemical data), radiographic reports, 

ultrasonic reports, magnetic particle reports and similar test data related to 

the gearbox suppl i ed to General Electric. 
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PREPARATION FOR SHIPMENT (La te r )  
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SECTION 1 

( 1.0 SCOPE 

This specification defines performance, design and test requirements for a 

I variable speed generator subsystem for wind turbine appl ication. Subsystem 

components defined are a wound rotor machine, a cycloconverter, the 

I cycloconverter control, isolation transformers, and accessories. 
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SECTION 2 

2.0 APPLICABLE DOCUMENTS 

The f o l l o w i n g  documents o f  t h e  l a t e s t  i s s u e  o r  as noted below f o r m  a p a r t  o f  

t h i s  s p e c i f i c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  he re in .  I n  t h e  event  o f  c o n f l i c t  

between t h i s  s p e c i f i c a t i o n  and t h e  documents re ferenced he re in ,  t h e  c o n t e n t s  o f  

t h i s  s p e c i f i c a t i o n  s h a l l  be cons ide red  a supersed ing document. 

2.1 GENERAL ELECTRIC DRAWINGS AND SPECIFICATIONS 

47E387080 System One-Line Diagram 

(TBD) Generator  and Lube Mechanical  I n t e r f a c e  

( TBD Cyc loconver te r  Mechanical  I n t e r f a c e  

(TBD I s o l a t i o n  Transformer  Mechanical  I n t e r f a c e  

2.2 OTHER STANDARDS 

CSA (Canadian Standards A s s o c i a t i o n )  
(TBD) 

A N S I  (American N a t i o n a l  Standards I n s t i t u t e )  
(TBD) 

NEMA ( N a t i o n a l  E l e c t r i c a l  Manufacturers  A s s o c i a t i o n )  
(TBD) 

I E E E  ( I n s t i t u t e  o f  E l e c t r i c a l  and E l e c t r o n i c s  Eng ineers)  
STD 472 T r a n s i e n t  Vo l tage P r o t e c t i o n  
STD 519 Guide For  Harmonic C o n t r o l  and Reac t i ve  Compensation O f  S t a t i c  

Power Conver ters  

MIL-STANDARDS 
MIL-STD-461 E lec t romagne t i c  Emission and S u s c e p t i b i l i t y  Requirements For  The 

C o n t r o l  O f  E lec t romagne t i c  I n t e r f e r e n c e  
MIL-STD-462 Test  Methods For  E lec t romagne t i c  Emiss ion And S u s c e p t i b i l i t y  

FEDERAL 
FS-595A F i n i s h  Co lo rs  
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SECTION 3 

3.0 REQUIREMENTS 

3.1 SUBSYSTEM DEFINITION 

3.1.1 GENERAL DESCRIPTION 

The variable speed generator subsystem consists of: 

a) Wound rotor generator 

b) Cycloconverter 

c) Cycl oconverter control 

d) Isolation transformer 

e) Accessories 

Interconnection and instal lation of the subsystem wi 1 1  be provided by the 

purchaser. Subsystem capabilities- shall be to: 
- 

f) Motor, singly excited, from 0 to 0.25 per unit synchronous speed 

g) Synchronize for doubly excited operation 

h) Regulate system reactive power flow while generating with an output var 
regulation loop or a terminal voltage regulation loop 

i)  Regulate air gap torque while generating from 0.80 to 1.20 per unit 
synchronous speed 

j) Provide sequencing control and communication with purchaser equipment 

3.1.2 SUBSYSTEM CONFIGURATION 

The subsystem shall be arranged as shown on Drawing 47E387080, System One-Line 

Diagram. Physical location of subsystem elements shall be as shown in 

Figure 3-1. Interconnection shall be as shown in Figure 3-2. 
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3.1.3.1 Generator Mechanical I n t e r f a c e s  

The generator  mechanical i n t e r f a c e s  s h a l l  be p e r  Tab le  3-1 and TBD I n s t a l l a t i o n  

Drawing 

TABLE 3-1 

Generator Mechanical I n t e r f a c e s  

I t e m  

1 I n t e r f a c e  Drawing (TBD) Generator and Lube Mechanical I n t e r f a c e  
Drawing 

Generator I n s t a l  l a t i o n  (TBD) Geometry Out1 ine,  TBD ( I n s t a l  1 a t i o n  
Drawing) 

S h a f t  Coupl ing I n s t a l l a t i o n  b y  TBD 

S h a f t  Loads Torque 38,500 23,850 R a t i n g  Ft-Lb 
V e r t i c a l  2000 +400 l b  
H o r i z o n t a l  0 2200 l b  
Moment 1000 2200 f t - l b  

Turb ine  I n e r t i a  350,000 l b  f t2  @ 1200 RPM 

A i r  Duc t ing  Per TBD ( I n s t a l  l a t i o n  Drawing) 

F lood  Lube System Per TBD ( I n s t a l  1 a t i o n  Drawing) 

Mounting 

Connections 

I-Beam frame, s u p p l i e d  w i t h  generator ,  suppor ts  
machine. Frame t o  be shimmed/grouted t o  
bedp la te  and b o l t e d  i n  p lace.  

Connection boxes s u i t a b l e  f o r  250 l b  man t o  
s tand on. Condui t  o r  c a b l e  d u c t  may i n t r o d u c e  
up t o  200 l b  f o r c e  i n  any d i r e c t i o n .  
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I 3.1.3.2 Generator E l e c t r i c a l  I n t e r f a c e s  

( The generator  e l e c t r i c a l  i n t e r f a c e s  s h a l l  be per  Table 3-2 and TBD I n s t a l l a t i o n  

I I tem 

1 S t a t o r  

2 Rotor  

3 RTD ' s 

TABLE 3-2 

Generator E l e c t r i c a l  I n t e r f a c e s  

S i x  ( 6 )  leads out, compression connectors w i t h  l ugs  
Purchaser connect ion v i a  two ( 2 )  350 MCM, 5 KV cab le  pe r  
phase. 

Three ( 3 )  leads out ,  compression connectors w i t h  l ugs  
(TBD) connect ion box 
Purchaser connect ion v i a  two (2 )  350 MCM, 5 KV cab le  per  
phase. 

Three ( 3 )  l ead  t ype  t o  t e rm ina l  s t r i p .  S i x  ( 6 )  RTD 
connect ions requ i red ,  o the rs  w i t h  leads c o i l e d  and marked 
i n  box. 
Purchaser connect ion v i a  w i r e  clamp s u i t a b l e  f o r  
#16 AWG o r  c a p t i v e  screw t e rm ina l  s t r i p .  

4 Heaters Four ( 4 )  l ead  connect ion t o  separate t e rm ina l  s t r i p .  
Purchaser connect ion v i a  w i r e  clamp s u i t a b l e  f o r  
#10 AWG o r  c a p t i v e  screw t e rm ina l  s t r i p .  

5 Tachometers Four ( 4 )  leads t ype  t o  separate t e rm ina l  s t r i p .  (Power, 
Power common, s i gna l ,  s i gna l  r e t u r n .  ) Purchaser 
connect ion v i a  w i r e  clamp s u i t a b l e  f o r  #16 AWG. 
Tachometer p ickups s h a l l  have l o c k i n g  p l u g  connect ions.  

6 Ground Frame grounding l o c a t i o n  f o r  purchaser l u g  connect ion.  

7 S w i  eches Two (2 )  l ead  t ype  t o  t e rm ina l  s t r i p .  Purchaser connect ion 
v i a  w i r e  clamp s u i t a b l e  f o r  #16 AWG o r  c a p t i v e  screw 
t e rm ina l  s t r i p .  

8 Lube System Power pe r  i t e m  4 above 
Sensors per  i t em  7 above 

L u b r i c a t i o n  system c o n t r o l s  and sensors 
C-1 System o n l o f f  c o n t r o l  
S-1 O u t l e t  pressure sw i t ch  - low 
S-2 Sump l e v e l  sw i tch  - low 
S-3 F l u i d  temperature sw i t ch  - h i g h  
S-4 F l u i d  temperature sw i tch  - low 
S-5 F i l t e r  d i f f e r e n t i a l  p ressure  s w i t c h  
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3.1.3.3 Cycloconverter Mechanical Interfaces 

Interfaces shall be per Table 3-3, and TBD Installation Drawing. 

TABLE 3-3 

Cycloconverter Mechanical Interfaces 

Item 

1 Installation Outline TBD Electrical Equipment Building 
TBD Installation Drawing 

2 Mounting 

3 Connections 

Leveled on concrete slab with anchor bolt/stud 
ho 1 ddown . 
Cable/bus duct interface may impose 200 lb load 
in any direction. Power circuit connections 
vi a overhead duct. 
Control and signal leads shall be connected in 
a separate interface terminal area. 
Interconnection will be via overhead ducting. 
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3.1.3.4 Cyc loconver ter  E l e c t r i c a l  I n t e r f a c e s  

I n te r f aces  s h a l l  be per  Table 3-4, and TBD I n s t a l l a t i o n  Drawing. 

TABLE 3-4 

Cyc loconver ter  E l e c t r i c a l  I n t e r f a c e s  

I tem 

Power 

P-1 Machine Side Three (3 )  dual  b u s l l u g  connect ions 
Purchaser connect ion us ing  two ( 2 )  350 MCM, 5  KV Cables 
pe r  Phase 

P-2 Bus Side Nine ( 9 )  bus / l  ug connect ions.  
Purchaser connect ion t o  i s o l a t i o n  t rans fo rmer  TBD. 

P-3 Auxi 1  i a r y  480 V,  4-wire,  30 Amp 
Purchaser connect ion v i a  w i r e  clamp s u i t a b l e  f o r  #6 AWG 
o r  separate t e rm ina l  s t r i p s .  

P-4 Ground ~ u s / l ; ~  connect ion t o  ground bus. 

Con t ro l  - General 

C-1 D i s c r e t e  D i s c r e t e  s i g n a l s  t o  and f rom t h e  wind t u r b i n e  c o n t r o l l e r  
s h a l l  be two w i r e  120 VAC, mainta ined s i gna l .  The a c t i v e  
(sending)  end s h a l l  sw i tch  t h e  source and t h e  sensing end 
s h a l l  be h i g h  impedance and p rov ided  w i t h  (TBD) shunt 
r es i s t ance  t o  avo id  f a l s e  i n d i c a t i o n  due t o  sw i t ch i ng  
dev ice leakage cu r ren t .  Cur ren t  range i s  3A maximum, 
20 ma minimum. 

C-2 Analog Analog s i g n a l s  t o  and f rom t h e  wind t u r b i n e  c o n t r o l l e r  
s h a l l  be t w i s t e d  p a i r s ,  sh i e l ded  4-20 ma c u r r e n t  loop. 
The a c t i v e  (sending)  end s h a l l  be ab le  t o  d r i v e  loop 
impedances f rom 0 t o  1000 ohms. 
S igna l  r e c e i v e r  i n p u t  impedance s h a l l  be 500 ohms 
approximately.  

C-3 Tachometer Tachometer pu l se  s i gna l s  s h a l l  be TED, t o  s u i t  system 
arrangement 

C-4 P o t e n t i  a1 PT secondary connect ions s h a l l  be two w i r e  s u i t a b l e  f o r  
Transformers 300 VAC t r a n s i e n t  duty.  

C-5 Cur ren t  CT secondary connect ions s h a l l  be two w i r e  s u i t a b l e  f o r  
Transformers 20 amp t r a n s i e n t  duty .  Sho r t i ng  bars  s h a l l  be p rov ided  

on t h e  i n t e r f a c e  t e rm ina l  s t r i p .  CTs o n l y  f o r  conver te r  
use. 

1055A 
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TABLE 3-4 (cont'd) 

Cycloconverter Electrical Interfaces 

C-6 Power Control Switchgear control signals shall be 48 VDC relay coil 
circuits. Purchaser will provide external 48 VDC. Dry 
contact switching suitable for 5 amp make and break shall 
be provided, with purchaser's control circuit providing 
circuit interruption. 

C-7 Connections All purchaser control connections shall be via wire clamp 
suitable for #12 AWG, or captive screw terminal strips. 

Signals 

S-1 "Converter Ready" Per C-1, converter control source 

5-2 "Turbine Ready" Per C-1, turbine control source 

S-3 "Start/Motor" Per C-1, turbine control source 

S-4 "Synchronize/GenerateU Per C-1, turbine control source 

S-5 "Torque/Speed Reference" Per C-2, turbine control source 

S-6 "VAR/Volt Reference" Per C-2, turbine control source 

S-7 "Lockout Trip" 

S-8 "Stator TieTrip" 

5-9 "Stator Short Trip" 

S-10 "Stator Tie Close" 

S-11 "Stator Short Close" 

S-12 "Stator Tie Position" 

S-13 "Stator Short Position" 

5-14 "Stator Voltage" 

S-15 "Bus Voltage" 

S-16 "Stator Current" 

S-17 "Bus Current" 

S-18 to S-30 

Per C-6 

Per C-6 

Per C-6 

Per C-6 

Per C-6 

Per C-1, "a" contact 

Per C-1, "a" contact 

Per C-4, 3 Phase 

Per C-4, 3 Phase 

Per C-5, 3 Phase 

Per C-5, 3 Phase 

Spares 

-10- 
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3.1.3.5 Isolation Transformer Mechanical Interfaces 

Mechanical interfaces for the isolation transformer shall be similar to the 

companion interfaces for the cycloconverter per paragraph 3.1.3.3 and the TBD 

Installation Drawing. 

3.1.3.6 Isolation Transformer Electrical Interfaces 

Electrical interfaces for the isolation transformer shall be similar to the 

companion interfaces for the cycloconverter per paragraph 3.1.3.4 and TBD 

Installation Drawing. 
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3.1.4 OPERATIONAL DESCRIPTION 

The annual design wind cumulat ive p r o b a b i l i t y  and r e s u l t a n t  ou tpu t  power 

cumulat ive p r o b a b i l i t y  a re  shown i n  F i gu re  3-3. Annual s t a r t - s t o p  cyc l es  a re  

1200; approx imate ly  t h r e e  ( 3 )  per  day. 

A  t y p i c a l  ope ra t i ng  c y c l e  c o n s i s t s  of :  

a)  Motor t h e  generator  t o  0.25 per  u n i t  synchronous speed - one ( 1 )  minute 

b )  Sha f t  d r i v e n  by  t u r b i n e  t o  0.8 per  u n i t  synchronous speed - two (2 )  minutes 

c )  Synchronize a t  0.8 per  u n i t  - 0.1 minutes (synchron ize a b i l i t y  f rom 0.8 t o  

1.2 pu) 

d )  Operate a t  0.9 - 0.95 pe r  u n i t  synchronous speed a t  a i r  gap torques f rom 0  
t o  1.0 pe r  u n i t ,  e x t e r n a l l y  re fe renced  - 60 minutes 

e )  Acce le ra te  under wind t u r b i n e  system c o n t r o l  t o  1.15 per  u n i t  synchronous 
speed - 0.5 minute ( e x t e r n a l -  r e f e rence  reduces a i r  gap to rque  t o  p rov i de  
a c c e l e r a t i o n )  

f )  Operate a t  1.10 - 1.20 per  u n i t  synchronous speed a t  a i r  gap torques from 0  
t o  1.10 per  u n i t ,  e x t e r n a l l y  re ferenced - 60 minutes 

g)  Decelerate  under wind t u r b i n e  system c o n t r o l  t o  0.95 per  u n i t  synchronous 
speed - 0.5 minute(externa1 re fe rence  increases a i r  gap to rque  t o  p rov i de  
dece le ra t i on )  

h )  Repeat d)  through g) above one t o  f o u r  t imes 

i )  Hold  a i r  gap to rque  a t  1.0 per  u n i t  w h i l e  dece le ra t i ng  t o  0.8 per  u n i t  
synchronous speed, e x t e r n a l l y  re fe renced  - 0.5 minute 

j )  Reduce s h a f t  to rque  t o  zero - 0.2 minute 

k )  E x t e r n a l l y  reduce speed by t u r b i n e  c o n t r o l  t o  0  per  u n i t  - two ( 2 )  minutes 

1  per  u n i t  synchronous speed = 1200 rpm 

1 per  u n i t  a i r  gap torque = 38,500 f t - l b  
(based on 6300 KVA, 1.0 p f ,  0.96 e f f i c i e n c y  a t  1200 rpm) 
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3.1.4.2 Operat iondl  Speed - Power D e s c r i p t i o n  

The s u b s y ~ t e r ~ l  s h a l l  be  capable of  opera t ion  w i t h i n  t h e  speed-power envelope map 

shown i n  F i g u r e  3-4. Constant a i r  gap torque opera t ion  i s  shown between 0.8 and 

1 .2  pu synchronous speed. Motor ing duty  opera t ion  from 0 t o  0.25 pu synchronous 

speea s h a l l  be constant  r o t o r  c u r r e n t .  

9 MVA TOTAL POWER a 

FIGURE 3-4 

SPEED-POHER ENVELOPE 

P.U. 

SYNCHRONOUS 

SPEED 
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3.2 CHARACTERISTICS 

3.2.1 GENERATOR 

3.2.1.1 Generator C h a r a c t e r i s t i c s  

The generator  s h a l l  have t h e  c h a r a c t e r i s t i c s  shown i n  Table 3-5. Standard 

r a t i n g s  s h a l l  be based on app rop r i a t e  CSA, ANSI, and NEMA standards. The 

s u p p l i e r  s h a l l  i d e n t i f y  t he  standards u t i l i z e d .  

TABLE 3 - 5 

GENERATOR CHARACTERISTICS 

I tem 

1 Type Wound r o t o r  cons t ruc t i on ,  doubly  f e d  

2 Ra t ing  6300 KVA s t a t o r  
. 1500 KVA r o t o r  (1500/0/1500) 

7500 KVA t o t a l  
38,500 f t - l b  a i r  gap t o rque  

3 Frame 

4 Poles, Speed 

5 I n s u l a t i o n  

6 Vol tage 

7 Connection 

8 Grounding 

Open, d r i p  p r o o f  

6 p o l e  - 1200 rpm synchronous speed, 
960/1200/1440 ope ra t i ng  range 
Ro ta t i on  CCW l o o k i n g  a t  d r i v e  end 

Class F w i t h  Class F r i s e  a t -  r a t i n g  (105OC r i s e  
over  40°C ambient temperature) 

S t a t o r  4160 V o l t  L-L, 60 Hz AC, 3 Phase 
Rotor  wind ing coord ina ted  w i t h  cyc loconver te r ,  
12/0/12 Hz AC, 3 Phase, approx imate ly  
800/0/800 V o l t  L-L rms, approx imate ly  

Per paragraph 3.1.3.2 
S t a t o r  - Wye, 6 leads ou t  f o r  ex te rna l  n e u t r a l  
connect ion 
Rotor  - Wye, 3 leads ou t  on s l i p  r i n g s  - brushes, 
n e u t r a l  i n s u l a t e d  

S t a t o r  n e u t r a l  w i l l  be h i g h  res i s t ance  grounded by 
purchaser t o  l i m i t  phase t o  ground f a u l t  c u r r e n t  t o  
l e s s  than 0.2 pu. Sha f t  t o  frame grounding brushes 
s h a l l  be i n s t a l l e d  a t  bear ings.  

1055A 
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TABLE 3  - 5  ( c o n t ' d )  

GENERATOR CHARACTERISTICS 

I tem 

9  Cool ing 

10 Mounting 

11 Bear ings 

12 F lood Lube 

13 Operat ion 

14 Overspeed 

15 Losses 

16 Overload 

S e l f  v e n t i l a t e d  v i a  s h a f t  mounted fans. P r o v i s i o n  
made f o r  purchaser i n s t a l l e d  i n t a k e  and exhaust 
duct ing.  Purchaser w i l l  p rov ide  ex te rna l  f a n  f o r  
low speed moto r ing  du t y  coo l ing ,  i f  requ i red .  

Per paragraph 3.1.3.1. Up t o  7O i n c l i n a t i o n  f rom 
h o r i z o n t a l  w i t h  d r i v e  end high. 

Double bear ings, s e l f - l u b r i c a t e d ,  j o u r n a l  type.  
D r i v e  end bea r i ng  s h a l l  have t h r u s t  capabi 1  i t y  
s u f f i c i e n t  t o  r e s t r a i n  1.2 t imes r o t o r  weight  f o r c e  
component due t o  7O i n c l i n a t i o n ,  and r a d i a l  
c a p a b i l i t y  per  paragraph 3.1.3.1. The generator  
bear ings s h a l l  be p rov ided  w i t h  a  means o f  t r a n s i e n t  
s e l f - l u b r i c a t i o n  t o  avo id  damage on coas t  down f rom 
1440 rpm a t  10 rpm/second w i t hou t  f l o o d  l u b r i c a t i o n .  

Purchaser i n s t a l l e d  f l ood  l u b r i c a t i o n  system. 
Capped i n l e t  and o u t l e t  p i p i n g  and app rop r i a t e  
bear ing  openings s h a l l  be provided. A separa te ly  
mounted f l o o d  l u b r i c a t i o n  system package s h a l l  be 
p rov ided  f o r  cont inuous supply  o f  bear ing  
l u b r i c a t i o n  f l u i d .  The s k i d  o r  tank mounted u n i t  
s h a l l  c o n s i s t  o f  a  r e s e r v o i r  heater,  f i l t e r ,  pump, 
pump motor, motor s t a r t e r ,  sensors, and e l e c t r i c a l  
and h y d r a u l i c  in te rconnec t ions .  Power, c o n t r o l ,  and 
sensing devices s h a l l  be per  paragraph 3.1.3.2. 

Per paragraph 3.1.4 du t y  cyc le .  Basic ope ra t i on  
modes are w i t h  cons tan t  r o t o r  c u r r e n t  f rom 0  t o  
0.25 pu synchronous speed, and w i t h  constant  a i r  
gap to rque  f rom 0.8 t o  1.2 pu synchronous speed. 

1700 rpm mechanical overspeed des ign ( 1  18% o f  1.2 pu 
synchronous speed) 

No load a t  1.0 pu synchronous speed, 100 kW maximum 
losses. Rated ou tpu t  a t  1.2 pu synchronous speed, 
300 kW maximum losses. Computed losses s h a l l  be 
s p e c i f i e d  f o r  0, .25, .SO, .75, 1.0 pu r a t i n g  a i r  
gap to rque  c o n d i t i o n s  a t  0.8, 1.0, and 1.2 pu 
synchronous speed. 

Shaf t ing capable t o  w i ths tand  2.5 pu r a t e d  a i r  gap 
to rque  c o n d i t i o n s  f o r  100 t imes over  l i f e  t ime. 
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The manufac tu re r ' s  standard des ign p r a c t i c e s  s h a l l  
be used. Rotor  impedance s h a l l  be coord ina ted  w i t h  
t h e  cyc l oconve r t e r  design. 

Design s h a l l  be s u i t a b l e  f o r  a  s i x  ( 6 )  month o r  more 
p e r i o d i c  i n s p e c t i o n -  and maintenance i n t e r v a l  . 
Brushes s h a l l  have twe lve  (12) month minimum 
mechanical des ign 1  i f e .  Bear ings s h a l l  be 
rep laceab le  w i t hou t  r o t o r  removal. 

Expected design 1  i f e ,  w i t h  p e r i o d i c  maintenance 
s h a l l  be 30 years.  

Cons t ruc t ion  ma te r i  a1 s  s h a l l  be i n h e r e n t l y  c o r r o s i o n  
r e s i s t a n t  o r  p ro tec ted  f rom c o r r o s i o n  due t o  
exposure t o  a i r bo rne  mo is tu re  and s a l t  i n  c o o l i n g  
a i r  pe r  paragraph 3.2.1.3. 

Per paragraph 3.2.1.3 

As i d e n t i f i e d  on Mechanical I n t e r f a c e  Drawing (TBD). 

Moto r ing  d u t y  s h a l l  be based on t h e  t u r b i n e  i n e r t i a  
de f i ned  i n  paragraph 3.1.3.1. 

Overs ize connect ion boxes s h a l l  be provided, mounted 
as shown on Mechanical I n t e r f a c e  Drawing (TBD) t o  
house bo th  r o t o r  and s t a t o r  c i r c u i t  surge a r r e s t o r s  
and surge capac i to rs .  Separate connect ion boxes 
s h a l l  be p rov ided  f o r  i ns t r umen ta t i on  and heater  
connect ions 

S t a t o r  and r o t o r  c i r c u i t s  s h a l l  be prov ided w i t h  
5.1 KV l i g h t n i n g  a r r e s t o r s  and 0.5 MFD wave shaping 
capac i t o r s  connected f rom each phase t o  t h e  machine 
frame, mounted and connected i n  t e rm ina l  boxes. 

Each phase o f  t h e  s t a t o r  wind ings s h a l l  have two (2 )  
10ohm copper 3  l ead  Resis tance Temperature 
De tec to rs  i n s t a l l e d  and w i red  t o  t h e  ins t rument  
connect ion box. 

Each bear ing  s h a l l  have one ( 1 )  10 ohm copper 3  lead  
Resistance Temperature De tec to r  i n s t a l  l e d  and w i red  
t o  t h e  ins t rument  connect ion box. 
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TABLE 3 - 5  ( c o n t ' d )  

GENERATOR CHARACTERISTICS 

I tem 

A-5 Tachometer Pickups The r o t o r  s h a f t  s h a l l  be supp l ied  w i t h  a  toothed 
wheel hav ing  120 (approx imate ly )  t ee th .  Two pu l se  
generator  p ickups s h a l l  be mounted ad jacent  t o  t h e  
wheel and w i red  t o  t h e  ins t rument  connect ion box. 
One p ickup  i s  f o r  cyc loconver te r  c o n t r o l  use and t h e  
o t h e r  i s  f o r  purchaser use. The purchaser use 
p ickup  s h a l l  supply  an approx imate ly  5 v o l t  square 
wave ou tpu t  w i t h  purchaser p rov ided  e x c i t a t i o n .  The 
cyc l oconve r t e r  c o n t r o l  p ickup s h a l l  p rov i de  a  s i gna l  
l e v e l  s u i t a b l e  f o r  t ransmiss ion  over  600 f ee t  of 
c o a x i a l  o r  t w i s t e d  sh ie lded  p a i r  w i r i n g .  

A-6  Space Heater 

A-7 Ground Pad 

An ant i -condensat ion heater,  s u i t a b l e  f o r  cont inuous 
energ iza t ion ,  s h a l l  be mounted and w i red  t o  t h e  
i ns t r umen ta t i on  t e rm ina l  box. 208 VAC, 4  w i re ,  
3 Phase, 60 Hz power a t  3 kW maximum w i l l  be 
p rov ided  by  purchaser f o r  balanced load hea te r  
opera t ion .  

An unf in ished,  f l a t ,  frame connect ion l o c a t i o n  w i t h  
two (2 )  tapped o r  c lea rance  ho les  w i t h  back access 
s h a l l  be p rov ided  f o r  a t t a c h i n g  a  ground connect ion 
w i t h  1/2-13 hardware. Th i s  s h a l l  be l oca ted  near a  
lower  s i d e  co rner  o f  t h e  frame. 

A-8 V i b r a t i o n  Switches Each bea r i ng  s h a l l  have a  v i b r a t i o n  sensor ( s w i t c h  
t ype )  of t h e  s u p p l i e r ' s  recommended type, mounted 
and w i red  t o  t h e  i ns t r umen ta t i on  connect ion box. 
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3.2.1.2 Generator Parameters 

The supplier shall provide the purchaser with the data shown in Table 3-6 within 

ten (10) weeks of receipt of order. 

I tem - 
1 

TABLE 3 - 6 
GENERATOR PARAMETERS 

Weight (lb) and Center of Gravity location 

Rotor inertia (Ib-ft2) and shaft sketch 

Breakaway torque (1 b-ft) 

Cool ing air requirements (SCFM, psi drop, temperature rise) 

Bearing lube requirements (GPM, viscosity for flood lube) 

Losses calculation per Table 3-5, item 15 

Magnetizing reactance (Xm) (per unit value based on 4160 volts, 7500 KVA) 

Stator reactance -(XI ) pu 

Stator resistance (Rl) pu 

Rotor reactance (X2) pu referred to stator 

Rotor resistance ( R 2 )  pu referred to stator 

Air gap saturation characteristics (curve) 

Outline drawing showing installation handling and shipping package 
details and access requirements for installation and maintenance 

14 Connection diagram; power and instrumentation elementary diagrams 

15 Summary parts list and recommended spare parts 1 ist 

16 Draft instruction book (final with delivery) including maintenance 
requirements 

17 Auxiliary power requirements 

- 19- 
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3.2.1.3 Generator Environmental Condi t ions 

The generator w i l l  be housed w i t h i n  an unheated, i n s u l a t e d  metal  enclosure a t  

t h e  t op  o f  a  240 f o o t  tower. Ambient temperatures du r i ng  opera t ion  w i l l  range 

f rom -20°C t o  +40°C. Su rv i va l  (non-operat ing) ambient temperatures w i  11 

range from -40°C t o  +50°C. R e l a t i v e  humd i t i y  w i l l  be 10% t o  90%, 

non-condensing. 

Rat ings apply  f o r  a l t i t u d e s  f rom sea l e v e l  t o  3300 ft. A p p l i c a t i o n  may be a t  up 

t o  7000 f t  w i t h  h i ghe r  ambient temperatures i n  which case appropr ia te  d e r a t i n g  

w i l l  be used f o r  c o o l i n g  and i n s u l a t i o n  p rope r t i es .  

Cool i n g  a i r  w i  11 be mechanica l ly  f i  1  t e r e d  by  purchaser t o  remove most a i rborne  

moisture,  s a l t ,  and p a r t i c u l a t e s .  For co r ros ion  ana l ys i s  assume 0.005 PPM 

maximum s a l t  con ten t  i n  i n t a k e  a i r  a f t e r  f i l t r a t i o n  f o r  sea coast  i n s t a l l a t i o n .  

V i b r a t i o n  w h i l e  opera t ing  may be up t o  k0.25 g  i n  any d i r e c t i o n  a t  f requencies 

l e s s  than 5  Hz. 

3.2.2 CYCLOCONVERTER 

3.2.2.1 C h a r a c t e r i s t i c s  

The cyc loconver te r  s h a l l  have the  c h a r a c t e r i s t i c s  shown i n  Table 3-7. Standard 

r a t i n g s  s h a l l  be based on appropr ia te  CSA, ANSI, and NEMA standards. The 

s u p p l i e r  s h a l l  i d e n t i f y  t h e  standards u t i l i z e d .  
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TABLE 3-7 

CYCLOCONVERTER CHARACTERISTICS 

I tem 

Type T h y r i s t o r ,  3  Phase, 6  pu lse  per  phase, r eve rs i ng  

Rat ing  1500 KVA 

Machine Connection Coordinated w i t h  generator  r o t o r  c h a r a c t e r i s t i c s  pe r  
Table 3-5, i t em  6  

L i ne  Connection Through i s o l a t i o n  t ransformer  t o  4160 v o l t  L-L, 
60 Hz, 3  Phase 

Enc 1  osure 

Frequency 

Harmonics 

Indoor  NEMA 1  type  w i t h  f r o n t  door access t o  a l l  
e l e c t r o n i c  components, and r e a r  panel access t o  
connect ions. 

L i ne  connect ion 60 Hz. 
Machine connect ion w i t h  r e a l  power c a p a b i l i t y  
p r o p o r t i o n a l  t o  f requency f o r  12/0/12 Hz operat ion.  

Converter c o n t r o l  and connect ion s h a l l  minimize 
c u r r e n t  harmonics on t h e  60 Hz system, cons i s ten t  
w i t h  economic c o n t r o l  and t h e o r e t i c a l  6  pu lse  
conver te r  harmonic product ion.  

Harmonic F i  1  t e r s  Purchaser w i l l  p rov ide  60 Hz system f i l t e r i n g  
cons i s ten t  w i t h  IEEE Standard 519. 

React ive Power Converter r e a c t i v e  power du t y  w i l l  be minimized by 
use o f  60 Hz system f i l t e r  and power f a c t o r  ' 

c o r r e c t i o n  capacitance. System opera t ion  w i l l  be a t  
0.98 t o  1.0 p f .  

Overvol tage A  machine s i de  t h y r i s t o r  con t ro l - l ed  r e s i s t i v e  shunt 
P r o t e c t i o n  s h a l l  be evaluated t o  p rov ide  t r a n s i e n t  overvo l tage  
( o p t i o n )  p r o t e c t i o n  t o  t h e  power c i r c u i t r y  and t o  extend 

ope ra t i ng  frequency range. 

Cool i ng A  dual  f an  s h a l l  be prov ided f o r  c i r c u l a t i o n  o f  
ambient a i r .  E i t h e r  f a n  s h a l l  be capable o f  c o o l i n g  
from r a t e d  cond i t ions .  Fan c o n t r o l  s h a l l  be 
prov ided f o r  a l t e r n a t i n g  opera t ion  on s t a r t u p  and 
s h i f t  t o  o the r  f a n  on l o s s  o f  a i r  f l o w  du r i ng  
ope ra t i  on. 

F a u l t  P r o t e c t i o n  Power modules s h a l l  be fused t o  prevent  module 
permanent f a u l t s  f rom propagat ing damage. 
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I t e m  

13 Cont ro l  

14 Losses 

15 Maintenance 

16 D iagnos t i cs  

17 R e l i a b i l i t y  

18 L i f e  

19 M a t e r i a l s  

20 A l t i t u d e  

21 Space Heater 

22 Grounding 

23 Bus Work 

TABLE 3-7 ( c o n t ' d )  
CYCLOCONVERTER CHARACTERISTICS 

Per paragraph 3.2.2.4. Basic c o n t r o l  mode i s  
independent c o n t r o l  o f  machine a i r  gap to rque  by  
s t a t o r  power r e g u l a t i o n  and c o n t r o l  o f  60 Hz bus 
r e a c t i v e  power o r  vo l tage.  

No load, w i t h  c o n t r o l  and f a n  loads, 10 kW maximum. 
Rated cond i t i ons ,  25 kW maximum 

Design s h a l l  be s u i t a b l e  f o r  a  s i x  ( 6 )  month o r  more 
p e r i o d i c  i n s p e c t i o n  and maintenance i n t e r v a l .  
Con t ro l  and power elements s h a l l  be o f  modular 
. cons t ruc t ion  and rep laceab le  f rom t h e  f r o n t  o f  t h e  
u n i t .  

L i g h t  i n d i c a t o r s  and l o c a l  l o g i c  devices s h a l l  be 
p rov ided  t o  a i d  i n  r a p i d  f a u l t  d iagnos is  t o  maximize 
a v a i l a b i l i t y .  

The a1 l oca ted  r e l i a b i  1  i t y  goals  f o r  t h e  conver te r  
and c o n t r o l  assembly are:  
Mean Time Between F a i l u r e s  
Requ i r ing  Maintenance - 9,000 hours 
Mean Time t o  'Repair - 2  hours  
( w i t h  spare p a r t s  on hand) 

Expected des ign l i f e ,  w i t h  p e r i o d i c  maintenance 
s h a l l  be 30 years.  

Cons t ruc t ion  m a t e r i a l s  s h a l l  be i n h e r e n t l y  co r ros i on  
r e s i s t a n t  o r  p ro tec ted  f rom c o r r o s i o n  due t o  
exposure t o  a i r bo rne  mo is tu re  and s a l t  i n  c o o l i n g  
a i r  per  paragraph 3.2.2.3. C i r c u i t  boards should be 
conformal coated where p o s s i b l e  f o r  general  
contaminat ion p r o t e c t i o n .  

Per paragraph 3.2.2.3 

An ant i -condensat ion heater,  s u i t a b l e  f o r  cont inuous 
ene rg i za t i on  s h a l l  be mounted and w i red  i n  t h e  
bottom o f  each equipment sect ion.  208 VAC, 4 wire,  
3  phase, 60 Hz power a t  2  kW maximum w i l l  be 
p rov ided  by purchaser f o r  balanced load  hea te r  
operat  i on. 

A ground bus s h a l l  be r u n  through a l l  equipment 
sec t i ons  and have a  r e a d i l y  access ib le  purchaser 
connect ion.  

Bus bar  s h a l l  be o f  manufacturers s tandard 
cons t ruc t i on .  Connections s h a l l  be immune t o  t h e  
e f f e c t s  o f  ze ro  t o  f u l l  l oad  c y c l i n g .  

1055A 
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TABLE 3-7 ( c o n t ' d )  
CYCLOCONVERTER CHARACTERISTICS 

The cyc loconver ter  and i t s  c o n t r o l l e r  s h a l l  n o t  
produce conducted o r  rad ia ted  s igna ls  t h a t  i n t e r f e r e  
w i t h  comnercial electromagnetic devices. The 
conver ter  and i t s  c o n t r o l l e r  s h a l l  n o t  n a l  funct ion 
where a por tab le  comun ica t i on  device w i t h  up t o  
5 w a t t  t r a n s m i t t e r  power i s  operated w i t h i n  10 f e e t  
w i t h  cab ine t  doors closed. 
IEEE STD 472 surge requirements s h a l l  be provided on 
ex terna l  connection points .  Measurement o f  
conducted and rad ia ted  e l  ectronagnetic eni  ssions 
us ing  procedures o f  MIL-STD-462 nay be performed by 
the  purchaser. The suppl i e r  s h a l l  prov ide 
representa t ive  data on h i s  equipnent. Measured data 
s h a l l  be l e s s  than the  values shown i n  F igure 3-5, 
f ron  tdIL-STD-461 . 

3.2.2.2 Cycl oconverter Parameters 

The supp l i e r  s h a l l  prov ide the  purchaser w i t h  the data shown i n  Table 3-8 w i t h i n  

ten  (10)  weeks o f  r e c e i p t  o f  order. 

EM1 ENVELOPE 

FIGURE 3-5 

-23- 
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TABLE 3-8 

Cycloconverter Parameters 

Weight (lb) 

Outline drawing showing installation and handling and shipping package 

detai 1 s 

Elementary and connection, power, instrumentation, control diagrams. 

Cool ing air requirements (SCFM, psi drop, temperature rise) 

Losses calculation per Table 3-7, Item 14 

Harmonic current calculations for rated, and near synchronous conditions 
through the 25th harmonic with typical impedance. 

Summary parts list and recommended spare parts list 

Draft instruction books (final with delivery) including maintenance 
requirements 

Auxiliary power requirements 

3.2.2.3 Cycloconverter Environmental Conditions 

The cycloconverter, and the isolation transformer connecting to the 4160 Volt 

60 Hz bus will be housed within a building at grade level. Ambient temperatures 

during generation wi 1 1  range from O°C to +40°C. Survival (non-operating) 

ambient temperatures will range from -40'~ to +50°C. 10% to 90% humdity, 

non-condensing. 

Ratings apply for altitudes from sea level to 3300 ft. Applications may be at 

up to 7000 ft with higher ambient temperatures in which case appropriate 

derating will be used for cooling and insulation properties. Cooling air will 

be mechanically filtered by purchaser to remove most airborne moisture, salt, 

and particulates. For corrosion analysis assume 0.005 PPM maximum salt content 

in intake air after filtration for sea coast installation. Cooling air will 

have a dew point sufficiently below ambient temperature to avoid condensation. 
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3.2.2.4 Cycloconverter Control 

3.2.2.4.1 General 

The cycloconverter control shall use proven components and assemblies where 

available. Bandwidth of the converter, generator, and control shall be as broad 

as practical with a goal of 80 radians/sec or higher equivalent first order lag 

(-3 dB, -45O). 

Slue rate of the control response to changes in analog reference signals shall 

be limited by the control to 50%/second full scale in response to a step input. 

3.2.2.4.2 Control Modes 

Basic operating modes of the control are: 

Initialization 

Motoring, singly excited machine 

Synchronization 

Torque regulation 

Reactive power regulation 

Shutdown 

Fault monitoring 

Signals in the following paragraphs are shown on Paragraph 3.1.3.4 

3.2.2.4.2.1 Initialization. The initialization mode occurs on converter 

control power-up. All outputs shall power-up to an off-state. The converter 

firing control shall be configured to a non-conduction state. Control power 

will be applied before 4160 volt line power is connected. 

Next, the control shall check for faults appropriate to a non-operating state. 

If no faults exist, then send a "converter ready" to the turbine control, and 

wait for further commands. If a fault exists, wait for repair. 

-25- 
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3.2.2.4.2.2 Motor ing,  S i n g l y  Exc i ted.  On r e c e i p t  o f  a  " s t a r t /mo to r "  command, 

a) check f o r  "Turb ine Ready" 

b )  t u r n  on c o o l i n g  f a n  and check a i r  f l o w  

c )  send "S ta to r  T i e  T r i p "  and check " S t a t o r  T i e  P o s i t i o n "  i s  open 

d )  send "S ta to r  Shor t  T r i p "  and check " S t a t o r  Shor t  P o s i t i o n "  i s  open 

e )  send " S t a t o r  Shor t  Close" and check "S ta to r  Shor t  P o s i t i o n "  i s  c losed  

f )  us i ng  t h e  I1Torque/Speed" analog re ference,  w i t h  o v e r r i d i n g  c u r r e n t  1  i m i t  , 
r o t o r  v o l  t s / h e r t z  1  i m i  t, and frequency 1 i m i  t, c o n t r o l  conver te r  operat  i o n  

r e g u l a t i n g  speed t o  cause t h e  generator  t o  acce le ra te  o r  dece le ra te  from 

0  t o  approx imate ly  300 rpm 

g )  a t  t he  upper end of t h e  pe rm iss i b l e  speed range, w a i t  f o r  removal o f  t h e  

"S ta r t /Moto r  Comnand" 

h )  on "S ta r t /Moto rM command removal, s l u e  r o t o r  c u r r e n t  t o  zero, independent 

o f  t h e  "Torque/SpeedM reference, then  

i )  send "S ta to r  Shor t  Open" command and check "S ta to r  Shor t  P o s i t i o n "  i s  open 

j) h o l d  conver te r  i n  a  non-conducting mode and w a i t  f o r  

"SynchronizelGenerate" command. The t u r b i n e  c o n t r o l  w i l l  a cce le ra te  

generator  s h a f t  speed t o  t h e  960 t o  1440 rpm genera t ing  range. 

NOTE: The t u r b i n e  c o n t r o l  w i l l  u t i l i z e  a  "S ta to r  Shor t  P o s i t i o n "  s i g n a l  and a  

t u r b i n e  speed s i gna l  t o  v e r i f y  conve r t e r  c o n t r o l  response. 
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3.2.2.4.2.3 Synchron izat ion.  On r e c e i p t  o f  a  "sync/generate" s i gna l ,  

a)  Check f o r  generator  speed between 960 and 1440 rpm. I f  ou t s i de  t h i s  

range, w a i t  u n t i l  range i s  reached. 

b )  U t i l i z i n g  "S ta to r  Vol tage"  and "Bus Vol tage"  ins t rument  t rans fo rmer  

secondaries, c o n t r o l  conve r t e r  f i r i n g  t o  cause induced s t a t o r  vo l t age  t o  

match bus vo l t age  i n  amplitude, frequency, phase, and phase sequence. 

c )  When vo l tages  a r e  matched, send " S t a t o r  T i e  Close" and check "S ta to r  T i e  

P o s i t i o n "  i s  closed. (Note: Purchaser w i  11 p rov i de  synchronize check 

r e l a y  f u n c t i o n  i n  c l ose  c i r c u i t . )  

d )  A f t e r  t h e  s t a t o r  t i e  i s  c losed, operate  s imul taneous ly  i n  bo th  to rque  

r e g u l a t i o n  and r e a c t i v e  power r e g u l a t i o n  modes. 

3.2.2.4.2.4 Torque Regu la t ion  

a)  Using t h e  "Torque/speedU analog re ference,  r e g u l a t e  a i r  gap to rque  as 

i n d i c a t e d  by s t a t o r  r e a l  power. Develop s t a t o r  power feedback from 

" S t a t o r  Vol tage" and "S ta to r  Cur ren t "  ins t rument  t rans fo rmer  secondaries. 

b )  I f  re fe rence  to rque  t r a n s i e n t l y  exceeds system r a t e d  c a p a b i l i t y ,  

au toma t i ca l l y  l i m i t  t o rque  t o  110% o f  r a t e d  system c a p a b i l i t y .  

c )  Wait f o r  removal o f  "sync/generate" command. 

Torque r e g u l a t i o n  s h a l l  achieve 21% of r a t e d  a i r  gap to rque  w i t h i n  one ( 1 )  

second a f t e r  a  20% s tep  change i n  r e fe rence  w i t h  s h a f t  s l u e  r a t e s  o f  up t o  0.05 

pu/second r e l a t i v e  t o  synchronous speed. Range i s  -20% t o  +120% of r a t e d  torque.  

3.2.2.4.2.5 React ive Power Regu la t ion  

a )  Using t h e  "Var /Vo l tM analog re ference,  r e g u l a t e  4160 v o l t  bus r e a c t i v e  

power. Develop r e a c t i v e  power feedback f rom "Bus Vol tage and "BUS 

Cur ren t "  i ns t rument  t rans fo rmer  secondaries. 
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3.2.2.4.2.5 React ive Power Regu la t ion  ( c o n t ' d )  

b )  If the  reference Var va lue exceeds system c a p a b i l i t y  due t o  r o t o r  c i r c u i t  

KVA o r  s t a b i l i t y  l i m i t s ,  au toma t i ca l l y  l i m i t  Var r e g u l a t i o n  as necessary 

t o  ma in ta i n  to rque  regu la t i on .  Simultaneous r e g u l a t i o n  i s  requi red,  b u t  

to rque  r e g u l a t i o n  has h i ghe r  p r i o r i t y  when l i m i t i n g  cond i t i ons  a r e  

reached. 

c )  Wait f o r  removal o f  "sync/generateU command. 

React ive power r e g u l a t i o n  s h a l l  achieve +1% o f  system KVA r a t i n g  w i t h i n  one 

( 1 )  second a f t e r  a  20% step change i n  re fe rence  w i t h  s h a f t  s l ue  r a t e s  o f  up t o  

0.05 pu/second r e l a t i v e  t o  synchronous speed. Vol tage c o n t r o l  s h a l l  be a  sw i t ch  

se lec tab le  o p t i o n a l  r e g u l a t i o n  mode, us i ng  "Bus Voltage" as feedback. Ranges 

are 210% o f  7500 KVA o r  4160 Vo l ts ,  depending on mode. 

3.2.2.4.2.6 Shutdown. Shutdown i s  i n i t i a l l y  t h e  same as the  genera t ing  condi-  

t i o n .  The "TorqueISpeed" reference w i l l  be ramped up t o  maximum value a t  

5%/second and s h a f t  speed w i l l  be reduced by t h e  t u r b i n e  c o n t r o l .  

a) When generator  speed reaches approx imate ly  980 RPM, t h e  t u r b i n e  c o n t r o l  

w i l l  ramp t h e  "Torque/SpeedU reference t o  zero a t  5%/second w h i l e  

e x t e r n a l l y  r e g u l a t i n g  t u r b i n e  speed, then  

b )  t h e  t u r b i n e  c o n t r o l  wi  11 remove t h e  I1Sync/Generate" command. 

c )  On "Sync/GenerateU command removal, t h e  conver te r  c o n t r o l  s h a l l  automati-  

c a l l y  r e g u l a t e  s t a t o r  wa t ts  and s t a t o r  Vars t o  zero, regard less  o f  analog 

re fe rence  values. 

d )  When s t a t o r  wa t ts  and s t a t o r  Vars a re  below 5% o f  r a t i n g ,  t he  conver te r  

c o n t r o l  s h a l l  send a  "S ta to r  T i e  Open" command and check t h a t  "S ta to r  T i e  
\ 

P o s i t i o n "  i s  open. 
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3.2.2.4.2.6 Shutdown. (cont Id) 

e) Bring converter to a non-conducting state . 

f) The turbine control will bring the generator speed to zero. 

g) When speed is- below 60 rpm and when temperature is acceptable or after a 

time delay, turn off cooling fan I 

h) Wait for a "Start/Motor" command 

3.2.2.4.2.7 Fault Monitoring. The converter control shall monitor converter 

and turbine operation for at least the following faults: 

a) overpower - stator, motoring or generating 
b) overpower - rotor, motoring or generating 
c) converter overcurrent 

d)' bridge fault 

e) control malfunction 

f) control power loss 

g) cooling air loss 

h) phase unbalance 

i) overspeed beyond 1500 RPM 

j) turbine control ready signal 

k )  Stator over/under voltage 

1) uncommanded stator tie breaker trip 

For items i) and j), the converter control shall automatically ramp the torque 

reference used for torque regulation to maximum value until generator speed goes 

below 960 RPM, then continue as if in the shutdown mode following a 

"Sync/GenerateU command removal. 

For item g), the converter control shall turn on the second cooling fan and if 

cooling air flow recovers, continue operation. 
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3.2.2.4.2.7 F a u l t  Moni tor ing.  ( c o n t ' d )  For  a l l  f a u l t s  b u t  g) ,  t h e  conver te r  

c o n t r o l  s h a l l  remove t he  "Converter Ready" s i gna l  t o  t h e  t u r b i n e  c o n t r o l  which 

w i l l  cause shutdown i n i t i a t i o n .  I f  a  c o o l i n g  a i r  f a u l t  g) i s  n o t  c leared  by 

opera t ion  o f  t h e  second fan, then remove t he  "Converter Ready" s igna l .  
- 

For  permanent f a u l t s  r e q u i r i n g  maintenance a c t  ion, t h e  conver te r  c o n t r o l  s h a l l  

open t h e  s t a t o r  t i e  c i r c u i t  breaker v i a  t h e  "Lockout" re lay .  

3.2.3 ISOLATION TRANSFORMER 

3.2.3.1 C h a r a c t e r i s t i c s  

The i s o l a t i o n  t ransformer  s h a l l  have t he  c h a r a c t e r i s t i c s  shown i n  Table 3-9. 

Standard r a t i n g s  s h a l l  be based on appropr ia te  CSA, ANSI, and NEMA standards. 

The supp l i e r  s h a l l  i d e n t i f y  t h e  standards u t i l i z e d .  
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I tem 

2 Rating 

TABLE 3-9 

Isolation Transformer Characteristics 

To suit Cycloconverter 
2200/842/842/842 KVA approximately 

3 Enclosure NEMA I, indoor 

4 Core Type Frame 

5 Voltage 4160 Volts L-L, 60 Hz, 3 phase line side, 60 KV BIL 
minimum 
(3) isolated 3 phase windings, 525 V L-L, 60 Hz, 
converter side 

6 Connection Delta, line side 
WYE/WYE/WYE, converter side, TBD neutral 

7 Cooling Self-cooled 

8 Impedance To suit cycloconverter, with matched winding values 

9 Losses 6 kW no load, 28 kW full load, maximum . . 

10 Maintenance 

1 1  Life 

12 Materials 

13 Altitude 

14 Space Heater 
(Opt ion) 

15 Fault Protection 

16 Sound 

Design shall be suitable for a six (6) month or more 
periodic inspection and maintenance interval 

Expected design life, with periodic maintenance, 
shall be 30 years. Insulation class and temperature 
rise shall be selected consistent with life. 

Construction materials shall be inherently corrosion 
resistant or protected from- corrosion due to 
exposure to airborne moisture and salt in cooling 
air per paragraph 3.2.2.3. 

Per paragraph 3.2.2.3 

An anti -condensation heater, suitable for continuous 
energization shall be mounted and wired in the 
bottom of each equipment section. 208 VAC, 4 wire, 
3 phase, 60 Hz power at 2 kW maximum will be 
provided by purchaser for balanced load heater 
operat i on. 

Provided by purchaser with 4160 volt circuit breaker 

Sound level shall be less than 62 dBA 



MOD-5A WTG 
47A380094 
MAY 1983 

REVISION A 

3.2.3.2 Isolation Transformer Parameters 

The supplier shall provide the purchaser with the data shown in Table 3-10 

within ten (10) weeks of receipt of order. 

TABLE 3-10 

Is01 at ion Transformer Parameters 

2 Outline drawing showing installation, handling and shipping package 
details, and access requirements 

3 Connection drawing 

4 Cooling air requirements (SCFM, psi drop, temperature rise) 

5 Loss calculation at full load 

6 Summary parts list and recommended spare parts list 

7 Draft instruction books (final with delivery) including maintenance 
requirements 

8 Auxiliary power requirements 

3.3 FINISH 

Finish paint properties and color shall be per Federal Standard No. 595A: 

a) Generator Semigloss Blue (25177) 

b) Cycloconverter Semigloss Blue (25177) 

c) Isolation Transformer Semigloss Blue (251 77) 

The supplier shall provide information on finish paint materials and application 

methods in order to permit field touch-up. 

-32- 
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I 
3.4 MARKING 

a) Generator 

. -- 
' I 
. . 

, '  I b) Cycloconverter 

I 

Stamped metal nameplates shall be secured to the 

machine frame showing relevant data on machine 

rating and manufacturer. Additional nameplates 

shall indicate rotation, stator connections, and 

rotor connections. A weatherproof terminal 

diagram and schematic shall be affixed to the 

inside cover of the instrumentation box. All 

leads shall be marked as noted on the connection 

diagrams. 

Stamped metal nameplates shall be secured to the 

enclosure showing relevant data on unit rating 

and manufacturer. A weatherproofed elementary 

diagram book, showing connections, shall - be , . 

supplied in a pocket affixed to the inside cover 

of the control compartment door. All terminal 

strips shall have identification of strip and 

terminal number clearly marked. All leads and 

devices shall be marked as noted on the 

. . connection diagrams. 

c) Is01 at ion Transformer Same marking requirements as Cycloconverter. 
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SECTION 4 

4.0 QUALITY ASSURANCE 

4.1 DESIGN MANUFACTURING AND TEST FLOW PLAN 

The supplier shall submit a Design, Manufacturing and Test Flow Plan showing the 

basic design operations, manufacturing operations, reviews, and production test S 

for General Electric - AEPD review and establishment of inspection points. Long 

lead items shall be identified. 

4.2 DESIGN REVIEWS 

An informal design review shall be conducted at the completion of design, prior 

to fabrication. Two informal subsystem test reviews shall be conducted; one 

after procedures are documented prior to the test, and a second after the test - 

to review results. 

4.3 GENERAL ELECTRIC INSPECTION 

General Electric shall maintain awareness of the supplier's quality assurance 

with respect to the material to be furnished under this specification. Where 

inspection points have been established per paragraph 4.1, the supplier shall 

notify General Electric - AEPD forty-eight (48) hours in advance of the time 
when inspection is to be conducted. 

4.4 PRODUCTION TESTS 

4.4.1 GENERAL 

The supplier shall perform standard production tests on all equipment and supply 

test data measurements where establ i shed per paragraph 4.1. 
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4.4.2 GENERATOR 

Generator production tests shall include at least: 

a) High potential test 

b) Insulation resistance test 

c) Rotor balance 

d) No-load loss measurement (motor conditions) 

e) Phase sequence 

f) Connection continuity, conformance to diagram 

g) Dimensional check, conformance to instal lation drawings 

h) Visual check for finish defects 

4.4.3 CYCLOCONVERTER 

Cycloconverter production tests shall include at least: 

a) Control wiring insulation megger 
. . 

b )  Connection continuity, conformance to diagram 

c) Control functional check 

d )  Dimensional check, conformance to installation drawings 

e) Visual check for finish defects 

\ 

4.4.4 ISOLATION TRANSFORMER 

I sol ation Transformer production tests shall include at least: 

a) Connection continuity, conformance to diagram 

b) Ratio check 

c) High potential test 

d )  Insulation resistance test 

e) Dimensional check, conformance to instal lation drawings 

f) Visual check for finish defects 
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4.5 SUBSYSTEM TEST 

4.5.1 GENERAL 

A subsystem t e s t  s h a l l  be performed on f i r s t  hardware t o  demonstrate t h e  

capabi 1 i t i e s  of t h e  var ious components w i t h  respec t  t o  requirements, o b t a i n  

engineer ing da ta  on operat ion,  c a l i b r a t e  sensors, and gene ra l l y  shake down t h e  

equipment. 

4.5.2 SUBSYSTEM EQUIPMENT 

Generator 

Cyc loconver ter  and Contro l  

I s o l a t i o n  Transformer 

4.5.3 WIND TURBINE EQUIPMENT 

P r e f e r r e d  

Switchgear Assembly w i t h  
C i r c u i t  Breakers, Re1 ays, 
Inst rument  Transformers, 
Transducers, e tc .  

Opt ional  ( I f  p r e f e r r e d  i tems unavai 1 ab le)  

Swi tch ing Devices and Inst rument  
Transformers 

Turb ine C o n t r o l l e r  w i t h  Wind Test Switchbox w i t h  Manual Analog 
Turbine Simulator  S igna l  Se t t i ngs  

Harmonic F i l t e r s  and 
Power Fac to r  Capaci tors  

Noth ing 

4.5.4 TEST EQUIPMENT - SET-UP 

- Var iab le  speed d r i v e  motor and c o n t r o l  capable o f  0-1500 RPM opera t ion  a t  a 

s h a f t  torque l e v e l  o f  a t  l e a s t  13,500 f t - l b  (35% o f  generator  r a t i n g ) .  

- G r i d  i n t e r f a c e  t ransformer  w i t h  connect ion a t  4160 V, 60 Hz, 3-Phase, 

3500 KVA o r  h igher  c a p a b i l i t y  

1055A 
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4.5.4 TEST EQUIPMENT - SET-UP (cont'd) 

I - Anchors for securing generator and drive motor 

- Test couplings for connection of generator shaft to drive motor shaft 

- Interconnecting power cab1 ing 

4.5.5 INSTRUMENTATION 

The test instrumentation shall be sufficient to sense and record system 

performance parameters. A detailed instrumentation plan shall be prepared and 

approved prior to test. 

4.5.6 TEST REQUIREMENTS 

A detailed test plan and schedule shall be prepared and approved prior to 

implementing test hardware. The fol lowing functions shall be tested. 

a) Motoring mode 

b) Synchronization at various accelerations 

c) Torque regulation at various accelerations and speeds 

d) Var regulation at various accelerations and speeds 

e) Cali bration of swi tchgear transducers (if available) 

f) Harmonic current measurement at various speeds and converter power levels 

g) Generator bearing operation at 7 O  incline (actual or simulated) 

h) Measurement of lubrication and air cooling flow and temperatures 

i) Shutdown on loss of power 
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SECTION 5.0 

PREPARATION FOR DELIVERY 

The manufacturer s h a l l  submit a statement d e t a i l i n g  t h e  normal p r a c t i c e  o f  

packaging and method o f  d e l i v e r y  f o r  c o n t i n e n t a l  and expor t  d e s t i n a t i o n s  f o r  

approval by: 

General E l e c t r i c  Company 
Advanced Energy Programs Department 
P.O. Box 527 
K ing  o f  Prussia,  PA 19406 

The method and d e s t i n a t i o n  w i l l  be i d e n t i f i e d  two ( 2 )  months p r i o r  t o  shipment. 

5.1 DOCUMENTS 

o C e r t i f i e d  d e t a i l e d  o u t l i n e  drawing 

o Connection diagrams a, b 

o Complete i n s t r u c t i o n s  w i t h  p a r t s  l i s t  b 

o De ta i l ed  summary o r  equipment l i s t  b 

o Three (3 )  c e r t i f i e d  copies o f  t e s t  da ta  b 

o Items i n  paragraph 3.2.1 :2, 3.2.2.2, 3.2.3.2 a 

5.1.1 DOCUMENT SUBMITTAL 

Documents marked "a" s h a l l  be submi t t e d  f o r  examinat ion o r  approval w i t h i n  t e n  

(10)  weeks o f  o rder  by sending two ( 2 )  copies t o  General E l e c t r i c  Company, 

Advanced Energy Programs Department, MOD-5A Engineering, P.O. Box 527, 

K ing  o f  Prussia,  PA 19406. Approval o r  comments w i l l  be re tu rned  w i t h i n  two 

( 2 )  weeks o f  r ece ip t .  
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5.1.1 DOCUMENT SUBMITTAL (con t ' d )  

Documents marked "b" s h a l l  be suppl ied w i t h  shipment. One (1 )  mylar 

reproduc ib le  and t e n  (10) copies o f  each drawing s h a l l  be supplied. Twelve (12) 

copies o f  i n s t r u c t i o n  books s h a l l  be supplied. I n  add i t ion ,  one copy o f  a l l  

documents s h a l l  be enclosed w i t h  shipment. 

Documents marked 'a, b" s h a l l  meet submi t ta l  requirements o f  both "a" and "b". 
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1.0 SCOPE 

Th i s  s p e c i f i c a t i o n  esrab l  i shes  t h e  design, t e s t  and performance requ i  renents  f o r  

a  t h r u s t  bear ing  t o  be used i n  t h e  7.3 1.11i t10D-5A l l i n d  Turb ine Generator. 
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2.1 STAIJDARDS 

ASTfl E45-63 Metal C l  eanl i ness 

AbrS 2808 I d e n t i f i c a t i o n  o f  Forg ings 

2.2 DRAiiINGS (GENERAL ELECTRIC 1 

47D381050 Crossed R o l l  e r  Bear ing A f t  Hub Sec t ion  

z.3 GEIdERAL ELECTRIC ENGINEERING AIiD PROCESSES INFORblATIOl\J SERIES (El-IPIS) 

F65A1 A3 Corrosion-Resi  s t a n t  Phosphate Coat ing ( w i t h  supplemental r u s t  

p reven ta t i ve  o i  1 d i  p )  . 

2.4 MILITARY SPECIFICATIONS AND STANDARDS 

MIL-1-0950 U l t r a s o n i c  Inspec t ion ,  Wrought Meta ls  

I-IIL-1-6868 I nspec t i on  Process, Magnetic P a r t i c l e s  

r;IIL-STD-271 Non-Destruct ive T e s t i  ng Requi rer&lents f o r  Metal s 

I-IIL-STD-130 I d e n t i f i c a t i o n  and 1-larki ng 

2.5 AMERICA14 I R O N  AND STEEL INSTITUTE 

A I S I  52100 Steel ,  Chrowiun 

2.6 STANDARDS - GERf*WN 

D I I J  5402 R o l l  i ng Bear i  ng Conponents, Cyl i n d r i c a l  R o l l  e r ,  June 1973 

-2- 1079A 
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3.1 DESIGIi 

The t h r u s t  bear ing s h a l l  be a c rossed - ro l l e r  type meeting t he  requirements o f  

GE Drawing 47D381050 and t h i s  s p e c i f i c a t i o n .  The bear ing  w i l l  be mounted as 

shorrn i n  F igu re  1. 

3.1.1 THRUST 

Nolainal : +280,000+40,000 1 bs ( r o t a t i n g )  @ 2 cyc les / revo l  u t i o n  

Peak: +533,000 1 bs, - 382,000 I bs 

iJote + and - aenote n o r ~ ~ ~ a l  and reverse d i r e c t i o n s  o f  t h r u s t  r espec t i ve l y .  - 

Lo\r 13.7 RPl4 

tdor.~i na 1 16.8 RPM 

Iblaxi r,lur.l Speed 25 RPM Q 50% Overspeed 

Du-cy Cycle 94% 

Tota l  Rev01 u t i o n s  228 x 106 

Race R o t a t i  on Outer 

3.1.3 LIFE AND RELIABILITY 

Serv ice L i f e  30 years  

30 Year F a i l u r e  Rate Less than  2% 

3.1.4 OVERALL DIIIEt4SIOEIS 

The out1 i n e  d i ~ l e n s i o n s  o f  t he  bear ing  s h a l l  be as shown on GE Drawing 47D381050. 
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3.1 .5 !/EIGHT 

The weight  of the  assembled bear ing, l e s s  any a t t a c h i n g  devices o r  sea l i ng  

nardware, s h a l l  n o t  exceed va lue shown on drawing. 

2.1.6 BEARING TYPE 

The bear ing  s h a l l  be o f  t he  crossea r o l l e r  con f i gu ra t i on ,  w i t h  the r o l l e r s  be ing 

n o n i n a l l y  2.00-3.00 i n .  i n  diameter w i t h  f u l l y  nachined r o l  l e r  cage. 

3.1 .7 EliVIROiJClEtJTAL COlllDITIONS 

The a ~ s e r ~ l b l e d  bear ing s h a l l  be capable o f  nee t i ng  t he  requ i renen ts  o f  t h i s  

s p e c i f i c a t i o n  du r i ng  and/or a f t e r  exposures t o  a  ter.lperature range from O°F t o  

+JUO~F,  and exposure t o  a i r bo rne  s a l t  p a r t i c l e s  as found i n  coas ta l  areas. 

The bear ing  s h a l l  su rv ive ,  ~ii t h o u t  degradat ion, a  temperature range o f  -40°F 

t o  +1 20°F, non-operat i  ng. 

3.1.6.1 Races 

The races s h a l l  be f ab r i ca ted  f ro r ,~  AISI  4340' a l l o y  stee- l  o r  equ iva len t .  The 

s tee l  s h a l l  be o f  t h e  e l e c t r i c  furnace, vacuun degassed process. 

3.1.8.2 R o l l e r s  

The r o l l e r s  s h a l l  be made o f  AISI  52100 a l l o y  s tee l  o r  equiva lent .  R o l l e r s  

s h d l l  be crowned p e r  D I N  5402. 



t.10D-5A \TTG 
47A380095 

APRIL 1983 

3.1 .0.3 Tes t  Bars 

Une t e s t  ba r  a t  l e a s t  16  iraches long,  b i i t h  c ross  s e c t i o n  r e p r e s e n t a t i v e  o f  t he  

races, and u f  t he  sar,le heat  o f  material s h a l l  be hea t  t r e a t e d  i n  t h e  sane l o t  as 

t he  bear ing  races. A c ross  s e c t i o n  app rox i na te l y  one ( 1  ) i n c h  t h i c k  s h a l l  be 

taken near t h e  cen te r  o f  each bar .  The c ross  s e c t i o n  s h a l l  be n e t a l l u r g i c a l l y  

p o l i s h e d  ana etched. One hardness t r a v e r s e  (hardness vs. depth below sur face)  

s h a l l  be naae on each r o l l e r  p a t h  near t h e  cen te r  o f  r o l l e r  load ing.  The 

po l ished,  etched, and hardness t e s t e d  c ross  sec t i ons  and a  w r i t t e n  r e p o r t  o f  t h e  

hardness t r ave rses  s h a l l  be suppl i e d  t o  t h e  p rocu r i ng  a c t i v i t y  w i t h  each o r d e r  
- 

f o r  b e a r i  ngs. 

3.1.9.1 Races - 

The r o l l e r  paths s h a l l  be p r e f e r e n t i a l l y  hardened t o  RC 58 t o  RC 62 a t  t h e  

surface. Case depth o f  t h e  f i n i s h e d  ground r o l l e r  pa ths  s h a l l  be 0.250 inches 

r,iininuw. Depth o f  case hardening i s  de f i ned  as t h e  depth below t he  sur face t o  

hardness o f  RC SO. The " s o f t  spot"  on the  o u t e r  r ace  s h a l l  co i nc i de  w i t h  

1  oaciing p l u g  1  o c a t i  on. 

The race ma te r i a l  under and surrounding t h e  case hardened r o l l e r  p a t h  s h a l l  be 

hardened t o  RC 30-34. 

3.1.9.2 R o l l e r s  

R o l l e r s  s h a l l  have a  su r face  hardness o f  50 Rc t o  62 Rc a f t e r  g r ind ing .  

Hini1.1~1~1 core  hardness s h a l l  be 38 Rc. 
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3.1.10 STRUCTURAL INTEGRITY 

The i n n e r  and o u t e r  races o f  t h e  bear ing  n u s t  be capable o f  opera t ing  w i t h  

defects  o f  the  s i z e  and l o c a t i o n  de f i ned  pe r  MIL-1-8950 Class B w i t h o u t  

propagat ion t o  t h e  p o i n t  o f  s t r u c t u r a l  failire. S t r u c t u r a l  f a i  1  u re  i s  def ined 

as t he  i n a b i l i ~ y  o f  t h e  race s t r u c t u r e  t o  suppor t  t h e  r o t o r  f o r  t h e  s p e c i f i e d  

1  i f e  when t he  bear ing  i s  subjected t o  t he  l o a d  cond i t i ons  de f ined  i n  

Sect ion 3.1.1 o f  t h i s  s p e c i f i c a t i o n .  S u f f i c i e n t  i n f o r n a t i o n  t o  p e r f o r n  a  

f r a c t u r e  nechanics ana l ys i s  w i l l  be p rov ided  t o  t he  p rocur ing  a c t i v i t y .  

3.1.1 1  SURFALE ROUGHNESS 

Sbrface roughness s h a l l  be 125 RClS nax. except  as f o l l ows :  

Raceways : 1  5  RblS r,lax. 

R o l l  ers:  10 RblS nax. 

3.1 .12 I NLLUSIUIJ RAT1 NG AND CLEANLINESS 

R6ce Ivlateri h l  c l  eanl i ness, as d e t e r r ~ i  ned i n  paragraph 4  ( . i! .7[A] ) of ASTI.1 

E45-43, 1.1etnod A, s h a l l  n o t  exceed t h e  f o l l  owing Jernkon to re t  (JK) l e v e l s :  

I n c l u s i o n  Rat ing, Worst F i e l d  

Type A  B C D 

Th in  2  .O 2  .O 2.5 1.5 

Heavy 1  .O 1  .O 1.5 1  .O 

3.1.13 SPECIFICATION CONTROL 

Vendor s h a l l  v e r i f y  s p e c i f i c a t i o n  c o n t r o l  procurement o f  a1 1  ma te r i a l  s .  
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3.1.14 FRICTIOil 

S t a t i c  F r i c t i o n  Torque 20,000 f t  l b s  nax.(*) 

Runnirly F r i c t i o n  Torque 10,000 f t  l b s  nax. (* I  

( * )  Rat ings under loads s p e c i f i e d  i n  Paragraph 3.1.1 

3.1.15 INTERNAL CLEARANCES 

A x i a l  c learance s h a l l  be .010+.001 inch.  

3.1 .16.1 Fac to ry  App l ied  

R o l l e r s  - Baked on d r y  f i l n  ( E l e c t r o f i l n ,  Inc., Lub r i can t  #2109) 

R o l l e r  Paths - A i r  dry,  d r y  f i l n  ( P r e c i s i o n  Products Co., CCL-102) 

Assenbled bear ing  t o  be prepacked f u l l  w i t h  Keystone 84EP L i g h t  grease o r  equal. 

3.1.16.2 Operat ing 

Whi 1  e operat ing,  the bear ing  s h a l l  be grease l u b r i c a t e d  us ing  Keystone 84EP 

L i g h t  grease o r  equal. 

3.2.16.3 L u b r i c a t i o n  I n l e t s  

I n l e t s  f o r  supply ing 1  u b r i c a n t  du r i ng  opera t ion  s h a l l  be incorpora ted  i n t o  the 

i n n e r  race as shown on GE Drawing 47D381050. 

3.1.17 FITS AND TOLEPANCES 

3.1.17.1 F i t s  - 
The vanufac tu re r  s h a l l  spec i f y  f i t s  o f  t he  bear ing  w i t h  t h e  housing and sha f t .  
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L.1.17.2 Runout 

The maxir.iur,l a x i a l  runou t  o f  t he  i n n e r  race r o t a t i n g  r e l a t i v e  t o  the  ou te r  race 

s h a l l  be .003" T.I.R. The maxinun r a d i a l  runou t  o f  t h e  i n n e r  race r o t a t i n g  

r e l a t i v e  t o  t he  o u t e r  race s h a l l  be 0.003" T.I.R. These to le rances  apply  w i t h  a  

norxi na l  t h r u s t  appl i e d  f o r  a x i  a1 and r a d i a l  readings respec t i ve l y .  

3.1.17.3 R o l l e r  Diameter V a r i a t i o n  

The average diameter o f  the  r o l l e r s  w i t h i n  any row o f  the  bear ing  s h a l l  be 

r,~ztched w i t h i n  .OOOZ1'. 

3.1.10 LIFTING PROVISIONS 

Three ( 3 )  tapped ho les  f o r  eyebo l ts  s h a l l  be provided, l oca ted  as shown on GE 

Drawing 47D381050. Eyebol ts  w i t h  a  s t r eng th  f a c t o r  o f  sa fe t y  of 6 s h a l l  be 

supp l i ed  w i t h  t he  bear ing. 

3.1.19 FiMiSH 

A 1  1 sur faces o f  bear ing  and gear w i t h  . t h e  except ion o f  the  r o l l e r  paths s h a l l  be 

coated w i t h  a  zinc-phosphate coa t i ng  pe r  GE EWIS  F65AlA3. 

3.2 SPECIAL MARKINGS 

GE P a r t  Nunber 47D381050 s h a l l  be etched on o u t e r  race, v e r t i c a l  sur face a t  

90' i n t e r v a l s ,  non la l  and reverse t h r u s t  d i r e c t i o n .  

3.3 UORKCIANSHIP 

The bear ing s h a l l  be cons t ruc ted  i n  a  thorough workmanlike nanner. A l l  p a r t s  

s h a l l  be f r e e  o f  bur rs ,  sharp edges and o t h e r  danages o r  de fec ts  t h a t  cou ld  make 

t he  u n i t  u n s a t i s f a c t o r y  f o r  t he  opera t ion  o r  f u n c t i o n  intended. 
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3.4 LOADItJG PLUG - SEAIuILESS FORGED LOCI CARBOtJ STEEL A I S I  101 0 OR 1020 

Clearance on d i a r ~ e t e r ,  between l oad ing  p l u g  and race, s h a l l  be .005 i n .  

maxirnun. The r o l l e r  pa th  o f  t he  l o a d i n g  p l u g  s h a l l  be r e l i e v e d  by .015" t o  

.030", w i t h  a snooth t r a n s i t i o n  between p lug  and race. The b lend s h a l l  be 

accor.lplished over  one r o l l e r  diameter. The p l u g  s h a l l  be at tached t o  t h e  race  

as shown on GE Drawing 47D381050. 

3.5 IDENTIFICATIOt4 MARKINGS 

3.5.1 GENERAL 

I d e n t i f i c a t i o n  n a r k i n g  s h a l l  be i n accordance v i  t h  MIL-STD-130 and s h a l l  i n c l u d e  

t he  f o l l o r r i ng :  

a ) Manufac tu re r ' s  nai.le, synbol , o r  code i d e n t i f i c a t i o n  

D )  Clanufacturer 's p a r t  number, l o t  number and s e r i a l  number. 

3.5.2 LOCATIOI4 AIdD TYPE OF 1-1ARKING 

Marking s h a l l  be e lec t ro -e tched  w i t h  1/4" h i gh  charac te rs  l oca ted  i n  a 

non-1 oaded zone. 

3.5.3 FORGINGS 

Forg ings s h a l l  be i d e n t i f i e d  i n  accordance \ r i t h  AMS 28013. Ma te r i a l  t h a t  cannot 

be i d e n t i f i e d  a t  a e s t i n a t i o n  s h a l l  be cause f o r  r e j e c t i o n .  
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4.0 QUALITY ASSURANCE PROVISIOIIS 

4.1 QUALITY I;ONTROL/II4SPECTION 

The bear ing r ,~dnufacturer  s h a l l  p rov ide  a  b r i e f  d e s c r i p t i o n  o f  h i s  Qua1 i ty 

Con t ro l / I nspec t i on  system showing how he c o n t r o l  s: 

a. Measuring and Tes t  Equipnent 

b. Processes 

c .  M a t e r i a l s  

d. Non-Conforni ng M a t e r i a l s  

4.2 TORQUE I.IEASUREI~IEt4T 

Breakaway torque f o r  t he  loaded bear ing  s h a l l  be measured a t  s i x  (6) equa l l y  

spaced l o c a t i o n s  over  one ( 1  ) r e v o l u t i o n  p r i o r  t o  d e l i v e r y  t o  General E l e c t r i c .  

Runtling torque a t  1  r p n  s h a l l  be measured over  1.5 revo lu t i ons .  Data s h a l l  be 

recorded and subr,li t t e d  t o  General E l e c t r i c .  

4.3.1 DRAWING COCIPLIANCE 

P r i o r  t o  shipment, t he  f i n i s h e d  ' bear ing s h a l l  be inspected f o r  confornance r i i  t h  

tiE Drawing 47D381U50. Any d e v i a t i o n  s h a l l  be repor ted  t o  t h e  p rocu r i ng  o f f i c e  

f o r  r e s o l u t i o n  be fo re  shipment. 

4.3.2 LOADING PLUG BLEND 

The b lend betweeen l oad ing  p l ug  and race a long r o l l e r  pa th  s h a l l  be checked f o r  

confornance w i t h  paragraph 3.4 o f  t h i s  s p e c i f i c a t i o n .  
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4.4 TEST BARS 

The t e s t  b a r  re fe rence  i n  3.1 "8.3 s h a l l  be processed i n  the  same manner as and 

s i ~ i u l  taneously  w i t h  t he  bear ing  races. A c ross  s e c t i o n  approximately 1 i n c h  

t h i c k  s h a l l  be taken near t he  cen te r  o f  t he  t e s t  bar.  The c ross  sec t i on  sample 

s h a l l  be w e t a l l u r g i c ~ a l l y  po l i shed  and etched t o  show t h e  p a t t e r n  o f  r o l l e r  pa th  

case hardening. A w r i t t e n  r e p o r t  o f  the  hardness t r ave rse  s h a l l  be suppl ied t o  

GE. 

4.5 REPLICA TAPE REQUIREMENT FOR RACES 

Each f i n i s h e d  ground r o l l e r  pa th  s h a l l  be metal l og raph i ca l  l y  po l ished,  I J i t a l  

etched w i t h  f i v e  ( 5 )  percen t  s o l u t i o n ,  neu t ra l i zed ,  and recorded by rep l  i c a  tape 

zechniques every 9U0 o f  c i r cu~~ i f e rence .  (Four  (4 )  tapes pe r  r o l l e r  path, e i g h t  

(8 )  tapes pe r  i na iv i dua l  race, s i x t e e n  (16)  tapes p e r  bear ing. ) 

The r e p l i c a  tapes s h a l l  be approx iwate ly  one-hal f  by two i n c h  (1L2 x 2 " )  and 
. . 

r.rarked w i t h  an "0" t o  i n d i c a t e  t he  area near t he  groove cen te r  and placed i n  

separate envelopes. Each envelope s h a l l  c o n t a i n  t h e  f o l l o w i n g  i n f o m a t i o n  : 

a. P a r t  nur.iber 

b. S e r i a l  number 

c .  Upper o r  lower  r o l l e r  pa th  

d .  Loca t ion  from an i d e n t i f y i n g  bench nark  i n  c lockwise d i r e c t i o n  

e. Date o f  r e p l  i c a  

Each r e p l i c a  tape s h a l l  be exanined by vendor under an o p t i c a l  n icroscope a t  

1L)UX. klinir,iur,i acceptance f i la r tens i te  s h a l l  be an area o f  85%. Any evidence o f  

g r i  r lding burns, rehardened areas, o r  cracks s h a l l  be cause f o r  r e j e c t i o n .  

iion-tdartensi t e  phases, i f  any, s h a l l  be f i n e l y  d i  spersed through t h e  

r , i ic rost ructure.  
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4.6 ULTRASOIJIC INSPECTION 

A1 1  f o rg i ngs  shdl 1  be u l t r a s o n i c a l l y  inspected f o r  soundrless pe r  t.lIL-STD-271. 

A l l  s i g n i f i c a n t  i n d i c a t i o n s  s h a l l  be noted and t he  r , la ter ia l  i d e n t i f i e d  so t h a t  

subsequent re-examinat ion can be made. Rings s h a l l  be f r e e  o f  a l l  harmful 

defects .  

4.7 1-IAGNETIC PARTICLE INSPECTIOFi, ROLLER PATHS 

The f i n i s h e d  r o l l e r  pa ths  s h a l l  be inspec ted  100% us ing  magnetic p a r t i c l e  method 

pe r  MIL-1-6868 us ing  t h e  wet ~aethod. 

4.7.1 ACCEPTANCE CRITERIA 

Any i n d i c a t i o n s  o f  t h e  f o l l o w i n g  type  a re  n o t  acceptable:  

a )  Crack o f  any type  

b )  Surface i n d i c a t i o n s  caused by f l a k i n g ,  f o r g i n g  burs ts ,  i n t r uded  f o r g i n g  

sca le ,  laps, 1  i n e a r  p o r o s i t y  o r  tears .  

C )  C ~ r r o s i o n  p i t s  

d )  lion-metal 1  i c  i n c l u s i o n s  exceeding t h e  f o l l o w i n g  1  i r , ~ i  t s :  

1 ) Any non-r.~etal l  i c  i n d i c a t i o n  sur face  o r  subsurface 1  a rger  than . I25  

2 )  Ciore than  t h r e e  ( 3 )  i n d i c a t i o n s  pe r  square i n c h  o f  raceway coun t ing  a l l  

i n d i c a t i o n s  l a r g e r  than .0625. 
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4.7.2 RELIEF OF t,IOIJ-iblETALLIC INCLUSIONS 

R e l i e f  o f  non -ne ta l l i c  i n c l u s i o n s  over  .06" l ong  b u t  l e s s  than .125" l ong  i s  

perr,li t t e d  t o  t he  e x t e n t  i n d i c a t e d  below. I n d i c a t i o n s  o f  non-ne ta l l  i c  i n c l u s i o n s  

g rea te r  than .125" l ong  s h a l l  be re j ec ted .  

a )  R e l i e f s  i n  each r o l l e r  pa th  s h a l l  be spaced a t  l e a s t  a  30' a r c  apar t .  The 

two r,iajor l o a d  c a r r y i n g  r o l l e r  paths s h a l l  have no more than a  combined t o t a l  

o f  tbielve (12 )  r e l i e f s  f o r  t h e  two r o l l e r  paths. Th is  a l l ows  a  maxinum o f  

twelve (12)  r e l i e f s  f o r  t h e  two major  l oad  c a r r y i n g  paths. 

b )  No r e l i e f  s h a l l  exceed .25" l o n g  by .125" wide. 

c ) A1 1  i na ica t i ons  t h a t  a re  re1  ieved  s h a l l  be e l  i m i  nated \ r i  t h i  n  t h e  a1 l ouab le  

r e l i e f  l e n g t n  and v i d t h  w i t h i n  .030" depth. 

4.U TEST DATA 

The f o l l o w i n g  da ta  s h a l l  accompany t h e  shipment: 

a j  Three ( 3 )  c e r t i f i e d  cop ies  o f  t e s t  data i d e n t i f i e d  i n  paragraph 4.3. 

b j  Test  data, i n c l u d i n g  breakaway to rque  and t e s t  r e s u l t s  on t he  s a l ~ p l e  fo rg ing .  

c )  Copies o f  ac tua l  u l  t r ason i c  , pen t ran t  inspec t ion ,  t e s t  r e p o r t s  f o r  fo rg ings .  

d )  Evidence of  confornance t o  spec ia l  processes, i .e. : phosphate . coat ing,  heat 

t reat r ,~ent ,  s t r ess  re1 i ef .  

e J  Blend o f  l oad ing  p l ug  w i t h  r o l l e r  pa th  o f  o u t e r  race. 

f )  "Foot P r i n t "  o f  r o l l e r  crowning impressed i n  n e t a l l  i c  tape. 

4.9 TEST NOTiFICATI0I.I 

General E l e c t r i c  procurer.ient s h a l l  be n o t i f i e d  f o r t y - e i  g h t  (48) hours i n  advance 

o f :  

a )  Breakaway torque t e s t  

b )  F i n a l  i n s p e c t i o n  
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1 0  ENGII4EERIi.iG REPORT 

P r i o r  t o  nanufacture of the  bearing, th ree  ( 3 )  copies of an Engineering Report 

sha l l  be subr,ii t t e d  f o r  General E l e c t r i c  Cor,lpany approval. The Engineering 

Report s h a l l  con ta in  as a r,lininun: 

a )  Load Analys is  - Bearing ( Inc lude r o l l e r  crown e f f e c t s )  

o )  Spring Rate - Ax ia l  

c )  Serv ice L i f e  Analys is  

d j S t a r t i  ng Torque, Runni ng Torque Ca lcu la t ions  

e J Lubr i ca t i on  Recor.u,iendations, Schedul e and Technique 

f l Ciounti ng Recormendati ons 

y )  Raceway and r o l l e r  hardening techniques and t e s t  r~ethodology. 

h ) Cor,iputer Analy s i  s 

i ) Drawings 



5.0 OELIVERY 

Shi pp i  ng c o n t a i n e r s  and method of  s h i  pr,ient s h a l l  be approved by General E l e c t r i c  

Cor.~paliy p r i o r  t o  s h i  pnent. 
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I Th i s  s p e c i f i c a t i o n  de f ines  t he  t echn i ca l  requ i renen ts  f o r  a  r a d i a l  bear ing s e t  

which w i l l  suppor t  t h e  r o t o r  o f  t h e  MOD-5A Wind Turbine Generator. 
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SECTIOIi 2 

APPLICABLE DOCUMEIJTS 

The f o l l o r r i n y  aocur.lenLs f u r n  a  p a r t  o f  t h i s  s p e c i f i c a t i o n  to t h e  e x t e n t  

spec i f  leu here in .  

47D381048 Raai a1 R o l l e r  Bear ing - FllD 

47D28i 049 Radid l  R o l l e r  Bear ing - AFT 

SBECIFiCATIOllS - r.11L ITAEY 

1.11~ I - 6 8 ~ 8  I n s p e c t i o n  Process, Magnetic P a r t i c l e  

I L L  I w 3 O  U l  i r a s o n i  c  inspec t i on, l l rougk t  Cletal s  

b1IL.- I-4520U Inspec t i on  Syster,~ Requi rer,ients 

l*Ii L  .STil--1 lr5 Sar,lpl i 115 Procedures and Tab1 es f o r  I nspec t i on  by A t t r i  butes 

I.I;L-STD-i, 1  llon -clesi;ructive Tes t i ng  Requirements f o r  I l e t a l s  
1 

D I  1.1-5402 R o l l  i n g  Bear ing Conponents, Cyl i n d r i c a l  Ro l l e r s ,  June 1973 

(Copies u f  s p e c i f i c a t i o n s ,  standards, drawings, and pub1 i c a t i o n s  r equ i r ed  by  

c o n t r a c t o r s  i n  connect ion w i t h  s p e c i f i c  procurewent f u n c t i o n s  should be obta ined 

frur,i t h e  p rocu r i ng  a c t i v i t y  1. 
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2.1 OTHER PUBLICATIOWS 

The f o l l  owing aocur,ients fort,) p a r t  o f  t h i  s  s p e c i f i c a t i o n  t o  t he  e x t e n t  s p e c i f i e d  

here in .  Unless o therw ise  i nd i ca ted ,  t h e  i s sue  i n  e f f e c t  on da te  o f  i n v i t a t i o n  

f o r  b i a s  o r  reques ts  f o r  proposal  s h a l l  apply.  

Af~lERILAid IROII AIJD STEEL II4STITUTE 

A i  S I 52 100 S tee l  , Chrooiun 

A I S  I E3310 Carbur i  t i  ng S tee l  

SOCIETY UF AUTOi,lOTIVE EIIGI IIEERS, II4CORPORATED 

AisiS 2BU8 l aenx i  f i c a t i o n  - Forg ings 

( A p p l i c a t i o n s  f o r  cop ies  strould be addressed 'to t h e  Soc ie ty  o f  Au tono t i ve  

Engineers, Inc. ,  485 Lex ing ton  Ave., IJew York, I4ew York, 1001 7) .  

ACIERI CAN SOCIETY FOR TEST1 tJG CIATERIALS 

ASTI4 E112-63 E s t i n a t i n g  and Average Gra in  S ize  o f  I.1etal s  

ASTi l A41i 5 Forg ing  S tee l  

ASTI-I E45-63, FIETHOD A De te rn i n i ng  the  I n c l u s i o n  Content o f  S tee l  

( A p p l i c a t i o n s  f o r  cop ies  should be addressed t o  t h e  hier ican Soc ie t y  f o r  Tes t i ng  

and Ma te r i a l s ,  1916 Race St., Ph i l ade lph ia ,  PA, 19103). 

AldTI -FT,ILTI bI.1 BEARIHG C1AI;IUFACTURERS ASSOC I ATIOIJ , IIJCORPORATED 

AFBI.18 Standdras, Sec t i on  17, Class 4 

(Appl  i c a t i o r ~  f o r  cop ies  should be aadressed t o  t he  A n t i - F r i c t i o n  Bear ing 

t .~anufac ' iurer 's  Assoc ia t ion ,  Inc.  , 60  Eas t  42nd S t r e e t ,  IJew York, I IY ,  1001 7 ) .  
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SECTI0t.I 3 

EEQU IREtflE iJTS 

Requi r e r ~ e n t s  f o r  i nu i v i dua l  bear ings  s h a l l  be as s p e c i f i e d  h e r e i n  and i n  

accordance w i t h  GE Ubrgs. 470381043 and 47D381049 o r  e q u i v a l e n t  c o n f i g u r a t i o n s  

~ r h i c h  a re  \ r i c h i n  t h e  envelope de f i ned  on t he  drawings. 

PERFORMAIJCE CRITERIA 

3.1.1 LOADING 

The loads  a re  a p p l i e d  f r o n  t he  ou te r  race ( r o t a t i n g )  t o  t h e  s t a t i o n a r y  i n n e r  

race. 

3.1.2 LIFE REQUIREI.IENTS 

Tne bea r i ng  shal'B be capable o f  ope ra t i ng  f o r  a  ~ i i n i n u n  o f  228 X l o 6  

r e v o l u t i o n s ,  when sub jec ted  t o  t h e  requi rements  o f  Sec t ion  3.1.3 and 3.1.4. The 

f a i l ~ r e '  r a t e  o f  t h e  bear ing  s h a l l  be l e s s  than  2% over  t h e  30 y e a r  l i f e  o f  t h e  

3.1.3 ROTOR SUPPORT REQUiREMENTS 

The r o t o r  bear ings  s h a l l  be mounted on t h e  s t a t i o n a r y  hub o f  t he  ror lor  suppor t  

s t r u c t u r e  t o  suppor t  t h e  r o t o r .  The bear ings,  accord ing ly ,  n u s t  be capable o f  

r e s i s t i n g  t h e  loads  inposed by t h e  mass and dynamics o f  the  r o t o r  system. 

F i gu re  1  shokrs t h e  s p e c i f i c  bea r i ng  ar ranyenent  and l oad ing  geometry. Table 1 

1  i s t s  p e r t i n e n t  periorr,lance r e q u i  renents.  
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I n p u t  Speed - IJor.li na l  

I n p u t  Speed - Lou 

TABLE 1 - PERFORI-IANCE REQUIRENEEITS 

16.8 RPl4 (50% of t i n e )  

13.7 RPM (44% o f  t i n e )  

Plcxinun Speed - 50% Overspeed 25 RPF1 

l i o n - r o t a t i  ng 6% o f  tir,ie 

I~laxii,iut,l Runni ng Losses/Beari ng 1/3% a t  r a t e d  power (33 HP @ 16.8 RPf4) 

D i r e c t i o n  o f  Ro ta t i on  

Design Load 

Clockr.rise when l o o k i n g  a long 1 speed 
s h a f t  i n t o  t h e  gearbox. Outer race 
r o t a t i  on. 

See Drawing 47D381048 ana 47D381049 

5 - 1 - 4  E k i V I  ROlJf,lEtiTAL COI~IDITIONS 

The assenbl ea bea r i  ngs s h a l l  be capable o f  n e e t i  ng the  requ i  renents  o f  t h i  s 

s p e c i f i c a t i o n  du r i ng  and/or a f t e r  exposures t o  a tenpera tu re  range o f  0°F t o  

+lOO°F, and exposure t o  s a l t  spray as found i n  coas ta l  areas. The bear ing  

s h a l l  su rv ive ,  b r i  t h o u t  degradat ion, a tenpera tu re  range o f  -40°F t o  +120°F, 

no11-operati ng. 

3.1.5 WEIGHT 

The weight  of  the  assembled bear ing, l e s s  any a t t a c h i n g  devices o r  sea l i ng  

haraware, s h a l l  n o t  exceed the  weight  shown on zhe referenced drawing. 

3.2 DESIGN AND COIJSTRUCTIOIJ 

3.2.1 GENERAL 

The design and c o n s t r u c t i o n  o f  t he  bear ing  s h a l l  n o t  exceed the  envelope shown 

on t he  respec t i ve  GE Dug. s p e c i f i e d  i n  t he  purchase order.  
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3 . 2 . 2  STRULTURAL INTEGRITY 

. . The i nne r  and o u t e r  races o f  t he  bear ing  r.iust be capable o f  ope ra t i ng  \~i t h  

a e f e c ~ s  o f  t h e  s i z e  ana l o c a t i o n  def ined per  1,IIL-1-8950 Class B l r i t h o u t  

::: I propaga t ion  t o  t h e  p o i n t  o f  s t r u c t u r a l  f a i l u r e .  S t r u c t u r a l  f a i l u r e  i s  de f i ned  
. . 

as  r ne  i n a b i l i t y  o f  t h e  race  s t r u c t u r e  t o  suppor t  t he  r o t o r  f o r  t h e  spec i f i ed  

l i f e  when t h e  bea r i ng  i s  sub jected t o  t h e  l o a d  c o n d i t i o n s  de f i ned  i n  Sec t ion  3.1 

' : :I o f  t h i  s  s p e c i f i c a t i o n .  S u f f i c i e n t  i n f o r n a t i  on t o  per form a  f r a c t u r e  mechanics 

analy  s i  s  s h a l l  be p rov ided  t o  t h e  p rocu r i ng  a c t i v i t y .  

: I 
3.2.3 LUBRICATI'OEI AND SEALING 

The r o l l e r s  and cages o f  t h e  bea r i ng  w i l l  be grease l u b r i c a t e d  u i t h  Keystone EP 

84 L i g h t  o r  equal. T h i s  l u b r i c a n t  \ r i l l  be supp l i ed  f rom an automat ic 

1  u b r i c a t i o n  pur,lp. The nanufacturer  s h a l l  p rov ide  1  u b r i c a t i o n  p e n e t r a t i o n  ho les  

i n  t h e  i n n e r  races o f  t h e  bear ings  as shown on referenced drawings. P rov i s i ons  

f o r  1  u b r i c a n t  f i ~ t i n ~ s ,  and d i s t r i b u t i o n  and c i r c u l a t i o n  o f  t h e  l u b r i c a n t  w i t h i n  

t h e  bear ing,  s h a l l  be t h e  respons i  b i  1  i t y  o f  t h e  purchaser. The nanu fac tu re r  

s h a l l  recor.nend t he  grease seal  des ign t o  keep t h e  r a t e  o f  grease i n j e c t i o n  t o  a  

1.1i nii,~ui.l dna t o  p r o r e c t  t h e  bea r i ng  under the  env i  ronr.ienta1 c o n d i t i o n s  shown i n 

paragraph 3.1.4 

3.2.4 ROLLER CAGE 

The cage n u s t  be designed t o  vri ths tand  a1 1  r o l l e r  l oad ing  w i t h o u t  d e t r i n e n t a l  

w a r  f o r  t he  s p e c i f i e d  l i f e  o f  t h e  bear ing  when sub jec ted  t o  t h e  loads  def ined 

on t he  referenced drawing. For  p i n  t ype  cages t he  vendor s h a l l  spec i f y  

. . . .. hardness, su r face  f i n i s h  and i n t e r n a l  c learance. 
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3 . 2 . 5  FITS AtCl TOLEMIJCES 

3.2.5.1 F i t s  

The r,ianufacturer sha l l  specify f i t s  of the  bearing w i t h  t he  housing and s h a f t  a t  

a reference cer,iperature of 20°C. 

3.2.5.2 Runout 

The r,iaxinur;l ax ia l  runout of the  inner  race r o t a t i n g  r e l a t i v e  t o  the ou te r  race 

sha l l  be 0.005" T.I.R. The r;laxinu~,~ radia l  runout of  t h e  inner  race ro t a t ing  

r e l d t i v e  t o  t he  outer  race sha l l  be 0.0035" T.1 . R .  These to lerances  apply a t  

the  nor,~irial loads shovn on drawing f o r  r ad ia l  readings. 

3 . 2 . 5 . 3  Roller  Diar.~eter Variat ion 

The average d i a t ~ e t e r  of t he  r o l l e r s  within a row of t h e  bearing sha l l  be matched 

k r i  tn i  n .0002 ". 

2.2.5.4 Internal  Dianetral Clearance - Ins ta l  led 

The in t e rna l  diar.ietra1 clearance sha l l  be .002" t o  .00O1I. 

3.2 .b SURFALE ROUGHIJESS 

Surface roughness sha l l  be 125 Rl.1S nax. except a s  follows: 

Race\~ays : 12 N.1S nax. 

Roll e r s :  8 PJ4S nax. 
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3.3.1 RACES 

Clater ia l  s h a l l  be fo rged  and r o l l e d  r i n g  s t e e l  pe r  ASTM A485 Grade 2, o r  AISI  

4340. The s t e e l  s h a l l  be o f  t h e  e l e c t r i c  furnace, vacuun degassed process. 

3.3.2 ROLLERS 

h la te r ia l  s h a l l  be AISI  E-3310 mod i f i ed  c a r b u r i z i n g  s tee l ,  o r  A IS I  E-52100 

tnrough hardening s tee l .  The s t e e l  s h a l l  be o f  t he  vacuun reme l t  process. 

Rol l e r s  s h a l l  be crowned p e r  DIt4 5402. 

3.3.3 ROLLER CAGES AND PIt4S 

Clater ia l  s  r ~ u s t  be compat ib le  w i t h  the  loads, speeds and l u b r i c a t i o n  de f ined  i n  

paragraphs 3.1 and'  3.2 o f  t h i s  spec i f i ca t i on . - .  R o l l e r s  s h a l l  be crowned p e r  - 

DIN 5402. 

3.2.4 SPECiFICATiUlJ CONTROL 

Vendor s h a l l  v e r i f y  s p e c i f i c a t i o n  c o n t r o l  procurement o f  a1 1  n a t e r i a l  s. 

2.3.5 INCLUSIOI4 RATING AND CLEAEJLINESS 

Race Ma te r i a l  c lean1 iness, as deterr ,~ined i n  paragraph 4 (.2.7[AI) o f  ASTI4 

E45-03, blethod A, s h a l l  n o t  exceed the  f o l l o w i n g  Jernkon to re t  (JK) l e v e l s :  

I n c l u s i o n  Rating, Ho rs t  F ie1  d  

Type 

Th in  

Heavy 
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HEAT TREATI.iENT AllD HARDNESS 

3.4.1 RACES 

Rough machined f o rg i ngs  s h a l l  be f u l l y  sphero id ized annealed. No pear l  i t i c  

s t r uc tu re ,  f e r r i t e  network o r  ca rb ide  network s h a l l  be a1 lobred. The maximum 

hardness o f  the  rough machined f o rg i ngs  s h a l l  be 220 BHIJ. 

3.4.2 ROLLER PATH HARDiJESS 

R o l l e r  paths on t h e  i n n e r  and o u t e r  races s h a l l  be hardened and tempered (375°F 

1~1in.1 co d sur face  hardness o f  58 Rc t o  62 Rc t o  a  min inun depth o f  0.5 inches. 

Gra in  s i z e  s h a l l  be 5 o r  f i n e r .  

3.4.3 TEST BARS 

bne t e s t  bar, a t  l e a s t  16 inches long, u i t h  c ross  sec t i on  rep resen ta t i ve  o f  t h e  

races, and o f  t h e  sar,ie hea t  o f  m a t e r i a l  s h a l l  be heat  t r e a t e d  i n  t h e  sane l o t  as 

 he ocar ing  races. A c ross  s e c t i o n  approximately one i n c h  t h i c k  s h a l l  be taken 

near the  cen te r  o f  each bar.  The c ross  sec t i on  s h a l l  be r , i e t a l l u r g i c a l l y  

po l  i shed and etched. One hardness t r ave rse  (hardness vs. depth be1 ow sur face)  

s h a l l  be made on each r o l l e r  pa th  near t h e  cen te r  o f  r o l l e r  load ing .  The 

pol is l led,  etched, and hardness t es ted  c ross  sec t ions  and a w r i t t e n  r e p o r t  o f  the  

hardness t r ave rses  s h a l l  be supp l ied  t o  t h e  p rocu r i ng  a c t i v i t y  w i t h  each o rde r  

f o r  bear ings. 
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3.4.4 ROLLERS 

R o l l e r s  s h d l l  have a  surface hardness o f  58 Rc t o  62 Rc a f t e r  g r i nd i ng .  Hhen 

u s i n g  a case harucnable s t e e l ,  t h e  depth o f  case ( \ /he re  t h e  n i n i n u n  hardness 

s h a l l  be 50 Rc) s h a l l  be . 200 ' h i n i nu r , i  and w i - th  a  n i n i n u r ~  co re  hardness o f  Rc 35 

co p reven t  case o r  co re  f a t i g u e  f a i l u r e  when t he  bea r i ng  i s  sub jected t o  t h e  

1  oad c o r ~ a i  t i o n s  s p e c i f i e d  i n  paragraph 3.1 o f  t h i s  s p e c i f i c a t i o n .  Grair i  s i ze  

shi l l  1  be 5 o r  f i  r ler. 

3.5 WORKf~lANSHIP 

The bear ing  s h a l l  be cons t ruc ted  i n  a  thorough krorkr.~anlike manner. A l l  p a r t s  

s h a l l  be f r e e  o f  bu r r s ,  sharp edges and o t h e r  danages o r  de fec t s  t h a t  cou ld  nake 

t h e  u n i t  u n s a t i s f a c t o r y  f o r  t h e  ope ra t i on  o r  f u n c t i o n  intended. 

3.6.1 GEIJEML 

i d e r i t i f i c a t i o n   jark king s h a l l  be i n  accordance \~i t h  MIL-STD-130 and s h a l l  i n c l u d e  

-ihe f 01 1  owi ng : 

a )  Elanufactu!rerls nawe, symbol, o r  code i d e n t i f i c a t i o n  

b )  f.lanufacturer s  p a r t  n u ~ ~ b e r ,  l o t  number and s e r i a l  number 

3 . 6 . 2  LOCATIOI~I AND TYPE OF I1ARE;ItJG 

Hark ing  s h a l l  be e lec t ro -e tched  w i t h  1 /4"  h i gh  cha rac te r s  l oca ted  i n  a  

non-1 oaded zone. 

3.6.3 FORGINGS 

Forg ings  s h a l l  be i d e n t i f i e d  i n  accordance w i t h  AMS 2808. M a t e r i a l  t h a t  cannot 

be i d e n t i  f i e d  a t  d e s t i n a t i o n  s h a l l  be cause f o r  r e j e c t i o n .  
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3.7 LIFTilJG PRUVISIOIJS 

Each race s h a l l  c o n t a i r ~  tapped holes  f o r  eye b o l t s  a s  sholrn on referenced 

drawing. Eye b o l i s  with a s t r eng th  s a f e t y  , f ac to r  of s i x  ( 6 )  s h a l l  be provided 

with each race. 



SECTIOII 4  

QUALITY ASSUPJNCE PROVISIOHS 

4.1.1 RESPOtllSIBILITY FOR INSPECT1014 

Unless o therwise s p e c i f i e d  i n  t h e  c o n t r a c t  o r  purchase order ,  t he  s u p p l i e r  i s  

r espons ib l e  f o r  t h e  performance o f  a1 1  i n s p e c t i o n  and t e s t s  s p e c i f i e d  here in .  

Except as o therw ise  spec i f i ed ,  t h e  s u p p l i e r  nay u t i l i z e  h i s  own f a c i l i t i e s  o r  

any co~.u,iercial 1  abora to ry  acceptab le  t o  t h e  p r o c u r i n g  a c t i v i t y .  The p rocu r i ng  

a c t i v i t y  reserves t he  r i g h t  t o  perforr, l  any o f  t he  i nspec t i ons  and t e s t s  s e t  

f o r t h  i n  t h i s  s p e c i f i c a t i o n  where such i nspec t i ons  and t e s t s  a re  deemed 

necessary t o  assure supp l i es  and se rv i ces  conform t o  p resc r i bed  requirements. 

4.2.1 TEST PROCEDURE 

4.2.1.1 P repa ra t i on  

The procedure and nethods f o r  p e r f o r ~ ~ i i  ng a1 1  t e s t s  s p e c i f i e d  he re i n  s h a l l  be 

prepared by t he  supp l i e r .  

4.2.1.2 Approval 

Tes t  procedures s h a l l  be subni t t e d  t o  the  p rocu r i ng  a c t i v i t y  f o r  approval p r i o r  

t o  i n i t i a t i o n  o f  fon.ial t e s t i n g .  The p rocu r i ng  a c t i v i t y  reserves t h e  r i g h t  t o  
li 

r e q u i r e  addi  ti onal t e s t s  t o  d e t e r n i  ne cocipl i ance  w i t h  t h e  r equ i  renents  o f  t k i  s  

s p e c i f i c a t i o n .  
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4.2.2 CLASS IF1 CATIOtl OF TESTS 

Tests  s h a l l  be c l a s s i f i e d  as f o l l o w s :  

a )  Acceptance t e s t  (see 4.3) 

4.2.3 TEST CONDI T I  OHS AND TOLERANCES 

4.2.3.1 Ter.lperature 

A l l  s t a ~ i c  ana ciynatii c  t e s t s  s h a l l  be perforr.ied a t  roon  ambi e n t  tenperature.  

4.2.3.2 D i ~ ~ ~ e n s i o n a l  Checks 

A1 1 dirliensions s h a l l  be measured us ing  i nst runen ts  c a l  i bra ted  t o  re fe rence  

standaras a t  20°C. The re fe rence  s tandard t o  be c e r t i f i e d  by t he  Idat iona l  

Bureau o f  Standards. Standard gauges s h a l l  be used f o r  check ing a l l  r a d i i  

chamfers, tapped, and d r i  1 l e d  holes. 

HAGHETIC PARTICLE 

4.2.4.1 tion-Operati rig Surfaces 

The non-operat i  ng sur faces,  o t h e r  than r o l  l e r  paths,  shal l .  be inspec ted  100% by 

1,laynetic p a r t i c l e s  p e r  MIL-1-6868 u s i n g  t h e  wet wethod. 
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4.2.4.1.1 Acceptance C r i t e r i a  

Any i n d i c a t i o n s  o f  t h e  f o l l o w i n g  types a re  n o t  acceptable:  

a )  Cracks deeper t h a n  .010. 140 c r ack  s h a l l  ex tend i n t o  a  h o l e  o r  

f i l l e t .  A l l  c racks  l e s s  than  .010 s h a l l  be r e l i eved .  

b )  Searhis and l a p s  deeper than  .010. No sear,is o r  l a p s  s h a l l  ex tend 

i n t o  a  h o l e  o r  f i l l e t .  A l l  seacis and l a p s  s h a l l  be r e l i eved .  

C )  Surface i n d i c a t i o n s  caused by f l a k i n g ,  f o r g i n g  b u r s t ,  i n t r u d e d  

f o r g i n g  sca le  deeper than  ,010 and/or cove r i ng  nore than 1 5 1  o f  

t h e  sur face.  

a )  Cor ros ion  p i t s  except  f o r  i s o l a t e d  areas no l a r g e r  than  ,0625 

d iameter  by .010 deep. - . 

4.L.4.2 Rings I n c l u d i n g  R o l l e r  Paths 

The f i n i s h e d  r i n g s  and r o l l e r  paths s h a l l  be inspec ted  100% by r ~ a g n e t i c  

p a r t i c l e s  p e r  LliL-I -ti868 us ing  t h e  wet aethod. 

4.2.4.2.1 Acceptance C r i  t e r i  a  

Any i n d i c a t i o n s  o f  t he  f o l l o w i n g  t ype  a re  n o t  acceptable:  c racks  o f  any type;  

su r face  i n d i c a t i o n s  caused by f l a k i n g ,  f o r g i n g  b u r s t ,  i n t r u d e d  f o r g i n g  sca le ,  

1  aps, 1  i near  p o r o s i t y  , tears ,  c o r r o s i o n  p i t s  o r  non-metal 1  i c  i n c l  u s i  ons. 

4.2.4.2.2 U l t r a s o n i c  I n s p e c t i o n  

Rings s h a l l  be u l  t r a s o n i c a l l y  inspec ted  as p a r t i a l l y  nachined fo rg ings .  t,lo 

i n d i c a t i o n s  a re  pe rm i t t ed  w i t h i n  .1 i n c h  o f  r o l l e r  pa th  sur face.  
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4.2.4.2.3 N i t a l  E t ch  

A l l  r o l l e r  paths a re  t o  be n i t a l  etched w i t h  a  3% n i t a l  s o l u t i o n  a t  4  equa l l y  

spaced l o c a t i o n s  on each r o l l e r  pa th  ove r  a 2 "  wide segment a t  each l o c a t i o n .  

The races a re  t o  be cleaned w i t h  a lcoho l  and n i t a l  etched f o r  30 seconds. 

Rewash k r i t h  a lcoho l  and t r e a t  w i t h  a  10% s o l u t i o n  o f  NaOH t o  n e u t r a l i z e  t h e  

etch.  A f t e r  e ~ a r ~ l i n a t i o n  t h e  races s h a l l  be coated  ti t h  a  l i g h t  o i l  t o  p reven t  

co r ros ion .  

4.2.4.2.3.1 Acceptance C r i t e r i a .  No g r i n d i n g  burns o r  rehardened areas s h a l l  

be perr,li t t e a .  

4.2.4.3 R o l l e r s  

R o l l e r s  s h a l l  conforril t o  t h e  m a t e r i a l  s p e c i f i c a t i o n  o f  3.3.2 and meet 

s p e c i f i c a t i o n  requ i  rements o f  paragraph 3.3.4. R o l l e r s  s h a l l  be inspec ted  100% 

by magnetic p a r t i c l e s  pe r  MIL-1-6868 u s i  ng t h e  wet method. Acceptance c r i t e r i a  

s h a l l  be pe r  pdragraph 4.2.4.2.1. 

4-2.4.4 Tes t  P ieces 

A r o l l  e r  s h a l l  be sect ioned and c ~ i c r o s c o p i c a l  ly exani  ned and a  hardness t r ave rse  

r,~ade t o  der,lonstrate conpl iance w i t h  t h e  requi rements  o f  paragraph 4.2.4.3. NO 

ca rb i de  network s h a l l  be permi t ted .  

4.2.5 FItJAL NiTAL ETCH 

Four r,latched r o l l e r s  fror,l each l o t  f o r  use i n  each s p e c i f i c  bear ing  s h a l l  be 

n i ~ d l  etchea by t h e  supp l i e r .  These r o l l e r s  s h a l l  n o t  be assenbled i n t o  t h e  

f i n i s h e d  bear ing.  Any i n d i c a t i o n  o f  g r i n d i n g  burns, c racks,  p i t s  o r  

aeca rbu r i za t i on  s h a l l  be cause f o r  r e j e c t i o n  o f  t he  e n t i r e  l o t .  
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4.2.6.1 M ic ros t ruc tu re  

Kad ia l  speciwens, a p p r o x i ~ ~ i a t e l y  0.28" square i n  sur face area, taken midway 

between cen te r  and sur face o f  the  t e s t  bar ,  s h a l l  be po l i shed  on a  face 

1  ongi t u d i n a l  t o  t h e  d i r e c t i o n  o f  r o l l  i ng, f o r  n i c r o i n c l u s i o n  r a t i n g  i n  

accoraance w i t h  t h e  Jernkon to re t  Char t ,  Clethod A, P l a t e  I o f  ASTM E45. Rat ings 

s h a l l  n e e t  the  requi rewents  o f  paragraph 3.3.5 o f  t h i s  s p e c i f i c a t i o n .  

4.2.b.2 Clacrostructure 

V i  sual exawi n a t i o n  o f  t ransverse sec t ions  f r o n  b i l l e t s ,  etched i n  accordance 

u i t h  ASTC.1 E381 i n  h o t  hyd roch lo r i c  a c i d  ( 1  :1) a t  160-180°F f o r  s u f f i c i e n t  t i n e  

t o  develop a  we1 1  -de f ined  nacros t ruc tu re ,  s h a l l  show no imper fec t ions  such as 

p i pe  cracks,  p o r o s i t y  segregat ion and i n c l u s i o n s  which nay be de t r imenta l  t o  

f a b r i c a t i  on o r  perforr,iance. 

4.2.6.3 ~l t rason i c  I nspec t i on  

A1 1 f o r 9  i ngs s h a l l  be u l t r a s o n i c a l l y  inspected f o r  soundness pe r  MIL-1-8950, 

Cldss B. A l l  s i g n i f i c a n t  i n d i c a t i o n s  s h a l l  be noted and t h e  ~ i a t e r i a l  i d e n t i f i e d  

so t h a t  subsequent re-exar,~inat ion can be made. Rings s h a l l  be f r e e  o f  a l l  

narnfu l  de fec ts .  

4.2.7 UUALITY COIiFON~IANCE INSPECTIOI,I 

Edch u n i t  s h a l l  be examined and acceptance t e s t e d  pe r  paragraph 4.3. 
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4.2.U TEST SUCCESS CRITERIA 

Any d e v i a t i o n  f r o n  the  perforr i~ance paraneters  speci f i  ed he re i  n /o r  any 

physical/r, iechanical o u t - o f  t o l e rance  c o n d i t i o n  t h a t  i s  noted du r i ng  o r  a f t e r  t h e  

performance of t he  t e s t s  s p e c i f i e d  h e r e i n  s h a l l  c o n s t i t u t e  a f a i l u r e  o f  the  u n i t .  

4.3 ACCEPTANCE TEST 

Each u n i t  s h a l l  be subjected t o  and s h a l l  have passed t h e  f o l l o w i n g  t e s t s  p r i o r  

t o  acceptance by t h e  p rocu r i ng  a c t i v i t y .  

TEST TEST METHOD REFERENCE 

Exa1,ii n a t i o n  o f  Product 4.3.1 

I d e n t i f i c a t i o n  4.3.2 

I fe i  g h t  4.3.3 

lIorkr,~anshi p 4.3.4 

Per fomance 4.3.5 

4.L. 1 EXAf4IHATION OF PRODUCT 

Exar,iine each u n i t  f o r  s t r i c t  confornance t o  3.2.1 and 3.2.6 

4.3.2 IDENTIFICATION 

Exanine each u n i t  and check f o r  ~ o n f o n ~ i a n c e  t o  t he  requirements o f  3.6. 

4.3.3 WEIGHT 

l / e i  yh each u n i t  f o r  confornance t o  drakii ng. 

4.3.4 WORKCIANSHIP 

Exanine each u n i t  t o  v e r i f y  conforl,iance t o  3.5 
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4.3.5 PERFORJIAMCE TESTS 

Each u n i t  s h a l l  be t e s t e d  i n  accordance w i t h  t h e  approved acceptance t e s t  

procedure subni t t e d  i n  accordance v r i  t h  4.2.1 . The t e s t s  s h a l l  i nc l  ude 

1,ieasurenent o f  breakaway ana runn ing  to rque  under we igh t  o f  t he  races on ly ,  w i t h  

zhe bea r i ng  a x i s  i n  t h e  h o r i z o n t a l  p o s i t i o n .  

4.3.6 ACCEPTANCE INSPECTION 

Acceptance I n s p e c t i o n  o f  r o l l e r s  s h a l l  be performed by sanp l ing  per  MIL-STD-105, 

Level  11, AQL 1.0% de fec t i ve .  

The c e r t i f i e d  r e p o r t s  - s h a l l  be subni t t e d  as an at tachment t o  t he  sh ipp ing  

papers. The r e p o r t  s h a l l  i n c l u d e  t h e  f o l l o w i n g  as p a r t  o f  t h e  c e r t i f i c a t i o n :  

a )  Chemical conposi  t i o n  o f  races, r o l l e r s  and cages. 

b )  Heat n u ~ ~ b e r  o f  r o l l e r s ,  races and t e s t  bars.  

c 1 Photowicrographs o f  races and r o l l e r s  t e s t  sanple a t  500 x showing core  
dnd sur face  n i c r o s t r u c t u r e ,  and case hardening pa t t e rn .  

d )  Surface and case hardness t r ave rse  (Rc) o f  races and r o l l e r s  and r o l l e r  
paths. Hardness o f  rough nachined f o rg i ngs  (BHII). Core hardness o f  
races  and r o l l e r s  (Rc 1. 

e )  Depth o f  race  ana r o l l e r  pa th  case i n  thousandths o f  an inch.  

f 1 Heat t r e a t  1 o t  nur,iber o f  races, r o l l e r s  and app rop r i a t e  t e s t  bars .  

g )  For  through hardened races, one hardness t r ave rse  (hardness vs. depth 
below su r f ace )  s h a l l  be r.iade on each r o l l e r  p a t h  o f  t h e  t e s t  ba r  near 
t h e  cen te r  o f  t h e  r o l l e r  l o a d i n g  ( n i n i n u n  o f  two hardness t e s t e d  c ross  
sec t i ons )  and a w r i t t e n  r e p o r t  o f  t he  hardness t r ave rse  s h a l l  be  
supp l ied  t o  t h e  p rocu re r  f o r  each o rde r  o f  bear ings.  See 
paragraph 3.2.4. 

h )  G ra in  s i z e  o f  r o l l e r s  and races per  ASTM E112-63. 

i ) Clean1 i ness r a t i  ny s pe r  ASTI4 E45, 14ethod A. 

j ) Resu l t s  o f  ri iagnetic p a r t i c l e  i n s p e c t i o n  pe r  MIL-1-6868. 

k )  Resu l ts  o f  u l t r a s o n i c  i n s p e c t i o n  pe r  l4IL-1-0950, Class B n o t i n g  a l l  
d i s c repan t  de fec ts .  
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2 .3 .b  ACCEPTAIiCE I I ISPECTION ( c o n t  ' d )  

1 )  Resu l t s  o f  I.lacro a c i d  e t c h  per  paragraph 4.2.6.2. 

1 . 1 )  Resu l ts  o f  n i t a l  e t ch  i n s p e c t i o n  showing t h a t  no g r i n d i n g  burns e x i s t .  

n )  Torque o r  Perforr,iance Test.  

o )  Resu l rs  o f  d imensional  checks. 



MOD-5A NTG 
47A380096 

APRIL 1983 

SECTION 5 

PREPAPATION FOR DELIVERY 

The co t i p l e te l y  assenbled beara'ng s h a l l  be prepacked w i t h  Keystone EP 84 L igh t ,  o r  

equal , grease and ti r e  wrapped p e r  manufac tu re r ' s  connerc ia l  p rac t i ce .  K r a f t  

paper s h a l l  n o t  be used. The bear ing  s h a l l  be c r a t e d  f o r  shipment and s h a l l  be 

cons t ruc ted  i n  a  r.ianner t h a t  k ~ i l l  p rec lude dar,iage o r  con tan i  nat ion.  
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6.1 O R D E R I t i G  DATA 

P rocurenent docur.ients s houl d speci  fy t he  f o l  1 owi ng : 

a )  T i t l e ,  nunber, and da te  o f  t h i s  s p e c i f i c a t i o n .  

b )  Nunber o f  t h e  app l i cab le  d e t a i l  s p e c i f i c a t i o n  and t he  r e v i s i o n  

l e t t e r .  

c Level  s o f  preservat ion,  packaging, packing, and app l i cab le  

n a r k i  ng. 

d )  Clethod o f  sampling i f  o t h e r  than spec i f ied .  

6.2 LERTIFICATION 

A1 1 qua1 i ty conforr.lance i nspect ion data s h a l l  be recorded and a copy submi t t e d  

.LO xne p rocu r i ng  a c t i v i t y  a long w i t h  a n o t a r i z e d  c e r t i f i c a t e  o f  conformance a t  

t he  t i r ,~e  o f  bear ing d e l i v e r y .  The data s h a l l  i nc l ude  a l l  those l i s t e d  i n  

paragraph 4.3.6 
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SECTION 1.0 

SCOPE 

1.1 INTRODUCTION 

T h i s  s p e c i f j c a t i o n  e s t a b l i s h e s  t h e  requ i rements  f o r  an indoor  swi tchgear  

assembly f o r  use on t h e  MOD-5A Wind Turb ine  Generator .  

The i n d o o r  m e t a l c l a d  swi tchgear  desc r ibed  i n  t h i s  s p e c i f i c a t i o n  i s  i n tended  f o r  

use on a  4160 V o l t ,  t h r e e  ( 3 )  phase, 60 H e r t z  system. The sw i t chgear  s h a l , ,  be  

r a t e d  4160 V o l t s  and s h a l l  have removable-element vacuum c i r c u i t  b reakers .  The 

enc losu re  and c i r c u i t  b r e a k e r  e i t h e r  i n d i v i d u a l l y  o r  as a  u n i t ,  s h a l l  have a  

b a s i c  impulse r a t i n g  o f  60 KV. The swi tchgear ,  i n c l u d i n g  c i r c u i t  b reakers ,  

meters,  r e l a y s ,  e t c  . s h a l l  be  f a c t o r y  t e s t e d .  



.- .. . . . . . .... . ..... 

MOD-5A WTG 
47A38009 7 

FEB 1984 
REV A 

SECTION 2.0 

APPLICABLE DOCUMENTS 

The f o l l o w i n g  documents o f  t h e  d a t e  o f  i s s u e  no ted  f o r m  a p a r t  of  t h i s  

s p e c i f i c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  h e r e i n .  I n  t n e  even t  o f  c o n f l i c t  between 

t ? l i s  s p e c i f i c a t i o n  and t h e  documents r e f e r e n c e d  he re in ,  t h e  c o n t e n t s  o f  t h i s  

s p e c i f i c a t i o n  s h a l l  supersede. 

2.1 GENERAL ELECTRIC 

47E387080 - One L i n e  Diagram 

2.2 INDUSTRY STANDARDS 

NEMA - N a t i o n a l  E l e c t r i c a l  Manu fac tu re rs  A s s o c i a t i o n  

NFPA - NO. 70-1981 

N a t i o n a l  E l e c t r i c a l  Code 

OSHA - Occupat iona l  S a f e t y  And H e a l t h  A c t  

ANSI - American N a t i o n a l  Standards I n s t i t u t e  

C37.2 Manual and Automat ic  S t a t i o n  C o n t r o l ,  Superv i so ry  and Assoc ia ted  
Te lemete r ing  Equipments 

C57.13 Requirements f o r  I n s t r u m e n t  Transformers  

Y32.2 Grapn ic  S y m ~ o l s  f o r  E l e c t r i c a l  and E l e c t r o n i c  Diagrams 

Y14.15 E l e c t r i c a l  and E l e c t r o n i c  Diagrams 

C37.20 Swi tcngear  Assemblies i n c l u d i n g  Meta l  Enclosed Bus 
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SECTION 3.0 

REQUIREMENTS 

3.1 ENVIRONMENTAL 

The switcngear assembly conforming to this specification shall be suitable for 

operation at the nameplate rating provided that: 

(1) The temperature of the cooling air surrounding the enclosure of the 

switchgear assembly (ambient temperature) is within the limits of 

minus 30°C and plus 40°C. 

(2) The altitude does not exceed 3300 feet. Switchgear operation at 

altitudes in excess of 3300 feet will be subject to customer derating 

per manufacturer's instructions. 

3.2 STATIONARY STRUCTURE 

The switchgear shall consist of three (3) breaker units and a fused load break 

switch for a 300 KVA auxiliary power transformer assembled to form a rigid, 

self-supporting, completely metal-enclosed structure. In each unit, the major 

parts o f  the primary circuit such as the circuit breaker, buses, potential 

transformers and control power transformers shall be completely enclosed by 

grounded metal barriers. This shall include an inner barrier in front of, or 

as a part of the circuit breaker. 

3.2.1 CIRCUIT BREAKER COMPARTMENT 

Each circuit breaker compartment snall be designed to house 4160 Volt, 

removable-element circuit breakers. The stationary primary-disconnecting 

contacts shall be constructed of si lver-pl ated copper. Grounded-metal safety 

shutter shall be provided which isolate all primary connections in the circuit 

breaker compartment when the breaker is withdrawn from the connected position. 

-3- 1084A 

- 
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3.2.2 GROUND BUS 

A ground bus o f  1 /4 - inch  b y  2 - i n c h  copper s h a l l  be extended throughout  t h e  

l i n e u p  w i t h  connect ions t o  each breaker  grounding c o n t a c t  and each c a b l e  

compartment ground t e r m i n a l .  A l l  j o i n t s  s h a l l  be made w i t h  a t  l e a s t  two 

3 /8 - incn  z i n c - p l a t e d ,  i r i d i t e - d i p p e d  s t e e l  b o l t s  per  j o i n t .  S t a t i o n  

ground-connect ion p o i n t s  s h a l l  be l o c a t e d  i n  each end s e c t i o n .  

3 . 2 . 3  BUS COlYlPARTMENT 

Tne main bus s h a l l  be r a t e d  a t  2000 amperes. Bus b a r s  s h a l l  have a  con t inuous  

c u r r e n t  r a t i n g ,  i n  accordance w i t h  ANSI s tandards o f  temperature  r i s e  and 

documented b y  des ign t e s t s .  A l l  j o i n t s  w i l l  b e  s i l v e r  p l a t e d  w i t h  a t  l e a s t  

two b o l t s  p e r  j o i n t .  Bus b a r s  w i l l  b e  braced t o  w i t h s t a n d  t h e  magnet ic  

s t resses  developed b y  c u r r e n t s  equal t o  t h e  main power c i r c u i t  b reaker  c lose ,  

c a r r y ,  and i n t e r r u p t  r a t i n g s .  The bus s h a l l  be p rov ided  w i t h  f r o n t  access 

th rough  removable panels .  

3.2.4 MATERIALS 

M a t e r i a l s  used i n  t h e  swi tchgear  assembly s h a l l  be i n h e r e n t l y  c o r r o s i o n  

r e s i s t a n t  o r  p r o t e c t e d  f r o m  c o r r o s i o n  due t o  exposure t o  a i r b o r n e  m o i s t u r e  and 

s a l t  i n  t h e  o p e r a t i o n a l  environment. For c o r r o s i o n  a n a l y s i s  assume 0.005 PPM 

maximurn s a l t  c o n t e n t  i n  env i ronmenta l  a i r  a f t e r  f i l t r a t i o n  f o r  sea c o a s t  

i n s ~ a l  l a t i o n .  

3.2.5 FINISH 

A l l  s t e e l  su r faces  s h a l l  be c h e m i c a l l y  c leaned and t r e a t e d  t o  p r o v i d e  a  bond 

between t h e  p r i m e r  p a i n t  and meta l  sur faces.  The sw i t chgear  e x t e r i o r  w i l l  b e  

f i n i s h e d  w i t h  a i r - d r i e d  a c r y l i c  lacquer  p a i n t  o f  g ray  c o l o r  (ANSI 61).  
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3.2.6 HEATEZS 

To m in im ize  t h e  occur rence o f  m o i s t u r e  condensat ion i n  t h e  swi tchgear ,  a 

300 w a t t  h e a t e r  s h a l l  be usea i n  each v e r t i c a l  s e c t i o n  f o r  o p e r a t i o n  f r o m  a  

120 VAC, 60 Hz source.  Heaters  s h a l l  be  s e l e c t e d  t o  opera te  a t  reduced 

v o l t a g e  f o r  extenaed 1  i f e .  

3.2.7 SIZE 

The maximum dimensions o f  t h e  swi tchgear  assembly s h a l l  n o t  exceed t h e  

dimensions shown i n  F i g u r e  3.1 

3.2.8 WEIGHT 

The maximum w e i g h t  o f  t h e  sw i t chgear  assembly s h a l l  n o t  exceed TBD pounds. 

3.3 CIRCUIT BREAKERS 
-. 

The c i r c u i t  b reakers  s h a l l  be r a t e d  4160 V o l t s ,  60 Hz, w i t h  a  con t inuous  

c u r r e n t  r a t i n g  as s p e c i f i e a  i n  Tables 3.2, 3.4, and 3.6 and a nomina l  

i n t e r r u p t i n g  r a t i n g  o f  250 MVA. A l l  c i r c u i t  b reakers  of equal  r a t i n g  s h a l l . b e  

in te rchangeab le .  

The c i r c u i t  b reaker  s h a l l  be operated b y  an e l e c t r i c a l l y  t r i p - f r e e ,  

s tored-energy o p e r a t i n g  mechanism. P r o v i s i o n  s h a l l  be  i n c l u d e d  f o r  manual 

c h a r g i n g  o f  t h e  mechanism and f o r  s low c l o s i n g  o f  t h e  c o n t a c t s  f o r  i n s p e c t i o n  

o r  ad jus tment .  

The c i r c u i t  b reaker  s h a l l  be equipped w i t h  secondary d i s c o n n e c t i n g  c o n t a c t s ,  

which s h a l l  a u t o m a t i c a l l y  engage i n  t h e  o p e r a t i n g  p o s i t i o n s .  

The b reaker  compartment s h a l l  be  f u r n i s h e d  w i t h  a  mechanism which w i l l  move 

t h e  b reaker  ~ e t w e e n  t n e  o p e r a t i n g  and d i sconnec t  p o s i t i o n s .  The mechanism 

s h a l l  be  designed so t h a t  t h e  b reaker  w i l l  be  s e l f - a l i g n i n g  and w i l l  be h e l d  

r i g i a l y  i n  t n e  o p e r a t i n g  p o s i t i o n  w i t h o u t  t h e  n e c e s s i t y  o f  l o c k i n g  b a r s  o r  
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3.3 C I R C U I T  ZREAKERS (Cont inued)  

b o l t s .  I n  t h e  d i sconnec t  p o s i t i o n ,  t h e  b reaker  s h a l l  be e a s i l y  removable f r o m  

t h e  cornpartmen t . 
I n t e r l o c k s  s h a l l  p r e v e n t  moving t h e  b reaker  t o  o r  f rom t h e  o p e r a t i n g  p o s i t i o n  

un less  i t s  c o n t a c t s  a r e  i n  t h e  open p o s i t i o n .  As a  f u r t h e r  s a f e t y  p r e c a u t i o n ,  

t h e  o p e r a t i n g  s p r i n g s  s h a l l  be d i scharged  a u t o m a t i c a l l y  when t h e  b r e a k e r  i s  

r o l l e d  f u l l y  i n t o  t n e  compartment o r  i s  movea i n t o  t h e  d i sconnec t  p o s i t i o n .  

Means s h a l l  be  p r o v i d e d  f o r  p a d l o c k i n g  t h e  b reaker  i n  e i t h e r  t h e  connected 

( o p e r a t i n g )  p o s i t i o n  o r  t h e  d isconnected p o s i t i o n .  When locked  i n  t h e  

d isconnected p o s i t i o n ,  t h e  b reaker  s h a l l  be removable f r o m  t h e  compartment. 

P a d l o c k i n g  s h a l l  n o t  i n t e r f e r e  w i t h  o p e r a t i o n  o f  t h e  b reaker  o r  i t s  mechanism. 

The c i r c u i t  b reaker  c o n t r o l  v o l t a g e  s h a l l  be 125 v o l t s  dc. Each c i r c u i t  

b reaker  s h a l l  be equipped w i t h  6 each "a"  and "b", a u x i l i a r y  c o n t a c t s  w i r e d  t o  

a  t e r m i n a l  board w i t h i n  t h e  swi tchgear  enc losu re  f o r  user  a p p l i c a t i o n s .  
-. 

I n d i c a t o r  lamps s h a l l  be p r o v i d e d  and l a b e l e d  on t h e  f r o n t  pane l  o f  t h e  

swi tchgear  t o  i n d i c a t e  c i r c u i t  b reaker  p o s i t i o n .  

3.4 INSTRUMENT TAANSFORMERS 

3.4.1 CURRENT TRANSFORMERS 

C u r r e n t  t r a n s f o r m e r s  s h a l l  have a  r e l a y  and m e t e r i n g  accuracy o f  0.3 6-2 w i t h  

r a t i o s  s p e c i f i e d  on t h e  o n e - l i n e  diagram. The t r a n s f o r m e r s  s h a l l  have 

mechanical  r a t i n g  equal  t o  t h e  momentary r a t i n g  o f  t h e  c i r c u i t  b reakers ,  and 

s h a l l  be i n s u l a t e d  f o r  f u l l  v o l t a g e  r a t i n g  o f  t h e  sw i t chgear .  

3.4.2 POTENTIAL TRANSFORMERS 

P o t e n t i a l  t r a n s f o r m e r s  s h a l l  be drawout type,  equipped w i t h  c u r r e n t - l i m i t i n g  

fuses,  and s h a l l  have an accuracy o f  .3-1.22. The r a t i o  s h a l l  be as i n d i c a t e d  

on t h e  o n e - l i n e  diagram. 
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3.5 DEVICES 

All protection, instrumentation, ana control devices shall be General Electric 

type, as indicated, or approved equivalent. Device numbers are in accordance 

with ANSI C37.2. LANACOID labels or approved equivalent, describing the 

function, snall be provided on the panel. A 125 VDC Control Power Circuit 

shall be used. 

3.6 WIRING 

A1 1 secondary wiring shall be tinned copper, 600 volt switchboard wire. 

A. All wiring shall be adequately supported by vertical and horizontal 
wire ducts with removable covers. Where ducts are not applicable, 
wire bunales shall be supported by prewelaed cleats or wiring rod for 
cable support. 

B. Solderless terminals shall be used for all secondary connections. 

C. No connections will be spliced or extended by soldering to another 
wire. 

D. Each lead entering or leaving the switchgear shall be brought to an 
approved terminal board bearing identification agreeing with the 
connection diagram. 

3.6.1 WIRIhG INTERFACE 

The swi tchgear assembly shall provide top access for wiring. Wire terminations 

snall be accessi~le through rear covers. 

3.7 ARRANGEMENT 

The one-line diagram, 47E387080, shall be used in conjunction with tnis 

specification for design and selection o f  the switchgear equipment. 

Figure 3-1 defines the suggested arrangement while Tables 3-1 through 3-6 list 

tne major protective relays and monitoring devices required. 
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TABLE 3-1 

FUNCTION - INCOMING LINE 

LOCATION 1A 

G E V I C E  

DEVICE NO QUANTITY DESCRIPTION 

Phase Overcur rent  Relay 5015 1 3 I JCV5l 
N i t h  Vo l tage R e s t r a i n t  V 

Frequency Re 1 ay 8  1  1  IJF5 1 

P o t e n t i a l  Transformer 
48001 120 

C u r r e n t  Transformer 
150015 

L i g h t n i n g  A r r e s t o r s  
5.1 KV 

Vo i tage  Transducer 
4-20 MA Output 

C u r r e n t  Transducer 
4-20 MA Output 

K i l o w a t t  Transducer 
4-20 MA Output 

VAR Transducer 
4-20 MA Output 

AT- 2  3 

Watthour Meters, ( 1 )  detented t o  KWH 
read  power ou tpu t ,  and ( 1 )  de ten ted  
t o  read  power i n p u t ,  3  element, 
3 phdse i n d i c a t i n g ,  w i t h  p u l s e  
generators  f o r  remote accuniul a t i n g .  

Vo l  tmeter (4-112' sq )  V M 
Label = V o l t s ,  Sca le  = 0-6000 

Ammeter (4-112" sq )  AM 
Label = Amperes, Sca le  = 0-1500 

K i  l o w a t t  Meter (4-1/211 sq)  W M 
Label = Power, Sca le  = -1000/0/12000 

K i l o v a r  Meter 
Label = R e a c t i v e  Power 
Sca le  = -1 000/0/4000 

VARM 1  
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TABLE 3-2 
FUNCTION - STATOR OUTPUT 

LOCATION 1B 

DEVICE 

DEVICE NO QUANTITY DESCRIPTION 

Pnase O v e r c u r r e n t  Re lay  5015 1  3  I JCV5 1  
d i t h  V o l t a g e  R e s t r a i n t  V 

4160 V o l t  Vacuum Power C i r c u i t  52-2 
breaker ,  2000 Amperes Cont inuous,  
3 Po le ,  W i t h  E l e c t r i c a l l y  Operated, 
S t o r e d  Energy Mechanism 

C u r r e n t  Balance Re lay  6  1  1  

Lock-Out Re 1  ay 86 1  

T r i p p i n g  Re lay  94-2 1 

Syncnron ize  Check Re lay  2 5 1  

Overvo l tage  Relay  59 

D i f f e r e n t i a l  P r o t e c t i v e  Re lay  8  7 1  

Syncnroscope S w i t c h  SS 1  

Synchroscope S Y  N 1 

P o t e n t i a l  Transformer  
48001 120 

C u r r e n t  Transformer  
1500/5 

Frequency Transducer 
4-20 MA Output  

'do 1  tage  Transducer 
4-20 MA Output  

C u r r e n t  Transducer 
4-20 PIA Output  

K i l o w a t t  Transducer 
4-20 MA Output  

VAR Transducer 
4-20 MA Output  

VT- 1  3  

AT- 1  3  

WT- 1  1  

VART- 1  1  

V o l t  Meter  (4-1 /2"  Sq) VM 
Labe l=Vo l t s ,  Scale=O-6000 

-10- 

I JCS 1 

HEA6 1  

HGA 1 3  

GE S 

IAV 

CFD22 
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TABLE 3-2 ( c o n t  ' a )  
FUIYCTION - STATOR OUTPUT 

LOCATION 1B 

D E V I C E  

DEVICE * NO . QUANTITY DESCRIPTION 

Ammeter (4-1/2 I' Sq) AM 3 AB-40 
Label=Amperes, Scale=O-1000 

K i l o w a t t  Meter (4-1 /2"  Sq) W M 
Label=Power , Scale=-1000/0/12000 

Var Meter (4-1 /2"  Sq) 
Label=React i  ve Power 
Scale=-1000/0/4000 

VARM 1 AB-40 

Frequency Meter F M 
Label=Frequency, Scale=55-65 

I n d i c a t i n g  Lamps, Breaker - - 
Open-Close, Red & Green 

2 ET- 16 
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TABLE 3-3 
FUNCTION - TRANSFORCltR FEEDER 

LOCATION 2A 

DEVICE 

D E V I C E  NO QUANTITY DESCRIPTION 

3 Phase, Fused Load Break - - 1 
Disconnect Sw i tch  For  300 KVA 
Transformer 

I n d i c a t o r  Lamps, Disconnect - - - 
Swi tch  Open-Closed, Red & Green 
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TABLE 3-4 
FUNCTION - ROTOR OUTPUT 

LOCATION 2B 

DEVICE 

DEVICE NO QUANTITY 

4160 V Vacuum Power C i r c u i t  52-1 1  
Breaker,  2000 Amperes Cont inuous,  
3 Po le ,  w i t h  E l e c t r i c a l l y  Operated 
Storea-Energy Mecnanism 

T r i p p i n g  Re lay  94- 1  1  

A C  Time O v e r c u r r e n t  Re lay  5  1  3 

C u r r e n t  Transformer  
600/5 

I n d i c a t i n g  Lamps, Breaker - - 
Open-Close, Red & Green 

C u r r e n t  Transducer 
4-20 MA Output  

AT- 3  3 

Amnieter (4 -1 /2 "  sq )  AM 
Labe l  = Amperes, Sca le  = 0-'600 

DESCRIPTION 



DEVICE  

TABLE 3-5 
FUNCTION - UNUSED 

LOCATION 3 A  

DEVICE 

QUANTITY 

MOD-5A WTG 
4 7 A 3 8 0 0 9  7 

FEB  1 9 8 4  
R E V  A 

DESCRIPTION 
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TABLE 3-6 
F U N C T I O N  - STARTING 

LOCATION 3B  

D E V I C E  

DEVICE NO QUANTITY DESCRIPTION 

4160 V Vacuum Power C i r c u i t  52-3 1 
Breaker, 2000 Amperes Continuous, 
3 Pole,  w i t h  E l e c t r i c a l l y  Operated 
Storea-Energy Mechanism 

T r i p p i n g  Relay 94-3 

Current  Transformer 
1 5001 5 

I n d i c a t i n g  Lamps, Breaker 
Open-Close, Red & Green 
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i .8  LIFE - 
The expectea l i f e t i m e  o f  t h e  u n i t  s h a l l  oe 30 y e a r s  upon performance of t n e  

maintenance c a l l e d  o u t  i n  s e c t i o n  3.9. 

3.9 MAINTAINABILITY 

R o u t i n e  maintenance s h a l l  be a b l e  t o  be performed on s i t e .  I n t e r v a l  between 

r o u t i n e  maintenance c y c l e s  s h a l l  n o t  be  l e s s  t h a n  one ( 1 )  year .  S u p p l i e r  s h a l l  

i d e n t i f y  r e q u i r e d  maintenance o f  major  components. 



4.2.3 WIRING 

A l l  w i r i n g  s h a l l  be checked f o r  l oose  connect ions.  
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SECTION 4.0 

VERIFICATION 

4.1 GENERAL 

The venaor s h a l l  p e r f o r m  s tandard  commercial t e s t s  t o  demonstrate p roper  

o p e r a t i o n  o f  t h e  sw i t chgear  assembly. Three ( 3 )  c e r t i f i e d  cop ies  o f  a c t u a l  t e s t  

Uata s n a l l  be p r o v i d e d  w i t h  shipment. Tests  s h a l l  i n c l u d e ,  b u t  n o t  be l i m i t e d  

t o  t n e  f o l l o w i n g .  

4.2 INSPECTION 

4.2.1 TRANSFORMERS 

P o l a r i t y  and r a t i o  check o f  a l l  t ransformers .  

4.2.2 INSTRUMENTS 

A l l  r e l a y s ,  i n s t r u m e n t s  and o t n e r  dev ices s h a l l  be checked f o r  i n t e r n a l  o r  

concealed s h i p p i n g  damage. 

4.2.4 FINISH 

V i s u a l  i n s p e c t i o n  t o  v e r i f y  t h a t  f i n i s h  c o a t i n g  i s  a p p l i e d  t o  a l l  su r faces .  

4.3 FUNCTIONAL TEST 

4.3.1 CONTINUITY 

C o n t i n u i t y  check o f  a l l  w i r i n g  t o  e lementary  diagram. 
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4.3.2 CIRCUIT BREAKERS 

C i r c u i t  b r e a k e r s  s h a l l  b e  checkea f o r  o p e r a t i o n  a t  80, 100, and 110 p e r c e n t  o f  

normal o p e r a t i n g  v o l t a g e s ,  open and c l o s e d  c i r c u i t s .  A l so  opening,  c l o s i n g  and 

t r i p  f r e e  t i m e s  o f  t n e  c i r c u i t  b r e a k e r s  (52-1, 52-2, 52-3) a t  normal o p e r a t i n g  

v o l t a g e s  s h a l l  b e  checked. Average and range  o f  t e n  ( 1 0 )  t e s t s  a f t e r  a l l  

ad jus tmen ts  have been made s h a l l  a l s o  be recorded.  

4.3.3 PRIMARY CIRCUITS 

An i n s u l a t i o n  t e s t  o f  a l l  4 KV c i r c u i t s  s h a l l  b e  performed. The t e s t  v o l t a g e  

s h a l l  b e  19 KV, AC, R.M.S., 60 Hz and s h a l l  b e  a p p l i e d  f o r  a  minimum of one ( 1 )  

m inu te  between each c i r c u i t  and a l l  o t h e r  c i r c u i t s  and ground. No f l a s h o v e r  o r  

i n s u l a t i o n  p u n c t u r e  s h a l l  occur .  

4.3.4 SECONDARY CIRCUITS 

An i n s u l a t i o n  check o f  a l l  secondary and c o n t r o l  c i r c u i t s  s h a l l  be  performed. 

Tne t e s t  v o l t a g e  s n a l l  b e  1.5 KV,  AC, 2.M.S., 60 Hz and s h a l l  b e  a p p l i e d  f o r  a  

lninimuni o f  one ( 1 )  m i n u t e  between each c i r c u i t  and a l l  o t h e r  c i r c u i t s  and 

grouna. No f l a s n o v e r  o r  i n s u l a t i o n  p u n c t u r e  s h a l l  occu r .  
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SECTION 5.0 

DOCUMENTATI 0 N 

5.1 APPROVAL 

Upon award o f  a con t rac t ,  t h e  vendor s h a l l  f u r n i s h  drawings ( 2 .  s e t s )  f o r  

approval  p r i o r  t o  manufactur ing.  Drawings f o r  approval  s h a l l  i n c l u d e  a p l a n  

view, o u t l i n e  drawings, and an elementary diagram. Comments o r  approvals w i l l  

be r e tu rned  w i t h i n  two ( 2 )  weeks o f  r e c e i p t .  

5.2 DELIVERABLE 

The f o l l o w i n g  aocuments s h a l l  De supp l i ed  w i t h  shipment. 

o C e r t i f i e d  o u t l i n e  drawing 

o W i r i ng  diagrams 

. . 
o Elementary diagrams 

o Complete i n s t r u c t i o n  books w i t h  p a r t s  l i s t s  

o D e t a i l e d  summary o r  equipment l i s t  

o Schematics 

o T e s t a a t a  

o Operat iona l  and maintenance manual f o r  a l l  equipment 

Une r e g u l a r  r ep roduc io l e  and t e n  (10)  cop ies o f  drawings, twe lve  ( 1 2 )  cop ies o f  

i n s t r u c t i o n  books, and t h r e e  (3 )  cop ies o f  t e s t  da ta  s h a l l  be suppl ied.  I n  

add i t i on ,  one copy o f  a l l  aocuments s h a l l  be enclosed w i t n  shipment. 
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Tne vendor s h a l l  submit  a s ta tement  d e t a i l i n g  h i s  normal p r a c t i c e  o f  packag ing 

and method o f  d e l i v e r y  f o r  approva l  b y  t h e  General E l e c t r i c  Company, Advanced 

Energy Programs Department, MOD-5A WTG Engineer ing,  501 A l l e n d a l e  Road, P.O. 

Box 527, K i n g  o f  P russ ia ,  PA 19406. 4. 
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1.0 INTRODUCTION 

1.1 SCOPE 

Th i s  t e s t  p l a n  def ines t h e  t e s t  program t o  be performed b y  Ohio S ta te  U n i v e r s i t y  

Aeronaut ica l  and As t ronau t i ca l  Research Lab (OSU/AARL) and t o  be used t o  develop 

an optimum aerodynamic c o n t r o l  f l a p  c o n f i g u r a t i o n  f o r  t h e  MOD-5A wind t u r b i n e  

f o r  General E l e c t r i c  Co. ' s Advanced Energy Programs Department (GE/AEPD) . 

1.2 OBJECTIVES 

Th is  wind tunne l  program i s  in tended t o  p rov ide  an optimum f l a p  c o n f i g u r a t i o n  

and i t s  assoc ia ted aerodynamic c h a r a c t e r i s t i c s ,  as a bas i s  f o r  a dec i s i on  on t h e  

use o f  f l a p  c o n t r o l s .  
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2. TEST FACILITIES 

The t e s t s  w i l l  be c a r r i e d  o u t  i n  t h e  OSU/AARL t r a n s o n i c  a i r f o i l  f a c i l i t y  

designated as t h e  6 "  x  12" wind tunne l .  

2.1 INSTRUMENTATION 

The i ns t r umen ta t i on  r e q u i r e d  t o  acqu i r e  t h e  da ta  needed t o  p rov i de  t h e  

aerodynamic c h a r a c t e r i s t i c s  o f  t h e  models w i l l  be p rov ided  b y  OSU/AARL. 

2.2 MODELS 

2.2.1 GENERAL 

There w i l l  be seven (7 )  t e s t  models i n  t h e  program. 

2.2.2 GEOMETRIC DEFINITION 

The geometr ic d e f i n i t i o n  o f  t h e  t e s t  models w i l l  be p rov ided  by  GE AEPD. 

2.2.2.1 Model BFQ (Bas ic  Balanced F lap)  

T h i s  model, which i s  de f i ned  i n  F i g u r e  1, e x i s t s .  

2.2.2.2 Model PF ( P l a i n  F l ap )  

T h i s  model e x i s t s  and i s  de f i ned  i n  F i gu re  2. 

2.2.2.3 Model BF-P 1  (Pe r f o ra ted  Balance) 

Th i s  model i s  de f i ned  i n  F i g u r e  3  r e v i s e d  June 21, 1983. A ded ica ted  f l a p  

( o n l y )  model w i l l  be f a b r i c a t e d  f o r  t h i s  t e s t .  
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2.2.2.4 Model SBF (Sho r t  Balance F lap)  

T h i s  c o n f i g u r a t i o n  i s  d e f i n e d  i n  F i gu re  4  and r e q u i r e s  t h e  rework of t h e  

c o n f i g u r a t i o n  BF0 f l a p .  

2.2.2.5 Models BF-LEI ; BF-LE2 ( F l a p  Model w i t h  Modi f ied Leading Edges) 

Dele ted 

2.2.2.6 Model VF ( V e n t i l a t e d  F l a p )  

T h i s  c o n f i g u r a t i o n  i s  de f i ned  i n  F i g u r e  6. The v e n t i l a t i o n  p a t t e r n  descr ibed  i n  

t h a t  f i g u r e  w i l l  be a  rework o f  e i t h e r  c o n f i g u r a t i o n  BF0, o r  PF. The 

s e l e c t i o n  w i l l  be made on t h e  b a s i s  o f  t e s t  r e s u l t s .  Th i s  model r e q u i r e s  t h e  

f a b r i c a t i o n  o f  a spare BF0 f l a p  ( o n l y )  model. 
- 

2.2.2.7 Models X I  and X2 

These models w i l l  be s p e c i f i e d  b y  J u l y  25, 1983 f o r  t e s t i n g  i n  t h e  p e r i o d  f rom 

August 8 t o  August 12, 1983. 

2.2.3 DESIGN AND FABRICATION 

The d e t a i l  des ign and f a b r i c a t i o n  o f  t h e  models w i l l  be t h e  r e s p o n s i b i l i t y  o f  

OSU /AAR L  . 
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Ten (10)  model c o n f i g u r a t i o n s  w i l l  be t e s t e d  through a  24 p o i n t  a r r a y  o f  angles 

o f  a t t ack  and c o n t r o l  d e f l e c t i o n .  These t e s t s  w i l l  be conducted a t  Reynolds 

numbers n o t  l e s s  than 8  x l o6 .  The t e s t s  w i l l  measure steady pressure 

d i s t r i b u t i o n s  w i t h  t h e  s tandard Scaniva lve ins t rumenta t ion  o f  OSU/AARL. A t  t h e  

conc lus ion  o f  these Phase I t e s t s  t h e r e  w i l l  be a one month p e r i o d  d u r i n g  which 

two f i n a l  models w i l l  be def ined, designed and f ab r i ca ted .  These f i n a l  models 
- 

w i l l  be t e s t e d  i n  t h e  Phase I 1  t e s t s .  

3.2 TEST MATRIX 
/ 

The t e s t  m a t r i x  i s  de f i ned  i n  Tables I and I I A  and I I B .  Table I descr ibes , t h e  

m a t r i x  o f  t e s t s  t o  be made. Table I I A  and I I B  descr ibe  t h e  combinat ions o f  

angles o f  a t t ack  and c o n t r o l  d e f l e c t i o n  angles f o r  t h e  screening t e s t s  and t h e  

f i n a l  t e s t s  r e s p e c t i v e l y .  

3.3 SCHEDULE 

The program s h a l l  conform t o  t h e  schedule i n  Table 111. 
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TABLE I 

MATRIX OF TESTS 

Seq. Mode 1 F i gu re  
No. Conf i gu ra t  i on No. Ar ray  Purpose 

2 Bas ic  Bas ic  aerodynamic c h a r a c t e r i s t i c s  
o f  p l a i n  f l a p  

1 I 1  Basic  aerodynamic c h a r a c t e r i s t i c s  
o f  balanced f l a p  

3 I1 E f f e c t  on balanced f l a p  o f  
p o r o s i t y  o f  b a l  ance 

4 I1 C h a r a c t e r i s t i c s  o f  s h o r t  ba lanced 
chord 

5 VF3 6 I 1  E f f e c t  o f  v e n t i l a t i n g  f l a p  

TIME SLOT FOR DESIGN AND FABRICATION OF OPTIMUM CONFIGURATION. 

Deta i  1 ed Bas ic  aerodynamic c h a r a c t e r i s t i c s  
o f  MOD-5A f l a p  a t  70% r a d i u s  

I1  Bas ic  aerodynamic c h a r a c t e r i s t i c s  
o f  MOD-5A f l a p  a t  85% r a d i u s  

NOTES 

Requires new (untapped) f l a p  o n l y  model. 

Requires rework o f  e x i s t i n g  ( tapped)  f l a p .  

Model BFQ o r  PF t o  be reworked, r e q u i r e s  f a b r i c a t i o n  o f  untapped BFQ model . 
The "Bas ic"  and "De ta i l ed "  combinat ions o f  ang le  o f  a t t a c k  and c o n t r o l  
d e f l e c t i o n  a re  g i ven  i n  Tables I I A  & I I B .  
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TABLE I I A  

B A S I C  ARRAY OF ANGLES-OF-ATTACK AND CONTROL DEFLECTION ANGLES 

( 2 4  RUNS) 
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T A B L E  I I B  

ARRAY OF D E T A I L E D  ANGLES-OF-ATTACK AND CONTROL D E F L E C T I O N  ANGLES 

( 3 2  RUNS) 
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TABLE I 1 1  
MOD-5A FLAP DEVELOPMENT TEST PLAN 

SCHEDULE 

June Ju 1 y Aug . Sept. 
Basic W/T Program 

Design o f  Optimum 
Con f i gu ra t i on  

Fab r i ca te  
Con f i gu ra t i on  

Tes t  Optimum 
Con f i gu ra t i on  
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I 4.0 SUPPORT REQUIREMENTS 

I 4 . 1  L I A I S O N  

GE/AEPD w i l l  p rov ide  a  l i a i s o n  engineer t o  coord ina te  t h i s  t e s t  and t o  be p resen t  

a t  OSU/AARL d u r i n g  t h e  t e s t  program. 
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5.0 DELIVERABLESISCHEDULE 

5.1 DATA DELIVERABLES 

OSU/AL w i l l  p rov ide  " r e a l  t ime"  da ta  o f  t e s t  r e s u l t s  f o r  eva lua t i on  o f  day-to-day 

progress i n  bo th  t a b u l a r  and g raph ic  fo rm as t e s t s  are complete. I n  add i t i on ,  a 

FORTRAN readable tape o f  a l l  o f  t h e  reduced da ta  w i l l  be provided. 

5.2 REPORT DELIVERABLES 

OSU/AL w i l l  p rov ide  s i x  ( 6 )  copies o f  a f i n a l  repc l r t  summarizing t h e  program n o t  

l a t e r  than  September 3, 1983. 
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1.0 GENERAL 

T h i s  document def ines t h e  m a t e r i a l  and a p p l i c a t i o n  o f  a semi-gloss Enamel f i n i s h  

a p p l i e d  t o  Aluminum p a r t s  f o r  E l e c t r i c a l  and Systems Test Equipment. 
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2.0 APPLICABLE DOCUMENTS 

S p e c i f i c a t i o n s :  

Federa 1 

TT-E-529 Enamel, Synthet ic-Semi-Gloss 

TT-P-1757 Chemical F i l m s  f o r  Aluminum and Aluminum A l l o y s  

M i  1 i t a r v  

MIL-C-5541 Chemical Conversion Coat ings on Aluminum and Aluminum A l l o y s  

MIL-P-6808 Pr imer  Coating, Z inc  Chromate, f o r  A i r c r a f t  Use, A p p l i c a t i o n  o f  

Standards: 

Feder a 1 

FED-STD-595 C o l o r s  
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I PART NO. COLOR 

P 1 B lue  

P 2 White 
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3.0 MATERIAL 

Enamel S y n t h e t i c  -- semi-gloss, conforming t o  Federa l  S p e c i f i c a t i o n  TT-E-529. 

Co lo r  s h a l l  be i n  accordance w i t h  FED-STD-595. I n d i v i d u a l  c o l o r s  a r e  s p e c i f i e d  

i n  Table  I. 

TABLE I 

Blue  

Gray 

COLOR NO. GLOSS 

Semigloss 

Semi g loss  

Semi g l  os s 

Semi g loss  
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4.0 APPLICATION 

A l l  sur faces t o  be p a i n t e d  s h a l l  be dry,  c l e a n  and f r e e  f r o m  mois ture ,  d i r t ,  

grease o r  o t h e r  contaminants.  

o  P r e l i m i n a r y  t r e a t m e n t  s h a l l  be a p p l i e d  i n  accordance w i t h  MIL-C-5541, 
Class 1  . 

o  Pr ime m a t e r i a l  t o  be p a i n t e d  w i t h  z i n c  chromate p r i m e r  conforming t o  
TT-P-1757 i n  accordance w i t h  MIL-P-6808. 

o  Apply  Enamel (Paragraph 2.0) as fo l l ows :  

1  Coat, 1.0 t o  1.5 m i  1 s  t h i c k .  
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1.0 INTRODUCTION 

1.1 SCOPE 

Th i s  t e s t  p l a n  de f i nes  t h e  MOD-O15A t e s t  t o  be performed by GE and NASA-LeRC. 

A vendor, Schweizer A i r c r a f t  Corp., w i l l  design, f a b r i c a t e  and p r o o f  t e s t  t h e  

Test  U n i t s  t o  be used f o r  e v a l u a t i o n  and demonst ra t ion o f  t h e  aerodynamic 

c o n t r o l  a i l e r o n  c o n f i g u r a t i o n  f o r  t h e  MOD-5A wind t u r b i n e  f o r  General E l e c t r i c  

Co.'s Advanced Energy Programs Department (GE/AEPD). The Test  U n i t  w i l l  be a  

sub-scale ve r s i on  of  t h e  MOD-5A a i l e r o n  design, s u i t a b l e  f o r  t e s t  ope ra t i on  on 

t h e  e x i s t i n g  NASA MOD-0 t e s t  bed WTG a t  Plum Brook. 

1.2 GENERAL OBJECTIVES 

Th i s  l a r g e r  phys i ca l  s ca le  a i l e r o n  t e s t  i n  a  r o t a t i o n a l  environment i s  

intended, i n  con junc t i on  w i t h  t h e  ongoing wind-tunnel  da ta  a c q u i s i t i o n ,  t o  

p r o v i d e  s u f f i c i e n t  performance da ta  on t h e  se lec ted  c o n f i g u r a t i o n  and i t s  

assoc ia ted aerodynamic c h a r a c t e r i s t i c s ,  as a  bas i s  f o r  a  dec i s i on  on t h e  use 

of a i l e r o n  c o n t r o l s  f o r  t h e  MOD-5A WTG. I f  a  d e c i s i o n  i s  conf i rmed t o  change 

t n e  MOD-5A base l i ne  t o  a i l e r o n  r a t h e r  than  PSC c o n t r o l ,  i t  must be based on 

adequate t e s t  da ta  t o  i n s u r e  a  h i g h  p r o b a b i l i t y  o f  success. 

More s p e c i f i c a l l y ,  t h e  MOD 0/5A t e s t  i s  in tended t o  p rov i de  a  l i m i t e d  

demonst ra t ion o f  t h e  a b i l i t y  o f  an a i l e r o n  system t o  meet t h e  major  

aerodynamic c o n t r o l  requ i rements  o f  an a i l e r o n  system f o r  MOD-5A r o t o r  t o rque  

c o n t r o l .  Two major performance requi rements  e x i s t :  1 )  P roduc t ion  of 

s u f f i c i e n t  nega t i ve  t o rque  t o  s low t h e  r o t o r  t o  a  s a f e  speed (bo th  undamaged 

and w i t h  p a r t i  a1 jam) under b o t h  c o n t r o l  l e d  and emergency shutdown c o n d i t i o n s  
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and, 2 )  P r o v i d e  c h a r a c t e r i s t i c s  o f  t o r q u e  vs. c o n t r o l  d e f l e c t i o n  s u i t a b l e  t o  

p r o v i d e  s t a b l e  c o n t r o l / r e g u l a t i o n  o p e r a t i o n  f o r  t o r q u e s  f r o m  a t  l e a s t  10% 

above r a t i n g  t o  a t  l e a s t  10% n e g a t i v e  t o r q u e  over' an a p p r o p r i a t e  range of 

o p e r a t i n g  r o t o r  speeds and windspeeds. 

The t e s t  o b j e c t i v e s  a r e  t o  demonstrate t h e  c a p a b i l i t y  o f  a i l e r o n s  t o  meet t h e  

two m a j o r  aerodynamic requ i rements ,  and t o  a c q u i r e  d a t a  on p r i m a r y  performance 

c h a r a c t e r i s t i c s ,  secondary c o n t r o l  c h a r a c t e r i s t i c s  and env i ronmenta l  

performance c h a r a c t e r i s t i c s ,  wh ich can be  c o r r e l a t e d  w i t h  p r e d i c t i o n s  based on 

wind t u n n e l  d a t a  and o t h e r  analyses.  

2.0 MOD-O/5A TEST REQUIREMENTS AND ACCEPTANCE CRITERIA 

2.1 SHUTDOWN DEMONSTRATION 

2.1.1 Bas ic  Shutdown Demonst ra t ion  

W i t h  a l l  a i l e r o n  c o n t r o l  su r faces  opera t ing ,  a  l o s s - o f - l o a d  (emergency) 

shutdown s h a l l  r e s u l t  i n  no more t h a n  20% o f  maxim~:m o p e r a t i n g  rpm overspeed 

and reach  an e q u i l i b r i u m  v e l o c i t y  r a t i o  ( A )  o f  ncl more t h a n  1.5. C o n t r o l  

r a t e s  o f  25, 15, and 5  degrees p e r  second s h a l l  be e v a l u a t e d  t o  c o n f i r m  t h e  

r a t e  necessary t o  meet t h e  overspeed l i m i t .  F i n a l  c o n t r o l  s u r f a c e  p o s i t i o n s  

o f  -45, -60, -75, and -95 degrees s h a l l  be e v a l u a t e d  t o  determine t h e  p o s i t i o n  

necessary t o  meet t h e  v e l o c i t y  r a t i o  l i m i t .  I n i t i a l  w ind  speeds s h a l l  be i n  

t h r e e  ranges f o r  low ( A), moderate (4< A < 6 ) ,  and h i g h  (A ( 4 )  

c o n d i t i o n s .  I n i t i a l  l oads  s h a l l  be f o r  l e a s t  t h r e e  va lues f r o m  0  t o  100% o f  

r a t i n g .  
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I ~vormal (controlled) shutdowns shall also be demonstrated at low and moderate 

wind conditions where the load is reduced to zero at a controlled 

(non-emergency) rate, and a feather rate of 5 degrees per second is employed. 

a 
Acceptance Criteria: 

I a) Overspeed for emergency shutdown of less than 4 rpm 8 20 rpm 

initially (20% of 20 rpm) 

b )  Stable control characteristics for normal shutdowns 

C) Equilibrium speed (rpm) less than 0.33+ Vw(mph) (1.4.57 N/VW and 

A E=l - 5 )  

Data: 

a) Standard measurement set (see Section 3.1) 

b) Control rate limit recommendation 

c ) Final control surface position recommendation 

2.1.2 Partial Damage Shutdown Demonstration 

With a minimum of 20% of the effective aileron control surface restrained in 

maximum rotor torque position (unfeathered) , to simul ate a jammed or damaged 

condition, a loss-of-load shutdown shall result in no more than 20% of maximum 

operating rpm overspeed and reach an equilibrium velocity ratio of no more 

than 2.0. Sufficient control rate, final control position, wind speed, and 

initial load configurations shall be selected from the values in Section 2.1.1 

to demonstrate the overspeed and equi 1 i bri um requirements. A normal shutdown 

with a "damaged" aileron shall also be demonstrated as in 2.1.1. 
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Acceptance C r i t e r i a :  

a j  Overspeed f o r  emergency shutdown of  l e s s  than  4 rpm (20% o f  20 rpm) 

b )  S tab le  c o n t r o l  c h a r a c t e r i s t i c s  f o r  normal shutdowns 

c )  E q u i l i b r i u m  speed (rpm) l e s s  t han  0.44 * VNI:mph) ( ~ ~ 3 2 . 0 )  

Data: - 
a) Standard measurement s e t  

b )  Con t ro l  r a t e  l i m i t  recommendation Wi th  damaged 
a i  l e r o n  

c )  F i n a l  c o n t r o l  su r face  p o s i t i o n  recommedat ior i  

2.2 STABLE REGULATION CONTROL DEMONSTRATION 

2.2.1 Speed Regu la t ion  

Ro to r  speed s h a l l  be s t a b l e  and w i t h i n  ?5% o f  maximum ope ra t i ng  speed around 

t he  speed re fe rence .  A speed r e g u l a t i n g  feeclback c o n t r o l  l oop  w i t h  

p r o p o r t i o n a l  p l u s  i n t e g r a l  c a p a b i l i t y  s h a l l  be u t i  1  i z e d  w i t h  s t a b l e  g a i n  

s e t t i n g s  t h a t  use t h e  a i l e r o n  su r f ace  p o s i t i o n  as t h e  f i n a l  c o n t r o l  element. 

Con t ro l  r a t e  l i m i t s  o f  2 and 5  degrees pe r  second s h a l l  be eva luated.  

S u f f i c i e n t  wind speed ranges s h a l l  be se lec ted  f rom t h e  va lues i n  Sec t ion  

2.1.1 t o  demonstrate t h e  r e g u l a t i o n  band. 

Acceptance C r i t e r i a :  

a)  S tab le  behav ior  

b )  Speed r e g u l a t i o n w i t h i n k 1  rpm ( & 5 % 0 f  20 rpm) 

Data: 

a )  Standard measurement s e t  

b )  Con t ro l  r a t e  l i m i t  recommendation 
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2.2.2 Power Regu la t ion  

Output power s h a l l  be s t a b l e  and w i t h i n  220  kw around t h e  power r e fe rence  

when i n  an a c t i v e  r e g u l a t i n g  mode. A power r e g u l a t i n g  feedback c o n t r o l  l oop  

w i t h  p r o p o r t i o n a l  p l u s  i n t e g r a l  c a p a b i l i t y  s h a l l  be used w i t h  s t a b l e  g a i n  

s e t t i n g s  t h a t  use t h e  a i l e r o n  su r f ace  p o s i t i o n  as t h e  f i n a l  c o n t r o l  element. 

Con t ro l  r a t e  l i m i t s  o f  2  and 5 degrees pe r  second s h a l l  be eva luated.  

S u f f i c i e n t  wind speed ranges s h a l l  be se l ec ted  f r om t h e  va lues i n  Sec t ion  

2.1.1 t o  demonstrate t h e  r e g u l a t i o n  band. Power r e fe rence  va lues s h a l l  be 

se l ec ted  t o  f o r c e  ope ra t i on  i n  an a c t i v e  r e g u l a t i n g  mode f o r  each wind speed 

range. 

Acceptance c r i t e r i a :  

a)  S tab le  behav io r  

b )  Power r e g u l a t i o n  w i t h i n  f 20 kw 

Dat a: 

a )  Standard measurement s e t  

b )  Con t ro l  r a t e  l i m i t  recommendation 

2.3 SOUND LEVEL DEMONSTRATION 

Average dBA (A-sca le  weighted)  sound l e v e l s  s h a l l  be no more than  3dBA h ighe r  

than comparable measurements on a  t i p  c o n t r o l l e d ,  s i m i l a r l y  con f i gu red  MOD-0. 

Measurements s h a l l  be recorded f o r  near (120-150 f t )  and f a r  (800-1000 f t  o r  

l i m i t  o f  a u d i b i l i t y )  f i e l d  l o c a t i o n s  b o t h  down wind and i n  t h e  p lane o f  t h e  

r o t o r .  Data s h a l l  be acqu i red  on r o t o r  p o s i t i o n s  and c o n t r o l  d e f l e c t i o n  

co i nc i den t  w i t h  sound measurements and ana l ys i s  s h a l l  be performed t o  
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d i f f e r e n t i a t e  t h e  e f f e c t  of tower shadow and c o n t r o l  d e f l e c t i o n .  Broad band 

measurements f r om  5  t o  20,000 He r t z  s h a l l  be recorded as app rop r i a t e  f o r  

database c r e a t i o n  and s p e c t r a l  ana l ys i s .  

Acceptance c r i t e r i a :  

a )  Average dBA l e v e l s  l e s s  than  3dBA above t i p  c o n t r o l l e d  c o n f i g u r a t i o n  

i n  power c o n t r o l  and speed c o n t r o l  modes 

b )  A c q u i s i t i o n  o f  bas i c  sound l e v e l  da ta  on MOD-0/5A c o n f i g u r a t i o n  

Data: - 
a) Standard measurement s e t  p l u s  sound i ns t r umen ta t i on  

b )  Sound reco rd i ngs  i n  va r i ous  winds i n  speed c o n t r o l  

c )  Sound record ings  i n  va r i ous  winds i n  power c o n t r o l  

d)  Sound reco rd i ngs  i n  va r i ous  winds d u r i n g  selelcted shutdowns 
-. 

e )  Spec t ra l  narrow band and 1/3 octave a n a l y s i s  o f  i t ems b )  th rough  d )  

f o r  r ep resen ta t i ve  c o n d i t i o n s  

f )  Qua1 i t a t i v e  assessment o f  sound by exper ienced s i t e  opera to rs  

2.4 SECONDARY EFFECT DEMONSTRATION 

2.4.1 S t a b i l i t y  

The t e s t  u n i t  s h a l l  e x h i b i t  no aerodynamic i n s t a t ~ i l i t y  d u r i n g  any speed 

c o n t r o l ,  power c o n t r o l ,  shutdown, o r  s t a r t u p  ope ra t i ng  mode. A i l e r o n  h inge  

l i n e  mass ba lanc ing  may be used t o  avo id  i n s t a b i l i t y .  

Acceptance C r i t e r i a :  

a )  No aerodynamic i n s t a b i l i t y  as i n d i c a t e d  by  c o n t r o l  p o s i t i o n  o r  s t r a i n  

measurements 



Oat a: - 
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b )  Mass balance weight  and l o c a t i o n ,  if any 
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2.4.2 Se l f -Fea the r i ng  

The t e s t  u n i t  a i l e r o n  s h a l l  move t o  a  r e t a r d i n g  t o rque  p o s i t i o n  on l o s s  o f  

c o n t r o l  power. Aerodynamic, c e n t r i f u g a l ,  o r  s t o red  energy f o r c e s  s h a l l  cause 

smooth s t a b l e  mot ion.  Demonstrat ion o f  s t o r e d  energy e f f e c t  s h a l l  be made 

w i t hou t  r o t a t i o n .  

Acceptance c r i t e r i a :  

a)  Non- ro ta t ing  mot ion t o  f e a t h e r  on removal o f  c o n t r o l  power 

b )  Operat ion o f  h y d r a u l i c  c o n t r o l  bypass t o  demonstrate c e n t r i f u g a l  p l u s  

aerodynamic forces s u f f i c i e n t  t o  d r i v e  a i l e r o n  t o  approx imate ly  60' 

f e a t h e r  o r  g rea te r .  

c )  A i l e r o n  h i nge  t o rque  o r  c o n t r o l  r o d  s t r a i n  versus p o s i t i o n  a t  speed 

t o  demonstrate aerodynamic fo rces  s u f f i c i e n t  t o  d r i v e  a i l e r o n  t o  

f e a t h e r  

Data : 

a )  Standard measurement s e t  

b )  Con t ro l  d e f l e c t i o n  w i t h  ze ro  c o n t r o l  power 
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2.5 DATA REQUIREMENTS 

2.5.1 Standard Test  Data Set 

The s tandard t e s t  da ta  s e t  c o n s i s t s  o f  system parameter and s t r a i n  

measurements i d e n t i f i e d  i n  Sec t ion  3.1 o f  t h i s  p lan .  The s tandard d a t a  s e t  

s h a l l  be recorded i n  e i t h e r  analog o r  d i g i t a l  fo rmat  f o r  r e d u c t i o n  and 

ana lys is .  Requirements f o r  sound l e v e l  data,  i n c l u d i n g  des i r ed  ou tpu t s  a re  

descr ibed  i n  Sec t ion  2.3 

2.5.2 Standard Data Reduct ion 

1 )  On-Site Data Reduct ion 

Data w i  11 be moni tored and eva lua ted  i n  r e a l  t i m e  ( o r  near r e a l  t i m e )  - 

us i ng  t h e  s tandard Plum Brook MOD-0 da ta  r e c o r d i n g l a n a l y s i s  

techniques. L i m i t e d  s t a t i s t i c a l  process ing w i l l  be accomplished 

u t i l i z i n g  s tandard NASA so f tware  on t he  o n - s i t e  mini-computer.  

Dec is ions rega rd i ng  changes i n  c o n f i g u r a t i m ,  adequacy o f  acqu i red  

da ta  t o  meet m a t r i x  requirements,  e t c .  w i l l  be based on e v a l u a t i o n  o f  

o n - s i t e  data,  ou tpu ts  and comparison w i t h  p r e t e s t  p r e d i c t i o n s .  

2) Post-Test Data Reduct ion 

S t a t i s t i c a l  process ing o f  t h e  da ta  noted i n  Sec t ion  2.5.1 s h a l l  

c o n s i s t  o f  t h e  NASA standard separa t ion  i n t o  mean and c y c l i c  

components pe r  r o t o r  c y c l e  p l u s  d i s t r i b u t i o n  versus windspeed and 

cumula t i ve  occurrence i n  p l o t  and t a b u l a r  form. 
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2.5.3 S p e c i a l  Data  Reduct ion 

I t  i s  d e s i r e a b l e  t o  a t tempt  computat ion o f  t h e  e f f e c t i v e  aerodynamic 

c h a r a c t e r i s t i c s  o f  t h e  a i l e r o n  c o n t r o l  s e c t i o n  by  means o f  quas i - i ns tan taneous  

o r  b i n s  a n a l y s i s  o f  t h e  s tandard  d a t a  s e t .  Data r e d u c t i o n  and a n a l y s i s  of 

more c o m p l e x i t y  t h a n  t h e  s tandard  package a r e  necessary. 

1 )  Wind Speed Time S h i f t  and Angle o f  A t t a c k  

A  t i m e  s h i f t e d  wind speed has been found  t o  b e t t e r  , c o r r e l a t e  w i t h  

machine measurements t h a n  raw d a t a  f r o m  t h e  p h y s i c a l l y  separa ted  

re fe rence  anemometer. Wind speed measurements s h a l l  be t i m e  s h i f t e d  

b y  t h e  s e p a r a t i o n  d i s t a n c e  d i v i d e d  by  t h e  wind speed measurement. 

The s h i f t e d  wind speed s h a l l  be used w i t h  r o t o r  speed t o  compute t h e  

apparent  angl  e-o f  - a t t a c k  (a) a t  t h e  blade.  

2 )  Aerodynamic P r o p e r t y  A n a l y s i s  --,." 

Compute aerodynamic p r o p e r t i e s  o f  a i l e r o n s  l i f t  and d r a g  increments  

of a  r e p r e s e n t a t i v e  a i l e r o n  s e c t i o n  i n  c o n s i s t e n t  u n i t s  b y :  

a )  Determine MC1, b l a d e  r o o t  aerodynamic chordwi  se bend ing f r o m  

power and speed o r  f r o m  s t r a i n  r e a d i n g s  w i t h  t h e  b l a d e  v e r t i c a l  

o r  average h o r i z o n t a l .  

b )  Determine MC2, b l a d e  c o n t r o l  span aerodynamic chordwi  se bend ing 

f r o m  s t r a i n  r e a d i n g  a t  t h e  i n b o a r d  end o f  t h e  c o n t r o l  span 

( i .e. ,  i nboard  end o f  a i l e r o n  t e s t  u n i t )  w i t h  t h e  b l a d e  v e r t i c a l  

o r  average h o r i z o n t a l .  

c )  Determi ne MF1, b l a d e  r o o t  aerodynamic f 1  apwi se bend ing f r o m  

s t r a i n  read ings .  

d )  Determine MF2, b l a d e  c o n t r o l  span aerodynamic f 1  apwi se bend ing 

f r o m  s t r a i  n  read ings .  
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e )  S o r t  t h e  d a t a  f r o m  a )  t h r o u g h  d )  by ang le  o f  a t t a c k  ( a )  

computed i n  1.) above and c o n t r o l  d e f l e c t i o n  ( 6 )  b i n s .  

f )  Determine inc remen ta l  v a l u e s  i n  each ang le-o f  - a t t a c k  b i n  by 

s u b t r a c t i n g  t h e  z e r o  c o n t r o l  d e f l e c t i o n  v a l u e  f r o m  non-zero 

c o n t r o l  d e f l e c t i o n  va lues .  i .e . :  

DMCl ( 6 )  = MC1 ( 6 )  - MC1 ( 0 )  

DMC2 (6 ) = MC2 ( 6 )  - MC2 ( 0 )  

DMFl ( 6 )  = MF1 ( 6 )  - MF1 ( 0 )  

DMF2 ( 6 )  = MF2 ( 6 )  - MF2 ( 0 )  

g )  Compute r e p r e s e n t a t i v e  c h o r d  f o r c e  and l o c a t i o n  i n  each a n g l e  o f  

a t t a c k  (a) b i n  f rom s e p a r a t i o n  i n  c h o r d  bend ing measurements 

( c x )  and d a t a  f r o m  f )  

FC ( 6 ) =  [DMCl ( 6 )  - D M C ~ ( ~ ) ] / C X  

XC ( 6 ) =  DMC2 (6 ) /FC 

h )  Compute r e p r e s e n t a t i v e  f l a p  f o r c e  and l o c a t i o n  i n  each a n g l e  o f  

a t t a c k  b i n  f r o m  s e p a r a t i o n  i n  f l a p  bend ing measurements ( f x )  and 

d a t a  f r o m  f ) .  

i )  R o t a t e  t h r o u g h  apparen t  a n g l e  o f  a t t a c k  t o  deve lop  l i f t  and d r a g  

f o r c e s  

FL (6 ) = FF ( 6 )  cos  - (a)  + FC (6 ) s i n  (c:) 

FD ( 6 )  = FF ( 6 )  s i n  (a) - FC ( 6 )  cos  ( c r )  

(Assumes + FC towards l e a d i n g  edge) 
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3.0 TEST FACILITIES 

The tests will be carried out at the NASA-LeRC Plum Brook facility using the 

MOD-0 machine. The GE aileron test articles will be mounted to the ends of 

the existing NASA 40 ft inner blade stubs. A similar test arrangement was 

employed by NASA for their own earlier aileron control tip testing. 

INSTRUMENTATION 

The instrumentation required to acquire the data needed to evaluate aileron 

tip control characteristics of the test unit will be provided by NASA-LeRC. 

The standard measurement set will provide means to measure the following 

parameters: 

o Rotor SpeedIPosition 

o Upwind Wind SpeedIDirection (corrected for transport lag 

sensor-to-rotor) 

o Power Output 

o Shaft Torque 

o Nacelle Yaw/Direction 

o Aileron Positions - Both Blades (2 transducers) 

o Aileron Pushrod Loads - Both Blades (4 prime, 4 back-up) 

o Chordwise Bending Moments 

o Flapwise Bending Moments 

o Chordwise Bending Moment 

o Flapwise Bending Moment 1 
Both Bl ades, Near Hub 

Both Blades, Near Sta 500 

(4 prime, 4 back-up) 
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I n  a d d i t i o n  t o  t h e  s tandard measurement set ,  i n s t r u ~ n e n t a t i o n  w i  11 be p rov i ded  

f o r  e v a l u a t i o n  o f  sound l e v e l s  d u r i n g  p a r t  o f  t h e  t e s t i n g  ( r e g u l a t i o n  t e s t s  

and a  l i m i t e d  number o f  se lec ted  shutdown t e s t s ) :  

o  Sound Pressure Leve ls  

- D is tance  o f  one ( 1 )  r o t o r  d iameter  ( r o t o r  p lane  and downwind) 

- D is tance  o f  f i v e  ( 5 )  t o  t e n  (10)  r o t o r  cliameters 

( r o t o r  p lane  and downwind) 

O n s i t e  d a t a  r educ t i on /eva lua t i on  w i l l  employ t h e  I)lum Brook r e a l - t i m e  da ta  

systems and mini-computer system w i t h  e x i s t i n g  scrftware f o r  r a p i d  o n - s i t e  

a n a l y s i s  o f  data.  

Data w i l l  be recorded on s tandard NASA-LeRC a n a l l ~ g  and d i g i t a l  tapes f o r  

p o s s i b l e  p o s t  t e s t  a n a l y s i s  and d i agnos t i c s .  Sound l e v e l s  may be recorded on 

a  d i f f e r e n t  r eco rde r  b u t  s h a l l  be keyed t o  a  colnmon t ime-base system f o r  

c o r r e l a t i o n  o f  events  i n  da ta  ana l ys i s .  

3.2 TEST UNIT 

3.2.1 General 

The t e s t  u n i t s  w i l l  c o n s i s t  o f  two a i leron-equipped t i p  sec t i ons  t o  be 

a t tached  t o  t h e  o u t e r  ends o f  t h e  e x i s t i n g  NASA 40 f t  wooden s tub  b lades of  

t h e  Plum Brook MOD-0 machine. The t e s t  u n i t s  w i l l  p r ov i de  f o r  i n - a i r  change 

over  t o  two ( 2 )  bas i c  a i l e r o n  c o n f i g u r a t i o n s  i n  e i t h e r  "undamaged" o r  

"damaged" c o n d i t i o n .  A d d i t i o n a l  c o n f i g u r a t i o n  changes can be accompl i shed  by  

removing t h e  a i l e r o n  sur faces  f o r  on-ground mod i f i ca t i ons .  The t e s t  u n i t  

o v e r a l l  s i ze ,  p lan fo rm and a c t u a t i o n  system w i l l  be s i m i l a r  t o  t h e  NASA 

a i l e r o n  b l ade  c o n t r o l  t e s t  u n i t s  used i n  e a r l i e r  exper iments on t h e  MOD-0 

machine. The b a s i c  a i r f o i l  sec t ion ,  however, w i l l  be t h a t  o f  t h e  GE MOD-5A 

WTG r o t o r  (NASA 64XXX). 
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A minimum o f  two ( 2 )  bas i c  a i l e r o n  c o n f i g u r a t i o n s  w i l l  be a v a i l a b l e  f o r  t e s t :  

- Basic P l a i n  A i l e r o n  

- Bas ic  Balanced A i l e r o n  

These w i l l  each be f i e l d - c o n v e r t i b l e  t o  vented con f i gu ra t i ons  so t h a t  a  

maximum of f o u r  ( 4 )  c o n f i g u r a t i o n s  can be eva luated i n  t h e  Phase I MOD-0/5A 

t e s t s ,  depending upon r e s u l t s  o f  t h e  wind- tunnel  t e s t  program now i n  progress 

and i n i t i a l  MOD-0/5A t e s t  r e s u l t s .  A l l  c o n f i g u r a t i o n s  w i l l  be h inged a t  62% 

chord on t h e  low p ressure  s i d e  o f  t h e  a i r f o i l .  Balanced a i l e r o n  

c o n f i g u r a t i o n s  w i l l  ex tend t o  t h e  50% c h o r d l i n e  on t h e  h i g h  p ressure  s i d e  o f  

t h e  a i r f o i l .  A l l  c o n f i g u r a t i o n s  w i l l  be comprised o f  severa l  sec t i ons  per  

b lade  so t h a t  a  jammed c o n t r o l  s i t u a t i o n  can a l s o  be s imulated w i t h  i n - a i r  

changes. 

3.2.2 Geometric D e f i n i t i o n  

The geometr ic d e f i n i t i o n  o f  t h e  t e s t  u n i t  i s  p rov ided  by  GE. The o v e r a l l  

l a y o u t  o f  t h e  t e s t  u n i t  showing t h e  p l an fo rm  and genera l  arrangement o f  t h e  

a i l e r o n  i s  shown i n  GE Drawing No. 47J382316 and F igu re  1. The unvented, 

p l a i n  and balanced a i l e r o n  c o n f i g u r a t i o n s  a re  shown t o  i l l u s t r a t e  t h e  genera l  

method o f  attachment t o  t h e  t r a i l i n g  edge o f  t h e  t e s t  u n i t ,  t h e  h inge  

l oca t i on ,  and t h e  method o f  segmenting ( s i x  segments pe r  b lade  i n  f i n a l  

des ign)  t h e  a i l e r o n  f o r  ease i n  i n - a i r  hand l i ng  and change over  o f  t e s t  

c o n f i g u r a t i o n .  The a i l e r o n  segments can be locked t oge the r  i n  t h e  

combinat ions shown on F igu re  1. 

More d e t a i l e d  d e f i n i t i o n  o f  t h e  va r i ous  a v a i l a b l e  t e s t  a i l e r o n  c o n f i g u r a t i o n s  

f o r  Phase I i s  g i ven  i n  F igures  2-4. D e t a i l s  o f  t h e  bas i c  p l a i n  a i l e r o n  a re  

shown i n  F i gu re  2. Th i s  c o n f i g u r a t i o n  i s  a  t y p i c a l  uns l o t t ed ,  unvented, 38% 
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1) ALL (1-6) - - 
2 )  1 ,  2, 3 4, 5, 6 
3 )  4, 5, 6 1, 2, 3 
4 )  1 ,  2 3, 4, 5, 6 
5 3, 4, 5, 6 1 %  2 
(NOTE: HYDRAULIC TRAVEL a 6 = loo0 MAX)  

SPANWISE STATION ( INCHES) 

4&8 580 520 S* 560 600 600 620 690 
660 6 60 1 0 0  7 20 740 7 60 

I .  I L I I 1 I I I I I I I I I 

- , ., - .  . -  . - 
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t- 
L L  

20 F T  0 

23.9 FT 

FIGURE 1 - GENERAL ARRANGEMENT OF TEST UNIT AND CONTROL SYSTEM 
i 
i 
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chord t r a i l i n g  edge c o n t r o l  su r f ace  h inged a t  t h e  67% cho rd l i ne .  The d e t a i l s  

o f  t h e  b a s i c  balanced a i l e r o n  and t h e  technique f o r  conve r t i ng  f r om  t h e  p l a i n  

c o n f i g u r a t i o n  a re  shown i n  F i g u r e  3. T h i s  c o n f i g i ~ r a t i o n  c o n s i s t s  of a  38% 

chord p l a i n  a i l e r o n  on t h e  low pressure s ide,  a.ugmented by  a  50% chord 

" s p o i l e r "  l i p  which extends f r om t h e  h i g h  pressure s i d e  of t h e  a i r f o i  1  when 

t h e  a i l e r o n  i s .  de f l ec ted .  The e n t i r e  i n t e g r a l  t lalanced a i l e r o n  i s  aga in  

h inged a t  t h e  62% c h o r d l i n e  on t h e  low p ressure  s i d e  o f  t h e  blade. F i gu re  4 

shows t h e  concept o f  o n - s i t e  ven t i ng  convers ion  o f  t h e  p l a i n  a i l e r o n .  A  

s i m i l a r  convers ion  i s  a v a i l a b l e  f o r  t h e  balanced a i l e r o n .  Note t h a t  i n  bo th  

cases, t h e  bas i c  a i l e r o n s  can be e a s i l y  conver ted t o  t h e  vented con f i gu ra t i ons  

shown i n  F i g u r e  4 by  f i e l d  i n s t a l l a t i o n  o f  doub'ler p l a t e s  and ven t  h o l e  

d r i l l i n g  as shown. V a r i a t i o n  i n  t h e  r e l a t i v e  amount o f  v e n t i n g  can be 

achieved by  s e a l i n g  some o f  t h e  ven t  ho les  w i t h  tape. Note, however, t h a t  

convers ion  back t o  t h e  c l e a n  bas i c  conf i 'gurat ion i s  n o t  p o s s i b l e  once t h e  

ven t i ng  m o d i f i c a t i o n  has been implemented. 

3.2.3 Design and F a b r i c a t i o n  

A d e t a i l e d  s e t  o f  hardware performance r e q ~ i r e m e n t s  and i n t e r f a c e  

s p e c i f i c a t i o n s  f o r  t h e  t e s t  u n i t  were developed by GE. The d e t a i l  des ign and 

f a b r i c a t i o n  o f  t h e  t e s t  u n i t  based on these  specs t ~ n d  requirements,  were t h e  

r e s p o n s i b i l i t y  o f  t h e  se l ec ted  vendor, Schweizer A i r c r a f t  Corp., w i t h  

t e c h n i c a l  d i r e c t i o n  and des ign approva l  by  GE. The vendor w i l l  a l s o  p rov i de  

documented s t r e s s  analyses and s t r u c t u r a l / o p e r a t i o n a l  p r o o f - t e s t  data,  as 

r e q u i r e d  by  NASA Sa fe t y  gu ide l i nes .  P roo f  tes t in ! !  f o r  des ign v e r i f i c a t i o n  

w i l l  be conducted w i t h  GE and NASA ass is tance  and attendance. 
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4.0 TEST NATRIX 

4.1 GENERAL COMMENTS 

Tes t  p r i o r i t y  i s  designed t o  r a p i d l y  assess t h e  o v e r a l l  a c c e p t a b i l i t y l n o n -  

a c c e p t a b i l i t y  o f  t h e  a i l e r o n  c o n f i g u r a t i o n  determined t o  be most optimum f o r  

t h e  MOD-5A WTG a p p l i c a t i o n  f r om  e a r l i e r  s tud ies .  The fo l ' l ow ing  pr ime and 

backup c o n f i g u r a t i o n s  a r e  a v a i l a b l e  f o r  Phase I t e s t :  

P l a i n  A i l e r o n  I Prime Con f i gu ra t i ons  
Balanced A i l e r o n  

Vented P l a i n  A i l e r o n  
Backup Con f i gu ra t i ons  

Vented Balanced 

The pr ime con f i gu ra t i ons ,  i f  requ i red ,  can be conver ted i n  t h e  f i e l d  t o  t h e  

backup vented c o n f i g u r a t i o n s  by  permanent m o d i f i c a t i o n  u s i n g  a  f i e l d  

i n s t a l l a b l e  k i t .  Wind t unne l  d a t a  and analyses t o  da te  have i n d i c a t e d  t h a t  

t h e  bas ic  38% chord  lain a i l e r o n  w i l l  meet o r  exceed MOD-5A a i l e r o n  

performance requirements w i t h o u t  e i t h e r  balance l i p  o r  vent ing,  so u t i l i z a t i o n  

o f  balanced a i l e r o n  o r  backup hardware i s  n o t  p r e s e n t l y  a n t i c i p a t e d ,  and i s  

i nc l uded  o n l y  f o r  cont ingency t e s t  purposes. 
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The t e s t s  a re  p r i o r i t i z e d  t o  eva lua te  t h e  most c r i t i c a l  a i l e r o n  performance 

c h a r a c t e r i s t i c s  i n  o rder  o f  decreas ing c r i t i c a l i t y :  

0) Low speed hardware c h e c k o ~ ~ t  ( i n c l u d i n g  speed/power 

r e g u l a t i o n  and shutdown) 

1  ) Au to ro ta t  i o n  speed/shutdown (emergency and norma 1  

shutdowns ) 

2 )  A u t o r o t a t  i o n  speed/shutdown w i t h  damaged a i  l e r o n  

(emergency and normal shutdowns) 

3 )  Speed r e g u l a t i o n  

4 )  Power r e g u l a t i o n  above r a t e d  windspeed 

5) Noise l e v e l  d u r i n g  r e g u l a t i o n  

I tems 1 )  and 2 )  a re  s i g n i f i c a n t l y  more c r i t i c a l  parameters s i nce  i n  t h e  

r e g u l a t i o n  cases o f  3 )  and 4) ,  s i g n i f i c a n t  impt-ovements i n  undes i reabl  e  

c o n t r o l  c h a r a c t e r i s t i c s  can be prov ided  by  s t a b i l i t y  augmentation d e r i v e d  f r om 

modern c o n t r o l  systems. Data f r om  e a r l i e r  NASA test is w i t h  20% - 30% a i l e r o n s  

a l s o  i n d i c a t e  reasonable r e g u l a t i o n  c h a r a c t e r i s t i c s .  Damaged a i l e r o n  

performance i t e m  2 ) ,  al though more c r i t i c a l  than  s.peed/power r e g u l a t i o n ,  i s  

scheduled a f t e r  t h e  r e g u l a t i o n  t e s t s  s i nce  i t  r e q u i r e s  an i n - a i r  hardware 

change. 
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Since t h e  p r imary  purpose o f  t h e  Phase I t e s t s  i s  t o  f i r m l y  e s t a b l i s h  t h e  

a c c e p t a b i l i t y  o f  t h e  a i l e r o n  as a  r o t o r  c o n t r o l  dev i ce  w i t h  a c q u i s i t i o n  o f  

bas i c  a i l e r o n  aerodynamic d a t a  o f  o n l y  secondary importance, t h e  f o l l o w i n g  

approach was employed i n  t h e  d e s i g n l p r i o r i t i z a t i o n  o f  t h e  t e s t  m a t r i x :  

1 )  Se lec t  most p romis ing  bas i c  a i l e r o n  c o n f i g u r a t i o n  

( p l a i n  a i l e r o n )  f rom a v a i l a b l e  s t u d i e s  and da ta  as t h e  

f i r s t  t e s t  c o n f i g u r a t i o n .  Do n o t  s t a r t  w i t h  

v e n t i l a t e d  c o n f i g u r a t i o n s  un less  a v a i l a b l e  da ta  and 

a n a l y s i s  r e s u l t s  c l e a r l y  i n d i c a t e  need f o r  a  

v e n t i l a t e d  concept.  

2 )  Demonstrate acceptab le  a u t o r o t a t  i on and shutdown 

performance over  range o f  windspeeds, c o n t r o l  r a t e s  

and a i l e r o n  d e f l e c t i o n s .  

3 )  Demonstrate acceptab le  a u t o r o t a t i o n  and shutdown w i t h  

damaged a i l e r o n  (outboard 50% span on one b lade  

"jammed" a t  ze ro  d e f l e c t i o n )  over  range o f  windspeeds. 

4 )  Assess performance a c c e p t a b i l i t y  o f  se l ec ted  a i l e r o n  

c o n f i g u r a t i o n  ( p l a i n  a i l e r o n )  f rom above tes ts . *  I f  

acceptable,  con t inue  power r e g u l a t i o n  and speed 

*As noted above, "damaged a i l e r o n "  t e s t s  may be conducted a f t e r  " r e g u l a t i o n "  

t e s t s  t o  avo id  e x t r a  i n - a i r  changes. 
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r e g u l a t i o n  t e s t s  w i t h  same c 3 n f i g u r a t i o n  o v e r  range  o f  

t e s t  v a r i a b l e s  : 

R o t o r  Speed ( N )  

W i ndspeed ( vw) 

A i  l e r o n  D e f l e c t i o n  R:~te t i  ) 

Power o u t p u t  1  eve1 ( P I  

I f  unacceptab le ,  change t o  ba lanced a i  l e r o n  

c o n f i g u r a t i o n  and r e p e a t  2 )  i ind 3 ) .  

5) Assess r e g u l a t i o n  per formance and n o i s e  l e v e l  s  f rom 

t e s t s  of 4 ) .  If acceptab le ,  c o n t i n u e  i n t o  " b a s i c  a e r o  

d a t a  a c q u i s i t i o n "  p o r t i o n  3 f  m a t r i x  w i t h  t h e  same 

a i l e r o n  c o n f i g u r a t i o n  ( f i x e d  d e f l e c t i o n s ,  v a r i o u s  w ind  

speeds, and two r o t o r  speeds t o  check Reyno ld ' s  number 

e f f e c t s ) .  

6 )  E v a l u a t e  d a t a  base t o  de,ermine need f o r  f u r t h e r  

t e s t i n g  w i t h  same o r  o t h e r  b a s i c  a i l e r o n  

c o n f i g u r a t i o n .  Implement a d d i t i o n a l  t e s t s  as r e q u i r e d  

and as t i m e  p e r m i t s .  

7 )  If s t o p p i n g / a u t o r o t a t i o n  per formance o f  b o t h  p l  a i n  and 

ba lanced a i  l e r o n  c o n f i g u r a t i o n  i s  unacceptab le  i n  4 ) ,  

a c q u i r e  l i m i t e d  r e g u l a t i o n  3.nd b a s i c  d a t a  t o  s e r v e  as 

b a s e l i n e  be fo re  c o n v e r t i n g  t o  v e n t i l a t e d  c o n f i g u r a t i o n s .  
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8) Convert t o  v e n t i  l a t e d  c o n f i g u r a t i o n  i f  necessary, 

r epea t  1 )  - 4 )  w i t h  v e n t i l a t e d  p l a i n  and balanced 

c o n f i g u r a t i o n s .  

9 )  V e n t i l a t i o n  ho les  can be taped over  t o  s imu la te  

reduced v e n t i l a t i o n  o r  c l ean  u n v e n t i l a t e d  con- 

f i g u r a t i o n s  i f  necessary. 

The major  s i m u l a t i o n  parameter employed i n  t h e  t e s t  i s  t h e  t i p  speed r a t i o  

( A )  which p rov ides  a  spanwi se angl  e-of -a t tack  d i s t r i b u t i o n  over  t h e  MOD-0/5A 

t i p  which v e r y  n e a r l y  d u p l i c a t e s  t h a t  on t h e  MOD-5A t i p  under c o n d i t i o n s  o f  

au to ro ta t i on ,  r a t e d  windspeed and c u t o f f  windspeed. Mod-0/5A ope ra t i ng  

c o n d i t i o n  (N=20 rpm) which correspond t o  t h e  f u l l - s c a l e  MOD-5A ope ra t i ng  a t  

r a t e d  and c u t o f f  windspeeds a re  Vw=10 mph and Vw=20 mph, '  r e s p e c t i v e l y .  

Test  c o n d i t i o n s  i n  t h e  m a t r i x  a r e  se l ec ted  t o  p rov i de  d u p l i c a t i o n  o f  t i p  speed 

r a t i o s  over  a  range i n c l u d i n g  these  ope ra t i ng  p o i n t s  o f  t h e  MOD-5A as w e l l  as 

a u t o r o t a t i o n  cond i t i ons .  I n  most cases, da ta  p o i n t  a c q u i s i t i o n  r e q u i r e s  

accumulat ion of da ta  i n  windspeed "b ins "  o f  5  rnph width .  

/ 

Power ou tpu t  as a  f u n c t i o n  o f  windspeed f o r  t h e  MOD-O/5A hardware o p e r a t i n g  a t  

20 rpm i s  assumed a t :  

V = 10mph 
W 

20 mph 

30 mph 

These es t imates  a re  based on p rev i ous  NASA exper ience w i t h  t h e  MOD-0 WTG. 
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4.2 TEST MATRIX 

A t y p i c a l  t e s t  m a t r i x  f o r  a  s i n g l e  a i l e r o n  con f ' i gu ra t i on  i s  presented i n  

Table I. The p l a i n  a i l e r o n  i s  c u r r e n t l y  t h e  se lec ted  pr ime c o n f i g u r a t i o n  and 

w i l l  be t e s t e d  f i r s t  un less f u t u r e  r e s u l t s  f rom ongoing s t u d i e s  i n d i c a t e  a  

change t o  another pr ime c o n f i g u r a t i o n  p r i o r  t o  s t a r t  o f  t e s t i n g .  I n  genera l  

i t  i s  a n t i c i p a t e d  t h a t  e i t h e r  o f  t h e  b a s i c  u n v e n t i l a t e d  c o n f i g u r a t i o n s  would 

r e q u i r e  t e s t i n g  over  t h e  e n t i r e  range o f  d e f l e c t i o n s  i n d i c a t e d  i n  Table I 

w h i l e  t h e  v e n t i l a t e d  ve rs i ons  would o n l y  be t e s t e d  a t  h i g h  d e f l e c t i o n s  (-60°, 

-75", -95") t o  demonstrate improved s topp ing /au l ;o ro ta t ion  performance if 

necessary. 

Est imated d a t a  t imes a re  inc luded  i n  t h e  m a t r i x  a ~ i d  summarized on t h e  l a s t  

page of  t h e  ma t r i x .  These t imes  represen t  ac tua l  da ta  r eco rd i ng  t imes  and 

should be a t  l e a s t  doubled t o  es t ima te  ac tua l  run.ning t imes t o  account f o r  

o p e r a t i o n a l  problems, etc., encountered a f t e r  i n i t i a l  setup and checkout a re  

completed. Also,  da ta  t imes may need t o  be extended o r  reduced depending on 

a d d i t i o n a l  da ta - sca t t e r  exper ience ga ined d u r i n g  t h e  t e s t s .  

Need f o r  Phase I 1  t e s t i n g  and t h e  Phase I 1  Test  M a t r i x  (Tab le  11) w i l l  be 

de f i ned  a f t e r  Phase I t e s t i n g  has been compeleted and r e s u l t s  eva luated.  

4.3 SCHEDULE OF TESTING 

The t e s t i n g  f o r  Phase I s h a l l  conform t o  t h e  schedule i n  Table I 1 1  and f o l l o w  

t h e  m a t r i x  o f  Table I. The pr ime c o n f i g u r a t i o n  ( p l a i n  a i l e r o n )  w i l l  be t e s t e d  

f i r s t  un less  e a r l y  t e s t i n g  i n d i c a t e s  t h a t  t h e  c o ~ ~ f i g u r a t i o n  w i l l  n o t  meet 

requi rements .  The cont ingency p a t h  i n  Table I 1 1  w i l l  then be f o l l o w e d  where a  
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sw i tchover  t o  t h e  balanced a i l e r o n  w i l l  be made and t h a t  c o n f i g u r a t i o n  

t es ted .  F u r t h e r  cont ingency ( n o t  shown i n  Table  111) paths would occur  i f  

n e i t h e r  t h e  bas i c  p l a i n  no r  t h e  balanced a i l e r o n  i s  acceptable.  These paths 

would r e s u l t  i n  convers ion t o  t h e  vented c o n f i g u r a t i o n s  a f t e r  a c q u i s i t i o n  o f  

l i m i t e d  b a s i c  d a t a  on one o r  bo th  unvented c o n f i g u r a t i o n s  a t  low d e f l e c t i o n  

angles . 
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PHASE I 

TABLE I MATRIX OF TESTS 

"SEE FOLLOWING N I N E  PAGES" 
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. 
#TA PT. A l L E a l  6 6 R O m  MINOSPEED REQ'T.** SUCCESS*. M T A  TIIC' 

m. COWL ( r s )  (OEGISEC) RPM LMD A _ (WH) O ~ C T I V E  M). CRITERIA (MIN) 

1 UN, O + V A R  5 0 + 1 3  0 6 - 4  10-15 LO. SPO. C/O 2.2. I S I X .  10 
P R l l E  COP.. (FINAL) Y O  C0)IIROL k 5 1  

VAR 5 1 3  6 R I D  6 - 4  10-15 LO. SO. C/O 2 2 . 2  RE6U.  OI 10 
(P-2OKY) RIR. WNTROL P t Z a t Y  

- 4 5  2 5  1 3 + &  a s L o A o  6 - 4  10-15 LO. SPO. C/O 2.1.1 o v E n S P e z a  10 
(P-MKM) ( I N I T I A L )  EICR. STOP AE 2 1.5 

- 
0 l 

13 --95 2 5  1 3  + NE OROP LOAO - 10-15 LO SPO C10 OVER SPD d01 10 

set (p-2aurl 
I 4  

1 5  

1 6  

1 8  
m ' ~ 1  

1 9  

P R I M  COMlGUIATlON I S  EITHER UNVENTED P L A I N  OR UNVENTEO BALANCED AILERON MPEl lO lNG 011 RESULTS OF ALL PRETEST m L y S I s / T E S T .  ** REQUIREMENT NOS. AND SUCCESS CRITERIA ARE TAKEN FRW s E c r l o N  z + OArA TIME I S  ESTlWTEO L E K T H  OF DATA RECORO R E W I R E 0  TO OBTAIN ACCEPTABLE OAT4 SCATTER. E S T l H T E D  11- To A SHUTmU~ TEST- 

-95 0 HE 0 A E  4 0  (-) NE ~ V M  2.1.1 A E ~  1.5 10 

O +  VAR 5 O +  2 0  0 9-3 10-30 SPO CONTROL 2.2.1 SYNC 10 
( F I N )  2.3 lk 5 s  

VAR 5 2 0  W I D  9- 3 10-30 R I R  WNlROL 2.2.2 REDUL OK 10 
(P=3YtM) 2.3 PIZOYM 

2 0  

E E R  STOP 

-95 0 H E  0 A E 10-15 I t  f i V y  

-45 2 5  2 0 +  4, DROPLOAID 9-6  10-15 EICR6EWtY 2.1.1 O V E R S P < 2 0 1  10 
(P.3WY) ( I N I T I A L )  - I I . 1 I I r "t'" la 

At, 1.5 

A E ~  1.5 10 

0: u-o -75 2 5  2 0  + q m o P L m o  9 - 6  10-15 E ~ R l x N c v  2.1. OVER SP am l o  
P R I I C  COHF? (P93SM) ( I N I T I A L )  SHUTMIYII 1.5 

v I 
10 

10 



MOD-0/5A A I L E R O N  DEVELOPMENT 
TEST PROGRAM 

TEST P L A N  4 7 A 3 8 0 1 0 7  
NOVEMBER 1983 

0 - 4 3  U N D N G E O  TOO 1 0 0  2 0  NE TOO TBD TBO CONT. SHUT. 2.1.1 STABLE @/dt 10 1. P R I *  COW. CONTINGENCY A€ 1 . 5  

M T A  PT. AILERON d 8 ROmA Yl lOSPEED REP'T.** SU~CESS** . DATA TIME* 

7 

C 
I ,  

1 

I 

WD, COf f6 .  (DL6) (DEG/YC) RPM LOAD A (WH) ObWCTlVE II). CRITERIA ln l l l  

0 4 3  UMWUGEO c 9 5  2 5  20.- WE DAWLOAO 9 - 6  10-15 EHERGEWCY 2 1  W E R S P O 0 0 1  10 
P R I *  C W .  (P-3SKY) ( I N I T  IN) PHUTDOYW A€ (1.5 

10 

10 

10 

10 . 

10 

9 0  

10 

10 

DROPLOAD 6-4.5 15-20 
( P - M U )  ( I I l T l A L )  

4 1 1  
UIOPLOAD 6-4.5 15-20 
(P-50KY) ( I W I T I A L )  

UIOPLOAO 4.5-3 2 0 - 3 0  v 
( P - 1 m Y )  ( I M I T I A L )  

UIOPLMO 4 5  20-30 EIIERGEWCY 
(P-lOaRI) ( I Y I T I M )  SHUIDOW 

DROPLOAD 9-6 10-15 EMERGEWCV 
( P - 3 W )  ( I Y l T l M )  StUlOW-RAlE 

DROPLOAD 9 - 6  10-15 
( P - 3 W )  ( I I I T I A L )  

DROPLOAD 6-4.5 15-20 
(P=5a(Y) ( I N I T I A L )  b 
DROPLMO 6-4.5 15-20 EMERQWCY 
(P-9X.Y) ( I W I T I A L )  StNTDNdATE 

2 4  

2 5  

2 6  

2 7  

28 

2 9  

31 

3 2 

3 a 

+-60 2 5  

TBD 

V 
25 

1 5  

b 

1 5  

10 

1 10 

OVER SPD e 2 0 8  10 
A€ (1.5 

STABLE B / d t  10 
A €  (1 - 5  

10 

10 

1 0  

10 

10 

v v 10 

-- 
3 4  

3 5  

3 6  

3 7  

38 

4 0  

:: 

rna , ,  TBD EIIER. SHUT. 
COWTlffiEWCl 

4 
T M  TBD EllERGEWCY TBO , TBD 2 0 -  WE 1 0 0  

COMIIWGEWCY 

+ - 6 0  5 2 0 + W ~  6 R I O + O  9-6  10-15 CONROLLEO 
( P - 3 5 ~ )  (IWITIAL) SHUTWYN 

+ - 7 5  

+ -95 

+ -60 

+ - 7 5  

-95 5 

TBD TBO 

4 1 .1 
6 R I D  + 0 9 - 6  10-15 
(P-35KY) ( I N I T I A L )  !7p-)p-- GRID+ (P-50KY) 0 6-4.5 ( I W l T l A L )  15-20 

S 1 
GRID + 0 6-4.5 15-20 C O ~ ~ ~ O L L E O  
(P-SWY) (INITIAL) SHUTOOYW 

TBD TBD 1 0 0  COW. SHUT. V COW1 I L E N C Y  



TEST PROGRAM 
TEST PLAN 47A300107 

NOVEMBER 1983 

. 
M I A  PT. A l L E m  6 6 R O m  UIIDSPEfO REQ'T?. SUCCESS*. MTA TI WE^ 

ID. COlf6, (We) (OEGISEC) RPH LOW A (IPH) ' ORIECTIVE 10. PIT IR IA  (WIN) 

0 4 4  Umu luLo  TBO TBO 2 0 + N ~  n o  R O  TBD CONT. SHW. 2.1.1 S1AME B l d t  10 
PRIM COW. CONTIIGEMY A €  t l .5 

fBD TBO 20 + WE TBD TBO TBO CDIT. SHUT. 2.1.1 STABLE 8 l d t  10 
CONTIWGEEY AEZ 1.5 

- .- 

46 V AR 5 20 0 18-9 5-10 STAB. SPEED 2.2.1 I fiS 10 
CONT, NOISE 2.3 SYNC 

2.4.1 llDlSE ACCEPT. ' 

at  I 9- 6 10-15 10 

48 6-4.5 15-20 10 

49 20 4.5-3 20-30 1 15 

50 10 9-4.5 5-10 10 

51 

V 1 4.5-3 10-15 10 '0 0 
-I 2.3 

10 -. . 
52 3-2.3 15-20 W E  
53 5 10 2.3-1.5 20-30 15 Q :< 8 'i?, 

54 2 20 18-9 5-10 10 1 w ;:. 
55 2 20 9-6 10-15 10 a 'ihJ 

t 
7-1 

56 v 100 TBO )I TBO TBO v 10 &J g:3 

I 10 
r= L.'l 

57 VAR TBO TED 0 rS0 R O  STAB, SPEED 2.2.1 1 :Sf 
COWT. NOISE 2.3 SYK 

-?j '< 25 
2.4.1 lOlSE ACCEPT. 

SB VAR 5 20 6RID 9-6 10-15 STAB P M R  2.2.2 STM/rnISE 20 
(P= 3%U) C ~ T :  NOISE 2.3 OK. h 2 M U  

1 I I 
2.4.1 

I 

0-64 UI0AIW;EO V AR 6RIO 9-6 10-15 STA0,POUER 2.2.2 SIAB/WISE 2 - 20 20 
PRIME CONF. (P-35W) CONT. NOISE 2.4.1 2.3 OK. PJOKU 



I 

MOD-0/5A AILERON DEVELOPMENT i 
TEST PROGRAM 

TEST PLAN 4 7 A 3 8 0 1 0 7  
NOVEMBER 1983 

M T A  PT. AILERON 8 4 WUIW I A ~ ~ ~ L L U  ~ L Y  I. ~ULLLSJ r n l l  11- 

10. COff6. (E6) (#6/YC) RPM* LOAD A (WH) OBJECTIVE M). U I l l E R l A  (HIMI 

D 6 5  UIRAWRGED VAR 2 2 0  W I D  6-4.5 15-20 STAB. POMR 2.4.1 STAB/IIOISE 2 0  
P R I M  C W  (P-351y) , CWT. WOlP 2.2.2 OK. PrZOKM 

2.3 
W : 
L 
L 

2 0  66 

m r .  NOISE 2.2.2 OK. PP(KY P R I M  CONF ( P = T I )  
2.3 

. . 

I 6 9  2 5 1  O M .  + -95 25 13 +HE DROP LDAD 6-4 10-15 DWGEO AIL. 2.1.2 OVERSP. SO1 1 0  
PRl lCCO* . ( P - m u )  LO SPD C/O A€ 5 2  

67 

d TBD l B 0  6RID TBD TBD i 2 0 .  
( P - n o )  1 v 

6 8  UNOMMD W A R  TBD l B 0  6RIO 780 TBO . STAB, POYER 2 . 4 1  STAB/DISE 2 0  

1.5-3 20-30 2 2 0  6RIO 
(P-3SY) 

5 

B 

A€ 3 10 

10 

10 

10 

70  

7 1 

72 

73 

D-87 2 5 I  DW6ED TBO TBD TBO TBO EMER. SHUT A €  5 2 . r  
PRIME CONF 

I C I . . . .-. ----- 
I r) I 

-95 0 "E 0 AE 10-15 OllllACEO AIL 
NE vs Vy I 15-20 

74 10 

10 

1D 

t 10 

AE l2 10 ' 

OVERSPD d m  l o  
).E 12 

-95 

6PRl lE 

1 
am IE 

TBD I [  
I 

1 

20-30 

10-15 

15-20 

20-30 

10-15 

75 

76  

1D 

10 

10 

10 

10 

10 

v 10 

WE vs v y  

+ -95 2 5  20 + WE MOP LOAD 9-6 10-15 D M P D  AIL  
(P93EW) (Ill1 IAL) E m .  SHUT 

I 

1 I DROP LOAD 6-4.5 15-20 
( P - m u )  ( I I I T I M )  

+ -95 2 5  2 0  + NE BOP L M D  4.5-3 20-rn 
(P-mu) (INITIAL) 

--' DROP LDAO 9-6 10-15 

+ l l  I 4 15-20 1 
TBO 0 NE 0 IE 20-30 DMGEO AIL. 78  

2.1.2 OVERSP 10 

COWFIG. CONFIG. 

I I I 
(P-3WY) ( INITIAL) 

OROP LOAD 6-4.5 15-20 
(~=soww) (INITIAL) 

PRIME PRIME 2 0  + WE DROP LOAD 4.5-3 20-30 M 
CONFIG. CONFIG. (P-50KY) ( IHlTIAL 

TBD 780 TBO TBD TBD TBD 8 5  

4 t h  + 1 1 8 6  v 
TBD TBD DAMAGE0 AIL. 



MOD-OISA AILERON DEVELOPMENT 
TEST PROGRAM 

TEST PLAN 47A380107 
NOVEMBER 1983 ! 

. , -. . 

I 
j 
I 

MTAPT.  A I L E m  4 romn MI WSPEED REQ~T/*  SU~CESS~. MVA  TI^+ 
w). cows. [MG) (IKGISEC) RPW L O M  A (WH) OBJECTIVE 110. CRITERIA 111111 

P 8 8  2 5 1  M M S D  + -95 5 2 0  + I €  6RIO + 0 9-6 10-15 DWGED AIL. 2.1.2 STABLE STDP I D  

P R I E  COIF. (P-3SM) ( I I l f  IAL) tONT. SHUT. &E 12.0 

TBD TED TBD TBD TED TBO I I - 10 

1M) TBD TBD TBO R D  TED 10 
1 

0-94 2H W D  TED TBD TBD TBD TBD TBD D W 6 E D  AIL. 2.1.2 STABLE SlW 1 0  
PRIM COIF. U)IT. SHUT. A €  2 . 0  

s 

END OF OLWOIISTRATIOI TEST SERIES FOR OWE AILERON COW16UUT101 lICLUOllW U)(DWQD All0 WWGED ( 2 1 )  AlLERDIS 





* -  - m - - m m - - - m . -  -- - --- m - - w  m 
MOD-O/5A AILERON DEVEL P ENT 

TEST PROGRAM 
TEST PLAN 47A380107 

NOVEMBER 1983 

1-44 UNMMQO 8 1 0 20 6RIO ALL S U F F l C I E ~  20 4.5-3 20-30 BASIC AERO 
DATA. f l X  6 W L E  



MOD-O/SA A I L E R O N  DEVELOPMENT 
TEST PROGRAM 

TEST P L A N  4 7 A 3 8 0 1 0 7  
NOVEMBER 1983 

MTA Pr. AILEM 6 i nom Y I Y~SPEED REQT.*' SUCCESS*' MTA TIE' 
NO. COW6. DE6 M6 SEC RPM H- IY). CRITERIA k l l  

6 2  0 2 0  6RIO 18-9  5 - 1 0  BASIC AERO ALL SUFFICIENT 2 0  
DATA. F I X  6 W L E  

9-6 2 0  

6-4.5 1 5 - 2 0  20 

a E m  OF BASIC AERO DATA TESTS. C W L E T E  SET OF OEMI I BASIC OATA M I L L  BE ACWIIRED OWLV ON T I E  SELECTED . P R I ~ '  1100-5A W 1 C 1 6 U A T I O l l  U K E S  
AOOlTlOllAL DATA ARE REQUIRED TO SELECT SPECIFICS OF THE WOO-SA OESIIN. m E  M T A  BE ACQUIRED I N  PHASE 1 1  n S n .  

e 
40 U-ED 0 2 0  4.5-3 20-30 B A S ~ C  MRO ALL SUFFICIENT ZO 

2 P R I M  COW. DATA, F I X  6 SWPLE 
r 
A 4 9  UIIM)(AGEO -25 0 1 3  U I l D  12-6.5 5 - 1 0  BASIC A m 0  ALL SUFFICIENT 2 0  

MII) TESTS (0-1 THRU 0-94, OR PARTS THEREOF) M I L L  BE PERFORllED ON ALTERMTIVE C O N F I G ~ A T I O N S  ONLY YHEWIIF SELECTLO .PRImm AILEROR 
CONFIGIMATIOW F A I L S  10 W E T  SUCCESS CRITERIA AS LISTED. 

6 
L. 

i. 
3 
2 
a 

5 

VENTED CONFIGURATIONS. I F  REQUIREO, M I L L  ONLY BE SUBJECTEO TO HIGH 6. AUTO ROTATION 6 SHUTDOYN TESTS. BASELINE SPEEOPOYER REGUUTlOId 6 
BASIC AERO OATA S M L L  BE ACQUIRE0 ON THE BASIC UNVElTED CONF1GLRATlON BEFORE CONVERSION OF llAROUARE TO VENTED AILERON CONFIGURATIONS. 

ALTERNATIVE CONFIGLRATIONS SHALL BE SUBJECTED TO TESTING. AS REQUIRED, AT THE SAME l U l R l X  CONDITIONS DESCRIBED ABOVE (EITHER FULL REWcED 
NUWBER OF DATA POINTS AS REQUIRED). 

P R I a  COW. 

I 
RE, F I X  6 S W L E  

90 

20 

20 

2 0  

20 

2 0  

20 

2 0  

6 . 5  10-15 

4 - 3  1 5 - 2 0  

12-6.5 5-10 

6.5-4 10-15 

4-3 15-20 

12-6.5 5 - 1 0  

6 . 5 4  10-15 

4-3  15-20 
. - 

5 0  

I 1  

5 2  

53 

54 

5 5  

5 6  

5 7  

-25 

- 4 5  

1 '  
-45 

-95 

4 
-95 

TBD TBD 

t I I i 
9n -- 

I I 2 0  
8 - 6 0  U-0 TIU) O 13 6 R I D  TBD TBD BASIC AERO ALL SLFFICIENT 2 0  

PRIME COWF. RE. F I X  6 W L E  

i t 

58 

5 9  v 
TBO 

I 



MOD-O/SA A I L E R O N  DEVELOPMENT 
TEST PKOGKAM 

TEST P L A N  4 7 A 3 8 0 1 0 7  
NOVEMBER 1983 

M T A  TIME SU)(IIRY 

JOlE COIFI~LRATIONL 

TEST TYPE M I A  PT MS. W S  OF DATA #MI M D  M S I C  DATA n a R S  

I. LO SPEED C/O 0-1.. 2. 3, 13, 69 0.8 0.8 (c/o) 
2. AWOTATIOM (UlOAM6ED) 0-4 THRU 12, 14  THIU 17  

3. ~ 6 E W C Y  S W W Y I  (UIIMIUGED) 0-20 ~ H R U  35  :::I 6.6 ( W w m l  
4. COirmOlED S W W l l  (-ED) 0-36 T Y U  45 1.7 

5. SPEED CONTROL (UNMm6ED) 0-18. 4 6  M U  57  
2-3 ] , 

6.1 (RE6UUTIOI) 

6. PWER c~ma ~UKWSEO) 0-19, 5 8  T Y U  6 8  3.8 

7. AUmOTATlON (MIWGED) D.70 M U  1 8  1.5 
I 

8. E)IERGCMCT S Y ~ W Y I I  (D-0) D-79 T H U  87 1.5 } 4.2 (DAMMED S l u m a m )  10 0 \w 
9. ~ T R M L E O  SIHITUWN (OHUD) D-88 TnRU 9 4  l .2 -A 

16-O I 20.0 l U S l C  DATA) TI g's: 
lo. wlc OATA - nlw RI (u-0) 8-1 THRU 4 8  0 7: 

0-49 thru 6 0  4 .O 0 x:~ 11. BASIC M T A  - LW Re (UIOAIWbEO) - 3 r- '  

~ T U  DATA HOUIS + 37.7 
FOR OM C W L E I E  COIFIG(RAT1011 TEST 



MOD-0/5A A I L E R O N  DEVELOPMENT 
T E S T  PROGRAM 

T E S T  P L A N  4 7 A 3 8 0 1 0 7  
NOVEMBER 1983 

T A B L E  I 1  

M A T R I X  OF T E S T S  - PHASE I 1  

TBD 



TABLE I 1  I 

MOD-0/5A AILERON TEST SCHEDULE 

PHASE I 

DELIVER TEST UNITS ' 

INSTALL  AND CHECK (NASA) 

P L A I N  AILERON DATA * 

OR 

BALANCED AILERON DATA 

ON-SITE ANALYSIS 

POST TEST ANALYSIS 

TEST REPORT 

* P L A I N  AILERON I S  PRIMARY CONFIGURATION. BALANCED CONFIGURATION WILL BE TESTED ONLY I F  P L A I N  
-I D 
rn u 

AILERON DATA IND ICATE  UNACCEPTABLE PERFORMANCE 
Ln I- 
-I m 

w 
-'J 0 

** CONTINGENCY T I M E  INCLUDED FOR POSSIBLE VENTING CONVERSIONS/TEST, EXTENDED DATA A C Q U I S I T I O N  TO 
z r  Z 
O D +  

IMPROVE SCATTER, WEATHER PROBLEMS, ETC. 
< z m o  
m cnm 
3e-I.c 
m u  m 
m D o r  
P W A E !  



MOD-0/5A AILERON DEVELOPMENT 
TEST PROGRAM 

TEST PLAN 4 7 A 3 8 0 1 0 7  
NOVEMBER 1983 

TABLE I 1  I 

MOD-0/5A AILERON TEST SCHEDULE - 

PHASE I 1  

TBD 



MOD-0/5A AILERON DEVELOPMENT 
TEST PROGRAM 

TEST PLAN 47A380107 
NOVEMBER 1983 

5.0 SUPPORT REQUIREMENTS 

5.1 LIAISON 

GE/AEPD w i l l  p r ov i de  eng ineer ing  suppor t  t o  coo rd i na te  t h i s  t e s t  and t o  be 

p resen t  a t  NASA-LeRC d u r i n g  t h e  t e s t  program. NASA personnel  w i l l  suppor t  t h e  

p r o o f  t e s t  and c a l i b r a t i o n  o f  t h e  t e s t  u n i t s  a t  Schweizer A i r c r a f t .  

5.2 DATA ACQUISITION AND REDUCTION 

The t e s t  w i l l  be conducted by NASA personnel .  On-s i te  and pos t  t e s t  da ta  

r e d u c t i o n  w i l l  a l s o  be conducted by NASA personnel  a t  Plum Brook and a t  LeRC, 

Cleveland. Sound-level da ta  r e d u c t i o n  w i l l  be conducted by NASA LaRC, Langley 

personnel .  Eva lua t i on  o f  reduced da ta  w i l l  be t h e  r e s p o n s i b i l i t y  o f  GE. 

6.0 APPENDICES 

6.1 TASK DESCRIPTIONS 

1 )  De f ine  Tes t  Ob jec t i ves  and Requirements (GE) 

De f ine  o v e r a l l  o b j e c t i v e s  and programmat ic / technica l  ques t ions  t o  be 

answered rega rd i ng  use o f  a i l e r o n s  f o r  MOD-5A Roto r  Con t ro l .  

De f i ne  a i l e r o n  performance acceptance c r i t e r i a ,  s i m u l a t i o n  c r i t e r i a  

and requirements,  range o f  parameters f o r  f i n a l  eva lua t ion .  

De f i ne  approach f o r  u t i l i z a t i o n  o f  da ta  i n  con junc t i on  w i t h  o t h e r  

t e s t / a n a l y s i s  t asks  o f  t h e  o v e r a l l  MOD-5A A i l e r o n  Development Program. 

2)  P r e l i m i n a r y  Test P lan  (GE) 

Develop p r e l i m i n a r y  d e f i n i t i o n  o f  t e s t  approach, hardware 

c o n f i g u r a t i o n s ,  measurement and da ta  requirements,  t e s t  ma t r i x ,  and 

t e s t  schedule. I ssue  p r e l i m i n a r y  Test  P lan  Document f o r  e a r l y  rev iew.  



MOCI-O/5A AILERON DEVELOPMENT 
TEST PROGRAM 

TEST PLAN 47A380107 
NOVEMBER 1983 

3) Vendor S e l e c t i o n  (GE) 

Develop and document concept, s p e c i f i c a t i o n  and requi rements  f o r  GE 

a i l e r o n  t e s t  u n i t s  t o  be t e s t e d  on NASA Pum Brook MOD-0 machine. 

I s sue  RFQ t o  p o t e n t i  a1 b idders ;  rev iew vendor capabi  1  i t i e s ,  proposed 

des igns and o t h e r  proposal  i n f o rma t i on ;  eva lua te  b i ds /b i dde rs  and. 

s e l e c t  a  vendor f o r  design, f a b r i c a t i o n  and t e s t / c a l i b r a t i o n  o f  t h e  

t e s t  u n i t s .  

4)  Design, F a b r i c a t i o n  and P roo f  Test  of A i l e r o n  Test  U n i t s  

( SchweizerIGE Mon i t o r )  

a )  Perform eng ineer ing  des ign analyses and d e t a i l e d  des ign  o f  t e s t  

u n i t s  t o  meet requi rements  and s p e c i f i c a t i o n s  de f i ned  by GE. 

S t ruc tu re ,  a c t u a t i o n  systems and on-bo'wd ins t rument  sensors a r e  

i nc l uded  i n  task.  

b )  F a b r i c a t e  and assemble two t e s t  u n i t s  as per  d e t a i l e d  des ign  

developed i n  4a) above. 

c )  P roo f  t e s t  bo th  t e s t  u n i t s  and c a l i b r a t e  a l l  -sensors as per  

requi rements  d e f i n e d  by  GE. 

5)  Safety Review I npu t s  (SchweizerIGE) 

a) Perform, t h e o r e t i c a l  loads and s t r e s s  analyses t o  e s t a b l i s h  t h e  

adequacy o f  t h e  f i n a l  t e s t  u n i t  des ign i n  meet ing r e q u i r e d  

des ign margins. P rov i de  documentation f o r  NASA Sa fe t y  Committee 

Review. 

b )  Evaluate and document t h e  r e s u l t s  o f  t h e  p r o o f  t e s t s  f o r  f i n a l  

rev iew and acceptance by  NASA Sa fe t y  Committee. 

c )  Eva luate p o t e n t i a l  a i l e r o n  f l u t t e r  p ro l~ lems a n a l y t i c a l l y .  



MOD-O/5A AILERON DEVELOPMENT 
TEST PROGRAM 

TEST PLAN 47A380107 
NOVEMBER 1983 

6)  Update Test  Parameters (GE) 

Review and eva lua te  da ta  and r e s u l t s  as a v a i l a b l e  f r om  ongoing 

a i l e r o n  analyses and wind t unne l  programs. Rev ise t e s t  requirements,  

model con f i gu ra t i ons ,  measurement parameters, t e s t  ma t r i x ,  da ta  

r e d u c t i o n  p lans  as i n d i c a t e d  by new in fo rmat ion .  

7 )  Test  and Ana l ys i s  Procedures (NASA and GE) 

Develop MOD-0/5A t e s t ,  i n s t r umen ta t i on  and da ta  r e d u c t i o n  procedures 

compat ib le  w i t h  m u t u a l l y  agreed upon t e s t  and da ta  requi rements .  

Task i nc 1  udes def i ns t i  on of ope ra t i ona l  procedures, sensor and da ta  

a c q u i s i t i o n  parameters, and da ta  r e d u c t i o n  techniques. 

F i n a l  Test P lan  (GE) 

Update t h e  P r e l i m i n a r y  Tes t  P lan  t o  t h e  f i n a l  ve r s i on  i n c o r p o r a t i n g  

a l l  changes developed as p e r  Tasks 6 )  and 7) .  I ssue  document f o r  

f i n a l  rev iew/approva l  o f  NASA and GE management. 

9) Data A c q u i s i t i o n  and Reduct ion (NASA/GE Engineer ing Suppor t )  

a)  I n s t a l l  GE Tes t  u n i t s  on t h e  MOD-0 WTG machine a t  Plum Brook. 

Per form i n i t i a l  checkout and p r e l i m i n a r y  t e s t i n g  as r equ i r ed .  

b )  Conduct t e s t s  and acqu i r e  pr ime da ta  as pe r  f i n a l  approved t e s t  

p lan.  Per form o n - s i t e  da ta  e v a l u a t i o n  and rev i ew  t o  mon i t o r  

t e s t  progress and v e r i f y  da ta  q u a l i t y  and o b t a i n  p r e l i m i n a r y  

a i l e r o n  performance est imates.  

c )  Perform r e d u c t i o n  o f  da ta  a t  LeRC and LaRC as d e f i n e d  i n  t e s t  

p l a n  and NASA procedures. 



MOH-0/5A AILERON DEVELOPMENT 
TEST PROGRAM 

TEST PLAN 47A380107 
NOVEMBER 1983 

10) Data Ana lys is  and Eva lua t i on  (GE) 

Perform o t h e r  processing, as r equ i r ed ,  on reduced data,  eva lua te  

r e s u l t s  and determine a i  l e r o n  performalice parameters. Compare 

measured a i l e r o n  performance w i t h  acceptance c r i t e r i a  as de f i ned  i n  

t e s t  requirements.  

11) F i n a l  Report  

Document MOD-O/5A Phase I t e s t  and r e s u l t s  i n  a  F i n a l  Test Repor t  f o r  

r ev i ew  and approval  by GE management and NA5A. 

6.2 OVERALL SCHEDULE 

The o v e r a l l  schedule f o r  t h e  above t asks  i s  presented i n  Table A - I .  



TABLE I I 1  

GE MOD-OSA PHASE I TEST SCHEDULE 

DELIVER TEST UNITS 

INSTALL AND CHECK (NASA 

PLAIN AILERON DATA * 

BALANCED A1 LERON DATA 

POST TEST ANALYSIS 

TEST REPORT 

MOD-0/5A A I L E R O N  DEVELOPMENT 
TEST PROGRAM 

TEST P L A N  4 7 A 3 8 0 1 0 7  
NOVEMBER 1 9 8 3  

+ PLAIN AILERON I S  PRIMARY CONFIGURATION. BALANCED CONFIGURATION WILL BE TESTED ONLY I F  PLAIN 
AILERON DATA INDICATE UNACCEPTABLE PERFORMANCE 

** CONTINGENCY TIME INCLUDED FOR POSSIBLE VENTING CONVERSIONS/TEST, EXTENDED 'DATA ACQUISITION TO 
IWROVE SCATTER, WEATHER PROBLEMS, ETC. 



TABLE A - I  

OVERALL MOD-O/SA TEST PROGRAM 

TASK SCHEDULE - PHASE I 

MOD-O/SA A I L E R O N  DEVELOPMENT 
TEST PROGRAM 

TEST P L A N  4 7 A 3 8 0  107 
IIOVEMBEH 1983 

TASK M J J A S 0 N D J F M 
I Pre l  i rn  Update - 

1 ) Define object ives/ Requirements I - - - - - - - - - - - - - - - - 1- I 

2) Prel iminary Test Plan I 

3) Vendor Select ion 

4) Design/Fab/Proof 
Test Units 

5 
Safety Review Inputs 

Pre l  . 
a) Analysis 1- 
b Proof Test Results 

I 
c l  F l u t t e r  Parameters 

Analysi s 

6)  Update Test ParametersIMatrix 

7) Test and Analysis Procedures I I 

8) F ina l  Test Plan I I 

9) Data Acquis i t ion and 
Reduction (on-s i t e )  

10) Data Analysis & Evaluation 
(Post-Test) 

11) F ina l  Report 
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SECTION 1.0 

INTRODUCTION 

1.1 SCOPE 

The o b j e c t i v e  of t h i s  s p e c i f i c a t i o n  i s  t o  d e f i n e  t h e  c h a r a c t e r i s t i c s  o f  an o i l  

c o o l e r  f o r  t h e  MOD-5A Wind Turb ine Generator gearbox l u b r i c a t i n g  o i l  system. 
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SECTION 2.0 

REQUIREMENTS 

2.1 TYPE - 
The c o o l e r  s h a l l  be a  f o r c e d  convect ion,  a i r  cooled,  f i n n e d  t u b e  t ype .  

2.2 CONFIGURATION 

The c o o l i n g  system may be  comprised o f  one o r  more c o o l e r s .  See Gearbox Lube 

System Schematic GE Drawing 47E382020. 

2.3 WEIGHT 

Cooler  system w e i g h t  s h a l l  n o t  exceed 2500 l b  e x c l u d i n g  o i l ,  b u t  i n c l u d i n g  

plumbing if m u l t i p l e  c o o l e r s  a r e  u t i l i z e d .  

2.4 PERFORMANCE AND OPERATING CRITERIA 

2.4.1 FLUID 

M o b i l  O i l  Co., P / N  SHC630. 

2.4.2 FLOW 

A c o n s t a n t  f l o w  o f  140 ga l /m in  k 1 0  g a l / m i n  w i l l  be p r o v i d e d  w h i l e  t h e  wind 

t u r b i n e  i s  i n  o p e r a t i o n .  

2.4.3 PRESSURE DROP 

Maximum p r e s s u r e  d r o p  th rough  t h e  o i l  s i d e  o f  t h e  c o o l e r  s h a l l  be 45 p s i  a t  

60°F o i l  i n l e t  t empera tu re  and 140 ga l /m in  f l o w  r a t e .  
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2.4.4 HEAT REJECTION 

The c o o l e r  s h a l l  be capable  o f  r e j e c t i n g  700,000 IjTU/hr w i t h  a  104OF ambient  

temperature  and 145' F o i  1  i n l e t  temperature .  

2.4.5 NOISE 

The des ign  requ i rement  s h a l l  be 90 dBA maximum a t  a  13 f t  d i s t a n c e  f r o m  u n i t .  

2.4.6 PRESSURE 

The c o o l e r ,  i n c l u d i n g  p i p i n g  i f  a p p l i c a b l e ,  s h a l l  be designed t o  opera te  w i t h  a  

maximum i n t e r n a l  s t a t i c  p ressure  o f  200 p s i .  I n  a d d i t i o n  t h e  c o o l e r  system 

s h a l l  be capable  o f  w i t h s t a n d i n g  a  p r o o f  p r e s s u r e  . t e s t  o f  300 p s i g  (1.5 t i m e s  

t h e  maximum o p e r a t i n g  p ressure ) .  A lso  t h e  c o o l e r  must be  capable  o f  s u r v i v i n g  

an i n t e r n a l  vacuum o f  10 mm Hg. abso lu te .  

2.4.7 LEAKAGE 

There s h a l l  be no ev idence o f  e x t e r n a l  leakage uncler normal v i s u a l  i n s p e c t i o n  

and wipe t e s t i n g  when t h e  system i s  p r e s s u r i z e d  t o  rnz:ximum o p e r a t i n g  p ressure .  

2.4.8 MATERIAL COMPATIBILITY 

A1 1  m a t e r i a l s  o f  c o n s t r u c t i o n  s h a l l  be compat ib le  w i t h  t h e  h y d r a u l i c  f l u i d  

s p e c i f i e d  i n  paragraph 2.4.1. 

2.4.9 PROTECTIVE COATING 

A l l  components of t h e  c o o l e r  system exposed t o  t h e  environment d e s c r i b e d  i n  

paragraph 2.4.12 s h a l l  be f i n i s h e d  p e r  GE S p e c i f i c : a t i o n  47A380048, semi-g loss  

wh i te ,  p e r  Federa l  Standard 27875. 
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2.4.10 POWER SOURCE 

A 480 V, 30, 60 Hz power source i s  a v a i l a b l e  and s h a l l  be used whenever pos- 

s i b l e .  V i b r a t i o n  i s o l a t i o n  between t h e  f a n  d r i v e  system and main s t r u c t u r e  

s h a l l  be prov ided.  

2.4.11 ENVELOPE 

The c o o l e r  system s h a l l  n o t  exceed 75 ft2 o f  p r o j e c t e d  area. 

Standard p i p e  connect ions s h a l l  be u t i l i z e d  f o r  c o o l e r  system p i p i n g .  

2.4.12 ENVIRONMENT 

The c o o l e r  system s h a l l  be designed t o  w i t hs tand  c o n d i t i o n s  encountered when 

i n s t a l l e d  i n  a range o f  atmospher ic environments exper ienced f rom New England t o  

A laska o r  t h e  Caribbean area t o  h o t  dese r t  c l ima tes .  Operat ing temperature ex- 

tremes o f  -2Z°F t o  104OF w i l l  be  experienced. The equipment s h a l l  a l s o  be 

capable o f  w i t hs tand ing  a non-operat ing environment temperature range o f  -40°F 

Corros ion p r o t e c t i o n  i s  o f  p r imary  importance s i nce  t h e  environment can i n c l u d e  

s a l t  spray and/or sand and dust .  Equipment should  be capable o f  w i t hs tand ing  an 

a i r  s a l t  l oad ing  o f  .05 PPM. . A n y  recommended maintenance i n  o rde r  t o  assure t h e  

c o o l e r  w i l l  p r ov i de  t h e  l i f e  requi rement  s p e c i f i e d  i n  Sec t i on  2.5, s h a l l  be spe- 

c i f i e d  by  t h e  s u p p l i e r .  
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2.5 LIFE - 
The design l i f e  i s  3 0 y e a r s .  If t h e  c o o l e r  system w i l l  n o t  f u n c t i o n  f o r  t h e  

complete des ign  l i f e  w i t h o u t  s e r v i c e  o r  maintenance ac t i on ,  such a c t i o n s  s h a l l  

be recornended by t h e  vendor and t a b u l a t e d  as t o  s e r v i c e  f requency, f i e l d  se r -  

v i c e  o r  shop serv ice .  

The c o o l e r  s h a l l  be designed f o r  a  minimum a v a i l a b i l i t y  o f  99% over  t h e  s e r v i c e  

l i f e .  
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SECTION 3.0 

QUALITY ASSURANCE P R O V I S I O N S  

; :  1 
. .  , 3.1 MANUFACTURING AND TEST FLOW PLAN 
.. . 
.. , 

The s u p p l i e r  s h a l l  submit  a  manufactur ing and t e s t  f l o w  p l a n  showing t h e  bas i c  
. . rr 

manufactur ing opera t ion ,  spec i  a1 processes, and t e s t s  f o r  General E l e c t r i  c  
0.' 

I rev iew and es tab l i shment  o f  GE i n s p e c t i o n  po in t s .  
. . . , 

'::l 3.2 INSPECTION BY GENERAL ELECTRIC 

General E l e c t r i c  s h a l l  ma in ta i n  cognizance over  t h e  s u p p l i e r  q u a l i t y  system and 

performance on t h e  m a t e r i a l  t o  be fu rn ished .  The s u p p l i e r  s h a l l  n o t i f y  General 
. I 

E l e c t r i c  f o r t y - e i g h t  (48) hours i n  advance o f  t h e  t ime; work, processes, o r  

t e s t s  a re  ready f o r  i n s p e c t i o n  i n  accordance w i t h  t h e  Manufactur ing and Test  

Flow Plan.  

3.3 TESTING 

As a  minimum t h e  s u p p l i e r  s h a l l  conduct t h e  f o l l o w i n g  t e s t s :  

I o Proof Pressure Test 

o Ex te rna l  Leakage a t  Operat ing Pressure 
. . 

3.4 TEST DATA 

The s u p p l i e r  s h a l l  r e c o r d  a l l  ope ra t i ng  t e s t  t imes and c o n d i t i o n s  o f  ope ra t i on  

such as pressure and t ime. One copy o f  t h i s  r e c o r d  s h a l l  be submi t ted  t o  

General E l e c t r i c  when c o o l e r  system i s  de l i ve red .  
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3.5 MATERIAL RECORDS 

The s u p p l i e r  s h a l l  m a i n t a i n  a  f i l e ,  f o r  General  Elec1:r ic rev iew,  o f  a l l  m a t e r i a l  

i n s p e c t  i o n  r e c o r d s  ( p h y s i c a l  and chemica l  d a t i i )  , r a d i o g r a p h i c  r e p o r t s ,  

u l t r a s o n i c  r e p o r t s ,  and s i m i l a r  t e s t  d a t a  r e l a t e d  t o  t h e  c o o l e r  s u p p l i e d  t o  

General E l e c t r i c .  
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SECTION 4.0 

PREPARATION FOR DELIVERY 

4.1 SHIPPING CONTAINERS 

The sh ipp ing  con ta ine rs  and method o f  shipment s h a l l  be approved by  t h e  General 

E l e c t r i c  Company p r i o r  t o  shipment o f  t h e  Hydrau l i c  Power Supply. A l l  i n t e r f a c e  

connect ions s h a l l  be capped o r  plugged t o  prevent  e n t r y  o f  contaminants. A f t e r  

t e s t i n g  p e r  3.0, t h e  system s h a l l  be d ra ined  and thorough ly  cleaned. A l l  

s t r a i n e r s  and f i l t e r  elements s h a l l  be replaced. 

4.2 DOCUMENTATION 

The vendor s h a l l  supply  a P a r t s  L i s t ,  Serv ice  and Maintenance Manuals, Operat ing 

I n s t r u c t i o n s ,  Reproduci b l  e Drawings, L i  s t  o f  Recommended Spares and - .. 

T roubleshoot ing I n s t r u c t i o n s  f o r  t h e  h y d r a u l i c  power supply  and i t s  component - ., 

. . .. 

pa r t s .  The vendor s h a l l  a l s o  supply  procedures f o r  shutdown, l o n g  s to rage  . .  

pe r iod ,  and s t a r t u p  inspec t ions .  
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SECTION 1.0 

INTRODUCTION 

MOD-5A WTG 
47A380 1 10 
JULY 1983 

I 1.1 SCOPE 

Th is  s p e c i f i c a t i o n  de f ines  t h e  c h a r a c t e r i s t i c s  o f  a hyd rau l i c  power supply f o r  

t he  MOD-5A Wind Turbine Generator. The vendor w i l l  work w i t h  GE t o  a r r i v e  a t  a 

I 
design t h a t  w i l l  meet t h e  t echn i ca l  requirements descr ibed i n  t h i s  document. 
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SECTION 2.0 

APPLICABLE DOCUMENTS 

2.1 GENERAL ELECTRIC DRAWINGS 

47E382006 Partial Span Control Hydraulic Schematic 

47A380002, Rev B Structural Design Criteria for P!OD 5A Wind Turbine Generator 

2.2 SPECIFICATIONS 

MIL-H-5606ATF - Hydraulic Fluid 
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SECTION 3.0 

REQUIREMENTS 

3.1 GENERAL 

The requirement o f  t h i s  subassembly i s  t o  supply  h y d r a u l i c  power t o  t h e  b lade 

ac tua t i on  subassemblies and t h e  t e e t e r  brake assembly. 

3.2 CONFIGURATION 

F igu re  1 dep i c t s  t h e  suggested equipment l a y o u t  and o v e r a l l  con f i gu ra t i on .  The 

subassembly i s  mounted d i r e c t l y  t o  and r o t a t e s  w i t h  t h e  yoke. The maximum 

o v e r a l l  dimensions a re  as shown on ~ i g u r e  1. 

The component support  s t r u c t u r e  must be designed t o  w i ths tand  t h e  "g" loads 

s p e c i f i e d  i n  Sect ion 3.4.1. F i gu re  2 dep i c t s  t h e  i n t e r f a c e  areas a long w i t h  
-. 

d e f i n i t i o n  o f  removable sect ions.  

3.3 WEIGHT 

The weight goal  o f  t h e  subassembly i n c l u d i n g  components, s t r uc tu re ,  p i p i ng ,  

f i t t i n g s ,  and f l u i d  i s  6500 l b .  

3.4 PERFORMANCE AND OPERATING CRITERIA 

3.4.1 ENVIRONMENT 

The power supply s h a l l  be designed t o  w i ths tand  cond i t i ons  encountered when 

housed i n  an unsealed enc losure and r o t a t i n g  as shown i n  F i gu re  1. The extreme 
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3.4.1 ENVIRONMENT (con t  I d )  

co rner  of t h e  s t r u c t u r e  w i l l  be exposed t o  2.6 k1 g  a t  a  f requency o f  .2 t o  

.3 Hz. A1 1  component mounting s h a l l  be designed for. 2.6 ?1 g  i n  t h e  d i r e c t i o n  

shown i n  F i gu re  1. 

The subassembly w i l l  be l oca ted  i n  a  range o f  atmospheric environments 

exper ienced f rom New England t o  -A laska  o r  t h e  Caribbean area t o  h o t  dese r t  

c l  imates. Non-operating temperature extremes o f  -40°F t o  + I40  OF w i  11 be 

experienced. The operab le  temperature range i s  -22OF t o  104 OF. Outdoor 

c m d i t i o n s  o f  r a i n ,  h a i l ,  s l ee t ,  snow, s a l t  spray, e t c .  w i l l  be encountered. 

3.4.2 ENVELOPE 

F i g u r e  1 i l l u s t r a t e s  t h e  maximum envelope dimensions (173" x  33" x  51") w h i l e  

F igure  2  d e p i c t s  t h e  suggested phys i ca l  l ayou t .  

3.4.3 OUTPUT 

The power supply s h a l l  p rov i de  t h r e e  separate cond i t i ons  o f  h y d r a u l i c  ou tpu ts  

i .e.  t h e  normal opera t ing  f l o w  ra te ,  t h e  acce le ra ted  f l o w  r a t e  and t he  emergency 

f e a t h e r  f l o w  r a t e .  

The normal ope ra t i ng  f low s h a l l  be a t  a  r a t e  o f  0-18 gal /min f rom 0  t o  3000 p s i  

v i a  two separate o u t l e t s  ( 9  ga l /min each). A v a r i a b l e  volume, pressure 

compensated pump s h a l l  be u t i  1  ized.  The system s h a l l  be such t h a t  f l o w  can be 

momentari l y  augmented v i a  accumulators t o  40 ga l /min (20 gal /min each o u t l e t ) .  

The du t y  c y c l e  o f  t h e  normal ope ra t i ng  system s h a l l  be cont inuous. 

An acce le ra ted  h y d r a u l i c  f low r a t e  of 40 ga l /min (20 ga l /min each o u t l e t )  f o r  

3  seconds i s  r e q u i r e d  t o  acce le ra te  b lade  f ea the r i ng .  Th is  r a t e  i s  prov ided by 

two ( 2 )  10 g a l l o n  3000 p s i  accumulators f o r  each blade. The minimum pressure a t  

t h e  end of t h e  t h r e e  (3 )  seconds s h a l l  be 1500 p s i .  The du ty  c y c l e  o f  t h i s  f l o w  

s 3 a l l  be i n t e r m i t t e n t  and i s  n o t  expected t o  exceed 20% o f  t h e  totaT ope ra t i ng  

t ime. 
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3.4.3 OUTPUT (con t  I d )  

Two accumulators each 5 ga l  capac i t y ,  500 p s i  a re  p rov ided  t o  supply  t h e  low 

pressure emergency f e a t h e r i n g  f unc t i on .  Maximum f l o w  r a t e  o u t  o f  t h e  

accumulators w i l l  be 22 ga l lm in .  See GE schematic 47E382006 f o r  a d d i t i o n a l  

d e t a i  1  s. 

3.4.4 POWER SOURCE 

A 480 V, t h r e e  phase, 60 Hz e l e c t r i c a l  supply  w i l l  be prov ided f o r  t h e  motor. 

E l e c t r i c a l  power requirements t o  meet t h e  above ou tpu t  s h a l l  be determined by  

t h e  vendor and s t a t e d  as p a r t  o f  t h i s  procurement, b u t  s h a l l  n o t  exceed 35 H.P. 

E l e c t r i c a l  motors se l ec ted  f o r  t h i s  se r v i ce  s h a l l  e x h i b i t  h i g h  s t a r t i n g  to rque  

c a p a b i l i t y  and be t o t a l l y  enclosed f a n  cooled. 

3.4.5 DUTY CYCLE 

Since a major p o r t i o n  o f  t h e  ope ra t i on  o f  t h i s  u n i t  s h a l l  be a t  low demand f low,  

t h e  system must p rov i de  f o r  minimum p a r a s i t i c  power absorpt ion.  The expected 

du t y  c y c l e  f o r  these systems i s  g iven  below: 

% Time O f  Operat ion 

3  0% 

20% 

50% 

% Time O f  Operat ion 

2  0% 

80% 

% Time o f  Operat ion 

5% 

9 5% 

Normal Operat ing Supply 

12 gpm, 2000 p s i  

18 gpm, 3000 p s i  

8  gprn, 1500 p s i  

T rans ien t  Supply 

40 gpm, 3000 p s i  

o f f  (normal supply  o n l y )  

Emergency Feather Supply 

22 gprn, 5001psi 

O f f  
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3.4.6 FLUID/RESERVOIR 

The h y d r a u l i c  f l u i d  s h a l l  be MIL-H-5606 ATF, Dexron 11, M o b i l f l u i d  300 o r  She l l  

Donax T6. Because t h i s  power supply  w i l l  be r o t a t i n g  w h i l e  i n  se r v i ce  a  

p ressur i zed  b ladder  type r e s e r v o i r  s h a l l  be u t i  1  .ized t o  assure an adequate 

supply  o f  o i l  t o  t h e  pump and a l s o  t o  prevent  o i l  foaming. The normal ope ra t i ng  

pressure range o f  t h e  r e s e r v o i r  s h a l l  be 5  t o  15 PSIG, however i t  s h a l l  be 

designed f o r  125 PSIG maximum ope ra t i ng  pressure. To ta l  r e s e r v o i r  capac i t y  

s h a l l  be 80 g a l l o n s  ( f l u i d  p l u s  gas charge). As . indicated i n  F i gu re  1  i t  i s  

d e s i r a b l e  t o  have two ( 2 )  separate  40 g a l l o n  accumula.tors. 

I n  add i t i on ,  t he  r e s e r v o i r  s h a l l  be designed such t h a t  a  b l anke t  hea te r  and 

i n s u l a t i o n  can be app l i ed  t o  t h e  r e s e r v o i r  i f  desired. The r e s e r v o i r  system 

s h a l l  be equipped w i t h  a  low pressure sw i tch  which :;hall have a  nominal s e t t i n g  

o f  10 p s i  and an ad jus tab le  range o f  25 p s i .  An analog pressure t ransducer  

s h a l l  be prov ided w i t h  a range 0  - 100 p s i .  5ec t i on  3.4.18 de f i nes  t h e  
. . .  . 

e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  t h e  sensors. 

The system, o f  which t h i s  power supply  i s  a  par t ,  i s  s e n s i t i v e  t o  a i r  

entrainment.  I t  i s  e s s e n t i a l  t h a t  sump r e t u r n  and pump suc t i on  features 

demonstrate e f f e c t i v e  p rov i s i ons  f o r  e l i m i n a t i n g  a i r  entrapment a t  f l ows  up t o  

40 gpm. 

The b ladder  i s  p rov ided  t o  separate t h e  o i l  f rom the  p ressur i zed  n i t r o g e n  t o  

e l i m i n a t e  a i r  entrapment, mo is tu re  condensation, and c o l l e c t i o n  o f  a i r bo rne  

contaminates. 

3.4.7 FILTERS 

The power supply i s  equipped w i t h  a  suc t i on  f i l t e r  and a  pressure f i l t e r  as 

i n d i c a t e d  on GE PSC Hydrau l i c  Schematic Drawing 47E382006. 
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3.4.7.1 Suction Filter 

A 75 micron minimum, 150 micron maximum suction filter shall be installed in the 

suction line between the reservoir and pump. Pressure drop across the filter, 

when clean, shall not exceed .1 psi at 30 gpm with 150 SSU oil. The filter 

shall contain a non-by-passing, non-collapsing element of metal construction. 

It shall incorporate a visual element cleanliness indicator. 

3.4.7.2 Pressure Filter 

A five (5) micron (nominal) pressure filter shall be installed on the discharge 

side of the pump as shown on GE PSC schematic 47E382006. Pressure drop across 

the filter, when clean, shall not exceed 1 psi at 30 gpm of 150 SSU oil. The 

filter shall contain a non-collapsing, non-bypassing element of metal 

construction. Additionally the filter shall contain a AP switch which will 

close a. set of contacts when a predetermined maximum pressure drop is reached. 

Section 3.4.18 defines the electrical characteristics of the AP switch. The 

element shall be capable of withstanding without damage or degradation a 

pressure drop of 3000 psi. The filter housing shall be designed for 4000 psig 

internal pressure. 

3.4.8 SYSTEM PRESSURE LEVELS 

Unless otherwise specified all components, fittings, sensing devices, and 

interconnecting piping shall be designed to operate with an internal pressure of 

3000 psig. Exceptions are drain and suction lines, the reservoir and its 

accessory equipment which shall be designed for an operating pressure of 

125 psig. All components shall be capable of withstanding a proof pressure test 

of 1.5 times the nominal pressure level without degradation of performance. The 

system and all components shall be capable of surviving an internal vacuum 

pressure test of 10-3mm Hg absolute. 

-7- 1 180A 
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3.4.9 LEAKAGE 

There s h a l l  be no evidence o f  ex te rna l  leakage, under normal v i s u a l  i n spec t i on  

and wipe t e s t i n g ,  when t h e  system i s  p ressur i zed  t o  normal ope ra t i ng  pressure 

l e v e l s .  A l l  va lves s h a l l  e x h i b i t  a  maximum i n t e r n a l  leakage o f  1  drop per 

minute.  

3.4.10 MATERIAL COMPATIBILITY 

A l l  m a t e r i a l s  o f  c o n s t r u c t i o n  s h a l l  be compat ib le  w i t h  t h e  h y d r a u l i c  f l u i d  

s p e c i f i e d  i n  Sec t ion  3.4.6. 

3.4.11 LINE SIZES AND MATERIALS 

A l l  i n t e r connec t i ng  t u b i n g  s h a l l  be s i zed  f o r  f l o w  r a t e s  o f  15 f p s  minimum and 

30 fps maximum i n  accordance w i t h  accepted des ign p r a c t i c e .  M a t e r i a l  s h a l l  be 

ASTM A-269, t ype  304, 316, o r  o the r  approved grades. Where t u b i n g  . w i l l  be 

welded, t ypes  304L, 316L and 347 s h a l l  be used. 

3.4.12 DRAINING AND VENTING 

P r o v i s i o n  s h a l l  be made f o r  b leeding,  d r a i n i n g  and ven t i ng  a l l  c i r c u i t s  o f  t he  . 

h y d r a u l i c  power supply.  

3.4.13 TUBING ASSEMBLIES AND FITTINGS 

Tube connect ions and i n t e r f a c e s  s h a l l  be welded wherever poss ib le .  Wherever 

welded t u b i n g  assemblies a re  n o t  p r a c t i c a l  due t o  component a v a i l a b i l i t y  o r  

maintenance, Lenz O- r ing  f i t t i n g s  o r  equ i va l en t  s h a l l  be used. 

3.4.14 PROTECTIVE COATING 

A l l  components o f  t h e  h y d r a u l i c  power supply  exposed t o  t h e  environment 

descr ibed i n  Sec t ion  3.4.1 s h a l l  be f i n i s h e d  pe r  GE S p e c i f i c a t i o n  47A380048, 

semi-gloss whi te ,  pe r  Federal  Standard 27875. 
- 
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3.4.15 STRUCTURAL SUPPORT AND INTERFACE 

The h y d r a u l i c  power supply  w j l l  be mechanica l ly  a t tached t o  a  mechanical support  

as dep ic ted  i n  F i gu re  2. S ize  and l o c a t i o n  of f as tene rs  w i l l  be de f ined  a t  a  

l a t e r  date. The h y d r a u l i c  component suppor t  s t r u c t u r e  s h a l l  be designed i n  

accordance w i t h  GE S p e c i f i c a t i o n  47A380002, Rev By S t r u c t u r a l  Design C r i t e r i a  

f o r  MOD 5A Wind Turb ine Generator f o r  t h e  "g" l oad  s p e c i f i e d  i n  Sect ion 3.4.1 of 

t h i s  document. 

3.4.16 VALVES 

The f o l l o w i n g  va lves as dep ic ted  on t h e  P a r t i a l  Span Cont ro l  Hyd rau l i c  Schematic 

47E382006 s h a l l  be t h e  "shear s e a l "  c o n f i g u r a t i o n .  

Feather Valves A-1, A-2, B-1, 8-2 

Teeter Low Brake 

Teeter  High Brake 

3.4.17 ACCUMULATORS 

A1 1  accumulators s h a l l  be b ladder  t ype  and i n  a d d i t i o n  have a  design pressure 

r a t i n g  o f  3000 p s i  minimum. 

3.4.18 SENSORS 

A1 1  analog sensors s h a l l  have a  4-20 ma ou tpu t  and a1 1  i n d i c a t i n g  switches s h a l l  

have a  con tac t  r a t i n g  o f  10 ma (125v, 60Hz). 

3.5 GENERAL DESIGN REQUIREMENT 

3.5.1 AVAILABILITY 

The Hydraul  i c  Power Supply System s h a l l  be designed f o r  a  minimum avai  l a b i  1  i t y  

o f  99.6% over  t h e  s e r v i c e  l i f e ,  w i t h  a  minimum MTBF o f  4000 hours. Spec ia l  

cons ide ra t i on  s h a l l  be g iven  t o  s e r v i c i n g  and maintenance o f  c r i t i c a l  areas. 
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3.5.2 PARTS AND COMPONENTS 

The system s h a l l  u t i l i z e  s t a t e - o f - t h e - a r t  componenl:~ w i t h  a proven r e c o r d  o f  

exper ience.  

3.5.3 MAINTENANCE AND SERVICEABILITY 

The system s h a l l  p r o v i d e  f o r  s a f e  and easy maintenance wherever p o s s i b l e ,  

i n c l u d i n g  removable covers  o r  shrouds. A l l  p a r t s  and components s h a l l  be  

designed f o r  easy h a n d l i n g  and l i f t i n g .  

3.5.4 TRANSPORTABILITY AND HANDLING 

When des ign ing  t h e  system, c o n s i d e r a t i o n  shou ld  be g i ven  t o  t r a n s p o r t a t i o n  v i a  

e x i s t i n g  s u r f a c e  v e h i c l e s  and h a n d l i n g  o r  l i f t i n g  b y  means of a f o r k  l i f t  

t r u c k .  L i f t i n g  l u g s  o r  eye b o l t s  s h a l l  be p rov ided  t o  f a c i l i t a t e  l i f t i n g  and 

hand l ing .  L i f t i n g  p r o v i s i o n s  s h a l l  be designed w i t h  a \ s t r e n g t h  s a f e t y  f a c t o r  o f  

s i x  ( 6 ) .  

3.5.5 REVIEW AND APPROVAL 

P r i o r  t o  f a b r i c a t i o n ,  t h e  s u p p l i e r  s h a l l  submi t  t h e  d e t a i l e d  des ign f o r  GE 

agproval  t h a t  i t  meets t h e  requ i rements  o f  t h i s  s p e c i f i c a t i o n .  

3.6 DEVIATIONS FROM SPECIFICATION 

A l l  d e v i a t i o n s  f rom s p e c i f i c a t i o n  and drawings sh i l l 1  be approved by  General 

E l e c t r i c  p r i o r  t o  i n s t a l l a t i o n  o f  hardware. 
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3.7 LIFE - 
1 Due to the criticality of this component the design must be extremely reliable. 

I The WTG is being designed for a useful life of 30 years. The supplier shall 

provide the necessary maintenance instructions and/or component replacement 

I schedule to attain the aforementioned 30 year requirement. 
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SECTION 4.0 

QUALITY ASSURANCE PROVISIONS 

The Hydraulic Power Supply System supplier shall provide a brief description of 

his Quality Control/Inspection System, showing how he controls: 

a) Measuring and Test Equipment 

b) Processes 

c) Materials 

d) Non-conforming Material 

4.1 ACCEPTANCE TESTING 

The supplier shall provide a brief description of his in-house acceptance tests 

prior to delivery to the General Electric Compi~ny. Two General Electric 

representatives shall be permitted to witness any or all tests at the vendor's 

plant. GE Procurement shall be notified forty-eight (48) hours in advance of 

testing. 

4.2 REPORTS 

The vendor shall supply three (3) copies of all quality control reports and test 

results. 

4.3 MINIMUM TEST PROGRAM 

As a minimum the supplier shall conduct the follow in^^ tests: 

a) Proof Pressure Test - Pressurize each circuit to 1.5 times its nominal 

working pressure. Circuit must be tested to full proof pressure with plug 

replacing relief valve prior to installation of relief valves. Circuits 

protected by relief valves need to be pressurized to relief valve cracking 

pressure only. No performance degradation shall occur following this test. 

-12- 1 180A 
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4 . 3  MINIMUM TEST PROGRAM (contld) 

b) External Leakage - "Wipe test" and visually observe all fittings, components 

and tubing joints for external leaks, with each element pressurized to 

nominal working pressure. No visible evidence of leakage shall occur.for 2 

hours. 

c) Functional ly test each component under nominal operating conditions. Each 

power supply shall be run with the outlet dead-ended and the resulting 

outlet pressure measured. Flow capacity of each supply shall be measured by 

means of flow meters - flow rate shall meet specified requirement. 
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SECTION 5.0 

PREPARATION FOR DELIVERY 

5.1 SHIPPING CONTAINERS 

The sh ipp ing  con ta iners  and method o f  shipment sha l l ,  be approved by  t he  General 

E l e c t r i c  Company p r i o r  t o  shipment o f  t h e  Hyd rau l i c  Power Supply. A l l  i n t e r f a c e  

connect ions s h a l l  be capped o r  plugged t o  prevent  e :n t ry  o f  contaminants. A f t e r  

t e s t i n g  per  Sec t ion  4.0, t h e  system s h a l l  be drai:ned and thorough ly  cleaned. 

A l l  s t r a i n e r s  and f i l t e r  elements s h a l l  be replaced. 

5.2 DOCUMENTATION 
% 

The vendor s h a l l  supply a P a r t s  L i s t ,  Serv ice  and Maintenance Manuals, Operat ing 

I n s t r u c t i o n s ,  Reproducible Drawings, L i s t  o f  Recommended Spares and 

Troubleshoot ing I n s t r u c t i o n s  f o r  t h e  h y d r a u l i c  power supply and i t s  component 

par ts .  The vendor s h a l l  a l s o  supply  procedures f o r  shutdown, l ong  s torage 

per iod,  and s t a r t u p  inspec t ions .  
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SECTION 1 .0 

INTRODUCTION 

1.1 SCOPE 

The o b j e c t i v e  o f  t h i s  s p e c i f i c a t i o n  i s  t o  desc r i be  t h e  c h a r a c t e r i s t i c s  o f  a 

h y d r a u l i c  power supp ly  f o r  t h e  Yaw Dr i ve  System o f  t h e  MOD-5A Wind Turb ine 

Generator.  The vendor w i l l  work w i t h  GE t o  a r r i v e  a t  a des ign t h a t  w i l l  meet 

t h e  t e c h n i c a l  requ i rements  descr ibed  i n  t h i s  document. 
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SECTION 2.0 

APPLICABLE DOCUMENTS 

2.1 GENERAL ELECTRIC DRAWINGS 

47E382314 Yaw D r i v e  H y d r a u l i c  Schematic 

2.2 SPECIFICATIONS 

MIL-H-5606ATF Hydrau l  i c  F l u i d  
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SECTION 3.0 

REQUIREMENTS 

3.1 GENERAL 

The requi rement  o f  t h i s  u n i t  i s  t o  supp ly  h y d r a u l i c  power t o  t h e  yaw d r i v e  

subassembly and r o t o r  h o l d i n g  brake. Th i s  u n i t  f u n c t i o n s  i n  con junc t i on  w i t h  

t h e  yaw accumulator package. 

3.2 CONFIGURATION 

F i  gure 1 d e p i c t s  t h e  suggested equipment 1 ayout and o v e r a l l  c o n f i g u r a t i o n .  Th is  

subassembly i s  mounted d i r e c t l y  t o  t h e  upper yaw s t r u c i u r e .  The maximum o v e r a l l  

dimensions and i n t e r f a c e  areas a re  dep ic ted  i n  F i gu re  1. 

3.3 WEIGHT 
. .. 

The weight  goal  o f  t h e  subassembly i n c l u d i n g  components, s t r u c t u r e ,  p i  p ing,  

f i t t i n g s ,  and f l u i d  i s  2700 I b .  

3.4 PERFORMANCE AND OPERATING CRITERIA 

3.4.1 ENVIRONMENT 

The power supply  s h a l l  be designed t o  w i t hs tand  c o n d i t i o n s  encountered when 

housed i n  an unsealed p ro tec ted  enclosure.  The subassembly w i l l  be l oca ted  i n  a 

range of  atmospheric environnlents exper ienced f rom New England t o  A1 aska o r  t h e  

Caribbean area t o  h o t  dese r t  c l ima tes .  Non-operating temperature extremes of  

-400F t o  + 1 4 8 F  w i l l  be experienced. The operab le  temperature range i s  

-22OF t o  l lO°F .  Outdoor c o n d i t i o n s  o f  r a i n ,  h a i l ,  s l e e t ,  snow, s a l t  spray, 

e t c .  w i l l  be encountered d u r i n g  s torage and i n s t a l l a t i o n .  
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3.4.2 ENVELOPE 

F i g u r e  1 i l l u s t r a t e s  t h e  maximum envelope dimensions (54"  x  53" x  2 2 " ) .  

3.4.3 OUTPUT 

The power supp ly  s h a l l  be capable o f  p r o v i d i n g  an ou tpu t  o f  5  ga l /min a t  

pressures up t o  3000 p s i .  A f i x e d  volume p i s t o n  ;lump s h a l l  be u t i l i z e d  t o  

p rov i de  t h e  h y d r a u l i c  power. A r e l i e f  va l ve  s h a l l  be p rov i ded  a t  t h e  pump 

d ischarge  and s i zed  t o  pass 5 ga l /min f o r  20 minutes h ' i t h o u t  overheat ing.  

See GE schematic 47E382314 f o r  a d d i t i o n a l  d e t a i l s .  

3.4.4 POWER SOURCE AND C O N ~ R O L  

A 480 V, t h r e e  phase, 60 Hz e l e c t r i c a l  supp ly  w i l l  I le p rov ided  f o r  t h e  motor. 

E l e c t r i c a l  power requi rements  t o  meet t h e  above o u t i ~ u t  s h a l l  be determined by  

t h e  vendor and s t a t e d  as p a r t  o f  t h i s  procurement, b u t  s h a l l  n o t  exceed 10 H.P. 

E l e c t r i c a l  motors se l ec ted  f o r  t h i s  s e r v i c e  s h a l l  e x h i b i t  h i g h  s t a r t i n g  to rque  

c a p a b i l i t y  and be t o t a l l y  enclosed f a n  cooled. A mo,tor s t a r t i n g  con tac to r  w i t h  

thermal over loads and 120 vac c o n t r o l  c i r c u i t  s h a l l  be provided, mounted and 

wired. 

3.4.5 DUTY CYCLE 

The expected d u t y  c y c l e  f o r  t h i s  system i s  g iven  below. A major  p o r t i o n  o f  t h e  

ope ra t i ng  t i m e  i s  a t  low pressures o r  o f f ,  t h e r e f o r e  'the system must p rov i de  f o r  

m u l t i p l e  pump motor s t a r t i n g  and extended pe r i ods  o f  no pump generat ion.  

% Time O f  Operat ion 

15% 

15% 

7 0% 

Normal Operat ing Supply 

5  gpm, 2000 p s i  

5  gpm, 3000 p s i  

o f f  
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3.4.6 FLUID/RESERVOIR 

The h y d r a u l i c  f l u i d  s h a l l  be MIL-H-5606 ATF, Dexron 11, Mobi l  f l u i d  300 o r  She l l  

Donax T6. 

T o t a l  r e s e r v o i r  capac i t y  s h a l l  be 20 ga l lons .  A diaphram o r  b ladder  s h a l l  

separate  t h e  o i l  from ambient a i r  t o  e l i m i n a t e  a i r  entrapment, mo i s tu re  

condensation, and c o l l e c t i o n  o f  a i r bo rne  contaminates. A sea led b rea ther  

(b ladder  accumulator)  i n  p l ace  of t h e  b rea ther  ven t  w i l l  s a t i s f y  t h e  

requirement.  The r e s e r v o i r  s h a l l  be designed f o r  125 p s i g  maximum ope ra t i ng  

pressure.  

I n  a d d i t i o n ,  t h e  r e s e r v o i r  s h a l l  be designed such t h a t  immersion hea te rs  can be 

i n s t a l l e d  i n t o  t h e  r e s e r v o i r  if desi red.  A h i gh  temperature s w i t c h  

(180°F klO°F s e t  p o i n t )  s h a l l  a l s o  be i n s t a l l e d  i n t o  t h e  r e s e r v o i r .  

It i s  e s s e n t i a l  t h a t  sump r e t u r n  and pump suc t i on  f ea tu res  demonstrate e f f e c t i v e  

p r o v i s i o n s  f o r  e l i m i n a t i n g  a i r  entrapment a t  f l o w s  up t o  5 gpm. 

A l e v e l  sw i t ch  s h a l l  be p rov ided  which w i l l  g i v e  a  s i g n a l  when o i l  l e v e l  reaches 

a  p rese t  low l e v e l .  

3.4.7 FILTERS 

The power supp ly  i s  equipped w i t h  a  s u c t i o n  f i l t e r  and a  pressure f i l t e r  as 

i n d i c a t e d  on GE Yaw Schematic Drawing 47E382314. 

3.4.7.1 Suc t ion  F i l t e r  

A 75 micron minimum, 150 micron maximum~suct ion f i l t e r  s h a l l  be i n s t a l l e d  i n  t h e  

s u c t i o n  l i n e  between t h e  r e s e r v o i r  and pump. Pressure drop across t h e  f i l t e r  

w i t h  c l ean  c o n d i t i o n s  s h a l l  n o t  exceed .1 p s i  a t  8  gpm w i t h  150 SSU o i l .  The 

f i l t e r  s h a l l  - n o t  i nco rpo ra te  a  by-pass valve.  It s h a l l  i n co rpo ra te  a  v i s u a l  

element c l e a n l i n e s s  i n d i c a t o r .  I n  add i t i on ,  t h e  element s h a l l  be o f  meta l  

cons t ruc t i on .  The system s h a l l  be equipped w i t h  i s o l a t i o n  va lves  on e i t h e r  s i d e  

so t h a t  t h e  f i l t e r  can be removed w i t hou t  d r a i n i n g  t h e  system. 
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3.4.7.2 Pressure F i  1  t e r  

A t e n  (10)  micron (nominal )  pressure f i l t e r  s h a l l  be i n s t a l l e d  on t h e  p ressure  

s i d e  of  t h e  pump as shown on GE Yaw Schematic 47E382314. Pressure d rop  across 

t h e  f i l t e r  when c l ean  s h a l l  n o t  exceed 1 p s i  a t  E;  gpm o f  150 SSU o i l .  The 

f i l t e r  s h a l l  con ta i n  a  non-col l aps ing ,  non-bypassing element o f  meta l  

cons t ruc t i on .  A d d i t i o n a l l y  t h e  f i l t e r  s h a l l  conta. in a  AP sw i t ch  which w i l l  

c l o s e  a s e t  o f  con tac t s  when a predetermined maximuni pressure d rop  i s  reached. 

The element s h a l l  be capable o f  w i t hs tand ing  w i t h o u t  damage o r  degradat ion a 

p ressure  drop o f  3000 p s i .  The f i l t e r  housing shal ' l  be designed f o r  3000 p s i g  

i n t e r n a l  pressure.  Th i s  f i l t e r  s h a l l  a l s o  be equipped w i t h  i s o l a t i o n  va lves on 

e f t h e r  s i de  so t h a t  t h e  f i l t e r  can be removed w i t h o u t  d r a i n i n g  t h e  system. 

3.4.8 SYSTEM PRESSURE LEVELS 

Unless o therw ise  s p e c i f i e d  a l l  components, f i t t i n g s ,  sens ing devices,  and 

i n t e r connec t i ng  p i p i n g  s h a l l  be designed t o  opera te  w i t h  an i n t e r n a l  p ressure  o f  

3000 ps i g .  Except ions a re  d r a i n  and s u c t i o n  l i n e s ,  t h e  r e s e r v o i r  and i t s  

accessory equipment which s h a l l  be designed f o r  an ope ra t i ng  p ressure  o f  

125 ps ig .  A1 1 components s h a l l  be capable o f  w i t hs t znd ing  a p r o o f  t e s t  

o f  1.5 t imes t h e  nominal pressure l e v e l  w i t h o u t  degrzda t ion  o f  performance. The 

system and a l l  components s h a l l  be capable o f  s u r v i v i n g  an i n t e r n a l  vacuum 

pressure of 10'3mm Hg absolute.  

3.4.9 LEAKAGE 

There s h a l l  be no evidence o f  e x t e r n a l  leakage, und1.r normal v i s u a l  i n s p e c t i o n  

a ~ d  wipe t e s t i n g ,  when t h e  system i s  p ressur i zed  t c )  normal ope ra t i ng  pressure 

l e v e l s .  A l l  va lves  s h a l l  e x h i b i t  a  maximum i n t e r n a l  leakage o f  1 drop per  

minute.  
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3.4.10 MATERIAL COMPATIBILITY 

A1 1 m a t e r i a l s  o f  c o n s t r u c t i o n  s h a l l  be  compat ib le  w i t h  t h e  h y d r a u l i c  f l u i d  

s p e c i f i e d  i n  S e c t i o n  3.4.6. 

3.4.11 LINE SIZES AND MATERIALS 

A l l  i n t e r c o n n e c t i n g  t u b i n g  s h a l l  be s i z e d  f o r  f l o w  r a t e s  o f  15 f p s  minimum and 

30 f p s  maximum i n  accordance w i t h  accepted des ign  p r a c t i c e .  M a t e r i a l  s h a l l  be 

ASTM A-269, t y p e  304, 316, o r  o t h e r  approved grades. 

3.4.12 DRAINING AND VENTING 

P r o v i s i o n  s h a l l  be made f o r  b leed ing ,  d r a i n i n g  and v e n t i n g  a l l  c i r c u i t s  o f  t h e  

h y d r a u l i c  power supp ly .  

3.4.13 TUBING ASSEMBLIES AND FITTINGS .. . 

- 
Tube connec t ions  and i n t e r f a c e s  s h a l l  be  welded wherever p o s s i b l e .  Wherever 

welded t u b i n g  assembl ies a r e  n o t  p r a c t i c a l  due t o  component a v a i l a b i l i t y  o r  

maintenance, Lenz O - r i n g  f i t t i n g s  o r  e q u i v a l e n t  s h a l l  be used. 

3.4.14 PROTECTIVE COATING 

A l l  components of  t h e  h y d r a u l i c  power supp ly  s u b j e c t  ' t o  ' c o r r o s i o n  i n  t h e  

env i ronment  d e s c r i b e d  i n  S e c t i o n  3.4.1 s h a l l  be coa ted  w i t h  a  permanent 

p r o t e c t i v e  f i n i s h .  

3.4.15 STRUCTURAL SUPPORT AND INTERFACE 

The h y d r a u l i c  power s u p p l y  w i l l  be m e c h a n i c a l l y  a t t a c h e d  t o  t h e  upper  yaw 

s t r u c t u r e  as d e p i c t e d  i n  F i g u r e  1. S ize  and l o c a t i o n  o f  f a s t e n e r s  w i l l  be  

de f ined  a t  a  l a t e r  da te .  The h y d r a u l i c  component suppor t  s t r u c t u r e  s h a l l  be  

designed t o  s u p p o r t  t h e  components d e f i n e d  b y  t h i s  s p e c i f i c a t i o n .  
, . 
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3.4.16 ELECTRICAL INTERFACES 

480V power w i r i n g  s h a l l  t e r m i n a t e  a t  t h e  motor  c o n t a c t o r .  A l l  o t h e r  w i r i n g  

s h a l l  t e r m i n a t e  a t  an enc losed t e r m i n a l  s t r i p  w i t h  w i r e  clamps capable  o f  

a c c e p t i n g  up t o  AWG No. 10 s i z e  w i r e .  

3.5 GENERAL DESIGN REQUIREMENT 

3.5.1 AVAILABILITY 

The H y d r a u l i c  Power Supply System s h a l l  be designed f o r  a  minimum a v a i  1  a b i  1  i t y  

o f  99.7% o v e r  t h e  s e r v i c e  l i f e ,  w i t h  a  minimum MTBF o f  4000 h r s .  S p e c i a l  

c o n s i d e r a t i o n  s h a l l  be  g i v e n  t o  s e r v i c i n g  and maintenance o f  c r i t i c a l  areas. 

3.5.2 PARTS AND COMPONENTS 

The system s h a l l  u t i l i z e  s t a t e - o f - t h e - a r t  components w i t h  a  proven r e c o r d  o f  

exper ience.  

3.5.3 MAINTENANCE AND SERVICEABILITY 

The system s h a l l  p r o v i d e  f o r  s a f e  and easy maintenance wherever p o s s i b l e ,  

i n c l u d i n g  removable covers  o r  shrouds. A l l  p a r t $ ;  and' components s h a l l  be 

designed f o r  easy h a n d l i n g  and l i f t i n g .  

3.5.4 TRANSPORTABILITY AND HANDLING 

When d e s i g n i n g  t h e  system, c o n s i d e r a t i o n  shou ld  be g i v e n  t o  t r a n s p o r t a t i o n  v i a  

e x i s t i n g  s u r f a c e  v e h i c l e s  and h a n d l i n g  o r  l i f t i n g  b y  means o f  a  f o r k  l i f t  

t r u c k .  L i f t i n g  l u g s  o r  eye b o l t s  s h a l l  be p r o v i d e d  t o  f a c i l i t a t e  1 . i f t i n g  and 

hand l ing .  L i f t i n g  p r o v i s i o n s  s h a l l  be  designed w i t h  a  s t r e n g t h  s a f e t y  f a c t o r  o f  

s i x  ( 6 ) .  
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3.5.5 REVIEW AND APPROVAL 

P r i o r  t o  f a b r i c a t i o n ,  t h e  s u p p l i e r  s h a l l  submit  t h e  d e t a i l e d  des ign f o r  GE 

approval  t h a t  i t  meets t h e  requi rements  o f  t h i s  s p e c i f i c a t i o n .  

3.6 DEVIATIONS FROM SPECIFICATION 

A l l  d e v i a t i o n s  f rom s p e c i f i c a t i o n  and drawings s h a l l  be approved b y  General 

E l e c t r i c  p r i o r  t o  i n s t a l  l a t i o n  o f  hardware. 

3.7 LIFE - 
Due t o  t h e  c r i t i c a l i t y  o f  t h i s  component t h e  des ign must be ex t reme ly  r e l i a b l e .  

The WTG i s  be ing  designed f o r  a u s e f u l  l i f e  o f  30 years.  The s u p p l i e r  s h a l l  

p r o v i d e  t h e  necessary maintenance i n s t r u c t i o n s  and/or component replacement 

schedule t o  a t t a i n  t h e  aforement ioned 30 year  requi rement .  
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SECTION 4.0 

QUALITY ASSURANCE PROVISIONS 

The Hyd rau l i c  Power Supply System s u p p l i e r  s h a l l  p rov i de  a  b r i e f  d e s c r i p t i o n  o f  

h i s  Q u a l i t y  Con t ro l / I nspec t i on  System, showing how he c o n t r o l s :  

a )  Measuring and Test  Equipment 

b )  Processes 

c )  M a t e r i a l s  

d )  Non-conforming Mate r i  a1 

4.1 ACCEPTANCE TESTING 

The s u p p l i e r  s h a l l  p rov i de  a  b r i e f  d e s c r i p t i o n  o f  h i s  in-house acceptance t e s t s  

p r i o r  t o  d e l i v e r y  t o  t h e  General E l e c t r i c  Company. Two General E l e c t r i c  

r ep resen ta t i ves  s h a l l  be pe rm i t t ed  t o  w i tness  any o r  a l l  t e s t s  a t  t h e  vendor 's 

p l a n t .  GE Procurement s h a l l  be n o t i f i e d  fo r t y -e igh l :  ( 48 )  hours  i n  advance o f  

t e s t i n g .  

4.2 REPORTS 

The vendor s h a l l  supply  t h r e e  (3 )  cop ies  o f  a l l  q u a l i t y  c o n t r o l  r e p o r t s  and t e s t  

r e s u l t s .  

4.3 MINIMUM TEST PROGRAM 

As a  minimum t h e  s u p p l i e r  s h a l l  conduct t h e  f o l l o w i n g  t e s t s :  

a)  P roo f  Pressure Test - P ressu r i ze  each c i r c u i t  t o  1.5 t imes i t s  nominal 

work ing pressure.  C i r c u i t  must be t r e a t e d  t o  f u l l  p r o o f  pressure w i t h  p l u g  

r e p l a c i n g  r e l i e f  va l ve  p r i o r  t o  i n s t a l l a t i o n  c ~ f  r e l i e f  va lve.  C i r c u i t s  

p r o t e c t e d  b y  r e l i e f  va lves need t o  be p ressur i zed  t o  r e l i e f  va l ve  c r a c k i n g  

p ressure  on ly .  No performance degradat ion s h a l l  cbccur f o l l o w i n g  t h i s  t e s t .  
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4.3 M I N I M U M  TEST PROGRAM (con t  I d )  

b )  Ex te rna l  Leakage - "Wipe t e s t "  and v i s u a l l y  observe a l l  f i t t i n g s ,  components 

and t u b i n g  j o i n t s  f o r  e x t e r n a l  leaks,  w i t h  each element p ressur i zed  t o  

nominal work ing  pressure.  No v i s i b l e  evidence o f  leakage s h a l l  occur f o r  2 

hours. 

c )  F u n c t i o n a l l y  t e s t  each component under nominal ope ra t i ng  cond i t i ons .  Each 

power supp ly  s h a l l  be r u n  w i t h  t h e  o u t l e t  dead-ended and t h e  r e s u l t i n g  

o u t l e t  p ressure  measured. Flow c a p a c i t y  o f  each supp ly  s h a l l  be measured by  

means of f l o w  meters - f l o w  r a t e  s h a l l  meet s p e c i f i e d  requi rement .  
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SECTION 5.0 

PREPARATION FOR DELIVERY 

5.1 SHIPPING CONTAINERS 

The sh ipp ing  con ta i ne rs  and method o f  shipment s h a l l  be approved b y  t h e  General 

E l e c t r i c  Company p r i o r  t o  shipment of t h e  Hydrau l i c  Power Supply. A l l  i n t e r f a c e  

connect ions s h a l l  be capped o r  plugged t o  p reven t  e n t r y  o f  contaminants.  A f t e r  

t e s t i n g  pe r  4.0, t h e  system s h a l l  be d ra i ned  ana! t ho rough l y  cleaned. A l l  

s t r a i n e r s  and f i l t e r  elements s h a l l  be rep1 aced. 

5.2 DOCUMENTATION 

The vendor s h a l l  supp ly  a  P a r t s  L i s t ,  Serv ice  and Maintenance Manuals, Operat ing 

I n s t r u c t i o n s ,  Reproduc ib le  Drawings, L i s t  o f  Recommended Spares and 

Troub leshoo t ing  I n s t r u c t i o n s  f o r  t h e  h y d r a u l i c  powem- supp ly  and i t s  component 

pa r t s .  The vendor s h a l l  a l s o  supp ly  procedures I ro r  shutdown, l o n g  s to rage  

per iod,  and s t a r t u p  inspec t ions .  
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1.0 GEOMETRY 

1.1 General 

The r e q u i r e d  geometry o f  t h e  t e s t  u n i t  i n c l u d i n g  t h e  two ( 2 )  b a s i c  a i l e r o n  

c o n f i g u r a t i o n s  i s  s p e c i f i e d  i n  GE Drawing Nos. 475382316 Rev. A and 47E382334 

where dimensions on t h e  l a t t e r  must be r a t i o e d  t o  t h e  chord leng th  and t i p  
I 

th ickness  r a t i o  s p e c i f i e d  i n  t h e  former.  The genera l  arrangement i l l u s t r a t i n g  

the  i n s t a l l a t i o n  o f  t h e  t e s t  u n i t s  on t h e  MOD-0 WTG Tes t  Machine i s  shown i n  

F i gu re  1. GE w i l l  supp ly  f u l l  s i z e  my la r  d e f i n i t i o n  o f  a l l  a i r f o i l  con tours  a t  

s t a t i o n s  requested b y  t h e  subcont ractor .  F i n i shed  e x t e r n a l  su r f ace  to le rances  I 
s h a l l  be as i n d i c a t e d  on t h e  re fe renced  drawing. I 

1.2 A i l e r o n  Cons idera t ions  

The r e q u i r e d  range o f  c o n t r o l  d e f l e c t i o n s  f o r  t h e  p l a i n  a i l e r o n  i s  f rom +5' 

( p o s i t i v e  toward h i g h  p ressure  s i d e  o f  t h e  a i r f o i l  ) t o  -95' (nega t i ve  toward t h e  

l ow  p ressure  s i d e  o f  t h e  a i r f o i l ) .  . . The balanced a i l e r o n  i s  r e q u i r e d  t o  have a  

range o f  c o n t r o l  d e f l e c t i o n s  f r om O 0  t o  -9S0. It i s  a  g o a i  ( n o t  a  requ i rement )  

t h a t  t h e  p l a i n  a i l e r o n  be capable o f  d e f l e c t i o n s  f rom +15' t o  -115' and t h e  

balanced a i l e r o n  f rom 0"  t o  -1 15'. 

A vented c o n f i g u r a t i o n  s h a l l  a l s o  be p rov ided  f o r  t h e  p l a i n  a i l e r o n  where ven t  

passages a re  p rov ided  between t h e  upper and lower  su r faces  o f  t h e  a i l e r o n  a f t  o f  

t he  h i n g e l i n e .  To ta l  ven t i ng  area s h a l l  be 15% o f  t h e  a i l e r o n  p lan fo rm area (as 

a  goa l )  d i s t r i b u t e d  a long  t h e  e n t i r e  a i l e r o n  span and i n  t h e  fo rward  30% of  t h e  

a i l e r o n  chord. Minimum r e q u i r e d  v e n t i n g  a rea  r a t i o  s h a l l  be 10%. I n d i v i d u a l  I 
ven t  ho les  s h a l l  have a  minimum f low area o f  1  sq.in. The vented c o n f i g u r a t i o n  

may be c o n v e r t i b l e  t o  t h e  unvented p l a i n  a i l e r o n  c o n f i g u r a t i o n  b y  sea l  i n g .  t h e  

ven t i ng  passages w i t h  s t r u c t u r a l l y  acceptab le  tape  on t h e  e x t e r n a l  su r f ace  o f  

t h e  a i l e r o n  o r  b y  o t h e r  means. The convers ion techn ique  s h a l l  be e a s i l y  

accomplished as an i n - a i r  ope ra t i on  w i t h  t h e  t e s t  u n i t  i n s t a l l e d  i n  p l ace  on t h e  

MOD-0 WTG r o t o r .  
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2.0 STRUCTURAL DESIGN CRITERIA AND CONSTRAINTS 

2.1 General C r i t e r i a ,  Weight and Balance Requirements 

The t e s t  u n i t  des ign may be o f  any standard,  indust ry-acceptab le ,  des ign  concept 

which w i l l  meet t h e  load, ac tua to r  and i ns t r umen ta t i on  requi rements  s p e c i f i e d  

below. The f i n a l  t e s t  u n i t s ,  however, must n o t  exceed 1000 l bs .  we igh t  ( pe r  

u n i t )  i n c l u d i n g  a l l  s t r u c t u r a l  and o t h e r  components. L i g h t e r  we igh t  i s  

des i reab le .  

I n d i v i d u a l  weights  o f  t h e  two t e s t  u n i t s  s h a l l  be t h e  same w i t h i n  5 l b .  No 

abso lu te  l o c a t i o n  f o r  t h e  Center o f  G r a v i t y  (CG) i s  s p e c i f i e d ;  however, t h e  

l o c a t i o n  o f  t h e  C G  o f  t h e  two i n d i v i d u a l  t e s t  u n i t s  s h a l l  be t h e  same w i t h i n  

2  i n .  i n  b o t h  spanwise and chordwise d i r e c t i o n s .  The we igh t  and balance of  t h e  

t e s t  u n i t s  can be. achieved by use o f  b a l l a s t  weights  and s h a l l  be accomplished 

a t  t h e  vendor p l a n t  p r i o r  t o  shipment. 

A1 1  e x t e r n a l  fas teners ,  r i v e t s ,  etc., s h a l l  be f l u s h  w i t h  t h e  a i r f o i l / a i l e r o n  

surface. No s teps o r  gaps s h a l l  e x i s t  between e x t e r n a l  su r f ace  s k i n  sec to rs .  

A i l e r o n  h inges s h a l l  be f l u s h  o r  mounted below t h e  sur face .  

2.2 A i l e r o n  Design Considerat ions 

A i  l e r o n  mod i f i ca t i ons  r e q u i r e d  t o  change between t h e  va r i ous  c o n f i g u r a t i o n s  

de f i ned  i n  Sec t ion  1.0 and GE Dwg. No. 475382316 Rev. A s h a l l  be designed such 

t h a t  any hardware components which must be removed / ins ta l led  s h a l l  weigh no more 

than  30 l b .  (each p i ece )  and have dimensions n o t  exceeding 4 ft. l e n g t h  b y  

approx imate ly  2 ft. wide on any s i d e  (each p iece) .  Fasteners, i f  requ i red ,  f o r  

these changeable p a r t s  s h a l l  be no sma l l e r  than  1/4 i n .  d iameter,  d r i v e a b l e  w i t h  

a  v a r i a b l e  speed, r e v e r s i b l e  e l e c t r i c  d r i l l  motor.  The i r  use s h a l l  be min imized 

t o  f a c i l i t a t e  ease o f  f i e l d  i n s t a l l a t i o n  and removal. A l l  f a s tene rs  s h a l l  be o f  

a  v i b r a t i o n - l o c k e d  design. 
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2.3 Design Margins 
- 

A l l  des ign d e f i n i t i o n  s h a l l  be based on ma in ta in in13  a  minimum f a c t o r  o f  s a f e t y  

o f  1.5 between maximum l i m i t  loads and t h e  y i e l d  c r i t e r i a  f o r  t h e  m a t e r i a l  o r  

dev ice be ing  designed. 

A1 though no s t r u c t u r a l  f a t i g u e  1  i f e  requi rement  i:; defined, f a t i g u e  r e s i s t a n t  

eng ineer ing  des ign  approaches s h a l l  be employed. A minimum l i f e  o f  1000 hours  

ope ra t i on  @ 25  RPM (i .e., 1.5 m i l l i o n  r o t a t i o n s )  w i t h  i n s p e c t i o n  o f  c r i t i c a l  

areas a f t e r  eve ry  200 hours  o f  ope ra t i on  i s  d e s i r e d ,  A minimum o f  5 and maximum 

o f  10 i n s p e c t i o n  hatches (approx imate ly  6 i n .  x  6 i n . )  s h a l l  be i nco rpo ra ted  i n  

t h e  des ign t o  p r o v i d e  v i s u a l  access t o  those po' ints i n  t h e  s t r u c t u r e  where 

analyses have i n d i c a t e d  c r i t i c a l  h i gh - s t r ess  areas e x i s t  f o r  p o t e n t i a l  f a t i g u e  

f a i l u r e s .  The bending s t r e s s  h i s t o r y  a t  t h e  intermface ( S t a t i o n  481) w i t h  t h e  

NASA ma t i ng  b lade  end w i l l  a l s o  be moni tored and recorded d u r i n g  a l l  t e s t  

operations. 

Any bear ings,  e.g., i n  t h e  a i l e r o n  a c t u a t i o n  l i nkage ,  s h a l l  have a  minimum l i f e  

o f  1  m i l l i o n  equ i va l en t  r o t a t i o n s  under des ign  loads. 

2.4 A l lowab le  D e f l e c t i o n  Under Load 

Under maximum des ign loadings, f l a p w i s e  ( i  .e., normal t o  t h e  a i r f o i l  c h o r d l i n e )  

d e f l e c t i o n  o f  t h e  t i p  r e l a t i v e  t o  t h e  i n t e r f a c e  S t a t i o n  481 s h a l l  be l e s s  than  

12 i n .  - 
I 

As a  -3 goal  t h e  maximum t w i s t  o r  r o l l - u p  o f  t h e  a i l l 2 ron  a t  any spanwise l o c a t i o n  
- 

under maximum ope ra t i ng  loads s h a l l  be no more than  5% o f  t h e  a i l e r o n  d e f l e c t i o n  

angle, o r  lo, o r  whichever i s  g rea te r .  As a  minimum requirement,  a i l e r o n  t w i s t  

va lues s h a l l  n o t  exceed those  encountered w i t h  indus t ry -s tandard  a i r c r a f t  des ign 

1 
techniques proven acceptab le  f o r  manned a i r c r a f t  c e r t i f i c a t i o n  requirements.  1 
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AILERON ACTUATION SYSTEM 

3.1 H y d r a u l i c  Ac tua t i on  

The a i l e r o n  system s h a l l  be ac tua ted  b y  means o f  a  h y d r a u l i c  system s i m i l a r  t o  

t h a t  system used by  NASA i n  e a r l i e r  u n i t s  and descr ibed i n  GE Dwg. No. 47D382374 

and photographs o f  Attachment 1. It i s  d e s i r a b l e  t h a t  i d e n t i c a l  

hydrau l  i c -se rvo ,  three-way, and f l ow -con t ro l  va lves  and a c t u a t i o n  c y l  i n d e r s  be 

employed i n  t h e  GE t e s t  u n i t s  i f  c o n s i s t e n t  w i t h  s p e c i f i e d  loads, h inge  moments, 

increased d e f l e c t i o n s  , e tc .  Component d e f i n i t i o n  i s  i nc l uded  i n  t h e  r e fe rence  

drawing. Other s tandard h y d r a u l i c  components may be de f i ned  b y  t h e  con t rac to r .  

The hydrau l  i c  a c t u a t i o n  subsystem s h a l l  , through an app rop r i a t e  system o f  

l eve rs ,  cranks, etc., a c t i v a t e  t h e  a i l e r o n  through t h e  range o f  c o n t r o l  

d e f l e c t i o n s  s p e c i f i e d  i n  Sec t ion  1  .0. I t s h a l l  a l s o  p r o v i d e  necessary f o r c e s  

and moments r e q u i r e d  t o  d e f l e c t  t h e  a i l e r o n ,  as requ i red ,  aga ins t  t h e  d e f l e c t i n g  

moments due t o  t h e  F a i l s a f e  A i l e r o n  Fea ther ing  Subsystem descr ibed below. 

Ac tua t i on  system components s h a l l  be con ta ined  i n  a  bay between r i b s  a t  S t a t i o n s  

481.0 and 515.5. The t e s t  u n i t  s k i n  s h a l l  be f u l l y  removable i n  t h i s  area t o  

p rov i de  easy access t o  a c t u a t i o n  and measurement subsystem components, e t c .  The 

servo c o n t r o l  va l ve  (ABEX 410-1062) s h a l l  be mounted i n  t h e  t e s t  u n i t  such t h a t  

i t s  o r i e n t a t i o n  r e l a t i v e  t o  t h e  r o t a t i o n a l  f o r c e s  i s  t h e  same as i n  t h e  NASA 

A i l e r o n  T i p  Un i t s  (Attachment 1 ) .  

It i s  r e q u i r e d  t h a t  t h e  h y d r a u l i c  system opera te  a t  a  maximum supp ly  pressure no 

g rea te r  than  2600 p s i .  However i t  i s  a  goa l  t h a t  necessary h y d r a u l i c  supp ly  

pressure be no g r e a t e r  than  1600 p s i .  Hyd rau l i c  1  ines  s h a l l  be e i t h e r  s t a i n l e s s  

s t e e l  t u b i n g  o r  f l e x i b l e  h y d r a u l i c  hoses which w i l l  meet a l l  subsystem pressure  

and temperature requirements,  e t c .  A l l  connect ions s h a l l  be made w i t h  s tandard 

AN f l a r e  f i t t i n g s  - and Voishan copper sea ls .  F l ex  hoses s h a l l  be employed o n l y  



,2E MOD-0/5A AILERON TEST UNIT 
TECHNICAL SPECIFICATION NO. 47A380114 

REV. A - AUGUST 31, 1983 

t o  i n t e r f a c e  w i t h  t h e  NASA h y d r a u l i c  s u p p l y / r e t u r r ~  l i n e s  and where mot ion i s  

r equ i r ed .  F l e x  hoses s h a l l  n o t  exceed 3 f t .  l e n g t h  and s h a l l  be t i e d  down t o  

p reven t  excess ive mot ion  i n  t h e  r o t a t i o n a l  environment. 

The a i l e r o n  a c t u a t i o n  system s h a l l  be  i n t e r l o c k e d  o r  o therw ise  designed t o  

p reven t  damage t o  hardware i f  t h e  f o l  l ow ing  ope ra t i ons  a re  i n a d v e r t a n t l  y 
- 

at tempted: 

a  change of  a i l e r o n  d e f l e c t i o n  w h i l e  t h e  p o s i t i v e  l a t c h i n g  system 
(Sec t i on  3.5) i s  s t i l l  engaged 

b  movement o f  t h e  balanced a i  1  eron c o n f i g u r a t i o n  t o  p o s i t i v e  (+) 
d e f l e c t i o n  angles 

3.2 F a i l s a f e  A i l e r o n  Fea the r i ng  

A f a i l s a f e  c e n t r i f u g a l  a c t u a t i o n  subsystem s i m i l a r  t o  t h a t  employed i n  t h e  NASA 

Ai  l e r o n  T i p  U n i t  ( o r  an e q u i v a l e n t )  f o r  a i l e r o n  fea t :her ing  s h a l l  be i nco rpo ra ted  

i n  t h e  GE t e s t  u n i t s  such t h a t  t h e  a i l e r o n  i s  au t l xna t i ca l l y  f o r c e d  t o  maximum 

nega t i ve  d e f l e c t i o n  i n  t h e  event  o f  hydrau l  i c  and/or e l e c t r i c a l  subsystem 

f a i l u r e .  The subsystem s h a l l  f o r c e  t h e  a i l e r o n  t.o f u l l  d e f l e c t i o n  a t  r o t o r  

speeds down t o  5 RPM. 

3.3 P o s i t i v e  L a t c h i n g  

A subsystem s h a l l  be incorpora ted  t o  p rov i de  p o s i t i v e  mechanical l a t c h i n g  o f  t h e  

a i l e r o n  t o  h o l d  i t  a t  f u l l  nega t i ve  d e f l e c t i o n  i n  t: ie absence o f  a l l  hyd rau l i c ,  

e l e c t r i c a l  and pneumatic power. The u n l a t c h i n g  f u n c t i o n  s h a l l  be r e 1  i a b l y  

accompl i shed  hydrau l  i c a l  l y  o r  e l e c t r i c a l  l y  when t e s t s  a re  i n  progress.  An 

equ i va l en t  l a t c h i n g  subsystem was - n o t  i nc l uded  i n  t h e  NASA a i l e r o n  t i p .  

3.4 I n t e r f aces  

I n t e r f a c e  requi rements  f o r  h y d r a u l i c  and e l e c t r i c a l  l i n e s .  a re  de f i ned  i r i  

Sec t ion  5.0. 

-6- 1  172A 
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1 4.0 INSTRUMENTATION 

4.1 A i l e r o n  C o n t r o l  D e f l e c t i o n  

A i l e r o n  d e f l e c t i o n  s h a l l  be  measured employ ing t h e  same t r a n s d u c e r  model as used 

I i n  o r i g i n a l  NASA t e s t  u n i t s .  

4.2 S t r a i n  Gaqes 

Four-arm b r i d g e s  u s i n g  350 ohm gages (10 V e x c i t a t i o n )  s h a l l  be  employed t o  

measure: 

- Chordwise Bending Moment 3 Near S t a t i o n  481 .0 
- F lapw iseBend ingMoment  

- A i l e r o n  C o n t r o l  Force 

Two s e t s  o f  s t r a i n  gages s h a l l  be  employed i n  a l l  cases f o r  f u l l  redundancy. 

4.3 Ang le-o f -At tack  Meter  

An a n g l e - o f - a t t a c k  sensor  s h a l l  be  s u p p l i e d  b y  NASA f o r - i n s t a l l a t i o n  on t h e  

l e a d i n g  edge o f  one o f  t h e  t e s t  u n i t s .  The sensor w i l l  be i n s t a l l e d  a t  a 

spanwise s t a t i o n  approx ima te ly  a t  a i  1 eron mi dspan. Exact  spanwi se 1 o c a t i o n  i s  

n o t  c r i t i c a l  and may be s e l e c t e d  t o  accommodate ease o f  i n s t a l l a t i o n  on 

s t r u c t u r e . .  

4.4 NASA Surface Pressure  Measur ing System 

TB D 

4.5 I n s t r u m e n t a t i o n  Cable  Condu i t s  

P r o v i s i o n  s h a l l  be  made f o r  i n s t a l l a t i o n  o f  c a b l e  c o n d u i t ( s )  1 i n .  I.D. t o  b r i n g  I 
f u t u r e  i n s t r u m e n t  c a b l e s  f r o m  t h e  t e s t  u n i t  t i p  t o  i n t e r f a c e  S t a t i o n  481. Cable 

r o u t i n g s  s h a l l  be  a v a i l a b l e  b o t h  f o r w a r d  and a f t  o f  t h e  main spar  f o r  t h i s  

purpose. 
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5.0 INTERFACES 

Mechanical I n t e r f a c e  

The mechanical i n t e r f a c e  a t  t h e  inboard  end o f  t h e  t e s t  u n i t  s h a l l  be as I 
s p e c i f i e d  b y  t h e  S t a t i o n  481 r i b  templates supp l i ed  b y  NASA and GE Drawing I - 
475382316, Rev. A. I 
The GE t e s t  u n i t s  w i l l  be l i f t e d  w i t h  cho rd l i nes  i e r t i c a l  f o r  mat ing  w i t h  t h e  

NASA i n t e r f a c i n g  b lade  ends. One t e s t  u n i t  w i l l  have t r a i l i n g  edge up, t h e  

o t h e r  w i l l  have l ead ing  edge up d u r i n g  these  operat ions.  The t e s t  u n i t s  s h a l l  

be compat ib le  f o r  1  i f t i n g  and hand1 i n g  techniques employing two s i x - i n c h  wide 

s t r a p s  f o r  l i f t i n g  each u n i t  a t  two p o i n t s .  The de,;ign s h a l l  be compat ib le  w i t h  

l i f t i n g  on e i t h e r  t h e  l ead ing  edge o r  t h e  t r a i l i n g  edge where, i n  t h e  l a t t e r  

case, t h e  l i f t i n g  s t r a p s  may be p o s i t i o n e d  a t  spanwise s t a t i o n s  on t h e  a i l e r o n .  
- 

The c o n t r a c t o r  may supp ly  l i f t i n g  f i x t u r e s  if necessary t o  meet t h i s  requi rement .  

5.2 Hyd rau l i c  I n t e r f a c e  

The h y d r a u l i c  1  ines f r om  t h e  NASA MOD-0 c o n t r o l  system s h a l l  e n t e r  t h e  GE t e s t  

u n i t s  through a  h o l e  i n  t h e  i n t e r f a c e  r i b  ( S t a t i o n  181) as i n d i c a t e d  i n  GE Dwg. - 

No. 475382316 Rev. A. The s i z e  and l o c a t i o n  o f  t h e  h o l e  s h a l l  be as s p e c i f i e d  I 
on t h e  NASA S t a t i o n  481 r i b  templates.  Three l i n e s  en te r  t h e  t e s t  u n i t  a t  t h i s  I 
po in t :  

1 )  Hyd rau l i c  Supply L i n e  ( A i l e r o n  C o n t r o l )  - 3/8" s t a i n l e s s  s t e e l  t u b i n g  

2 )  Hyd rau l i c  Return L i n e  ( A i l e r o n  Con t ro l )  - 1/2" s t a i n l e s s  s t e e l  t u b i n g  

3 )  Pneumatic Supply L i n e  (Not used) - 1/4" s t a i n l e s s  s t e e l  t u b i n g  1 

A l l  t h r e e  l i n e s  extend approx imate ly  one f o o t  through t h e  S t a t i o n  481 i n t e r f a c e  

r i b  i n t o  t h e  t e s t  u n i t .  
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A l l  connect ions s h a l l  be s tandard AN f l a r e  connect ions w i t h  Voishan copper 

sea ls .  F l e x i b l e  hoses ( c o n s i s t e n t  w i t h  pressure requirements,  e t c . ) ,  may be 

employed t o  i n t e r f a c e  w i t h  t h e  NASA l i n e s .  These l i n e s  s h a l l  be t i e d  down and 

k e p t  t o  minimum l e n g t h  w i t h  maximum l e n g t h  o f  f l e x  hose n o t  t o  exceed 3  ft. 

5.3 E l e c t r i c a l  I n t e r f aces  

A1 1  e l e c t r i c a l  cab les and w i r e s  (power, c o n t r o l ,  i n s t r umen ta t i on )  s h a l l  e n t e r  

t h e  GE t e s t  u n i t s  th rough  t h e  same h o l e  i n  t h e  S t a t i o n  481 i n t e r f a c e  r i b  as f o r  

h y d r a u l i c  and pneumatic l i n e s .  A l l  i n t e r f a c i n g  e l e c t r i c a l  cab les and w i res  

supp l i ed  by  NASA a t  t h e  end o f  t h e i r  i n t e r f a c e  b l ade  w i l l  p r ov i de  approx imate ly  

4  ft. o f  " p i g t a i l "  l e n g t h  f o r  connect ion i n  t h e  GE t e s t  u n i t .  A l l  e l e c t r i c a l  

i n t e r f a c e  connect ions s h a l l  be made on s tandard t e rm ina l  s t r i p s  t o  be supp l i ed  

b y  GE/NASA. The t e rm ina l  s t r i p s  s h a l l  be mounted i n  t h e  t e s t  u n i t  b y  t h e  

subcont ractor .  

A l l  e l e c t r i c a l  power requi rements  s h a l l  be s a t i s f i e d  b y  t h e  120 VAC l i n e s  

supp l i ed  f r om  t h e  NASA i n t e r f a c e .  

5.4 Angle-of -At tack Meter 

The NASA supp l i ed  dev ice  w i l l  be i n s t a l l e d  on t h e  l e a d i n g  edge o f  one t e s t  

u n i t .  T h i s  i n t e r f a c e  (mechanical and e l e c t r i c a l  ) w i l l  be de f i ned  i n  t h e  f u t u r e .  

5.5 NASA Sur face Pressure Measurement System 

TB D 

5.6 I ns t r umen ta t i on  Cable Conduits 

P r o v i s i o n  s h a l l  be made t o  r o u t e  a l l  leads f rom t h e  f u l l - s p a n  i ns t r umen ta t i on  

cab le  condu i t s  (Sec t i on  4.5) t o  t h e  l o c a t i o n  o f  t h e  e l e c t r i c a l  t e r m i n a l  s t r i p s .  
I 
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5.7 L i g h t n i n g  P r o t e c t i o n  

P r o v i s i o n  s h a l l  be made t o  e l e c t r i c a l l y  connect t h e  t e s t  u n i t  meta l  s t r u c t u r e  t o  

t he  l i g h t n i n g  p r o t e c t i o n  system i n  t h e  NASA b lade  t.ip. Th i s  c o n s i s t s  o f  a No. 4  

e l e c t r i c a l  conductor 20 i n .  l o n g  which w i l l  pene t ra te  t h e  S t a t i o n  481 i n t e r f a c e  

r i b  approx imate ly  6 i n .  fo rward  o f  t h e  t r a i l i n g  edge as i n d i c a t e d  on t h e  S t a t i o n  

481 r i b  templates.  I 
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6.0 DESIGN LOADS AND ENVIRONMENT 

6.1 Loads 

Design loads s h a l l  be comprised o f  t h e  v e c t o r  sum o f  1  oads f rom t h r e e  sources: 

- aerodynamic loads  

- c e n t r i f u g a l  loads due t o  r o t a t i o n  

- g r a v i t y  loads 

a )  Aerodynami c  Loads 

Aerodynamic des ign loads a r e  s p e c i f i e d  i n  Ref. 1. The l i m i t  l oads  s p e c i f i e d  i n  

F i gu re  S-1 and S-lb, Ref. 1, s h a l l  be t h e  maximum l i m i t  loads f o r  des ign o f  t h e  I 
b a s i c  s t r u c t u r e  o f  t h e  t e s t  u n i t .  These loads correspond t o  maximum a n t i c i p a t e d  

loads d u r i n g  a h u r r i c a n e  and a re  c o n s i s t e n t  w i t h  an average d i f f e r e n t i a l  

p ressure  o f  50 PSF a c t i n g  over  t h e  e n t i r e  sur face.  These l i m i t  loads s h a l l  be 

employed i n  e v a l u a t i o n  o f  t h e  t i p  d e f l e c t i o n  requirement.  Where ac tua l  maximum 

su r f ace  pressures may be  a  c r i t i c a l  des ign parameter, t h e  d e t a i l e d  p ressure  

d i s t r i b u t i o n s  o f  F igures  P-1 and P-2 s h a l l  be employed f o r  b a s i c  a i r f o i l  and 

a  i 1  eron su r f ace  pressures,  r e s p e c t i v e l y ,  where t h e  1  oca l  v a l  ues so d e f i n e d  

exceed 50 PSF. Note t h e  spanwise v a r i a t i o n  o f  pressure de f i ned  on Pg. 2 o f  

Ref 1. 

b )  C e n t r i f u g a l  Loads 

The t e s t  u n i t s  w i l l  be mounted on t h e  t i p s  o f  t h e  NASA MOD-0 WTG r o t o r  blades. 

The t e s t  u n i t s  s h a l l  be designed t o  w i t hs tand  a l l  r o t a t i on - i nduced  f o r c e s  f o r  

r o t a t i o n a l  speeds t o  30 RPM. The s t a t i o n  numbers on GE Dwg. No. 475382316 a re  

t h e  d is tances  f rom t h e  h o r i z o n t a l  a x i s  o f  r o t a t i o n  o f  t h e  machine. The b lades 

a r e  a l s o  mounted a t  a  "cone" ang le  o f  3" as shown i n  F i g u r e  1  so t h a t  r o t a t i o n a l  

f o r c e s  a l though  p r i m a r i l y  i n  t h e  spanwise d i r e c t i o n  w i l l  a l s o  produce some sma l l  

f l apw i se  loads due t o  t h e  r o t a t i o n .  
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c )  G r a v i t y  Loads 

The t e s t  u n i t s  w i l l  be sub jec ted  t o  a l t e r n a t i n g  chordwise g r a v i t y  loads due t o  

t h e i r  own weight  on every  r e v o l u t i o n  o f  t h e  r o t o r .  A smal l  f l a p w i s e  component I 

may a l s o  be p resen t  due t o  t h e  "cone" ang le  no ted  above. The magnitude of  these  

loads w i l l  be determined b y  t h e  f i n a l  we igh t  and C S  l o c a t i o n  o f  t h e  t e s t  u n i t .  

These loads s h a l l  be computed b y  t h e  subcon t rac to r  and considered, as requ i red ,  

i n  t h e  des ign  o f  t h e  t e s t  u n i t .  

6.2 Environment 

The t e s t  u n i t s  w i l l  be operated i n  t h e  open environment exposed t o  a l l  weather 

c o n d i t i o n s  a t  t h e  Plum Brook Test S i t e  near  Sandusky, Ohio. Ex te rna l  surfaces 

s h a l l  be compat ib le  w i t h  exposure t o  sun, r a i n ,  snow, s l e e t ,  etc., as 

encountered annua l l y  a t  t h e  t e s t  s i t e .  Test u n i t  temperatures may va ry  f rom a 

low o f  -20°F ( c o l d  w i n t e r  days) t o  a  h i g h  o f  approx imate ly  120°F ( h o t  day, 

exposed t o  b r i g h t ,  d i r e c t  s u n l i g h t ) .  A l l  in t .erna1 components s h a l l  be  I 

moisture-proofed,  as requ i red ,  t o  p reven t  f .s i1ures due t o  humid i ty ,  

condensation, e t c .  

P r o v i s i o n  s h a l l  be made t o  des ign t h e  system so t h a t  ope ra t i on  o f  t h e  a i l e r o n  I 
f a i l s a f e - f e a t h e r i n g  and p o s i t i v e - l a t c h i n g  systen~s (Sec t i on  3.2 and 3.3, 

" espec t i ve l y )  w i  11 be r e 1  i a b l e  under p o t e n t i a l  i c i n g  c o n d i t i o n s  which may occur  

d u r i n g  w i n t e r  t e s t  opera t ions .  
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I 7.0 QUALITY CONTROL, TESTING AND CALIBRATION 

7.1 Qua1 i ty  Cont ro l  

E The subcon t rac to r  s h a l l  supp ly  GE w i t h  t h e i r  qua1 i t y  c o n t r o l  manual which w i  11 I . . 

: I document t h e i r  q u a l i t y  c o n t r o l  p l a n  f o r  rev iew and approval .  The subcon t rac to r  I 
: , 

. ,  s h a l l  work F.A.R. (Federa l  A v i a t i o n  Requirements) which w i l l ,  as manrated, be 

i 1 adequate f o r  t h e  p resen t  hardware. 

7.2 Proo f  T e s t i n g  

Both t e s t  u n i t s  s h a l l  be p r o o f  tes ted .  The e n t i r e  assembly s h a l l  be - 
. . : '1 s t r u c t u r a l l y  p r o o f  t e s t e d  t o  l i m i t  and/or o p e r a t i n g  loads (below y i e l d )  p r i o r  t o  :, acceptance b y  GE. Hydraul ic/pneumatic systems s h a l l  be p r o o f  t e s t e d  t o  150% o f  

maximum des ign  o p e r a t i n g  pressure.  F i n a l  t e s t  c r i t e r i a ,  loads, e tc . ,  w i l l  be 

: 'I def ined and developed as t h e  t ask  matures. Tes t i ng  s h a l l ,  as a  minimum, 

comprise a  combined f l ap / cho rd  bending o f  t h e  main s t r u c t u r e  and normal and 

': c e n t r i f u g a l  Toads on t h e  a i l e r o n  i n  a d d i t i o n  t o  p r o o f  t e s t  o f  

'I 
hydrau l i c lpneumat ic  systems. T i p  d e f l e c t i o n  and a i l e r o n  d e f l e c t i o n  requi rements  

s h a l l  be v e r i f i e d .  The a i l e r o n  s h a l l  be operated under s imu la ted  maximum 

ope ra t i ng  loads t o  demonstrate f r e e  ope ra t i on  o f  t h e  c o n t r o l  su r f ace  under these 
. 8 ; ;1 
- ,  c ond i t i ons .  A p r o o f  t e s t  p l a n  s h a l l  be generated b y  t h e  c o n t r a c t o r  and approved 

'I by  GE/NASA p r i o r  t o  t e s t i n g .  The c o n t r a c t o r  s h a l l  u t i l i z e  Reference 2 as a  

gu ide f o r  t h e  r e q u i r e d  depth and scope o f  h i s  s t r u c t u r a l  p r o o f  t e s t  p lan.  

I 7.3 C a l i b r a t i o n  

C a l i b r a t i o n  o f  a l l  t e s t - u n i t  i n s t r umen ta t i on  sensors ( s t r a i n  gages and a i l e r o n  

d e f l e c t i o n  angle  t ransducer )  s h a l l  be ob ta ined  as p a r t  o f  t h e  t e s t  program. A l l  II 
sensors on bo th  t e s t  u n i t s  s h a l l  be c a l i b r a t e d .  
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SECTION 1 

1.0 SCOPE 

This specification defines the functional performance, design and test require- 

ment; for a variable speed generator subsystem for wind turbine application. 

Subsystem components defined are a generator and a converter. The generator is 

located in the nacelle at the top of the tower and the converter is housed in 

the electrical equipment building near the base of the tower. 
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SECTION 2 

. . 

: 2.0 APPLICABLE DOCUMENTS 
. , 

The f o l l o w i n g  documents of t h e  l a t e s t  i ssue  o r  as noted below form a p a r t  o f  
i 

. . t h i s  s p e c i f i c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  here in .  I n  t h e  event o f  c o n f l i c t  

between t h i s  s p e c i f i c a t i o n  and t h e  documents re ferenced here in ,  t h e  con ten ts  o f  
. . 

. . t h i s  s p e c i f i c a t i o n  s h a l l  be cons idered a superseding document. 

. . .  2.1 GENERAL ELECTRIC DRAWINGS AND SPECIFICATIONS 
,: 

(TBD) Generator and Lube Mechanical I n t e r f a c e  

( TBD Converter Mechanical I n t e r f a c e  

2.2 OTHER STANDARDS 

CSA (Canadian Standards Assoc ia t ion )  
. . 

! 
(TED) 

ANSI (American Nat iona l  Standards I n s t i t u t e )  
(TED) 

NEMA (Na t i ona l  E l e c t r i c a l  Manufacturers Assoc ia t ion )  
(TBD) 

IEEE ( I n s t i t u t e  o f  E l e c t r i c a l  and E l e c t r o n i c s  Engineers) 
STD 472 Trans ien t  Vol tage P r o t e c t i o n  
STD 519 Guide For Harmonic Con t ro l  and React ive Compensation O f  S t a t i c  

. . Power Converters 

MIL-STANDARDS 
MIL-STD-461 Elect romagnet ic  Emission and S u s c e p t i b i l i t y  Requirements For  The 

Cont ro l  O f  E lect romagnet ic  I n t e r f e r e n c e  
MIL-STD-462 Test Methods For E lect romagnet ic  Emission And S u s c e p t i b i l i t y  

FEDERAL 
FS-595A F i n i s h  Colors  
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SECTION 3 

3.0 REQUIREMENTS 

3.1 SUBSYSTEM DEFINITION 

3.1.1 GENERAL DESCRIPTION 

The variable speed generator subsystem consists of: 

a) Generator 

b) Converter and Control 

Interconnection and install ation of the subsystem wi 1 1  be provided by the 

purchaser. Subsystem capabi 1 i ties shall be to: 

a )  Accelerate from 0 to 300 rpm motoring 

b )  Synchronize 

c) Regulate system reactive power flow while generating with an output var . . , - .  

regulation loop or a terminal voltage regulation loop 

d) Regulate air gap torque while generating from 960 to 1440 rpm 

e) Provide sequencing control and communication with purchaser equipment 

3.1.2 SUBSYSTEM CONFIGURATION 

Physical location of subsystem elements shall be as . shown in Figure 3-1. 

Interconnection shall be as shown in Figure 3-2. 
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FIGURE 3 - 1 

PHYSICAL LOCATION OF SUBSYSTELY - 
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FIGURE 3 - 2 

INTERCONNECTION BLOCK DIAGRAM 
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3.1.3 INTERFACE DEFINITION 

3.1.3.1 Generator Mechanical I n t e r f a c e s  

The generator  mechanical i n t e r f a c e s  s h a l l  be per Table 3-1 and TBD I n s t a l l a t i o n  

Drawi ng 

TABLE 3-1 

Generator Mechanical I n t e r f a c e s  - 
Item 

I n t e r f a c e  Drawing (TBD) Generator anc! Lube Mechanical I n t e r f a c e  
Drawing 

Generator I n s t a l  l a t i o n  (TBD) Geometry Out1 ine, TBD ( I n s t a l  1 a t i o n  
Drawing) 

Sha f t  Coupl ing I n s t a l l a t i o n  by TBD 

Shaft Loads Torque 38,500 23,850 Ra t i ng  Ft-Lb (960 t o  
1440 RPM) 
V e r t i c a l  2000- d o 0  1 b 
Ho r i zon ta l  0 +ZOO l b  
Moment 1000 d o 0  f t - l b  

Turb ine I n e r t i a  350,000 l b  f t2  @ 1200 RPM 

A i r  Duct ing Per TBD ( I n s t a l  l a t i o n  Drawing) 

F lood Lube System Per TBD ( I n s t a l  l a t i o n  Drawing) 

Mounting 

Connections 

Frame, supp l i ed  w i t h  - generator,  suppor ts  
machine. Frame t.o be shimmed/grouted t o  
bedp la te  and b o l t e d  i n  place. 

Connection boxes s l l i t a b l e  f o r  250 l b  man t o  
s tand on. Condui t  o r  cab le  duc t  may i n t r oduce  .- 

up t o  200 l b  f o r c e  i n  any d i r e c t i o n .  
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3.1.3.2 Generator E l e c t r i c a l  I n t e r f a c e s  

The generator  e l e c t r i c a l  i n t e r f a c e s  s h a l l  be per  Table 3-2 and TED I n s t a l l a t i o n  

Drawing. 

TABLE 3-2 

Generator E l e c t r i c a l  I n t e r f a c e s  

I tem 

1 Power Compression connectors w i t h  lugs '  f o r  purchaser 
connect ion.  Wire s i z e  and q u a n t i t y  TED. 

2 RTD ' s Three (3 )  l ead  t ype  t o  t e rm ina l  s t r i p .  S i x  ( 6 )  RTD 
connect ions requ i red ,  o the rs  w i t h  leads c o i l e d  and marked 
i n  box. 
Purchaser connect ion v i a  w i r e  clamp s u i t a b l e  f o r  
#16 AWG o r  c a p t i v e  screw t e rm ina l  s t r i p .  

3 Heaters Four ( 4 )  l ead  connect ion t o  separate  t e r m i n a l  s t r i p .  
Purchaser connect ion v i a  w i r e  clamp s u i t a b l e  f o r  
#10 AWG o r  c a p t i v e  screw t e rm ina l  s t r i p .  

4 Tachometers Four ( 4 )  leads t ype  t o  separate t e rm ina l  s t r i p .  (Power, 
Power common, s i gna l ,  s i g n a l  r e t u r n  ) Purchaser connec- 
t i o n  v i a  w i r e  clamp s u i t a b l e  f o r  $16 AWG. Tachometer 
p ickups s h a l l  have l o c k i n g  p l u g  connect ions.  

5 Ground Frame grounding l o c a t i o n  f o r  purchaser l u g  connect ion.  

6 Switches Two ( 2 )  l ead  t ype  t o  t e rm ina l  s t r i p .  Purchaser connect ion 
v i a  w i r e  clamp s u i t a b l e  f o r  #16 AWG o r  c a p t i v e  screw 
t e rm ina l  s t r i p .  

7 Lube System Power per  i t e m  3 above 
Sensors per  i t e m  6 above 

L u b r i c a t i o n  system c o n t r o l s  and sensors 
C-1 System o n / o f f  c o n t r o l  
S-1 O u t l e t  pressure sw i t ch  - low 
S-2 Sump l e v e l  sw i tch  - low 
S-3 F l u i d  temperature sw i t ch  - h i g h  
S-4 F l u i d  temperature sw i t ch  - low 
S-5 F i l t e r  d i f f e r e n t i a l  pressure s w i t c h  

8 Rotor  C i r c u i t  As r e q u i r e d  f o r  implementat ion.  Manufacturer t o  spec i f y .  
1239A - 7- 
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3.1.3.3 Converter Mechanical Interfaces 

Interfaces shall be per Table 3-3, and TBD Installation Drawing. 

TABLE 3-3 

Converter Mechanical Interfaces - 
Item 

1 Installation Outline TBD Electrical Equipment Building 
TBD Installation Drawing 

2 Mounting 

I, 

3 Connections 

Leveled on concrete slab with anchor bolt/stud 
ho 1 ddown . 
Cable/bus duct interface may impose 200 lb load 
in any direction. Power circuit connections 
via overhead duct. 
Control and signal leads shall be connected in 
a separate interface terminal area. 
Interconnection will be via overhead ducting. 
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1 3.1.3.4 Converter E l e c t r i c a l  I n t e r f aces  

B 
I n t e r f a c e s  s h a l l  be per  Table 3-4, and TBD I n s t a l l a t i o n  Drawing. 

TABLE 3-4 

Conver ter  E l e c t r i c a l  I n t e r f a c e s  

: I I tem 
* .  

Power 

. 1 P-1 Machine Side Dual bus / lug  connect ions 
Purchaser connect ion us i ng  two ( 2 )  350 MCM, 5  KV Cables 

P-2 Bus Side 

P-3 Auxi 1  i a r y  

- 
pe r  Phase 

Bus/ luq connect ions.  - .# 
Purchaser connect ion t o  switchgear and s tep  up 
t rans fo rmer  TBD. 

480 V, 4-wire, 30 Amp 
Purchaser connect ion v i a  w i r e  clamp s u i t a b l e  f o r  #6 AWG 
o r  separate - t e rm ina l  s t r i p s .  

P-4 Ground Bus/ lug connect ion t o  ground bus. 

. < 

. 8 Cont ro l  - General 

C-1 D i sc re te  D i s c r e t e  s i g n a l s  t o  and f rom t h e  wind t u r b i n e  c o n t r o l l e r  
s h a l l  be two w i r e  120 VAC, mainta ined s i gna l .  The a c t i v e  

I (sending)  end s h a l l  sw i tch  t h e  source and t h e  sensing end 
s h a l l  be h i g h  impedance and p rov ided  w i t h  (TBD) shunt 
r es i s t ance  t o  avo id  f a l s e  i n d i c a t i o n  due t o  sw i t ch i ng  

. ,I device leakage cu r ren t .  Current  range i s  3A maximum, 
2C ma minimum. 

C-2 Analog Analog s i g n a l s  t o  and f rom t h e  w ind  t u r b i n e  c o n t r o l l e r  
s h a l l  be t w i s t e d  p a i r s ,  sh ie lded  4-20 ma c u r r e n t  loop. 
The a c t i v e  (sending)  end s h a l l  be ab le  t o  d r i v e  loop  
impedances f rom 0 t o  1000 ohms. 
S igna l  r e c e i v e r  i n p u t  impedance s h a l l  be 500 ohms approx- 
imate ly .  

C-3 Tachometer Tachometer pu lse  s i g n a l s  s h a l l  be TBD, t o  s u i t  system 
arrangement 

C-4 P o t e n t i a l  PT secondary connect ions s h a l l  be two w i r e  s u i t a b l e  f o r  
Transformers 300 VAC t r a n s i e n t  duty .  

C-5 Cur ren t  CT secondary connect ions s h a l l  be two w i r e  s u i t a b l e  f o r  
Transformers 20 amp t r a n s i e n t  duty .  Sho r t i ng  bars  s h a l l  be p rov ided  

on t h e  i n t e r f a c e  t e rm ina l  s t r i p .  CTs o n l y  f o r  conver te r  
use. 
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TABLE 3-4 (cont'd) 

Converter Electrical Interfaces 

C-6 Power Control Switchgear control signals shall be 48 VDC relay coil 
circuits. Purchaser will provide external 48 VDC. Dry 
contact switching suitable for 5 amp make and break shall 
be provided, with purchaser's control circuit providing 
circuit interruption. 

C-7 Connections All purchaser control connections shall be via wire clamp 
suitable for #12 AWG, or captive screw terminal strips. 

Signals 

S-1 "Converter Ready" Per C-1, 

5-2 "Turbine Ready" Per C-1 , 

S-3 "Start/MotorU Per C-1, 

5-4 "Synchronize/Generatel' Per C-1 , 

S-5 "Torque/Speed Reference" Per C-2, 

S-6 "VAR/Volt Reference" Per C-2, 

S-7 "Lockout Trip" Per C-6 

S-8 "Stator Voltage" Per C-4, 3 Phase 

S-9 "Bus Voltage" Per C-4, 3 Phase 

S-10 "Stator Current" Per C-5, 3 Phase 

S-11 "Bus Current" Per C-5, 3 Phase 

S-12 to S-20 Spares 
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3.1.4 OPERATIONAL DESCRIPTION 

3.1.4.1 Duty Cycle Description 

The annual design wind cumulative probability and resultant output power cumula- 

tive probability are shown in Figure 3-3. Annual start-stop cycles are 1200; 

approximately three (3) per day. 

A typical operating cycle consists of: 

a) Accelerate from 0 to 300 rpm motoring - one (1) minute 
b) Shaft driven by turbine to 960 rpm - two (2) minutes 
c) Synchronize at 960 rpm (synchronize abi 1 i ty from 960 to 1440 rpm) 

d) Operate at 1080 - 1140 rpm at air gap torques from 0 to 1.0 per unit, 
externally referenced - 60 minutes 

e )  Accelerate under wind turbine system control to 1380 rpm - 0.5 minute 
(external reference reduces air gap torque to provide acceleration) 

f )  Operate at 1320 - 1440 rpm at air gap torques from 0 to 1.10 per unit, 
externally referenced - 60 minutes -. 

g) Decelerate under wind turbine system control to . 1140 rpm - 0.5 minute 
(external reference increases air gap torque to provide deceleration) 

h)  Repeat d) through g) above one to four times 

i )  Hold air gap torque at 1.0 per unit while decelerating to 960 rpm, extern- 
ally referenced - 0.5 minute 

j) Reduce shaft torque to zero - 0.2 minute 

k )  Externally reduce speed by turbine control to 0 rpm - two (2) minutes 
1 per unit synchronous speed = 1200 rpm 

1 per unit air gap torque = 38,500 ft-lb 
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F IGURE 3 - 3  

WIND AND POWER D I S T R I B U T I O N  . '  - .  
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1 3.1.4.2 O p e r a t i o n a l S p e e d - P o w e r D e s c r i p t i o n  

The subsystem s h a l l  be  capable o f  operat ion w i t h i n  the  speed-power envelope map 

shown i n  F igure 3-4. Constant torque operat ion i s  shown between 0.8 and 1.2 pu 

m synchronous speed. Motor ing duty operat ion from 0 t o  0.25 pu synchronous speed 

s h a l l  be equivalent  t o  constant torque operation. 

FIGURE 3-4 

SPEED-POWER ENVELOPE 

-13- 
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3.2 CHARACTERISTICS 

3.2.1 GENERATOR 

3.2.1.1 Generator C h a r a c t e r i s t i c s  

The generator  s h a l l  have t h e  c h a r a c t e r i s t i c s  shown i n  Table 3-5. Standard 

r a t i n g s  s h a l l  be based on app rop r i a t e  CSA, ANSI, and NEMA standards. The 

s u p p l i e r  s h a l l  i d e n t i f y  t h e  standards u t i l i z e d .  

TABLE 3  - 5  

GENERATOR CHARACTERISTICS 

1  Rat ing  5000/7500 KW a t  960/1440 ,rpm 
38,500 f t - l b  a i r  gap to rque  

2 Frame Open, d r i p  p r o o f  

3  D i r e c t i o n  o f  Ro ta t i on  CCW l o o k i n g  a t  d , r i ve  end 
R o t a t i o n  

4 I n s u l a t i o n  Class F w i t h  Class F r i s e  a t  r a t i n g  (105OC r i s e  
over  40°C ambient temperature) 

5 Vol tage 

6 Grounding 

7  Coo l ing  

8  Mounting 

4160 V o l t  L-L, 60 Hz, 3  Phase 
A l l  phase wind ing leads and n e u t r a l  must be made 
a v a i l a b l e  t o  f a c i l i t a t e  e,lcterna-l WYE con f i gu ra t i on .  

S t a t o r  n e u t r a l  w i l l  be h i g h  res i s t ance  grounded b y  
purchaser t o  l i m i t  phase t o  ground f a u l t  c u r r e n t  t o  
l e s s  than 0.2 pu. Shaf t  t o  frame grounding brushes 
s h a l l  be i n s t a l l e d  a t  bea,rings. 

Se l f  v e n t i  1  a ted  v i a  s h a f t  mounted fans. P r o v i s i o n  
made f o r  purchaser i n s t a l l e d  i n t a k e  and exhaust 
duc t ing .  Purchaser w i l l  p rov ide  ex te rna l  f a n  f o r  
low speed moto r ing  du t y  cao l ing ,  i f  requ i red .  

Per paragraph 3.1.3.1. Up t o  7O i n c l i n a t i o n  f rom 
h o r i z o n t a l  w i t h  d r i v e  end h igh.  

1239A 
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I tem 

9  Bear ings 

F lood Lube 

Operat ion 

Overs peed 

Losses 

Over 1  oad 

Impedances 

Maintenance 

TABLE 3 - 5  ( c o n t ' d )  

GENERATOR CHARACTERISTICS 

Double bear ings, se l f -1  ubr i ca ted ,  j o u r n a l  type. 
D r i v e  end bear ing  s h a l l  have t h r u s t  c a p a b i l i t y  
s u f f i c i e n t  t o  r e s t r a i n  1.2 t imes r o t o r  weight f o r c e  
component due t o  7O i n c l i n a t i o n ,  and r a d i a l  
capabi 1  i t y  per  paragraph 3.1.3.1. The generator  
bear ings  s h a l l  be p rov ided  w i t h  a  means o f  t r a n s i e n t  
s e l f - l u b r i c a t i o n  t o  avo id  damage on coast  down f rom 

- 1440 rpm a t  10 rpmlsecond w i t hou t  f l o o d  l u b r i c a t i o n .  

Purchaser i n s t a l l e d  f l o o d  l u b r i c a t i o n  system. 
Capped i n l e t  and o u t l e t  p i p i n g  and app rop r i a t e  
bea r i ng  openings s h a l l  be provided. A separa te ly  
mounted f l o o d  l u b r i c a t i o n  system package s h a l l  be 
p rov ided  f o r  cont inuous supply  o f  bear ing  l u b r i c a -  
t i o n  f l u i d .  The s k i d  o r  tank  mounted u n i t  s h a l l  
c o n s i s t  of a  r e s e r v o i r  heater,  f i l t e r ,  pump, pump 
motor, motor s t a r t e r ,  sensors, and e l e c t r i c a l  and 
h y d r a u l i c  in te rconnec t ions .  Power, c o n t r o l ,  and 
sensing dev ices s h a l l  be per  paragraph 3.1.3.2. 

Per paragraph 3.1.4 du t y  cyc le .  Basic ope ra t i on  
modes a re  w i t h  motor to rque  f rom 0  t o  300 rpm, and 
w i t h  cons tan t  a i r  gap t o rque  f rom 960 t o  1440 rpm. 

1700 rpm mechanical overspeed design (118% of 
1440 rpm) 

No load  a t  synchronous speed, 100 kW maximum l o s -  
ses. Rated ou tpu t  a t  1440 rpm, 300 kW maximum 
losses.  Computed losses  s h a l l  be s p e c i f i e d  f o r  0, 
.25, .50, .75, 1.0 pu r a t i n g  a i r  gap to rque  condi -  
t i o n s  a t  960, 1200, and 1440 rpm. 

S h a f t i n g  capable t o  w i ths tand  2.5 pu r a t e d  a i r  gap 
to rque  cond i t i ons  f o r  100 t imes over  l i f e  t ime. 

The manufac tu re r ' s  s tandard des ign p r a c t i c e s  s h a l l  
be used. 

Design s h a l l  be s u i t a b l e  f o r  a  s i x  ( 6 )  month o r  more 
p e r i o d i c  i nspec t i on  and maintenance i n t e r v a l .  
Brushes s h a l l  have twe lve  (12)  month minimum mechan- 
i c a l  design l i f e .  Bear ings s h a l l  be rep laceab le  
w i t h o u t  r o t o r  removal. 

\ 1239A 
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I tem 

17 L i f e  

18 M a t e r i a l s  

19 A l t i t u d e  

20 Weight, S ize 

2; Turb ine I n e r t i a  

Accessor ies 

A-1 Connection Boxes 

A-2 Surge P r o t e c t i o n  

(Opt ion )  

A-3 Winding RTDS 

A-4 Bear ing RTDS 
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TABLE 3  - 5 ( c o n t ' d )  

GENERATOR CHARACTERISTICS 

Expected des ign l i f e ,  w i t h  p e r i o d i c  maintenance 
s h a l l  be 30 years.  

Cons t ruc t ion  m a t e r i a l s  s h a l l  be i n h e r e n t l y  c o r r o s i o n  
r e s i s t a n t  o r  p ro tec ted  f r o n  c o r r o s i o n  due t o  expo- 
sure t o  a i r bo rne  mo is tu re  and s a l t  i n  c o o l i n g  a i r  
pe r  paragraph 3.2.1.3. 

Per paragraph 3.2.1.3 

As i d e n t i f i e d  on Mechanical I n t e r f a c e  Drawing (TBD). 

Moto r ing  du t y  s h a l l  be based on t h e  t u r b i n e  i n e r t i a  
de f i ned  i n  paragraph 3.1.3.1. 

Oversize connect ion boxes s h a l l  be provided, mounted 
as shown on Mechanical Iw te r f ace  Drawing (TBD) t o  
house bo th  r o t o r  and s t a t o r  c i r c u i t  surge a r r e s t o r s  
and surge capac i to rs .  Separate connect ion boxes 
s h a l l  be p rov ided  f o r  ins t rumenta t ion  and hea te r  
connect i ons 

S t a t o r  and r o t o r  c i r c u i t s  ( i f  app l i cab le )  s h a l l  be 
p rov ided  w i t h  
5.1 KV l i g h t n i n g  a r r e s t o r s  and 0.5 MFD wave shaping 
capac i t o r s  connected f rom each phase t o  t h e  machine 
frame, mounted and connected i n  t e rm ina l  boxes. 

Each phase o f  t h e  s t a t o r  windings s h a l l  have two ( 2 )  
10 ohm copper 3  l ead  Resistance Temperature Detec- 
t o r s  i n s t a l l e d  and w i red  t o  t h e  ins t rument  connec- 
t i o n  box. 

Each bea r i ng  s h a l l  have one ( 1  ) 10 ohm copper 3  lead  
Resistance Temperature De tec to r  i n s t a l l e d  and w i red  
t o  t h e  ins t rument  connect ion box. 
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TABLE 3 - 5 ( c o n t ' d )  

GENERATOR CHARACTERISTICS 

I tem 

A-5 Tachometer Pickups The r o t o r  s h a f t  s h a l l  be supp l ied  w i t h  a  toothed 
wheel hav ing 120 (approx imate ly)  tee th .  Two pu l se  
generator  pickups s h a l l  be mounted adjacent t o  t he  
wheel and w i red  t o  t h e  inst rument  connect ion box. 
One p ickup  i s  f o r  conver te r  c o n t r o l  use and t he  
o t h e r  i s  f o r  purchaser use. The purchaser use 
p ickup  s h a l l  supply an approx imate ly  5  v o l t  square 
wave ou tpu t  w i t h  purchaser p rov ided  e x c i t a t i o n .  The 
conver te r  c o n t r o l  p ickup  s h a l l  p rov ide  a s i gna l  
l e v e l  s u i t a b l e  f o r  t ransmiss ion  over  600 f ee t  of  
coax ia l  o r  t w i s t e d  sh ie lded  p a i r  w i r i ng .  

A-6 Space Heater An ant i -condensat ion heater,  s u i t a b l e  f o r  cont inuous 
energ iza t ion ,  s h a l l  be mounted and w i red  t o  t h e  
ins t rumenta t ion  t e rm ina l  box. 208 VAC, 4 wire,  
3 Phase, 60 Hz power a t  3  kW maximum w i l l  be pro- 
v ided by purchaser f o r  balanced load hea te r  opera- 
t i o n .  

A-7 Ground Pad An unf in ished,  f l a t ,  frame connect ion l o c a t i o n  w i t h  
two ( 2 )  tapped o r  c learance ho les  w i t h  back access 
s h a l l  be prov ided f o r  a t t ach ing  a ground connect ion . 

w i t h  1/2-13 hardware. Th i s  s h a l l  be l oca ted  near a  
lower  s i de  corner  o f  t h e  frame. 

A-8 V i b r a t i o n  Switches Each bear ing  s h a l l  have a v i b r a t i o n  sensor ( s w i t c h  
t ype )  of t h e  s u p p l i e r ' s  recommended type, mounted 
and w i red  t o  t he  ins t rumenta t ion  connect ion box. 
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3.2.1.2 Generator Parameters 

The supplier shall provide the purchaser with the data shown in Table 3-6 within 

ten (10) weeks of receipt of order. 

TABLE 3 - 6 
GENERATOR PARAMETERS 

I tern - 
1 

2 

3 

4 

Weight (lb) and Center of Gravity location 

Rotor inertia (lb-ft2) and shaft sketch 

Breakaway torque (lb-ft) 

Cool ing air requirements (SCFM, psi drop, temperature rise) 

Bearing lube requirements (GPM, viscosity for flood lube) 

Losses calculation per Table 3-5, item 15 

All machine impedances shall be specified 

Air gap saturation characteristics (curve) 

Outline drawing showing installation handling and shipping package 
details and access requirements for installation and maintenance 

Connection diagram; power and instrumentation elementary diagrams 

Summary parts list and recommended spare parts list 

Draft instruction book (final with delivery) including maintenance 
requirements 

Auxiliary power requirements 
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3.2.1.3 Generator Environmental Cond i t i ons  

The generator  w i l l  be housed w i t h i n  an unheated, i n s u l a t e d  metal  enc losure a t  

t h e  t o p  of  a  240 f oo t  tower. Ambient temperatures d u r i n g  ope ra t i on  w i l l  range 

from -20°C t o  +40°C. S u r v i v a l  (non-operat ing)  ambient temperatures w i  11 

range f rom -40°C t o  +50°C. R e l a t i v e  hum id i t y  w i l l  be 10% t o  90%, noncon- 

densing. 

Ra t ings  app ly  f o r  a l t i t u d e s  f rom sea l e v e l  t o  3300 ft. A p p l i c a t i o n  may be a t  up 

t o  7000 f t  w i t h  h i ghe r  ambient temperatures i n  which case app rop r i a t e  d e r a t i n g  ; 

w i l l  be used f o r  c o o l i n g  and i n s u l a t i o n  p rope r t i es .  

Coo l ing  a i r  w i l l  be mechan ica l l y  f i l t e r e d  by  purchaser t o  remove most a i r bo rne  

mois ture,  s a l t ,  and p a r t i c u l a t e s .  For  co r ros i on  ana l ys i s  assume 0.005 PPM 

maximum s a l t  con ten t  i n  i n t a k e  a i r  a f t e r  f i l t r a t i o n  f o r  sea coas t  i n s t a l l a t i o n .  

V i b r a t i o n  w h i l e  ope ra t i ng  may be up t o  k0.25 g i n  any d i r e c t i o n  a t  f requenc ies 

l e s s  than 5 Hz. . 
.. . 

3.2.2 CONVERTER 

3.2.2.1 C h a r a c t e r i s t i c s  

The conver te r  s h a l l  have t h e  c h a r a c t e r i s t i c s  shown i n  Table 3-7. Standard 

r a t i n g s  s h a l l  be based on app rop r i a t e  CSA, ANSI, and NEMA standards. The 

s u p p l i e r  s h a l l  i d e n t i f y  t h e  standards u t i l i z e d .  
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TABLE 3-7 

CONVERTER CHARACTERISTICS 

I tem 

1 Rat ing  

2 Machine Connection 

3 Enclosure 

4 Frequency 

5 Harmonics 

6 Harmonic F i l t e r s  

7 React ive Power 

8 Cool ing 

9 F a u l t  P r o t e c t i o n  

10 Cont ro l  

11 Losses 

t o  conform w i t h  7500 KVA system r a t i n g  

Coordinated w i t h  generator  c h a r a c t e r i s t i c s  

Indoor  NEMA 1 type  w i t h  f r o n t  door access t o  a1 1 
e l e c t r o n i c  components, and r e a r  panel access t o  
connect ions.  

L i ne  connect ion 60 Hz. 

Converter c o n t r o l  and connect ion s h a l l  min imize 
c u r r e n t  harmonics on t h e  60 Hz system, cons i s t en t  
w i t h  economic c o n t r o l .  

Purchaser w i l l  p r ov i de  60 Hz system f i l t e r i n g  
c o n s i s t e n t  w i t h  IEEE Standard 519. 

Converter r e a c t i v e  power du t y  w i l l  be minimized by 
use o f  60 Hz system f i l t e r  and power f a c t o r  co r rec -  
t i o n  capaci tance. System ope ra t i on  w i l l  be a t  0.98 
t o  1.0 p f .  

- 

A dual  f a n  s h a l l  be p rov ided  f o r  c i r c u l a t i o n  o f  
ambient a i r .  E i t h e r  f a n  sh311 be capable o f  c o o l i n g  
f rom r a t e d  cond i t i ons .  Far1 c o n t r o l  s h a l l  be p r o v i -  
ded f o r  a l t e r n a t i n g  ope ra t i on  on s t a r t u p  and s h i f t  
t o  o the r  f a n  on l oss  o f  a i r  f l o w  d u r i n g  opera t ion .  

Power modules s h a l l  be l'used t o  prevent  module 
permanent f a u l t s  f rom propagat ing damage. 

Per paragraph 3.2.2.4. Bas ic  c o n t r o l  mode i s  
independent c o n t r o l  o f  machine ' a i r  gap to rque  by 
power r e g u l a t i o n  and c o n t r o l  o f  60 Hz bus r e a c t i v e  
power o r  vo l tage .  

No load, w i t h  c o n t r o l  and f n n  loads, 10 kW maximum. 
Rated cond i t i ons ,  25 kW maxi:mum 
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I tem 

1 12 Maintenance 

13 D iagnos t i cs  

14 R e l i a b i l i t y  

15 L i f e  

16 Ma te r i a l s  

17 A l t i t u d e  

18 Space Heater 

19 Grounding 

20 Bus Work 

TABLE 3-7 (con t  ' d )  
CONVERTER CHARACTERISTICS 

Design s h a l l  be s u i t a b l e  f o r  a s i x  ( 6 )  month o r  more 
p e r i o d i c  jnspec t ion  and maintenance i n t e r v a l .  
Contro l  and power elements s h a l l  be o f  modular 
c o n s t r u c t i o n  and rep laceable from the  f r o n t  o f  t h e  
u n i t .  

L i g h t  i n d i c a t o r s  and l o c a l  l o g i c  devices s h a l l  be 
p rov ided  t o  a i d  i n  r a p i d  f a u l t  d iagnos is  t o  maximize 
a v a i l a b i l i t y .  

The a1 loca ted  r e 1  i a b i  1 i t y  goals  f o r  t h e  conver te r  
and c o n t r o l  assembly are: 
Mean Time Between F a i l u r e s  
Requ i r ing  Maintenance - 9,000 hours 
Mean Time t o  Repair  - 2 hours 
( w i t h  spare p a r t s  on hand) 

Expected design l i f e ,  w i t h  p e r i o d i c  maintenance 
s h a l l  be 30 years. 

Cons t ruc t ion  m a t e r i a l s  s h a l l  be i n h e r e n t l y  co r ros ion  
r e s i s t a n t  o r  p ro tec ted  f rom co r ros ion  due t o  expo- 
sure t o  a i r bo rne  mo is tu re  and s a l t  i n  c o o l i n g  a i r  
pe r  paragraph 3.2.2.3. C i r c u i t  boards should be 
conformal coated where poss ib l e  f o r  general contami- 
n a t i o n  p ro tec t i on .  

Per paragraph 3.2.2.3 

An ant i -condensat ion heater,  s u i t a b l e  f o r  cont inuous 
ene rg i za t i on  s h a l l  be mounted and w i red  i n  t h e  
bottom o f  each equipment sect ion.  208 VAC, 4 wire,  
3 phase, 60 Hz power a t  2 kW maximum w i  11 be p r o v i -  
ded by  purchaser f o r  balanced l oad  heater  operat ion. 

A ground bus s h a l l  be r u n  through a l l  equipment 
sec t ions  and have a read i  l y  access ib le  purchaser 
connect ion. 

Bus bar  s h a l l  be o f  manufacturers standard const ruc-  
t i o n .  Connections s h a l l  be immune t o  t h e  e f f e c t s  of 
zero t o  f u l l  load c y c l i n g .  



I tem 

21 EM1 

MOD-5A WTG 
47A380115 
JULY 1983 

TABLE 3-7 (cont Id) 
CONVERTER CHARACTERISTICS 

The converter and its coni:roller shall not produce 
conducted or radiated sig~ials that interfere with 
commercial electromagnetic devices. The converter 
and its controller shall not malfunction where a 
portable comunication device with up to 5 watt 
transmitter power is oper'sted within 10 feet with 
cabinet doors c 1 osed . 
IEEE STD 472 surge requirements shall be provided on 
external connect ion points ., Measurement of conduc- 
ted and radiated electromagnetic erni ssions using 
procedures of MIL-STD-462 may be performed by the 
purchaser. The supplier :shall provide representa- 
tive data on his equipment,, Measured data shall be 
less than the vaiues sh~wn in Figure 3-5, from 
MIL-STD-461. 

3.2.2.2 Converter Parameters 

The supplier shall provide the purchaser with the data shown in Table 3-8 within 

ten (10) weeks of receipt of order. 

EM1 ENVELOPE 

FIGURE 3-5 

-22- 
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TABLE 3-8 

Converter Parameters 

Item 

1 Weight (lb) 

2 Outline drawing showing installation and handling and shipping package 

detai 1 s 

3 Elementary and connection, power, instrumentation, control diagrams. 

4 Cooling air requirements (SCFM, psi drop, temperature rise) 

5 Losses calculation per Table 3-7, Item 14 

6 Harmonic current calculations for rated, and near synchronous conditions 
through the 25th harmonic with typical impedance. 

7 Summary parts list and recommended spare parts list 

8 Draft instruction books (final with delivery) including maintenance 
requirements 

9 Auxiliary power requirements 

3.2.2.3 Converter ~nvironmental Conditions 

The converter will be housed within a building at grade level. Ambient tempera- 

tures' during generation wi 1 1  range from O°C to +40°C. Survival (non- 

operating) ambient temperatures wi 1 1  range from -40°C to +50°C. 10% to 90% 

humdity, non-condensing. 

Ratings apply for altitudes from sea level to 3300 ft. Applications may be at 

up to 7000 ft with higher ambient temperatures in which case appropriate de- 

rating will be used for cooling and insulation properties. Cooling air will be 

mechanically filtered by purchaser to remove most airborne moisture, salt, and 

particulates. For corrosion analysis assume 0.005 PPM maximum salt content in 

intake air after filtration for sea coast installation. Cooling air will have a 

dew point sufficiently below ambient temperature to avoid condensation. 
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3.2.2.4 Converter Con t ro l  

3.2.2.4.1 General 

The conver te r  c o n t r o l  s h a l l  use proven components and assemblies where a v a i l -  

able.  Bandwidth o f  t h e  conver te r ,  generator,  and c o n t r o l  s h a l l  be as broad as 

p r a c t i c a l  w i t h  a  goal  o f  80 rad ians/sec o r  h i ghe r  e q i ~ i v a l e n t  f i r s t  o rder  l a g  (-3 

dB, -45O). 

Slue r a t e  o f  t h e  c o n t r o l  response t o  changes i n  analog re fe rence  s i g n a l s  s h a l l  

be l i m i t e d  by  t h e  c o n t r o l  t o  SOXlsecond f u l l  sca le  i n  response t o  a  s t ep  inpu t .  

3.2.2.4.2 Con t ro l  Modes 

Basic ope ra t i ng  modes o f  t h e  c o n t r o l  are:  

I n i t i a l i z a t i o n  

Moto r ing  

Synchron izat ion 

Torque r e g u l a t i o n  

Reac t i ve  power r e g u l a t i o n  

Shutdown 

F a u l t  mon i t o r i ng  

S igna ls  i n  t h e  f o l l o w i n g  paragraphs a re  shown on Para.graph 3.1.3.4 

3.2.2.4.2.1 I n i t i a l i z a t i o n .  The i n i t i a l i z a t i o n  mode occurs on conve r t e r  

c o n t r o l  power-up. A l l  ou tpu ts  s h a l l  power-up t o  an o f f - s ta te .  The conver te r  

f i r i n g  c o n t r o l  s h a l l  be con f i gu red  t o  a  non-conduction s t a te .  Con t ro l  power 

w i l l  be app l i ed  be fo re  4160 v o l t  l i n e  power i s  connec.ted. 

Next, t h e  c o n t r o l  s h a l l  check f o r  f a u l t s  app rop r i a t e  t o  a  non-operat ing s t a t e .  

I f  no f a u l t s  e x i s t ,  then send a  "conver te r  ready" t o  t h e  t u r b i n e  c o n t r o l ,  and 

w a i t  f o r  f u r t h e r  commands. I f  a  f a u l t  e x i s t s ,  w a i t  f o r  r e p a i r .  

-24- 
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I . . 1 . 3.2.2.4.2.2 Motor ing.  On r e c e i p t  o f  a  l l s tar t /motor l l  command, 

a)  check f o r  "Tu rb ine  Ready" 

. . - b j  t u r n  on c o o l i n g  f a n  and check a i r  f l o w  
. , . . 

c )  u s i n g  t h e  "Torque/Speedl' ana log re fe rence ,  w i t h  o v e r r i d i n g  c u r r e n t  l i m i t ,  

. . v o l  t s / h e r t z  1  i m i  t, and f requency  1  i m i  t, c o n t r o l  c o n v e r t e r  o p e r a t i o n  

. , : I r e g u l a t i n g  speed t o  cause t h e  genera to r  t o  a c c e l e r a t e  f r o m  0  t o  approx i -  

m a t e l y  300 rpm 

;I d )  a t  t h e  upper end o f  t h e  p e r m i s s i b l e  speed range, w a i t  f o r  removal of t h e  

" S t a r t I M o t o r  Comnand" ' e )  on l lStart/Motorl l  command removal, s l u e  r o t o r  c u r r e n t  t o  zero,  independent . , 

I o f  t h e  "Torque/Speedl' re fe rence ,  then  

f )  h o l d  c o n v e r t e r  i n  a  non-conduct ing mode and w a i t  f o r  "Synchronize/  

Generate" command. The t u r b i n e  c o n t r o l  w i l l  a c c e l e r a t e  genera to r  s h a f t  

speed t o  t h e  960 t o  1440 rpm g e n e r a t i n g  range. 

NOTE: I f  t h e  c o n v e r t e r  system i s  capable  o f  m o t o r i n g l g e n e r a t i n g  opera- 

t i o n  a t  genera to r  speeds f r o m  300 t o  1440 rpm w i t h  sw i t chgear  opera t ion ,  

t h e  m o t o r i n g  and subsequent s y n c h r o n i z a t i o n  and g e n e r a t i n g  modes may be 

merged i n t o  a  s i n g l e  "motor /generate"  mode u t i l i z i n g  t h e  " torque/speedU 

ana log r e f e r e n c e  as a  doub le  ended (+ )  t o r q u e  s i g n a l .  ' 

3.2.2.4.2.3 Synchron iza t ion .  On r e c e i p t  o f  a  "sync/generateU s i g n a l ,  

' -  B a) Check f o r  genera to r  speed between 960 and 1440 rpm. I f  o u t s i d e  t h i s  

range, w a i t  u n t i l  range i s  reached. 

b )  A f t e r  t h e  s t a t o r  t i e  i s  c losed,  opera te  s imu l taneous ly  i n  b o t h  t o r q u e  

r e g u l a t i o n  and r e a c t i v e  power r e g u l a t i o n  modes. 

-25- 



MOD-5A WTG 
47A380115 
JULY 1983 

3.2.2.4.2.4 Torque Regu la t ion  

a) Using t h e  "Torque/speed" analog re ference,  r e g u l a t e  a i r  gap torque. 

b )  I f  re fe rence  to rque  t r a n s i e n t l y  exceeds syster l  r a t e d  capabi 1  i ty, auto- 

m a t i c a l l y  l i m i t  t o rque  t o  110% o f  r a t e d  systern c a p a b i l i t y .  

c )  Wait f o r  removal o f  "sync/generate" cornand. 

Torque r e g u l a t i o n  s h a l l  achieve +1% o f  r a t e d  a i r  gap to rque  w i t h i n  one (1 )  
- 

second a f t e r  a  20% s tep  change i n  r e fe rence  w i t h  s h a f t  s l u e  r a t e s  o f  up t o  0.05 

pu/second r e l a t i v e  t o  synchronous speed. Range i s  -20% t o  +120% o f  r a t e d  torque. 

3.2.2.4.2.5 React ive Power Regu la t ion  

a )  Using t h e  "Var /Vol t f l  analog re ference,  r e g u l a t e  4160 v o l t  bus r e a c t i v e  

power. 

b )  I f  t h e  re fe rence  Var va lue exceeds system cap ; tb i l i t y  due t o  r o t o r  c i r c u i t  

KVA o r  s t a b i l i t y  l i m i t s ,  a u t o m a t i c a l l y  l i m i t  V'ar r e g u l a t i o n  as necessary 

t o  ma in ta i n  to rque  regu la t i on .  Simultaneous rbegul a t  i o n  i s  requi red,  bu t  

to rque  r e g u l a t i o n  has h i ghe r  p r i o r i t y  when 1 i n ~ i  t i n g  cond i t i ons  a re  

reached. . 

c )  Wait f o r  removal o f  "sync/generateU command. 

React ive power r e g u l a t i o n  s h a l l  achieve +1% o f  system KVA r a t i n g  w i t h i n  one 

( 1 )  second a f t e r  a  20% s tep  change i n  re fe rence  w i t h  s h a f t  s l u e  r a t e s  o f  up t o  

0.05 pu/second r e l a t i v e  t o  synchronous speed. V o l t a ~ j e  c o n t r o l  s h a l l  be a  sw i t ch  

se l ec tab le  o p t i o n a l  r e g u l a t i o n  mode. Ranges a re  + lo% o f  7500 KVA o r  

4160 Vo l t s ,  depending on mode. 

3.2.2.4.2.6 Shutdown. Shutdown i s  i n i t i a l l y  t h e  same as t h e  genera t ing  condi -  

t i o n .  The "Torque/SpeedU re fe rence  w i l l  be ramped up t o  maximum va lue a t  

5%/second and s h a f t  speed w i l l  be reduced b y  t h e  t u r t ~ i n e  c o n t r o l .  



MOD-5A WTG 
47A380 1  15 
JULY 1983 

3.2.2.4.2.6 Shutdown. (con t inued)  

a)  When generator  speed reaches approx imate ly  980 RPM, t h e  t u r b i n e  c o n t r o l  

w i l l  ramp t h e  "Torque/SpeedU re fe rence  t o  zero a t  5%/second w h i l e  ex te rn -  

a l l y  r e g u l a t i n g  t u r b i n e  speed, then 

b )  t h e  t u r b i n e  c o n t r o l  w i l l  remove t h e  "Sync/Generaten command. 

c )  On "Sync/GenerateU command removal, t h e  conver te r  c o n t r o l  s h a l l  automat i -  

c a l l y  r e g u l a t e  s t a t o r  w a t t s  and s t a t o r  Vars t o  zero, regard less  o f  analog 

re fe rence  values. 

d )  B r i n g  conver te r  t o  a  non-conducting s t a t e  

e) The t u r b i n e  c o n t r o l  w i l l  b r i n g  t h e  generator  speed t o  zero.  

f )  When speed i s  below 60 rpm and when temperature i s  acceptable o r  a f t e r  a  

t ime  delay,  t u r n  o f f  c o o l i n g  fan 

g )  Wait f o r  a  "S ta r t /Moto r "  command 

3.2.2.4.2.7 F a u l t  Moni tor ing.  The conver te r  c o n t r o l -  s h a l l  mon i to r  conver te r  

and t u r b i n e  ope ra t i on  f o r  a t  l e a s t  t h e  f o l l o w i n g  f a u l t s :  

a)  overpower - s t a t o r ,  moto r ing  o r  generat ing 

b )  overpower - r o t o r ,  moto r ing  o r  genera t ing  

c )  conver te r  ove rcu r ren t  

d) b r i d g e  f a u l t  

e )  c o n t r o l  ma l f unc t i on  

f )  c o n t r o l  power l o s s  

g )  c o o l i n g  a i r  l o ss  

h) phase unbalance 

i ) overspeed beyond 1500 RPM 

j) t u r b i n e  c o n t r o l  ready s i gna l  

k )  over/under vo l t age  



MOD-5A WTG 
47A380115 
JULY 1983 

3.2.2.4.2.7 F a u l t  Mon i to r ing .  ( con t inued)  

1  ) uncomanded t i e  breaker  t r i p  

Fo r  i tems i )  and j), t h e  conver te r  c o n t r o l  s h a l l  au tcmat i ca l  l y  ramp t h e  to rque  

re fe rence  used f o r  t o rque  r e g u l a t i o n  t o  maximum value u n t i l  generator  speed goes 

below 960 RPM, then con t inue  as if i n  t h e  shutdown mcde f o l l o w i n g  a  

"Sync/GenerateU command removal. 

Fo r  i tem g),  t h e  conver te r  c o n t r o l  s h a l l  t u r n  on t h e  second c o o l i n g  f a n  and i f  

c o o l i n g  a i r  f l o w  recovers,  con t inue  operat ion.  

Fo r  a l l  f a u l t s  bu t  g),  t h e  conver te r  c o n t r o l  s h a l l  remove t h e  "Converter Ready" 

s i g n a l  t o  t h e  t u r b i n e  c o n t r o l  which w i l l  cause shutdown i n i t i a t i o n .  I f  a  

c o o l i n g  a i r  f a u l t  g )  i s  n o t  c l ea red  by  ope ra t i on  o f  t h e  second fan, then remove 

t h e  "Converter Ready" s i gna l .  

For  permanent f a u l t s  r e q u i r i n g  majntenance ac t ion ,  t h e  conver te r  c o n t r o l  s h a l l  

open t h e  s t a t o r  t i e  c i r c u i t  breaker  v i a  t h e  "Lockout"  r e l ay .  

3.3 FINISH 

F i n i s h  p a i n t  p r o p e r t i e s  and c o l o r  s h a l l  be per  Federal  Standard No. 595A: 

a) Generator Semigloss B lue (25177) 

b )  Converter Semigloss Blue (25177) 

The s u p p l i e r  s h a l l  p rov i de  i n f o rma t i on  on f i n i s h  p a i n t  m a t e r i a l s  and a p p l i c a t i o n  

methods i n  o rder  t o  pe rm i t  f i e l d  touch-up. 
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Stamped metal nameplates s h a l l  be secured t o  t h e  

machine frame showing r e l e v a n t  da ta  on machine 

r a t i n g  and manufacturer.  Add i t i ona l  nameplates 

s h a l l  i n d i c a t e  r o t a t i o n ,  s t a t o r  connect ions,  and 

r o t o r  connect ions.  A weatherproof t e rm ina l  diagram 

and schematic s h a l l  be a f f i x e d  t o  t h e  i n s i d e  cover 

o f  t h e  ins t rumenta t ion  box. A l l  leads s h a l l  be 

marked as noted on t h e  connect ion diagrams. 

Stamped metal  nameplates s h a l l  be secured t o  t h e  

enc losure showing r e l e v a n t  da ta  on u n i t  r a t i n g  and 

manufacturer. A weatherproofed elementary diagram 

book, showing connections, s h a l l  be supp l ied  i n  a 

pocket a f f i x e d  t o  t h e  i n s i d e  cover o f  t h e  c o n t r o l  

compartment door. A1 1 t e rm ina l  s t r i p s  s h a l l  have 

i d e n t i f i c a t i o n  o f  s t r i p  and t e rm ina l  number c l e a r l y  

marked. A l l  leads and dev ices s h a l l  be marked as 

noted on t h e  connect ion diagrams. 
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SECTION 4 

4.0 QUALITY ASSURANCE 

4.1 DESIGN MANUFACTURING AND TEST FLOW PLAN 

The supplier shall submit a Design, Manufacturing and Test Flow Plan showing the 

basic design operat ions, manufacturing operat ions, reviews, and production tests 

for General Electric - AEPD review and establishment of inspection points. Long 

lead i tems shall be identified. 

4.2 DESIGN REVIEWS 

An informal design review shall be conducted at the completion of design, prior 

to fabrication. Two informal subsystem test reviews shall be conducted; one 

after procedures are documented prior to the test, and a second after the test 

to review results. 

4.3 GENERAL ELECTRIC INSPECTION 

General Electric shall maintain awareness of the supp,lier's quality assurance 

with respect to the material to be furnished under this specification. Where 

inspection points have been established per paragraph 4.1, the supplier shall 

notify General Electric - AEPD forty-eight (48) hours in advance of the time 
when inspection is to be conducted. 

PRODUCTION TESTS 

4.4.1 GENERAL 

The supplier shall perform standard production tests on all equipment and supply 

test data measurements where established per paragraph 4.1. 
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4.4.2 GENERATOR 

Generator  p r o d u c t i o n  t e s t s  s h a l l  i n c l u d e  a t  l e a s t :  

a)  H igh p o t e n t i a l  t e s t  

b )  I n s u l a t i o n  r e s i s t a n c e  t e s t  

c )  R o t o r  ba lance 

d )  No-load 1 oss measurement (motor c o n d i t i o n s )  

e )  Phase sequence 

f ) Connect ion c o n t i n u i t y ,  conformance t o  d iagram 

g )  Dimensional  check, conformance t o  i n s t a l  l a t i o n  drawings 

h )  V i s u a l  check f o r  f i n i s h  d e f e c t s  

4.4.3 CONVERTER 

Conver ter  p r o d u c t i o n  t e s t s  s h a l l  i n c l u d e  a t  l e a s t :  

a )  C o n t r o l  w i r i n g  i n s u l a t i o n  megger 

b )  Connect ion c o n t i n u i t y ,  conformance t o  d iagram 

c )  C o n t r o l  f u n c t i o n a l  check 

d )  Dimensional check, conformance t o  i n s t a l  1 a t i o n  drawings 

e )  V i s u a l  check f o r  f i n i s h  d e f e c t s  

SUBSYSTEM TEST 

4.5.1 GENERAL 

A subsystem t e s t  s h a l l  be performed on f i r s t  hardware t o  demonstrate t h e  capa- 

b i l i t i e s  o f  t h e  v a r i o u s  components w i t h  r e s p e c t  t o  requ i rements ,  o b t a i n  e n g i -  

n e e r i n g  d a t a  on opera t ion ,  c a l i b r a t e  sensors, and g e n e r a l l y  shake down t h e  

equi  pment . 
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4.5.2 SUBSYSTEM EQUIPMENT 

Generator 

Converter and Control 

4.5.3 WIND TURBINE EQUIPMENT 

Preferred 

Switchgear Assembly with 
Circuit Breakers, Relays, 
Instrument Transformers, 
Transducers, etc. 

Optional ( If preferred i tems unavai 1 able) 

Switching Devices and Instrument 
Transformers 

Turbine Controller with Wind Test Switchbox with Manual Analog 
Turbine Simulator Signal Settings 

Harmonic Filters and 
Power Factor Capacitors 

Nothing 

4.5.4 TEST EQUIPMENT - SET-UP 
- Variable speed drive motor and control capable of 13-1500 RPM operation at a 

shaft torque level of at least 13,500 ft-lb (35% 0.f generator rating). 

- Grid interface transformer with connection at 4160 V, 60 Hz, 3-Phase, 

3500 KVA or higher capability 

- Anchors for securing generator and drive motor 

- Test couplings for connection of generator shaft to drive motor shaft 

- Interconnecting power cabling 

4.5.5 INSTRUMENTATION 

The test instrumentation shall be sufficient to sense and record system perfor- 

mance parameters. A detailed instrumentation plan shall be prepared and ap- 

proved prior to test. 

1239A 
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4.5.6 TEST REQUIREMENTS 

A d e t a i l e d  t e s t  p l an  and schedule s h a l l  be prepared and approved p r i o r  t o  

implementing t e s t  hardware. The f o l l o w i n g  f u n c t i o n s  s h a l l  be tes ted .  

a)  Moto r ing  mode 

b )  Synchron izat ion a t  va r ious  acce le ra t i ons  

c )  Torque r e g u l a t i o n  a t  va r i ous  acce le ra t i ons  and speeds 

d )  Var r e g u l a t i o n  a t  va r ious  acce le ra t i ons  and speeds 

e )  C a l i b r a t i o n  of swi tchgear  t ransducers  ( i f  a v a i l a b l e )  

f ) Harmonic c u r r e n t  measurement a t  va r ious  speeds and conver te r  power l e v e l s  

g)  Generator bea r i ng  ope ra t i on  a t  7O i n c l i n e  ( a c t u a l  o r  s imu la ted)  

h )  Measurement o f  l u b r i c a t i o n  and a i r  c o o l i n g  f l o w  and temperatures 

i ) Shutdown on l o s s  o f  power 

j) Mechanical overspeed o f  generator  
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SECTION 5.0 

PREPARATION FOR DELIVERY 

The manufacturer s h a l l  submit a statement d e t a i l i n g  t h e  normal p r a c t i c e  o f  

packaging and method o f  d e l i v e r y  f o r  con t i nen ta l  and expo r t  d e s t i n a t i o c s  f o r  

approval  by: 

General E l e c t r i c  Company 
Advanced Energy Programs Department 
P.O. Box 527 
K ing  o f  Pruss ia ,  PA 19406 

The method and d e s t i n a t i o n  w i l l  be i d e n t i f i e d  two ( 2 )  months p r i o r  t o  shipment. 

5.1 DOCUMENTS 

o C e r t i f i e d  d e t a i l e d  o u t l i n e  drawing 

o Connect i o n  diagrams 

o Complete i n s t r u c t i o n s  w i t h  p a r t s  l i s t  

o D e t a i l e d  s u m a r y  o r  equipment l i s t  b 

o Three ( 3 )  c e r t i f i e d  copies o f  t e s t  da ta  b 

o I tems i n  paragraph 3.2.1.2, 3.2.2.2, 3.2.3.2 a 

5.1.1 DOCUMENT SUBMITTAL 

Documents marked "a" s h a l l  be submit ted f o r  examinat ion o r  approval w i t h i n  t e n  

(10) weeks o f  o rde r  by sending two ( 2 )  copies t o  General E l e c t r i c  Company, 

Advanced Energy Programs Department, MOD-SA Engineering, P.O. Box 527, 

K ing  o f  Prussia,  PA 19406. Approval o r  comments w i l l  be re tu rned  w i t h i n  two 

( 2 )  weeks o f  r e c e i p t .  



__  . .... . _ .  . ._ ._ . . .. . . . . .- . . . . .. . . . - _ _  . - . . . . 
. - .- 

I I MOD-5A WTG , .' 

-47A380115 ' 

JULY 1983 

5.1.1 DOCUMENT SUBMITTAL (cont Id) 

I Documents marked "b" shall be supplied with shipment. One ( 1 )  mylar reproduc- 

ible'and ten (10) copies o f  each drawing shall be supplied. Twelve (12) copies 

( o f  instruction books shall be supplied. In addition, one copy of all documents 

shall be enclosed with shipment. 

B Documents marked "a, b" shall meet submittal requirements of both a "  and bl1. 
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SECTION 1  

1.0 SCOPE - 
This s p e c i f i c a t i o n  def ines t h e  f o r g i n g  ma te r i a l ,  heat  t reatment,  m a t e r i a l  f i n i s h  . 

and i n s p e c t i o n  requirements ( m a t e r i a l  and f i n i s h e d  p a r t )  f o r  t h e  MOD-5A WTG PSC 

Sp ind le  (47E382299) o r  as spec i f i ed .  
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SECTION 2 

2.0 MATERIAL 

2.1 FORGING 

ASTM A723 Grade 1, Class 1 (including S3) degasseli and electro slag remelted 

(ESR) with material normalized at 1700°F for four (4) hours, air cooled and 

tempered four (4) hours at 1200°F. 

A )  Forging shall include stock at both ends for test specimens per ASTM A723, 

Paragraph 6.2.1 method 1 and Paragraph 6.6.3. 

B) Micro-clean1 iness (TBD) 

C) Hardenabil ity shall be J50=6 and J47=20 per ASTI4 A255 

D) Grain direction shall be as shown on drawing. 

2.2 HEAT TREATMENT 

After rough machining austenize at 1525OF for two (2) hours and oil quench 

followed by tempering at 1200°F for six (6) hours. Hardness to be RC 25 to 

28 at 114 thickness and Charpy V Notch (CVN) to~~ghness to be greater than 

30 ft-lb at -40°F per supplemental requirement S3 (ASTM 723). Grain size to 

be ASTM f5 or finer. 

2.3 DOCUMENTATION 

Written report including material certification (physical and chemical ), furnace 

tapes, hardness reading, CVN and dimensional data to be supplied. 
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3.1 ULTRASONIC 

'1 Forg ing s h a l l  be 100% s t r a i g h t  beam u l t r a s o n i c a l l y  inspected per ASTM A-388. 

F in ished  p a r t  p r i o r  t o  shot peening and p l a t i n g  s h a l l  be 100% s t r a i g h t  and angle ' beam inspected per  ASTM 1-388. Any i n d i c a t i o n s  g rea te r  than t h a t  produced by 

I t he  c r i t e r i a  s t a t e d  i n  Table 3-1 s h a l l  be cause f o r  r e j e c t i o n .  Zones A  o r  B 

(Table 3-1) a re  t o  be app l i ed  as s t a t e d  on app l i cab le  drawing. 

I n d i c a t i o n s  which have a  s i gna l  ampl i tude of  50% o f  reference s i gna l  ampl i tude 

a re  re l evan t .  Relevant i n d i c a t i o n s  must be separated by a t  l e a s t  t h ree  t imes 

t h e  r e j e c t i o n  c r i t e r i a .  No more than . t e n  (10) r e l e v a n t  i n d i c a t i o n s  a r e  

pe rm i t t ed  i n  any s i x  (6 )  square inch  area w i t h  major dimension n o t  t o  exceed s i x  

I ( 6 )  inches. No more than f o u r  ( 4 )  r e l e v a n t  i n d i c a t i o n s  a re  permi t ted  i n  any one 

( 1 )  square i nch  area w i t h  major dimension n o t  t o  exceed one ( 1 )  inch. Non 

conformance w i t h  above requirement s h a l l  be cause f o r  r e j e c t i o n .  
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3.2 MAGNETIC PARTICLE 

F in ished  p a r t  ( p r i o r  t o  shot peening and p l a t i n g )  t o  be 100% magnetic p a r t i c l e  

inspected on O.D. pe r  ASTM A-275. Any i n d i c a t i o n s  g rea te r  than t h a t  produced by  

t h e  c r i t e r i a  s t a t e d  i n  Table 3-1 s h a l l  be cause f o r  r e j e c t i o n .  Zones A o r  B  

(Table 3-1) a re  t o  be app l i ed  as s t a t e d  on app l i cab le  drawing. I n d i c a t i o n s  one 

h a l f  t h e  r e j e c t i o n  c r i t e r i a  o r  g rea te r  a re  re l evan t .  Relevant i n d i c a t i o n  must 

be separated by  a t  l e a s t  t h ree  t imes t h e  r e j e c t i o n  c r i t e r i a .  No more than t e n  

(10) r e l e v a n t  i n d i c a t i o n s  are permi t ted  i n  any s i x  (6)  square inch  area w i t h  

major dimension n o t  t o  exceed s i x  ( 6 )  inches. No no re  than f o u r  ( 4 )  r e l e v a n t  

i n d i c a t i o n s  are permi t ted  i n  any one ( 1 )  square inc l i  area w i t h  major dimension - 

no t  t o  exceed one ( 1 )  inch. Non conformance w i t h  above requirement s h a l l  be 

cause f o r  r e j e c t i o n .  

TABLE 3-1 

INSPECTION CRITERIA 
( Inches) 

U l t r ason i c  C r i t e r i a  

F l a t  Bottom 60° V -  
Hole Size Notch Size Magnetic P a r t i c l e  C r i t e r i a  

Zone A .060 .060 .040 

Zone B . I00 . lo0 .080 

3.3 DOCUMENTATION 

Wr i t t en  r e p o r t  o f  a1 1  i nspec t i on  procedures, and f i n d i n g s  t o  be suppl ied by 

vendor. 
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SECTION 4  

4.0 FINISH 

4.1 CHROME AND NICKEL PLATING 

As requ i red  on t h e  drawing. Dimensions app ly  a f t e r  f i n i s h .  

4.1.1 SHOT PEEN 

Shot peen per MIL-S-13165 us ing  110 s t e e l  shot p r i o r  t o  p l a t i n g .  Manually 

c o n t r o l l e d  equipment s h a l l  n o t  be used. Opt ional  t o  peen e n t i r e  ex te rna l  

surface. Arc he igh t  t o  be .008 - .012 inch, Almen 2  i n t e n s i t y ,  coverage 200%. 

4.1.2 PLATING 

P la te ,  a f t e r  shot peening, t h e  i nd i ca ted  surfaces as f o l l ows :  underp la te  w i t h  
- 

n i c k e l  pe r  QQ-N-290 Type I 1  minimum th ickness  .002 inch. Overplate w i t h  chrome 

per  QQ-C-320, Class I I A ,  minimum th ickness .001 i nch  maximum th ickness o f  

combined n i c k e l  and chrome .006 inch. 

4.1.3 HYDROGEN BAKE OUT 

W i t h i n  f ou r  (4 )  hours a f t e r  p l a t i n g ,  s h a f t  s h a l l  be baked a t  375O +25OF 

f o r  e i g h t  (8 )  hours. 

4.2 FINISH PAINT 

A f t e r  f i n a l  machining, c lean, pr ime and t op  coa t  per  GE S p e c i f i c a t i o n  47A380048 

( E x t e r i o r  Sea Coast Environment). See drawing f o r  pa in ted  surfaces. 

4.3 UNPAINTED SURFACES 

Apply a  (TED) temporary p r o t e c t i v e  coa t i ng  t o  unpainted .surfaces. See drawing 

f o r  l oca t i on .  
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1.1 SCOPE 

SECTION 1.0 

INTRODUCTION 

The o b j e c t i v e  o f  t h i s  s p e c i f i c a t i o n  i s  t o  descr ibe  t h e  c h a r a c t e r i s t i c s  o f  a  

I h y d r a u l i c  c o n t r o l  u n i t  f o r  t h e  Yaw Dr i ve  System o f  t h e  MOD-5A Wind Turb ine 

Generator. The vendor w i l l  work w i t h  GE t o  a r r i v e  a t  a  des ign t h a t  w i l l  meet 

t h e  t e c h n i c a l  requ i rements  descr ibed  i n  t h i s  document. 
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SECTION 2.0 

APPLICABLE DOCUMENTS 

2.1 GENERAL ELECTRIC DRAWINGS 

47E382314 Yaw D r i v e  H y d r a u l i c  Schematic 

2.2 SPECIFICATIONS 

MIL-H-5606ATF H y d r a u l i c  F l u i d  



- - . .. . ___._.-_-- ---_ - ._ _ .__.I.-.._.----.,-W-l..----_-.-14 ---- '.---.- 

MOD-5A WTG 
47A380118 

AUGUST 1983 

SECTION 3.0 

REQUIREMENTS 

3.1 GENERAL 

T h i s  requi rement  o f  t h i s  u n i t  i s  t o  p rov i de  h y d r a u l i c  power s to rage  c a p a b i l i t y  

and a l s o  p rov i de  f o r  t h e  c o n t r o l  o f  h y d r a u l i c  power t o  t h e  yaw d r i v e  assembly. 

Th i s  u n i t  f u n c t i o n s  i n  con junc t i on  w i t h  t h e  yaw d r i v e  h y d r a u l i c  power supply. 

3.2 CONFIGURATION 

F igu re  1 d e p i c t s  t h e  suggested equipment l a y o u t  and o v e r a l l  c o n f i g u r a t i o n .  Th is  

subassembly i s  mounted d i r e c t l y  t o  t h e  upper yaw s t r u c t u r e .  The maximum o v e r a l l  

dimensions and i n t e r f a c e  areas a re  dep i c t ed  i n  F i gu re  1. 

3.3 WEIGHT 

The weight  goal  o f  t h e  subassembly i n c l u d i n g  components, s t r uc tu re ,  p i p i n g ,  ' 

f i t t i n g s ,  and f l u i d  i s  1800 l b .  

3.4 PERFORMANCE AND OPERATING CRITERIA 

3.4.1 ENVIRONMENT 

The h y d r a u l i c  c o n t r o l  u n i t  s h a l l  be designed t o  w i t hs tand  c o n d i t i o n s  encountered 

when housed i n  an unsealed p ro tec ted  enclosure.  The subassembly w i l l  be l o c a t e d  

i n  a range o f  atmospher ic environments exper ienced f rom New England t o  A laska o r  

t h e  Caribbean area t o  h o t  dese r t  c l  imates. Non-operat ing temperature extremes 

o f  -40 F t o  + I40  F w i l l  be exper ienced. The operab le  temperature range i s  

-22 F t o  110 F. Outdoor c o n d i t i o n s  o f  r a i n ,  h a i l ,  s l e e t ,  snow, s a l t  spray, 

e t c .  w i l l  be encountered d u r i n g  s to rage  and i n s t a l l a t i o n .  
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C o r r o s i o n  p r o t e c t i o n  i s  o f  p r i m a r y  impor tance s i n c e  t h e  environment can i n c l u d e  

s a l t  sp ray  and/or sand and dus t .  Equipment shou ld  be  capable  o f  w i t h s t a n d i n g  an 

a i r  s a l t  l o a d i n g  o f  .05 PPM. Any recommended maintenance, i n  o r d e r  t o  assure  

t h e  u n i t  w i l l  p r o v i d e  t h e  l i f e  requ i rement  s p e c i f i e d  i n  S e c t i o n  2.5, s h a l l  be 

s p e c i f i e d  b y  t h e  s u p p l i e r .  

3.4.2 ENVELOPE 

F i g u r e  1  i 1 l u s t r a t e s  t h e  maximum enve lope dimensions (60"  x 45"  x 15" ) .  

3.4.3 OUTPUT 

The u n i t  s h a l l  be  capable  o f  p r o v i d i n g  a  c o n s t a n t  o u t p u t  o f  5  ga l /m in  a t  

p ressures  up  t o  3000 p s i .  See GE schemat ic 47E382314 f o r  a d d i t i o n a l  d e t a i l s .  

As shown on t h e  schematic, t h r e e  ( 3 )  "no f l o w "  c i r c u i t s  must a l s o  p r o v i d e  

p ressure  up t o  3000 p s i .  

. - 

3.4.4 POWER SOURCE AND CONTROL 

A  120 V, 60 'HZ e l e c t r i c a l  s u p p l y  w i l l  be  providl2d f o r  s o l e n o i d  v a l v e s  and 

p ressure  swi tches.  The s o l e n o i d  v a l v e s  s h a l l  r e q u i : r e  l e s s  t h a n  4.2 Amp i n r u s h  . , 

c u r r e n t  and .85 Amp h o l d i n g  c u r r e n t .  The p r e s s u r e  s w i t c h  c o n t a c t s  s h a l l  be 

capable  o f  20 ma a t  120V, 60 Hz.  

3.4.5 DUTY CYCLE 

The expected d u t y  c y c l e  f o r  t h i s  system i s  g i v e n  beTow. A ma jo r  p o r t i o n  o f  t h e  

o p e r a t i n g  t i m e  i s  a t  l o w  pressures,  o r  o f f .  

% Time O f  Opera t ion  

15% 

15% 

70% 

Normal Opera t ing  Supply 

5  gpm, 2000 p s i  

6  gpm, 3000 p s i  

o f f  
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3.4.6 FLUID/ACCUMULATORS 

The h y d r a u l i c  f l u i d  s h a l l  be MIL-H-5606 ATF, Dexron 11, Mob i l  f l u i d  300 o r  S h e l l  

Donax T6. 

A l l  accumulators s h a l l  be b ladder  t ype  and i n  a d d i t i o n  have a des ign pressure 

r a t i n g  of 3000 p s i  minimum. 

3.4.7 SYSTEM PRESSURE LEVELS 

Unless o therw ise  s p e c i f i e d  a l l  components, f i t t i n g s ,  sensing devices,  and 

i n t e r connec t i ng  p i p i n g  s h a l l  be designed t o  operate  w i t h  an i n t e r n a l  p ressure  of 

3000 ps ig .  Except ions a re  d r a i n  and s u c t i o n  l i n e s .  A l l  components s h a l l  be 

capable o f  w i t hs tand ing  a p r o o f  pressure t e s t  o f  1.5 t imes  t h e  nominal pressure 

l e v e l  w i t h o u t  degradat ion o f  performance. The system and a l l  components s h a l l  

be capable o f  s u r v i v i n g  an i n t e r n a l  vacuum pressure o f  10 mm Hg. absolu te .  . . 

3.4.8 LEAKAGE 

There s h a l l  be no evidence o f  e x t e r n a l  leakage, under normal v i s u a l  i n s p e c t i o n  

and wipe t e s t i n g ,  when t h e  system i s  p ressur i zed  t o  normal ope ra t i ng  p ressure  

l e v e l s .  A l l  va lves s h a l l  e x h i b i t  a  maximum i n t e r n a l  leakage o f  1  drop pe r  

minute.  

3.4.9 MATERIAL COMPATIBILITY 

A1 1 m a t e r i a l s  o f  c o n s t r u c t i o n  s h a l l  be compat ib le  w i t h  t h e  hydrau l  i c  f l u i d  

s p e c i f i e d  i n  Sec t ion  3.4.6. 
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3.4.10 LINE SIZES AND MATERIALS 

A1 1  i n t e r connec t i ng  t u b i n g  s h a l l  be s i zed  f o r .  ve1oc: i t ies o f  15 f p s  minimum and 

30 f p s  maximum i n  accordance w i t h  accepted des ign  p r a c t i c e .  M a t e r i a l  s h a l l  be 

ASTM A-269, t y p e  304, 316, o r  o t h e r  approved grades. 

3.4.11 DRAINING AND VENTING 

P r o v i s i o n  s h a l l  be made f o r  b leeding,  d r a i n i n g  and v e n t i n g  a l l  c i r c u i t s  o f  t h e  

h y d r a u l i c  power supply.  

. - 
3.4.12 TUBING ASSEMBLIES AND FITTINGS 

Tube connect ions and i n t e r f a c e s  s h a l l  be welded wherever poss ib le .  Wherever 

welded t u b i n g  assemblies a r e  n o t  p r a c t i c a l  due t l 3  component a v a i l a b i l i t y  o r  

maintenance, Lenz O- r ing  f i t t i n g s  o r  e q u i v a l e n t  s h a l l  be used. 

3.4.13 PROTECTIVE COATING 

A1 1  components o f  t h e  h y d r a u l i c  power supp ly  exposed t o  t h e  environment 

descr ibed i n  Sec t ion  3.4.1 s h a l l  be f i n i s h e d  pe r  GE S p e c i f i c a t i o n  47A380048, 

semi g l oss  wh i te ,  pe r  Federa l  Standard 27875. 

3.4.14 STRUCTURAL SUPPORT AND INTERFACE 

The h y d r a u l i c  power supp ly  w i l l  be mechan ica l l y  a t tached  t o  t h e  upper yaw 

s t r u c t u r e  as dep i c t ed  i n  F igure  1. S i z e  and l o c a t i o n  o f  f as tene rs  t o  be as 

shown i n  F i g u r e  1. The h y d r a u l i c  component suppor t  s t r u c t u r e  s h a l l  be designed 

t o  suppor t  t h e  components de f i ned  by  t h i  s  s p e c i f  i ca t , i on .  

3.4.15 ELECTRICAL INTERFACES 

A l l  w i r i n g  s h a l l  t e rm ina te  a t  an enclosed termi17al  s t r i p  w i t h  w i r e  clamps 
I 

capable o f  accep t ing  up t o  AWG No. 12 s i z e  w i re .  
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3.5 GENERAL DESIGN REQUIREMENT 

3.5.1 AVAILABILITY 

The Hyd rau l i c  Con t ro l  U n i t  s h a l l  be designed f o r  a  minimum a v a i l a b i l i t y  o f  99.7% 

over  t h e  s e r v i c e  l i f e ,  w i t h  a  minimum MTBF o f  4000 hrs .  Spec ia l  cons ide ra t i on  

s h a l l  be g iven  t o  s e r v i c i n g  and maintenance o f  c r i t i c a l  areas. 

3.5.2 PARTS AND COMPONENTS 

The system s h a l l  u t i l i z e  s t a t e - o f - t h e - a r t  components w i t h  a  proven r e c o r d  o f  

exper ience . 

3.5.3 MAINTENANCE AND SERVICEABILITY 

The system s h a l l  p r o v i d e  f o r  sa fe  and easy maintenance wherever poss ib le ,  

i n c l u d i n g  removable covers  o r  shrouds. A l l  p a r t s  and components s h a l l  be 

designed f o r  easy hand l i ng  and l i f t i n g .  

3.5.4 TRANSPORTABILITY AND HANDLING 

When des ign ing  t h e  system, cons ide ra t i on  should be g iven  t o  t r a n s p o r t a t i o n  v i a  

e x i s t i n g  su r f ace  v e h i c l e s  and hand l i ng  o r  l i f t i n g  b y  means o f  a  f o r k  l i f t  

t r u c k .  L i f t i n g  l u g s  o r  eye b o l t s  s h a l l  be p rov ided  t o  ' f a c i l i t a t e  l i f t i n g  and 

handl ing.  L i f t i n g  p r o v i s i o n s  s h a l l  be designed w i t h  a  s t r e n g t h  s a f e t y  f a c t o r  o f  

s i x  (6 ) .  

3.5.5 REVIEW AND APPROVAL 

P r i o r  t o  f a b r i c a t i o n ,  t h e  s u p p l i e r  s h a l l  submit t h e  d e t a i l e d  des ign f o r  GE 

approval  t h a t  i t  meets t h e  requi rements  o f  t h i s  s p e c i f i c a t i o n .  



,. .. . . - .. .---. -- L--. - .. - ... ... . . L.-.-.----...-.-..-.-- 

MOD-5A WTG 
47A380118 

AUGUST 1983 

3.6 DEVIATIONS FROM SPECIFICATION 

A l l  dev i a t i ons  f r om s p e c i f i c a t i o n  and drawings s h a l l  be approved b y  General 

E l e c t r i c  p r i o r  t o  i n s t a l l a t i o n  o f  hardware. ! 

3.7 LIFE - 
Due t o  t h e  c r i t i c a l i t y  o f  t h i s  component t h e  des ign must be ex t reme ly  r e l i a b l e .  

The WTG i s  be ing  designed f o r  a u s e f u l  l i f e  o f  3C years .  The s u p p l i e r  s h a l l  

p r o v i d e  t h e  necessary maintenance i n s t r u c t i o n s  and/or component replacement 

schedule t o  a t t a i n  t h e  aforement ioned 30 yea r  requir12ment. 
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SECTION 4.0 

QUALITY ASSURANCE PROVISIONS 

The Hyd rau l i c  Con t ro l  U n i t  s u p p l i e r  s h a l l  p rov i de  a  b r i e f  d e s c r i p t i o n  o f  h i s  

Q u a l i t y  Con t ro l / I nspec t i on  System, showing how he c o n t r o l s :  

a )  Measuring and Test  Equipment 

b )  Processes 

c )  M a t e r i a l s  

d )  Non-conforming Mate r i  a  1  

4.1 ACCEPTANCE TESTING 

The s u p p l i e r  s h a l l  p r o v i d e  a  b r i e f  d e s c r i p t i o n  o f  h i s  in-house acceptance t e s t s  

p r i o r  t o  d e l i v e r y  t o  t h e  General E l e c t r i c  Company. Two General E l e c t r i c  

r ep resen ta t i ves  s h a l l  be p e r m i t t e d  t o  w i tness  any o r  a l l  t e s t s  a t  t h e  ve.ndorls 

p l an t .  GE Procurement s h a l l  be n o t i f i e d  f o r t y - e i g h t  (48)  hours  i n  advance o f  

t e s t i n g .  

4.2 REPORTS 

The vendor s h a l l  supp ly  t h r e e  ( 3 )  cop ies  o f  a l l  q u a l i t y  c o n t r o l  r e p o r t s  and t e s t  

r e s u l t s  . 

4.3 MINIMUM TEST PROGRAM 

As a  minimum t h e  s u p p l i e r  s h a l l  conduct t h e  f o l l o w i n g  t e s t s :  

a)  Proof Pressure Test - P ressu r i ze  each c i r c u i t  t o  1.5 t imes i t s  nominal 

work ing pressure.  No performance degradat ion s h a l l  occur f o l l o w i n g  t h i s  

t e s t .  
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4.3 M I N I M U M  TEST PROGRAM ( c o n t ' d )  

b )  Ex te rna l  Leakage - "Wipe t e s t "  and v i s u a l l y  observe a l l  f i t t i n g s ,  components 

and t u b i n g  j o i n t s  f o r  e x t e r n a l  leaks,  w i t h  each element p ressur i zed  t o  

nominal work ing  pressure.  No v i s i b l e  evidence o f  leakage s h a l l  occur  f o r  2 

hours. 

c )  Func t iona l  l y  t e s t  each component under nominal ope ra t i ng  cond i t i ons .  Each 

power supp ly  s h a l l  be  r u n  w i t h  t h e  o u t l e t  de3.d-ended and t h e  r e s u l t i n g  

o u t l e t  p ressure  measured. Flow c a p a c i t y  o f  each supp ly  s h a l l  be measured b y  

means o f  f l o w  meters - f l o w  r a t e  s h a l l  meet spec i f ' i ed  requi rement .  
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SECTION 5.0 

PREPARATION FOR DELIVERY 

5.1 S H I P P I N G  CONTAINERS 

The sh ipp ing  con ta ine rs  and method of  shipment s h a l l  be approved b y  t h e  General 

E l e c t r i c  Company p r i o r  t o  shipment o f  t h e  Hydrau l i c  Cont ro l  Un i t .  A l l  i n t e r f a c e  

connect ions s h a l l  be capped o r  plugged t o  prevent  e n t r y  o f  contaminants. A f t e r  

t e s t i n g  pe r  4.0, t h e  system s h a l l  be d ra ined  and t ho rough l y  cleaned, a l l  

s t r a i n e r s  and f i l t e r  elements s h a l l  be rep laced  and t h e  u n i t  s h a l l  be f i l l e d  

w i t h  Dexron 11. 

5.2 DOCUMENTATION 

The vendor s h a l l  supply  a  P a r t s  L i s t ,  Serv ice and Maintenance Manuals, Operat ing 

I ns t ruc t i ons ,  Reproducible Drawings, L i s t  o f  Recommended Spares and 

Troubleshoot ing I n s t r u c t i o n s  f o r  t h e  h y d r a u l i c  c o n t r o l  u n i t  and i t s  component 

par ts .  The vendor s h a l l  a l s o  supply  procedures f o r  shutdown, l o n g  s to rage  

per iod,  and s t a r t u p  inspec t ions .  
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SECTION 1 

1.0 SCOPE 

This specification identifies an alloy steel, heat-treated, upset roll-threaded 

bolt, the conditions of which are identified on: 

47C381036 - Finish and dimensions per drawing, 140,000 PSI tensile 

This specification is similar to GE Transportation Systems Business Division ' (TSBD) Specification C50E.6. 

DOC NO 00245 
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SECTION 2 - APPLICABLE DOCUMENTS 

GE Drawings - 47C381036 

GE S p e c i f i c a t i o n s  - C50E46 

M i l i t a r y  S p e c i f i c a t i o n s  - PlIL-H-6815 

M i l i t a r y  Standards  - MIL-STD-1312 

P,MS 6322 

FiMS 6415 

A 
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SECTION 3 - DESIGN AND FABRICATION 

3.1 MATERIAL 

B o l t s  t o  t h i s  s p e c i f i c a t i o n  s h a l l  be made f rom an a l l o y  s t e e l ,  a i r c r a f t  q u a l i t y ,  

e i t h e r  AMS 6322 ( A I S I  8740) o r  AMS 6415 ( A I S I  4340) s u i t a b l e  f o r  hea t - t rea tment  

t o  t h e  s p e c i f i e d  mechanical p rope r t i es .  

3.2.1 Blanks 

Heads s h a l l  be formed b y  h o t  o r  c o l d  upse t t i ng .  The meta l  removed f r om t h e  

bea r i ng  su r f ace  of t h e  head o f  upset-head p a r t s  s h a l l  be as l i t t l e , a s  p r a c t i -  

cab le  t o  o b t a i n  a c lean,  smooth surface. 

3.2.2 H a r d e n a b i l i t y  

The m a t e r i a l  and process s h a l l  produce a minimum hardness o f  47 Rockwel l  "C" a t  

t h e  c e n t e r  o f  t h e  threaded end, one d iameter  f r om  t h e  end o f  t h e  b o l t  a f t e r . o i 1  

quenching and p r i o r  t o  tempering. 

3.2.3 Machining Sequence 

Headed and machined b lanks  s h a l l  be quenched and tempered p r i o r  t o  f i n i s h  

machining. A minimum o f  000.00511 s tock  s h a l l  be  l e f t  .on a l l  c y l i n d r i c a l  s u r -  

faces, washer face, and r a d i u s  between washer face  and shank, p r i o r  t o  hea t  

t reatment .  The b o l t  head, exc l ud ing  t h e  washer f a c e  and t o p  may be t o  drawing 

s i z e  p r i o r  t o  quenching and tempering. The th reads  s h a l l  be r o l l e d  a f t e r  hea t  

t reatment .  

3.2.4 Heat Treatment 

B o l t s  s h a l l  be hea t - t r ea ted  i n  accordance w i t h  S p e c i f i c a t i o n  MIL-H-6875 t o  

develop t h e  mechanical p r o p e r t i e s  s p e c i f i e d  here in .  A l l  b o l t s  s h a l l  be 

DOC NO 0024s 
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3.2.4 Heat Treatment ( c o n t i n u e d )  

retempered subsequent t o  g r i n d i n g  and p r i o r  t o  t h r e a d  r o l l  i n g  and f i 1 l e t  work- 

i n g ( i f  s p e c i f i e d  on d raw ing )  a t  a  tempera tu re  fr~m O°F below t h e  o r i g i n a l  

temper ing temperature  t o  a  maximum o f  50°F below t h e  o r i g i n a l  t emper ing  

temperature. 

3.2.5 Thread R o l l i n g  

Threads s h a l l  be formed on t h e  h e a t  t r e a t e d  and f i n i s h e d  b l a n k s  b y  a  s i n g l e  

r o l l i n g .  

3.2.6 F i l l e t  Working 

Tae head t o  shank f i l l e t  s h a l l  be c o l d  worked. P e r m i s s i b l e  d i s t o r t i o n  s h a l l  be 

as shown i n  F i g u r e  13. 

3.3 F low L i n e s  
-. 

F low l i n e s  o f  u p s e t  heads s h a l l  conform t o  t h e  genera l  arrangement shown i n  

F i g u r e  1. The i n t e r s e c t i o n  o f  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  p a r t  and t h e  approx- 

imate  t r a n s v e r s e  a x i s  o f  t h e  f l o w  l i n e s  s h a l l  be n o t  l e s s  t h a n  D/7 i n .  f r o m  t h e  

b e a r i n g  s u r f a c e  o f  t h e  head where D i s  t h e  nomina l  d iamete r  o f  t h e  shank a f t e r  

heading.  

3.4 Examinat ion f o r  I n t e r n a l  D e f e c t s  

V i s u a l  examina t ion  o f  a  l o n g i t u d i n a l  s e c t i o n  o f  a  h'zad and 1 /4"  o r  more of  t h e  

shank, a f t e r  e t c h i n g  i n  approx ima te ly  equa l  volumes o f  h y d r o c h o l o r i c  a c i d  (sp .  

!3r- 1.19) and wa te r  a t  160°-18PF f o r  10-12 minutes  s h a l l  r e v e a l  no cracks,  

laps,  o r  p o r o s i t y .  
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;; 1 3.5.1 Flow 1  ines  a t  th reads  s h a l l  be cont inuous, s h a l l  f o l l o w  t h e  genera l  

t h read  contour ,  and s h a l l  be o f  maximum d e n s i t y  a t  t h e  r o o t  o f  t h e  t h read  (See 

F ig .  2 ) .  

3.5.2 Root d e f e c t s  such as notches, s l i v e r s ,  f o l d s ,  roughness, o r  ox i de  sca le  
- 8 

a re  n o t  pe rm i t t ed  (See F ig .  3) .  

3.5.3 M u l t i p l e  l a p s  on t h e  s i des  o f  t h e  threads a re  n o t  pe rm iss i b l e  regard less  

of l o c a t i o n .  S i n g l e  l a p s  on t h e  s i des  o f  threads t h a t  extend toward t h e  r o o t  

a r e  n o t  pe rm iss i b l e  (See F igs .  4  and 5 ) .  

3.5.4 A s i n g l e  l a p  i s  p e r m i s s i b l e  a long  t h e  s i d e  o f  t h e  t h read  below t h e  p i t c h  

d iameter  on t h e  nonpressure s i d e  p rov i ded  t h e  l a p  does n o t  o r i g i n a t e  c l o s e r  t han  

20% of  t h e  b a s i c  t h r e a d  h e i g h t  f r om  t h e  r o o t  and extends toward t h e  c r e s t  and 

g e n e r a l l y  p a r a l l e l  t o  t h e  s i d e  (See F ig .  6) .  A s i n g l e  l a p  i s  p e r m i s s i b l e  a l ong  

t h e  s i d e  o f  t h e  th read  above t h e  p i t c h  diameter on e i t h e r  t h e  pressure o r  

nonpressure s i d e  (one l a p  pe r  t h read )  p rov i ded  i t  extends toward t h e  c r e s t  and 

i s  g e n e r a l l y  p a r a l l e l  t o  t h e  s i d e  (See F i g .  7 ) .  Basic - t h r e a d  h e i g h t  i s  de f i ned  

as be ing  e q u i v a l e n t  t o  0.650 t imes  t h e  p i t c h  (See Table V I ) .  

3.5.5 C res t  c r a t e r s ,  c r e s t  l aps ,  o r  a  c r e s t  l a p  i n  combinat ion w i t h  a  c r e s t  

c r a t e r  a r e  permiss ib le ,  p rov ided  t h a t  t h e  impe r fec t i on  does n o t  extend deeper 

t han  25% o f  t h e  bas i c  t h read  h e i g h t  (See Table V I )  as measured f r om t h e  th read  

c r e s t  when t h e  t h r e a d  major  d iameter  i s  a t  minimum s i z e  (See F ig .  8 ) .  As t h e  

major  d iameter  o f  t h e  th read  approaches maximum s i ze ,  va lues f o r  c r e s t  c r a t e r  o r  
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3.5.5 (con t inued)  

c r e s t  l a p  i m p e r f e c t i o n s  l i s t e d  i n  Table V I  may be increased by 112 t h e  d i f f e r -  

ence between t h e  minimum major  d iameter  and t h e  a c t u a l  major  d iameter  as meas- 

u red  on t h e  p a r t .  

3.5.6 S l i g h t  d e v i a t i o n s  f rom t h r e a d  con tour  a r e  p e r m i s s i b l e  a t  t h e  c r e s t  o f  t h e  

t h r e a d  w i t h i n  t h e  major  d iameter  l i m i t s  as shown i n  F i g u r e  9  and a t  t h e  incom- 

p l e t e  t h r e a d  a t  each end o f  t h e  threaded sec t ion .  

3.5.7 P a r t s  s h a l l  have a  maximum t h r e a d  r u n o u t  o f  two threads.  The r u n o u t  

s h a l l  f a i r  on to  t h e  shank e l i m i n a t i n g  any abrupt  change i n  c r o s s - s e c t i o n a l  

area. Bottom and s ides  of threads con ta ined  i n  t h e  r u n o u t  s h a l l  be f i l l e t e d ,  

smooth, and devo id  o f  ab rup t  t o o l  s t o p  marks. See d e t a i l  on GE drawing 

47C381036. 

3.5.8 A l l  t h r e a d  elements s h a l l  be w i t h i n  s p e c i f i e d  l i m i t s  s t a r t i n g  a t  a  l e n g t h  

two t imes t h e  p i t c h  f rom t h e  end, i n c l u d i n g  chanifer, and ex tend ing  f o r  t h e  

s p e c i f i e d  f u l l  t h r e a d  leng th .  On p l a t e d  p a r t s ,  th reads  may be 0.001" unaer t h e  

s p e c i f i e d  1  i m i  t s  b e f o r e  p l a t i n g ,  b u t  s h a l l  confor-m t o  t h e  gage requ i rements  

a f t e r  p l a t i n g .  

3.6 S t ra igh tness .  C o n c e n t r i c i t v .  and Sauareness 

For purposes o f  these  inspec t ions ,  shank and threads s h a l l  be cons idered as 

separate  elements o f  t h e  b o l t .  

3.6.1 S t r a i g h t n e s s  o f  Shank and Threads 

Shank and th reads  s h a l l  be s t r a i g h t  w i t h i n  t h e  l i m , i t s  s p e c i f i e d  on t h e  drawing 

f o r  t h e  t o t a l  l e n g t h  ( L )  of t h e  b o l t  under t h e  head (See F i g u r e  10). V i s i b l y  - 
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abrup t  changes i n  d iameter  o r  shape o f  t h e  shank and t h reads  which m igh t  cause 

s t r e s s  concen t ra t i ons  a re  n o t  permiss ib le ,  except  t h a t  t h e  r o l l e d  t h r e a d  may 

have a  n a t u r a l  b l end  o f  meta l  formed o r  d i sp l aced  d u r i n g  t h r e a d  r o l l i n g .  

3.6.2 C o n c e n t r i c i t y  o f  Thread P i t c h  Diameter 

The c o n c e n t r i c i t y  o f  t h r e a d  p i t c h  d iameter  i n  r e l a t i o n  t o  shank d iameter  s h a l l  

be w i t h i n  t h e  l i m i t s  s p e c i f i e d  on t h e  drawing f o r  a  d i s t ance  o f  n o t  l e s s  t h a n  

1.5 t imes  t h e  nominal b o l t  d iameter  (see, F i g u r e  11 ) .  Fo r  b o l t s  hav ing  a shank 

l e n g t h  l e s s  than  1.5 t imes  t h e  nominal b o l t  d iameter,  t h e  c o n c e n t r i c i t y  of t h e  

shank d iameter  ove r  i t s  f u l l  l e n g t h  i n  r e l a t i o n  t o  t h e  t h read  p i t c h  d iameter  

s h a l l  be w i t h i n  t h e  l i m i t s  s p e c i f i e d  on t h e  drawing. 

3.6.3 C o n c e n t r i c i t y  o f  Head 

The c o n c e n t r i c i t y  o f  t h e  head i n  r e l a t i o n  t o  t h e  shank d iameter  s h a l l  be w i t h i n  

t h e  l i m i t s  s p e c i f i e d  on t h e  drawing f o r  a  d i s t ance  o f  n o t  l e s s  than  1.5 t imes  

t h e  nominal b o l t  d iameter  away f r o m  t h e  washer f a c e  a long  t h e  shank (See F i g u r e  

12).  For  b o l t s  threaded t o  t h e  head and f o r  b o l t s  hav ing  shank l e n g t h  l e s s  t h a n  

1.5 t imes  t h e  nominal b o l t  d iameter,  c o n c e n t r i c i t y  o f  head s h a l l  be measured i n  

r e l a t i o n  t o  t h read  p i t c h  d iameter  i n  l i e u  o f  shank diameter.  

3 . 6 . 4  Squareness o f  Washer Face 

The squareness o f  t h e  bea r i ng  su r f ace  w i t h  t h e  shank d iameter  s h a l l  be w i t h i n  

t h e  l i m i t s  s p e c i f i e d  on t h e  drawing f o r  a  d i s t ance  o f  n o t  l e s s  than  1.5 t imes  

t h e  nominal b o l t  d iameter  away f r om t h e  bea r i ng  su r f ace  a long  t h e  shank (See 

F igu re  12).  For  b o l t s  threaded t o  t h e  head and f o r  b o l t s  hav ing  a  shank l e n g t h  

l e s s  t han  1.5 t imes  t h e  nominal b o l t  d iameter,  squareness o f  t h e  bea r i ng  su r f ace  

s h a l l  be measured i n  r e l a t i o n  t o  t h read  p i t c h  d iameter  i n  l i e u  o f  shank d iameter .  
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3.7 S t r u c t u r e  

P a r t s  s h a l l  have m i c r o s t r u c t u r e  of tempered mar tens i t e .  

3.8 Hardness 

Hardness o f  quenched and tempered b o l t s  s h a l l  be un i f o rm  and w i t h i n  t h e  range 

s p e c i f i e d  i n  Sec t i on  3.11 o f  t h i s  s p e c i f i c a t i o n ,  b d t  hardness o f  t h e  threaded 

p o r t i o n  may be h i ghe r  as a  r e s u l t  o f  t h r e a d  r o l l i n g .  

3.9 Sur face Hardening 

P a r t s  s h a l l  have no sur face  hardening except  as produced d u r i n g  r o l l i n g  o f  

th reads  o r  d u r i n g  work ing o f  head t o  shank f i l l e t s .  Determinat ions of sur face 

hardening may be made by  microscope o r  by a  s e n s i t i v e  hardness tes t ' i ng  

ins t rument .  

3.10 Deca rbu r i za t i on  - 

The bea r i ng  su r f ace  o f  t h e  head, t h e  f i l l e t  between head and shank, t h e  shank, 

and t h reads  s h a l l  be f r e e  f r om deca rbu r i za t i on .  Where t h e  drawing pe rm i t s  "as 

forged"  sur faces,  o r  surfaces n o t  machined o r  ground subsequent t o  p rev ious  

meta l  forming opera t ions ,  depth o f  d e c a r b u r i z a t i o n  on such n o n c r i t i c a l  su r faces  . 

i s  n o t  r e s t r i c t e d .  

Depth o f  deca rbu r i za t i on  a t  any p o i n t  on t h e  su r f ace  n o t  covered b y  o t h e r  

requi rements  o f  t h i s  s p e c i f i c a t i o n  s h a l l  n o t  exceed 0.002". 

3.11 Mechanical P r o o e r t i e s  

3.11.1 T e n s i l e  and Hardness P r o o e r t i e s  

T e n s i l e  t e s t  specimens machined f r om hea t  t r e a t e d  b o l t s  s h a l l  meet t h e  f o l l o w i n g '  
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3.11.1 T e n s i l e  and Hardness P r o p e r t i e s  (con t inued)  

minimum mechanical p r o p e r t i e s :  

T e n s i l e  St rength,  P S I  140,000 Min. 
Y i e l d  S t reng th  (0.02% o f f s e t ) ,  P S I  120,000 Min. 
E l onga t i on  i n  2", % 15 Min. 
Reduct ion o f  Area, % 40 Min. 
Hardness, Rc 30 - 36 
Hardness, BHN 240-275 

I n  add i t i on ,  f u l l  s i z e d  b o l t s  s h a l l  be used as t e s t  specimens and s h a l l  meet t h e  

minimum u l t i m a t e  t e n s i l e  l o a d i n g  i n  pounds as shown i n  Table I (See a l s o  Sec t i on  

TABLE I 

ULTIMATE TENSILE LOAD - POUNDS MINIMUM 

TENSILE LOAD PROOF LOAD 
DIAMETER THREADS/ I N  . LBS MIN LBS MIN 

1  12 UNF 
1  1/4 12 UNF 
1  1/2 12 UNF 
1  3 /4  8 UN 
2  8  UN 
2  1/4 8 UN 

The l i s t e d  u l t i m a t e  t e n s i l e  l oad  va lues  a r e  based on t h e  s t r e s s  area a t  t h e  
bas i c  p i t c h  d iameter  and 140 KSI. 

Sampling : ( f o r  t e n s i l e  t e s t i n g  o n l y )  

TABLE I 1  

L o t *  Samp 1  e  
S ize S ize  

(Sampling P lan  f o r  Tens i l e  Tes ts )  

25 o r  l e s s  2  
26 - 150 3  

151 - 200 5  

Acceptance R e j e c t i o n  
Number Number 

*Manufactur ing l o t  s i z e  may be l a r g e r  o r  sma l l e r  than  a  purchase o rde r  o r  
shipment l o t  s i ze .  
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3.11.2 Fa t i gue  S t reng th  
F i n i shed  b o l t s  s h a l l  meet t h e  acceptance c r i t e r i 3  de f i ned  i n  t h i s  sec t i on .  
Tests  a r e  n o t  r e q u i r e d  f o r  b o l t s  hav ing  a  nominal g r i p  l e s s  than  t h r e e  t imes  t h e  
nominal d iameter.  Fa t igue  t e s t s  may be d i scon t i nued  a f t e r  130,000 c y c l e s  i f  
b o l t  f a t i g u e  has n o t  occurred. 

Sampling - Samples s h a l l  be se l ec ted  i n  accordance w.ith Table 111. 

TABLE: I 1 1  

L o t  S i z e  

Under 30 1  

ATTRIBUTE SAMPLING PLAN FOR FATIGUE TESTS 

Sample No. Sample S lze  - Tot  a1 

F i r s t  
Second 
T h i r d  

F i r s t  
Second 
T h i r d  

501 - 1300 F  i r s t  
Second 
T h i r d  

Tests :  The f a t i g u e  l o a d i n g  app l i ed  t o  t h e  b o l t s  s h a l l  be t ens ion - t ens ion  i n  

accordance w i t h  MIL-STD-1312, Test No. 11. The t e s t s  s h a l l  be conducted a t  room 

temperature.  The f a t i g u e  load ings  appl  i e d  t o  t h e  r e s p e c t i v e  b o l t s  s h a l l  conform 

t o  Table I V .  

Eva lua t i on  of Tests:  Eva luate each sample number f o r  f a t i g u e  as f o l l o w s :  When 
B 

c a l c u l a t i n g  t h e  average f a t i g u e  l i f e ,  use t h e  f i g u r e s  r ep resen t i ng  t h e  number o f  

c y c l e s  a t  t h e  t i m e  o f  b o l t  f a i l u r e ,  number o f  c y c l e s  when t e s t  was d i s c o n t i n -  

ued o r  number 130,000, whichever i s  less .  

Acceptance C r i t e r i a :  

F i r s t  Sample: Accept i f  t h e  l i f e  o f  each f as tene r  exceeds 100,000 cyc l es .  

r e j e c t  e n t i r e  l o t  i f  average l i f e  i s  l e s s  t han  65,1100 c y c l e s  o r  if one o r  more 

i n d i v i d u a l  f as tene r  f a i l s  i n  l e s s  than  45,000 cyc les .  Take second sample i f  . 
- 
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3.11.2 Fa t i gue  S t reng th  (con t inued)  

l o t  i s  n o t  accepted o r  r e j e c t e d  on f i r s t  sample. 

Second Sample: Accept i f  t h e  average l i f e  i n  t h e  f i r s t  and second sample 

exceeds 80,000 c y c l e s  and no i n d i v i d u a l  sample i s  l e s s  than  45,000 cyc l es .  

Re jec t  e n t i r e  l o t  if t h e  combined f i r s t  and second sample has an average l i f e  

o f  l e s s  than  65,000 c y c l e s  o r  i f  one o r  more i n d i v i d u a l  f as tene r  f a i l s  i n  l e s s  

than  45,000 cyc les .  Take t h i r d  sample i f  l o t  i s  n o t  accepted o r  r e j e c t e d  on 

combined f i r s t  and second sample. 

T h i r d  Sample: Accept i f  t h e  average l i f e  i n  t h e  t h r e e  combined samples 

exceeds 65,000 c y c l e s  and no i n d i v i d u a l  sample i s  l e s s  than  45,000 cyc l es .  

Re jec t  e n t i r e  l o t  i f  n o t  accepted under t h e  preceding requi rement .  
b 

TABLE I V  

FATIGUE LOADING - POUNDS 

FINE THREAD - FILLET COLD WORKED 

NOM I NAL 
DIAMETER AREA HIGH ( a )  LOW ( b )  

Note: - 
( a )  High Tension f a t i g u e  l o a d i n g  a t  room temperature i s  based on * ca l cu l a ted  

a t  t h e  b a s i c  p i t c h  d iameter  area. 
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( b )  Low t e n s i o n  f a t i g u e  l o a d  a t  room temperature  i s  10% o f  h i g h  t e n s i o n  

f a t i g u e  l o a d  shown i n  ( a ) .  

"51% of t h e  minimum u l t i m a t e  t e n s i l e  s t r e n g t h  (72,000 p s i ) .  

3.11.3 Wrenching S t renq th  o f  12 P o i n t  Head Con f igu ra t ion :  

The t w e l v e  p o i n t  head s h a l l  be of s u f f i c i e n t  s t r e n g t h  t h a t ,  when t h e  b o l t  i s  

to rqued  t o  f a i l u r e ,  f r a c t u r e  s h a l l  occur i n  t h e  th read  o r  shank area. 

3.12 F i n i s h  

Coat e n t i r e  s u r f a c e  o f  b o l t s  ( n u t s  and washers when c a l l e d  f o r )  w i t h  Stand-Cote 

SC-1 c e r a m i c - f i l l e d ,  baked-on PTFE F luorocarbon Resin Coat ing,  p e r  manufacturer  

recommended p r a c t i c e s .  

Recornended Manufacturer  - Standco I n d u s t r i e s  Inc. ,  B o l t  and Nut D i v i s i o n ,  

Houston, Texas. 
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SECTION 4  - QUALITY ASSURANCE P R O V I S I O N S  

4.1 Cleaning 

I 
P a r t s  s h a l l  be un i fo rm i n  q u a l i t y  and cond i t i on ,  c lean,  sound, smooth and f r e e  

from b u r r s  and f o r e i g n  m a t e r i a l s  and f r om - i n t e r n a l  and e x t e r n a l  impe r fec t i ons  

n de t r imen ta l  t o  t h e i r  performance. 

4.2 Magnetic P a r t i c l e  I nspec t i on  

P a r t s  a re  s u b j e c t  t o  magnet ic p a r t i c l e  i n s p e c t i o n  and s h a l l  conform t o  t h e  

f o l l o w i n g  standards,  un less  o therw ise  s p e c i f i e d  on t h e  drawing: 

D i s c o n t i n u i t i e s  t r ansve rse  t o  g r a i n  f l ow such as pipes, g r i n d i n g  checks, and 

quench c racks  s h a l l  be cause f o r  r e j e c t i o n .  Long i t ud ina l  i n d i c a t i o n s  o f  

seams, f o rm ing  l a p s  and nonme ta l l i c  i n c l u s i o n s  p a r a l l e l  t o  g r a i n  f l o w  a r e  

acceptab le  w i t h i n  l i m i t s  shown i n  Table  V, p rov ided  t h e  sepa ra t i on  between 

i n d i c a t i o n s  i s  n o t  l e s s  t han  1/16" i n  a l l  d i r e c t i o n s ,  and t h a t  no i n d i c a t i o n  ' '.' 
. . 

s h a l l  break i n t o  a  f i l l e t  o r  ove r  an edge. . .  . 

. . 

Vendor t o  c e r t i f y  t h a t  a71 p a r t s  supp l i ed  have s a t i s f a c t o r i l y  completed t h e  

magnet ic p a r t i c l e  inspec t ion .  

TABLE V 

Loca t i on  (no more 
t han  6 i n d i c a t i o n s  0.250 0.375 0.438 0.500 & 
pe rm i t t ed  i n  any & 0.312 Grea te r  
one l o c a t i o n ) .  D i s c o n t i n u i t y  Maximum Depth 

Head t o  shank f i l l e t  None 

Shank and bea r i ng  Seams n o t  extend- 
s u r f  ace o f  head. i n g  i n t o  f i l l e t  o r  

over  an edge. 0.005 0.006 0.007 0.008 

Non-bearing s u r f  ace Laps, seams, n i c k s  
o f  head. o r  gouges. 0.010 0.012 0.014 0.01 6  

Any o t h e r  l o c a t i o n .  I n c l u s i o n s  n o t  i n d i c a t i v e  of u n s a t i s f a c t o r y  q u a l i t y .  
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4.3 Threads 

Threads s h a l l  n o t  r e v e a l  i n d i c a t i o n s  o f  cracks,  seams, p ipes  o r  r o l l i n g  l a p s  as 

shown by F igures  3, 4 and 5  except  t h a t  i n d i c a t i o n s  o f  s l i g h t  l a p s  as shown b y  

- 
r i g u r e s  6, 7  and 8  w i l l  be permi t ted .  

4.4 Rockwel l  Hardness and Tens i l e  Tests  - ASTM A-370 

A l l  Rockwell hardness read ings  s h a l l  be taken on t h e  t h r e a d  end. Except as 

pe rm i t t ed  i n  Sec t ions  3.11.1 and 4.5, t e n s i l e  t e s t s  specimens s h a l l  c o n s i s t  o f  

a c t u a l  f i n i s h e d  b o l t s .  I f  t h e  percen t  e l onga t i on  o f  any t e s t  specimen i s  l e s s  
- 

than  t h a t  spec i f ied,  and any p a r t  o f  t h e  f r a c t u r e  i s  more than  3/8 o f  t h e  gage 

l e n g t h  from t h e  m idd le  o f  t h e  gage leng th ,  as i n d i c a t e d  by  s c r i b e  l i n e s  marked 

on t h e  specimen be fo re  t e s t i n g ,  a  r e t e s t  s h a l l  be made. 

4.5 Specimen 

lrlhere b o l t s  cannot be t e s t e d  i n  f u l l  s i z e  f o r  t e n s i l e  s t r e n g t h  requirements,  

machined specimens s h a l l  be used. The b o l t s  s h a l l  have t h e i r  shanks machined t o  

t h e  dimensions o f  a  s tandard 0.505 i n .  t e s t  specimen concen t r i c  w i t h  t h e  a x i s  o f  

the  b o l t  l e a v i n g  t h e  head and threaded s e c t i o n  o f  t h e  b o l t  i n t a c t .  (see Sec t i on  

3.11 . I ) .  

4.6 C e r t i f i c a t i o n  o f  Test  
- 

The s u p p l i e r  must submit  t o  t h e  Manager - Q u a l i t y  Con t ro l ,  Advanced Energy 

Programs Department, a  c e r t i f i c a t e  showing t h e  r e s u l t s  o f  t e s t s  t o  determine - 

conformance t o  t h e  t e c h n i c a l  requ i rements  o f  t h i s  s p e c i f i c a t i o n .  Any d e v i a t i o n s  

f rom t h e  s p e c i f i c a t i o n  must have p r i o r  approva l  o f  General E l e c t r i c  p r i o r  t o  

shipment. I f  p a r t s  a r e  s e r i a l i z e d ,  conformance da ta  must be re fe renced  t o  

s e r i a l  numbers, t o  a f f o r d  p o s i t i v e  i d e n t i f i c a t i o n  w i t h  i n d i v i d u a l  p a r t s .  
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4.7 R e j e c t i o n s  

P a r t s  n o t  con fo rm ing  t o  t h i s  s p e c i f i c a t i o n  o r  t o  a u t h o r i z e d  m o d i f i c a t i o n s  will 

be s u b j e c t  t o  r e j e c t i o n .  

TABLE V I  

AMERICAN NATIONAL & UNIFIED THREADS 

THREADS BASIC THREAD 25% BASIC 
PER INCH HEIGHT REFERENCE THREAD HEIGHT 

8 UN 
12 UNF 
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SECTION 5 - PREPARATION FOR SHIPMENT 

5.1 PACKING AND MARKING 

The b o l t s  s h a l l  be i n d i v i d u a l l y  i d e n t i f i e d  by permanent ly marking t h e  f a c e  i n  

accordance w i t h  drawing i n s t r u c t i o n s .  A1 1 c o n t a i n e r s  s h a l l  be marked w i t h  t h e  

General E l e c t r i c  purchase order,  m a n u f a c t u r e r ' s  name, and General E l e c t r i c  

m z t e r i a l  des igna t ion ,  and drawing No. 47C381036P-per drawing i n s t r u c t i o n s .  
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T R A N S V E R S E  A X I S  
O F  FLOW L I N E S  

F I G U R E  1 

F I G U R E  2 
FLOW L I N E S  

I 
I P E R M I S S I B L E  

ROOT 

F I G U R E  4 

F I G U R E  3 

F I G U R E  5 
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r NON-PRESSURE S I D E  PER14 I S S  I B L E  

----- - JG?!Y ROOT 

L' 
20% OF E A S I C  . 

THREAD H E  l GHT 
( S E E  T A B L E  V I )  P E R M I S S I B L E  

F I G U R E  6 F I G U R E  7 

M A X I M U M  P E R M I S S I B L E  DEFECT  25% r OF BAS  l C  THREAD H E I G H T  ( S E E  T A B L E  V I ) 

T O L  ON 
MAJOR 
D l  AMETER 

ROOT L B A S  1 C THREAD B E  l GHT 
P E R M I S S  I B L E  

NOTE A: D E P T H  OF DEFECT  EQUALS 25% OF  
BAS  l C THREAD HE 1 GHT P L U S  1 / 2  
THE D I F F E S E N C E  BETWEEN THE 
ACTUAL  MAJOR D I A M E T E R  AND M I N I -  

. MUM MAJOR D I A M E T E R .  

F I G U R E  8 

MAX MAJOR D I A M E T E R  

MIN .MAJOR D I A M E T E R  1 F I G U R E  9 
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T = TOLERANCE PER I N C H  
S P E C I F I E D  ON DRAWING 

B O L T  D I A M E T E R  

1 

F I G U R E  10 

1 . 5  X N O M I N A L  B O L T  D I A -  
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SECTION 1.0 

SCOPE 

T h i s  s p e c i f i c a t i o n  e s t a b l i s h e s  t h e  performance,  des ign,  manufac ture ,  t e s t  and 

acceptance requ i remen ts  f o r  t h e  aero, 'dynamic c o n t r o l  sur faces,  a i l e r o n s ,  f o r  

t h e  lv10CI-SA N i n a  Tu rb ine  Genera tor  (jJTG) Ro to r .  
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SECTION 2.0 

APPLICABLE DOCUMENTS 

The f o l l o w i n g  documents f o rm  a  p a r t  o f  t h i s  s p e c i f i c a t i o n  t o  t h e  e x t e n t  

spec i f i ed  here in .  The i s sue  i n  e f f e c t  on da te  o f  i n v i t a t i o n  f o r  b i d s  s h a l l  

2.pply un less  o therw ise  noted. 

2.1 DRAWINGS, GENERAL ELECTRIC 

TBD A i l e r o n  S t r u c t u r a l  l n t e r f a c e s  - MOD-5A WTG 

TBD A i l e r o n  Hyd rau l i c  I n t e r f a c e s  - MOD-5A WTG 

TBD A i l e r o n  E l e c t r i c a l  I n t e r f a c e s  - MOD-5A WTG 

TBD A i l e r o n  Space A l l o c a t i o n  - MOD-5A WTG 

2.2 SPECIFICATIONS, GENERAL ELECTRIC 

47A382285 Aerodynamic P r o f i l e  Coord inates - Roto r  Blade MOD-5A WTG 

( L a t e s t  Rev i s i on )  

47A380002 A i l e r o n  Ac tua to r  

47A380048 M a t e r i a l  F in ishes ,  MOD-5A S t r u c t u r e  

2.3 OTHER 

MIL-HDBK-5C M i l i t a r y  Handbook, M e t a l l i c  M a t e r i a l s  and Elements f o r  

Aerospace Veh ic le  S t ruc tu re .  

MIL-HDBK-17 M i l i t a r y  Handbook, P l a s t i c s  f o r  F l i g h t  Veh ic les  

MIL-HDBK-23 M i l i t a r y  Handbook, S t r u c t u r a l  Sandwich composites 
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SECTION 3.0 

REOUIREMENTS 

General 

3.1.1 I t e m  D e s c r i p t i o n  

The a i l e r o n  c o n t r o l  s u r f a c e s  f o r  t h e  MOD-5A WTG a r e  shown i n  F i g u r e  3.1.1. 

The a i l e r o n s  c o n s i s t  o f  6  s e c t i o n s  p e r  b l a d e  ( 2  b lades  p e r  WIG) e x t e n d i n g  f r o m  

60% ( s t a t i o n  1440) o f  b l a d e  span t o  99% ( s t a t i o n  2376) and f r o m  60% of  b l a d e  

chord  t o  t h e  t r a i l i n g  edge. These s e c t i o n s  a r e  d r i v e n  i n  p a i r s  b y  a  l i n e a r  

h y d r a u l i c  a c t u a t o r  th rough  -90' o f  r o t a t i o n  about a  h i n g e  a x i s  2.75 inches  

toward t h e  t r a i l i n g  edge f r o m  t h e  l o c a l  60% c h o r d  l i n e .  The a c t u a t o r  d r i v e s  

t h e  inboard  a i l e r o n  s t r u c t u r e  ( o f  t h e  p a i r )  w i t h  t h e  ou tboard  d r i v e n  v i a  a  

t o r q u e  l i n k  between t h e  two s t r u c t u r e s .  The a i l e r o n  s t r u c t u r e s  p i v o t  on 

s p h e r i c a l  s e l f - a l i g n i n g  b e a r i n g s  a t  each end w i t h  t h r u s t  b e a r i n g s  a t  t h e  

common h i n g e  p o i n t  between each p a i r  o f  a i l e r o n  s t r u c t u r e s  t o  r e a c t  t h e  

c e n t r i f u g a l  induced a x i a l  loads.  

3.1.2 I n t e r f a c e  D e f i n i t i o n  

3.1.2.1- S t r u c t u r a l  I n t e r f a c e  
The a i l e r o n  s t r u c t u r e  s h a l l  i n t e r f a c e  w i t h  t h e  b l a d e  s t r u c t u r e  a t  t h e  60% 

spar.  The a c t u a t o r ,  p r o v i d e d  b y  GE, s h a l l  i n t e r f a c e  w i t h  t h e  a i l e r o n  and 

h i n g e  v i a  shear p i n s  d e f i n e d  i n  s t r u c t u r a l  i n t e r f a c e  - d rawing #TBD. The 

a i l e r o n  s t r u c t u r e  s h a l l  p r o v i d e  c l e a r a n c e  o f  approx ima te ly  s i x  i nches  between 

i t s  f o r w a r d  spar  and t h e  a f t  sur face o f  t h e  b l a d e ' s  60% o f  chord  spar t o  

p e r m i t  r o u t i n g  o f  h y d r a u l i c  and e l e c t r i c a l  c o n d u i t  l i n e s .  A s e a l i n g  su r face  

o r  i n t e r f a c e  between t h e  a i l e r o n  l e a d i n g  edge and t h e  60% chord  o f  t h e  b l a d e  

s h a l l  be  p rov ided .  The a i l e r o n  s u b c o n t r a c t o r  s h a l l  s u p p l y  h i n g e  f i t t i n g s  t o  

b e  mated t o  t h e  60% spar .  The WTG b l a d e  i s  a  NACA 64XXX s e r i e s  a i r f o i l  w i t h  

a imensions as d e f i n e d  i n  Aerodynamic P r o f i l e  Coord inates  - Ro to r  Blade, GE 

Drawing 47A382285. The s t r u c t u r a l  i n t e r f a c e s  a r e  d e f i n e d  i n  GE Drawing TBD, 

A i l e r o n  S t r u c t u r a l  I n t e r f a c e s .  The c lea rances  r e q u i r e d  a r e  shown i n  GE 

Drawing TBD, A i l e r o n  Space A l l o c a t i o n .  



MOD-5A WTG AILERONS 
GENERAL ELECTRIC SPEC 47A380124 

December, 1983 

3.1.2.2 Too 1 i ng 
The subcontractor shall provide interface control tooling between the ai leron 

and Slaae ro coordinate the final assembly. One set is to be retained by the 
aileron subcontractor and the other will be supplied to GE. 

3.1.3 Structural Deflection 

The aileron structures and hinge assemblies and sealing devices must 

accommodate differential blade and aileron deflections. These differential 

deflections may be the result of loading, temperature and moisture content 

(wood composite blade) either singly or in comoination. Blade deflections are 

given in Table 3.1.3. 

3.1.4 Instrumentation Interface 
Strain gage instrumentation shall be instal led on the aileron structures for 

evaluation of operational loads. A total of 30 strain gages are to be 

provided at locations TBD. Appropriate cabling and interface connectors shall 

be provided to interface with cabling on the trailing edge spar of the blade. 

3.1.5 Hydraulic Interface 

klydraul ic interfaces for the aileron structure are 1 imited to attachment 

points a n u  envelope allowances as depicted in Figure 3.1.5, Hydraulic 
Interface Control Drawing TBD and Aileron Space Allocations Drawing TBD. 
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3.1.6 Na jo r  Components L i s t  

The a i l e r o n  s t r u c t u r e s  c o n s i s t  o f  t h e  f o l l o w i n g  major  components. Blade 1  and 

2 haraware a re  i d e n t i c a l ,  d i f f e r e n t i a t e d  o n l y  b y  s e r i a l  number. Q u a n t i t y  i s  

f o r  a  two b laded r o t o r .  

I t em - Designat ion - Qty S t a t i o n  Loca t i on  

A i l e r o n  S t r u c t u r e  

A i l e r o n  S t r u c t u r e  

A i l e r o n  S t r u c t u r e  

A i l e r o n  S t r u c t u r e  

A i l e r o n  S t r u c t u r e  

A i l e r o n  S t r u c t u r e  

Hinge Assy - Ac tua to r  

Hinge Assy - Ac tua to r  

Hinge Assy - Ac tua to r  

Hinge Assy - Mid S t r u c t u r e  

( i n c l u d i n g  Torque 

L i n k )  

Hinge Assy - Mid S t r u c t u r e  

Hinge Assy - Mid S t r u c t u r e  

Hinge Assy - T i p  
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DESIGN REQUIREMENTS 

3.2.1 Loads 

The a i l e r o n  s t r u c t u r e s  w i l l  be s u b j e c t e d  t o  aerodynamic and i n e r t i a l  

( i n c l u d i n g  c e n t r i f u g a l )  l oads  as p resen ted  i n  t h e  f o l l o w i n g  s e c t i o n .  These 

loads  a r e  p resen ted  as l i m i t  loads and f a t i g u e  loads  i n  paragraphs 3.2.1.2 and 

3.2.1.3, r e s p e c t i v e l y .  I n  a d d i t i o n ,  t h e  h i n g e  and a i l e r o n  r i b  s t r u c t u r e  w i l l  

i n c u r  l o a d i n g  f r o m  t h e  h y d r a u l i c  a c t u a t o r  as presented i n  paragraph 3.2.1.4. 

The c o o r d i n a t e  system and method o f  combin ing aerodynamic and i n e r t i a l  l o a d  i s  

g i v e n  i n  paragraph 3.2.1.1. 

3.2.1.1 Coord ina te  System and Load D e r i v a t i o n  

F i g u r e  3.2.1.2 i l l u s t r a t e s  t h e  c o o r d i n a t e  system used f o r  t h e  l o a d s  

d e f i n i t i o n .  The X - d i r e c t i o n  i s  p a r a l l e l  t o  t h e  60% chord  l i n e  and c o i n c i d e n t  

w i t h  t h e  h i n g e  a x i s .  Y and Z d i r e c t i o n s  a r e  o r thogona l  i n  t h e  chordwise and 

f l a p w i s e  d i r e c t i o n ,  r e s p e c t i v e l y  w i t h  o r i g i n  a t  t h e  h inge  a x i s .  The 

c o o r d i n a t e  system r o t a t e s  about t h e  X a x i s  ( o r  h i n g e  a x i s )  w i t h  t h e  a i l e r o n  

s t r u c t u r e .  Note t h a t  a i l e r o n  deployment occurs  i n  a  n e g a t i v e  a n g u l a r  

d i r e c t i o n  ( i . e . ,  v a r i e s  f r o m  0 t o  -90'). The aerodynamic component o f  t h e  

shear loads has t h e  same o r i g i n  w h i l e  i n e r t i a  components o f  t h e  r u n n i n g  shear 

l o a d  o c c u r  a t  t h e  a i l e r o n  c e n t e r  o f  g r a v i t y .  

The f i g u r e s  i n  t h e  f o l l o w i n g  s e c t i o n s  (3.2.1.2 and 3.2.1.3) p r e s e n t  r u n n i n g  

va lues  o f  shear (Vx, 
V ~ '  

VZ) and h i n g e  moment ( M h )  i n  u n i t s  o f  l b / f t  

and f t - l b / f t ,  r e s p e c t i v e l y .  Loads a r i s i n g  f r o m  aerodynamic and i n e r t i a l  

sources a r e  s p e c i f i e d  s e p a r a t e l y  because t h e  we igh t  and hence t h e  , a c t u a l  

i n e r t i a  l o a d  f o r  t h e  s t r u c t u r e  i s  des ign  dependent. Thus, t h e  a c c e l e r a t i o n s  

a r e  g i v e n  i n  GIs  ( m u l t i p l e s  o f  32.17 f t / s e c 2 )  as a  f u n c t i o n  of  span 
p e r m i t t i n g  i n e r t i a l  l o a d  d e t e r m i n a t i o n  f o r  a  p a r t i c u l a r  design.  General 

f o r m u l a  t o  combine aerodynamic and i n e r t i a l  l o a d  c o n t r i b u t i o n s  i n  o r d e r  t o  

o b t a i n  t h e  d e s i g n  loads  V x ,  , V,, and Mh a r e  as f o l l o w s :  v~ 
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( 4 )  ... Mh = z x w x g  + y  x  w x (g, - gx  x  s i n  h)  Y  
+ Igh + Mha 

Where: 

V x ,  Vy, V, = Running Design Shears which a r e  a  f u n c t i o n  

o f  spanwise p o s i t i o n  x  ( l b / f t )  

M,, = Running Design Hinge Moment ( T o r s i o n ) ,  f u n c t i o n  o f  x  

( l b - f t / f t )  

Vya, Vza,  Mha = Aerodynamic Design Loads f o r  l i m i t  & 

f a t i q u e  c o n d i t i o n s ,  f u n c t i o n  o f  x. 

g x y  gyy gz,k = Design "g "  f a c t o r s  - g i v e n  as f u n c t i o n s  

o f  x. 

w = A i l e r o n  r u n n i n g  w e i g h t  ( l b / f t )  t o  be  determined as a  

f u n c t i o n  o f  x  f o r  t h e  a c t u a l  des ign  b e i n g  analyzed. 

- - 
y,z = Center o f  g r a v i t y  c o o r d i n a t e s  o f  a i l e r o n  s t r u c t u r e  t h a t  

r o t a t e s  about  h i n g e  ( f t ) .  To be  determined as a  f u n c t i o n  

o f  x  f o r  a c t u a l  des ign .  
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Igh = Actual aileron running mass moment of inertia 
about hinge (slug-ft2/ft). 

= Inclination of hinge axis in x-z plane 

to be determined from blade/aileron 

design. 

Note that the loads derived via equation 1 to 4 are all per 

unit of span. They must be integrated with respect to span in 
order to determine hinge reaction loads and stress resultants 

at any given cross section. Inertial loads due to 
concentration masses (e.g., actuators, fittings, etc. ) may be 
determined using equations 1 to 4, using the concentrated 
weight (in lbs) instead of w and neglecting aerodynamic 

factors, (Y and Z in equation 4 should be replaced by the 

concentrated weight's center of gravity position). The 

aerodynamic and inertial loads account for blade structural 
deflection. 

3.2.1.2 Limit Loads 

The aileron.structures will be subject to two limit load conditions; hurricane 
xith the ailerons in 0' or -90' position with blade nonrotating, and 
overspeed with blade rotating. The loads are to be determined using the 
equations presented in paragraph 3.2.1.1 and Figures 3.2.1.2-A, B, C, and D as 

follows: 

Hurricane (130 mph wind) 

(a) Blades Horizontal (Aileron in Line with Main Blade) 

Vya = 0 for All X 

VZa vs X in Figure 3.2.1.2-A 

Mh a vs X in Figure 3.2.1.2-A 
G, = 0 for All X 

G~ = +1 for All X OR -1 for All X - 
Gz = -.I8 for All X 

K = O f o r A l l X  
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( b )  Blades Vertical (Ai leron p i  tched-90') 
V vs X in Figure 3.2.1.2-B 
Y a 
'za vs X in Figure 3.2.1.2-8 

'ha vs X in Figure 3.2.1.2-8 

Gx = +1 for All X or -1 for all X 

G = -.I8 for All X 
Y 
GZ = 0 for All X 

K = O f o r A l l X  

Overspeed Condition 

"Y a vs X in Figure 3.2.1.2-C 

"z a vs X in Figure 3.2.1.2-C 

Mha vs X in Figure 3.2.1.2-C 

Gx vs X in Figure 3.2.1.2-D 

G~ 
vs X in Figure 3.2.1.2-D 

G, vs X in Figure 3.2.1.2-.D 
K = 1.7 for All X 

3.2.1.3 Fatiaue Loads 
A mean and alternating load component define each fatigue load cycle as 

illustrated in Figure 3.2.1.3-A. The same mean loads will be used for all - 
fatigue cycles, and a probability distribution shall be specified for the 

alternating loads. The total number of fatigue cycles for the 30 year life of 
6 tne machine is 400 x 10 . 

Mean Loads 

V vs X in Figure 3.2.1.34 
Y a 
"za vs X in Figure 3.2.1.3-C 

Mha vs X in Figure 3.2.1.3-D 

Gx vs X in Figure 3.2.1.3-E 

Gy 
vs X in Figure 3.2.1.3-E 

Gz vs X in Figure 3.2.1.3-E 
K = .55 for All X 
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A1 t e r n a t i n g  Loads 

Note:  The l o a d  p r o b a b i l i t y  d i s t r i b u t i o n  o f  each l o a d  component i s  

determined b y  m u l t i p l y i n g  t o g e t h e r  t h e  co r respond ing  no rma l i zed  

p r o b a b i l i t y  d i s t r i b u t i o n  (NPD) and l o a d  magni tude g i v e n  below. 

(The same NPD i s  used f o r  a1 1  x  s t a t i o n s ) .  

v~ z  
NPD i n  F i g u r e  3.2.1.3-F 

Magni tude = .15 x Values i n  F i g u r e  3.2.1.3-B 

NPD i n  F i g u r e  3.2.1.3-F 

Magni tude = .15 x Values i n  F i g u r e  3.2.1.34 

Mha NPD i n  F i g u r e  3.2.1.3-F 

Magni tude = .15 x Values i n  F i g u r e  3.2.1.3-D 

Gx NPD i n  F i g u r e  3.2.1.3-6 

Magni tude = 1.15 f o r  A l l  x 

G~ 
NPD i n  F i g u r e  3.2.1.3-6 

Magni tude = 1.15 f o r  A l l  x 

z NPD i n  F i g u r e  3.2.1.3-F 

Magni tude vs  x  i n  F i g u r e  3.2.1.3-H 
K = 0  (No C o n t r i b u t i o n )  

3.2.1.4 A c t u a t o r  Loads 

The h y d r a u l i c  a c t u a t o r  w i l l  induce loads i n t o  t h e  a i l e r o n  s t r u c t u r e  i n  

p r o p o r t i o n  t o  t h e  h i n g e  moment b e i n g  r e a c t e d  and t h e  mechanism geometry. T h i s  

geometry i s  p resen ted  i n  t h e  mechanical  i n t e r f a c e  drawing,  GE Dwg # TBD, which 

r e s u l t s  i n  e f f e c t i v e  moment arms f o r  t h e  a c t u a t o r  as p resen ted  i n  F i g u r e  

3.2.1.4. The l o a d  d e r i v e d  f r o m  t h i s  c o n f i g u r a t i o n  must be  cons ide red  i n  

s t r u c t u r a l  and b e a r i n g  des ign.  A c t u a l / h i n g e  lugs ,  b e a r i n g s  and l o c a l  

r e d i s t r i b u t i o n  f i t t i n g s  s h a l l  be capable  o f  a c c e p t i n g  t h e  f u l l  a c t u a t o r  f o r c e  

o f  50,000 l b s .  w i t h o u t  e x p e r i e n c i n g  permanent de fo rmat ion .  

3.2.2 Mass P r o p e r t i e s  

3.2.2.1 Weight 

The accumulated we igh t  o f  a l l  a i l e r o n  s t r u c t u r e s  s h a l l  be m in im ized  w i t h  a  

goa l  o f  4,000 l b s .  broken down as f o l l o w s :  

A i l e r o n  s t r u c t u r e s  1,500 l b s  p e r  b l a d e  

A i l e r o n  h i n g e  500 l b s  p e r  b l a d e  
Weight v a r i a n c e  f r o m  one b l a d e  s e t  o f  a i l e r o n s  t o  t h e  o t h e r  s h a l l  be w i t h i n  1%. 
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3.2.2.2 Center of Gravity 
The center of gravity of each aileron structure shall be located as close as 
possible to the hinge axis. 

3.2.2.3 Mass Moment of Inertia 
The Mass Moment of Inertia about. the hinge axis shall not exceed 210.0 
slug-ftL for each aileron structure pair (i.e., structures driven by single 

actuator). 

3.2.3 Structural Properties 

3.2.3.1 Torsional Stiffness 
Aileron structure angular deflection under the following conditions shall be 
less than 0.5' as measured from .inboard to outboard end of the aileron 

. sections driven by an individual actuator. The aileron torsional hinge moment 
shall be (a) 310 ft-lb/ft from r/R = .60 to .75, (b )  270 ft-lb/ft from .725 to 

. . . .  .85, and (c) 180 ft-lb/ft from .85 to .99. The ailerdn structure shall -be- 
. -. . 

, . 
. . 

- . ;. assumed fixed .(cantilevered) at the actuator end. : 
. . . .  . . .  . . . . .  
. . 

. . . . .  . . . . . ,  . 
. - 

. . 
. . . . . . 

3.2.3.2 Resonant Frequencies 

Individual aileron structures when mounted to stiff hinges and actuator shall 

have suitable stiffness and mass properties such that bending resonant 
frequencies are at least 20Hz. The torsional resonant frequency shall exceed 
45 Hz when cantilevered at the actuator location. (Not including actuator 

stiffness.) 

3.2.4 Construction 

. . 

3.2.4.1 Sealing and Fairing 
The aileron structures shall have a sealing system to minimize air flow 

between high and low pressure airfoil surfaces especially in the non-deployed .:, , 
. . . .  (0') position. Suitable aerodynamic fairing to minimize drag shall be 

. . .  provided around any protruberance outside the airfoil geometry. The proper , . 

drag coefficient, based on the frotital area of the faired protruberance shall * 
. . .  - .  

not exceed 0.5. 

I . . 
' i  .. 1 
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3.2.4.2 Damage To le ran t  Design 

The des ign s h a l l  cons ider  c u r r e n t  damage t o l e rance  technology. To t h e  maximum 

ex ten t  p o s s i b l e  cons ide r i ng  t h e  economies o f  a i l e r o n  f a b r i c a t i o n ,  t h e  

s t r u c t u r e  s h a l l  be  designed f a i l  safe-crack a r res t i ng .  M u l t i - l o a d  pa th  

independent s t r u c t u r e ,  where i t  would impact f a b r i c a t i o n  c o s t  m in ima l l y ,  i s  

p r e f e r a b l e  t o  s i n g l e  l oad  pa th  s t r u c t u r e .  

3.2.4.3 M a t e r i a l  

The a i l e r o n  s h a l l  be f a b r i c a t e d  o f  any m a t e r i a l  conb ina t ions  w i t h  known 

eng ineer ing  c h a r a c t e r i s t i c s  m u t u a l l y  acceptab le  b y  GE and subcon t rac to r .  

3.2.4.4 Surface Cond i t i on  

The a i l e r o n  f i n i s h e d  sur face  smoothness s h a l l  be equ i va l en t  t o  150 - + 50 rms. 

V a r i a t i o n s  on a i r f o i l  p r o f i l e  (GE Dwg. 47A382285) s h a l l  be w i t h i n  - + .030 i n c h  

c f  b a s i c  contour .  Surface contour  waviness s h a l l  n o t  exceed .030 i n c h  w i t h i n  

a 5  i n c h  dimension e i t h e r  spanwise o r  chordwise. 

3.2.4.5 F i n i s h  

The a i l e r o n  s t r u c t u r e s  s h a l l  be f i n i s h e d  i n  accordance w i t h  t h e  c o l o r  and 

f i n i s h  requi rements  o f  GE Spec 47A380048. S p e c i f i c a t i o n  f o r  M a t e r i a l  

i i nishes, NOD-5A s t r u c t u r e .  

2.2.4.6 Vent ing & D ra i n i ng  

The e x t e r i o r  s k i n  o f  t h e  a i l e r o n s  s h a l l  be sealed t o  .preclude ent rance o f  

mois ture.  P r o v i s i o n  f o r  removal o f  condensed water  and ven t i ng  o f  a i l e r o n  

s t r u c t u r e  i n t e r i o r  s h a l l  be made a t  t h e  outermost b lade  s t a t i o n  of each 

a i l e r o n  sec t ion .  Dra ins s h a l l  p rec lude  ent rance o f  i n s e c t s  o r  p a r t i c u l a t e s .  
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3.2.4.7 L i g h t n i n g  

The a i l e r o n  s t r u c t u r e s  s h a l l  p rov i de  a  conduc t i ve  pa th  t o  ground t o  min imize 

damage i n  t h e  event  o f  a  l i g h t n i n g  s t r i k e .  Non-conductive su r faces  o f  t h e  

a i l e r o n  s h a l l  be  p ro tec ted  w i t h  a  conduc t i ve  screen w i t h  a  c ross  s e c t i o n a l  

area i n  any one f o o t  e q u i v a l e n t  t o  AWG #4 copper w i r e .  Conduct ive screen 

should  be as c l o s e  as p o s s i b l e  t o  t h e  e x t e r n a l  surfaces o f  a i r f o i l  sur face,  

p re fe rab l y ,  j u s t  i n s i d e  o f  p r o t e c t i v e  weather b a r r i e r .  The t r a i l i n g  edge 

s h a l l  a l s o  be  p ro tec ted  w i t h  a  conductor equ i va l en t  t o  AWG #4 copper w i re .  

A l l  su r f ace  conductors  s h a l l  be in te rconnec ted  and connected t o  a  jumper 

across each h inge  p o i n t  (i.e., bea r i ngs )  which s h a l l  be equ i va l en t  t o  an AWG 

P6 copper w i re .  

A i l e r o n  s t r u c t u r e s  w i t h  p r o t e c t i o n  equ i va l en t  t o  t h a t  desc r ibed  i n  t h i s  

paragraph . (3.2.4.7) a r e  s u i t a b l y  p ro tec ted  aga ins t  l i g h t n i n g  s t r i k e s  o f  

paragraph 3.3.3. 

3.2.4.8 Bear ings 

The a i l e r o n  h inge  bear ings  s h a l l  be s e l f - a l i g n i n g  sphe r i ca l  p l a i n  bear ings  

w i t h  90% r e l i a b i l i t y  (L-10 L i f e )  f o r  t h e  l i f e  and ope ra t i on  s p e c i f i e d  i n  

paragraphs 3.2.5.1 and 3.2.5.2. The bea r i ng  s h a l l  be a  maintenance f r e e  t ype  

w i t h  sea l s  and grease f i l l e d  f o r  environmental  p r o t e c t i o n .  

3.2.4.9 Cor ros ion  

The a i l e r o n s  w i l l  be exposed t o  a l l  weather cond i t i ons ,  i n c l u d i n g  seacoast. 

Ex te rna l  su r faces  s h a l l  be compat ib le  w i t h  exposure t o  sun, r a i n ,  snow, s l e e t ,  

e t c .  A l l  components s h a l l  be  moisture-proofed, e s p e c i a l l y  i n t e r n a l  components 

and sur faces,  t o  p reven t  c o r r o s i o n  f a i l u r e s  due t o  humid i t y ,  condensat ion,  

s a l t  spray, e t c .  P r o t e c t i v e  coa t i ngs  w i l l  be used and mainta ined on a  

schedule r e l a t e d  t o  t h e  d u r a b i l i t y  o f  t h e  coa t ing .  Design f e a t u r e s  

s u s c e p t i b l e  t o  ga l van i c  c o r r o s i o n  s h a l l  be avoided, and when necessary, 

s u i t a b l e  p r o t e c t i o n  f e a t u r e s  s h a l l  be u t i l i z e d .  

3.2.5 L i f e  and Operat ion 

3.2.5.1 L i f e  - 
The a i l e r o n  des ign s e r v i c e  l i f e  s h a l l  be no l e s s  than 30 years.  P e r i o d i c  

replacement o f  components o r  o t h e r  maintenance i s  pe rm i t t ed  t o  meet t h e  1  i f e  

requirement.  
- 13- 
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3.2.5.2 Func t ion  Operat ion 

TBD 

. . .  . . . . .  
... . . 

ENVIRONMENT 
. . '. - 

3.3 . . . , . . . . - . .. 
. -, . . . . . . .. : - . 

- The a i l e r o n  s h a l l  be sub jec t  t o  environment cond i t i ons  as descr ibed i n  t h e  .. .. .:- 
. .  . . .  -.. 

, .. . .. , .. .... f o l l o w i n g  paragraphs. ...!.& . .:' 
. ,  . . . . . .  . .  . .. ..: . . .  ;.. :. ' - . . . . . . . , .. - :_ - . .  :_. . - , . : - ,  . . ., 

3.3.1 Temperature .. _ .  . ', . 7 .  
. ,  . . 

. :. . . . .  .. / .  ... .. . .L.. ' -. 
The a i l e r o n s  s h a l l  be capable o f  s u r v i v a l  i n  temperatures from -40 degrees C ,.,;-::;:::;,;.: 

. .. 
.., , . 

t o  +49 degrees C (-40 degrees t o  + I20  degrees F )  ambient a i r ,  and ope ra t i on  - - .  -: . .. . 

f rom - 3 0 ' ~  t o  +40°c ( - 2 2 ' ~  t o  +104'~) ambient a i r .  

3.3.2 P r e c i p i t a t i o n  

The a i l e r o n s  s h a l l  be subjected. t o  t he  f o l l o w i n g  p r e c i p i t a t i o n  environments -- 
. . , . . 

. . 

a f t e r  i n s t a l  l a t i o n :  ,.. . . 
. . - .  
, . - .  . .  . . . . .  . . .  . . . . . . - . :  

Rain: 4  i nches/hour .. 
. . . . -- . . . _  ..., -. ,..-.. . ~. . .  , . . .  . .. . ;:.' _I z... , . : ..: :: 

H a i l :  1.0 i n c h  dia., 50 lb /cu.  ft., 66.6 f t / s e c  t e r m i n a l  . , . .. . +!. .  . 
- . .,; .<.-.:,. ;.;, 

. _ . i. ... .. . ;. ;. I,.. : . .. . ;. -. . .  ,. I:. - - i. ..:. - .. . 
v e l o c i t y  ( f o r  h o r i z o n t a l  and v e r t i c a l  su r faces)  : - . .. .. , - . . 

I c e :  2.0 inches, 60 lb /cu.  ft., on' a l l  ex te rna l  sur faces 

non-operat i ng 

Snow: 41 lb /sq.  f t .  

3.3.3 L i g h t n i n g  

The a i l e r o n s  s h a l l  be subjected t o  l i g h t n i n g  s t r i k e s  as de f i ned  i n  F igu re  

3.3.4 P r o j e c t i l e  Impact 

The a i l e r o n s  s h a l l  be subjected t o  impact o f  4  l b .  b i r d s  moving a t  35 mph. 

Func t iona l  f a i l u r e s  a re  n o t  permi t ted,  b u t  l o c a l  y i e l d i n g  i s  al lowed. 

3.3.5 Solar  Rad ia t ion  

The a i l e r o n s  s h a l l  be subjected t o  s u n l i g h t  a t  a  maximum i n s o l a t i o n  r a t e  o f  

363 b t u / f t 2  h r .  f o r  4  cont inuous hours d a i l y .  I 
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3.4 DESIGN CRITERIA AND ANALYSIS 

The a i l e r o n  w i l l  conform t o  s tandard requi rements  f o r  c o n t r o l  sur faces o f  

manned a i r c r a f t .  I n f o rma t i on  i n  MIL-HDBK-SC, MIL-HDBK-17, MIL-HDBK-23, o r  

e q u i v a l e n t  r ega rd i ng  m a t e r i a l s ,  f as tene rs  and methods o f  a n a l y s i s  i s  s u i t a b l e  

f o r  a i l e r o n  design. The summary des ign c r i t e r i a  p resen t  below app l y  and 

supercedes o t h e r  f a c t o r s  o f  s a f e t y  un less  except ions a re  approved by  GE. 

L i m i t  : Fac to r  o f  Sa fe t y  t o  y i e l d  = 2.0 (min),  n e t  s e c t i o n  

S t a b i l i t y :  Fac to r  o f  Sa fe t y  t o  c r i t i c a l  s t r e s s  = 1.5 (m in )  

Fat igue:  M i n e r ' s  Rule  Z" = 0.3* (max) 

N i  

*For t h e  mean o f  t h e  S-N da ta  a p p l i c a b l e  t o  t h e  des ign d e t a i  1.  

When necessary, t h e  subcon t rac to r  s h a l l  i d e n t i f y  and per fo rm f a t i g u e  t e s t i n g  

f o r  i tems l a c k i n g  s i m i l a r i t y  t o  a  des ign da ta  base. Fa t i gue  da ta  s h a l l  be  

r e p o r t e d  t o  GE f o r  t h e  S-N cu rve  used t o  c a l c u l a t e  M i n e r ' s  c y c l e  r a t i o  

summations, whether t h e  da ta  i s  f r om  t e s t i n g  f o r  t h e  a i l e r o n  under t h i s  

c o n t r a c t  o r  f rom p r e - e x i s t i n g  sources, such as MIL-HDBK-5C o r  l i t e r a t u r e .  The 

vendor may use more conse rva t i ve  c r i t e r i a  i f  i n d i c a t e d  b y  h i s  s tandard 

p r a c t i c e s  o r  judgement, pending GE rev iew and approval .  

The m a t e r i a l  toughness a t  t h e  c o l d  extreme s h a l l  be used t o  descr ibe  t o l e r a n c e  

t o  cracks.  Th i s  a l s o  c o n t r i b u t e s  t o  i n s p e c t i o n  i n t e r v a l  s e l e c t i o n .  However, 

t h e  des ign i s  t o  be  f a i l - s a f e  (see s e c t i o n  3.2.4.2 Damage To le ran t  Design),  

and n o t  dependent upon t h e  success fu l  implementat ion o f  i n s p e c t i o n  i n t e r v a l s .  

I nspec t i on  i s  in tended t o  d e t e c t  damage due t o  vandalism, abnormal cond i t i ons ,  

b i r d  s t r i k e s  o r  o the r  unforeseeable  events. The combined e f f e c t  of 

temperature and mo i s tu re  on composi te m a t e r i a l s  and adhesive s t r e n g t h  must be 

descr ibed.  

The vendor must c l e a r l y  account f o r  load pa ths  i n  va r i ous  con f i gu ra t i ons ,  

we ld ing  e f f e c t s  ( i ' f  any), e c c e n t r i c i t i e s ,  s t r e s s  concen t ra t i on  and j o i n t  

p r y i n g  ac t i ons .  The vendor w i l l  p r ov i de  i n  h i s  proposal  a  statement o f  

capabi 1  i t i e s ,  methods and procedures f o r  design ana lys is .  Except ions i n  t h e  

above c r i t e r i a ,  a d d i t i o n a l  ana l ys i s  r e q u i r e d  and s tandard procedures a re  t o  be 

descr ibed. 
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3.5 . DESIGN REVIEW AND DOCUMENTATION 

The d e s i g n  o f  t h e  a i l e r o n s  s h a l l  be s u b j e c t  t o  r e v i e w  and approva l  b y  General 

E l e c t r i c ,  a l o n g  w i t h  s u p p o r t i n g  ana lyses,  t o  v e r i f y  conformance t o  t h e  

requ i remen ts  o f  t h i s  s p e c i f i c a t i o n .  Adequate documenta t ion  o f  d e s i g n  

a n a l y s i s ,  drawings,  s p e c i f i c a t i o n s  and q u a l i t y  assurance s h a l l  be p r o v i d e d  t o  

General  E l e c t r i c  f o r  r e v i e w  and approva l .  A  p r e l i m i n a r y  d e s i g n  r e v i e w  (PDR) 

s h a l l  be  conducted t o  r e v i e w  a l l  p r e l i m i n a r y  d e s i g n  work accompl ished p r i o r  t o  

hardware o r  t o o l i n g  f a b r i c a t i o n .  The r e v i e w  w i l l  address p r e l i m i n a r y  work 

comple ted i n  areas as d e l i n e a t e d  i n  t h e  f o l l o w i n g  paragraphs.  A f i n a l  d e s i g n  

r e v i e w  (FDR) w i l l  be h e l d  t o  demonst ra te  t h a t  t h e  des ign  i s  ready  f o r  

p r o d u c t i o n .  A l l  c r i t i c a l  ana lyses reques ted  i n  t h e  PDR w i l l  be updated and 

f i n a l i z e d  f o r  FDR. A l l  d e t a i l  d e s i g n  and t e s t  r e s u l t s  s h a l l  be reviewed. 

3.5.1 Drawing and S p e c i f i c a t i o n s  

The s u b c o n t r a c t o r  s h a l l  p repare  a l l  d rawings and s p e c i f i c a t i o n s  r e q u i r e d  f o r  

t h e  f a b r i c a t i o n ,  i n s p e c t i o n  and d e l i v e r y  o f  a i l e r o n s  f o r  t h e  MOD-5A Wind 

T u r b i n e  Genera tor  Program. The drawings s h a l l  conform t o  t h e  requ i remen ts  o f  
- 

paragraph 3.5.1.1. Three ( 3 )  p r i n t s  and one ( 1 )  r e p r o d u c i b l e  copy of  a1 1  

assembly and d e t a i  1  drawings s h a l l  be fo rwarded  t o  GE w i t h i n  f i v e  ( 5 )  work ing  

uays a f t e r  t h e i r  r e l e a s e .  A l l  changes t o  t h e s e  drawings t h a t  a f f e c t  t h e  

performance,  i n t e r f a c e ,  s a f e t y  o r  r e l i a b i l i t y  s h a l l  be approved b y  GE. A l l  

changed drawings s h a l l  be fo rwarded  t o  GE w i t h i n  f i v e  ( 5 )  work ing  days a f t e r  . 

change. 

3.5.1.1 Standard  

A l l  e n g i n e e r i n g  drawings s h a l l  conform t o  American N a t i o n a l  S tandard  ANSI Y 

14.1 ( d r a w i n g  shee t  s i z e  and f o r m a t ) .  The s e t  o f  d rawings s h a l l  p r o v i d e  t h e  

necessary  des ign,  eng ineer ing ,  m a n u f a c t u r i n g  and q u a l i t y  suppor t  i n f o r m a t i o n  

d i r e c t l y  o r  b y  r e f e r e n c e  t o  enab le  t h e  procurement,  w i t h o u t  a d d i t i o n a l  d e s i g n  

e f f o r t  o r  r e c o u r s e  t o  t h e  o r i g i n a l  des ign  a c t i v i t y ,  o f  an i t e m  t h a t  d u p l i c a t e s  

t h e  p h y s i c a l  and per formance c h a r a c t e r i s t i c s  o f  t h e  o r i g i n a l  des ign.  These 

drawings s h a l l  n o t  p r o v i d e  m a n u f a c t u r i n g  process i n f o r m a t i o n  un less  t h i s  

i n f o r m a t i o n  i s  e s s e n t i a l  t o  accompl ish  manufac ture  o f  an i d e n t i c a l  i t e m  b y  

o t h e r  t h a n  t h e  o r i g i n a l  source.  
- 
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The f i n a l  drawings s h a l l  n o t  c o n t a i n  re fe rences  t o  s p e c i f i c a t i o n s ,  procedures,  

manuals and processes t h a t  a re  company p r o p r i e t a r y  and/or n o t  a v a i l a b l e  

th rough  conven t iona l  l i t e r a t u r e  sources un less complete d e f i n i t i o n s  f o r  each 

s p e c i f i c a t i o n ,  procedure, manual and process a re  d e l i v e r e d  w i t h o u t  r e s t r i c t i o n  

t o  General E l e c t r i c  i n  r e p r o d u c i b l e  form. 

3.5.1.2 Adequacy 

The drawings s h a l l  i n c l u d e  d e t a i l s  o f  unique processes e s s e n t i a l  t o  des ign and 

manufacture; d imensional  and t o l e r a n c e  data;  c r i t i c a l  manufactur ing assembly 

sequences; schematics, mechanical and e l e c t r i c a l  connect ions;  phys i ca l  

c h a r a c t e r i s t i c s ,  i n c l u d i n g  f o rm  and f i n i s h e s ;  d e t a i l s  o f  m a t e r i a l  

i d e n t i f i c a t i o n s ;  i nspec t ion ,  t e s t ,  and eva lua t i on  requi rements  and c r i t e r i a ;  

necessary c a l i b r a t i o n  in fo rmat ion ;  and q u a l i t y  c o n t r o l  data.  

3.5.2 Ana l ys i s  Summary 

An a n a l y s i s  summary r e p o r t  s h a l l  be p rov ided  f o r  rev iew and approval  by  

General E l e c t r i c .  Ana l ys i s  presented s h a l l  address as a  minimum; f a t i g u e  and 

l i m i t  s t resses ,  l oad  and thermal d e f l e c t i o n s ,  dynamics, weights,  bear ings  and 

l u b r i c a t i o n ,  f a i l u r e  modes and e f f e c t s  and l i f e  v e r i f i c a t i o n .  C a l c u l a t i o n s  o f  

mass p r o p e r t i e s  (we igh t  d i s t r i b u t i o n ,  lumped masses, cen te r  of g r a v i t y ,  

moments o f  i n e r t i a ) ,  s t r u c t u r a l  s t i f f n e s s  c h a r a c t e r i s t i c s  (E I ,  G I )  and 

resonan t  f requenc ies  (bending and t o r s i o n a l  ) , shai  1  be p rov ided  s u i t a b l e  f o r  

use i n  f i n i t e  element modeling. The a n a l y s i s  s h a l l  s u b s t a n t i a t e  conformance 

t o  t h e  requi rement  o f  t h i s  s p e c i f i c a t i o n .  Three cop ies  .and one r e p r o d u c i b l e  

copy s h a l l  be prov ided.  

3.5.3 Tes t  P lans and Reports 

Tes t  p l ans  and procedures s h a l l  be generated b y  t h e  subcon t rac to r  f o r  t h e  

a i l e r o n  t e s t s  descr ibed i n  t h i s  s p e c i f i c a t i o n  and c r i t e r i a  as developed d u r i n g  

p r e l i m i n a r y  design. Test r e p o r t s  s h a l l  be prepared b y  t h e  subcon t rac to r  i n  a 

t i m e l y  manner f u l l y  documenting t e s t  r e s u l t s  and conc lus ions .  Test  p lans,  

procedures, and r e p o r t s  s h a l l  be p rov ided  t o  General E l e c t r i c  f o r  rev iew and 

approva l .  
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3.5.4 Naintenance 

Operat ion and maintenance requi rements  and spare p a r t s  recommendations s h a l l  

be documented and p rov ided  t o  General E l e c t r i c  f o r  rev iew and approva l .  

Complete i n p u t s  on a i l e r o n s  f o r  ope ra t i on  and maintenance manuals s h a l l  be 

prov ided.  

3.6 MAINTAINABILITY 

3.6.1 Maintenance Requirements 
P e r i o d i c  scheduled maintenance s h a l l  be  cons idered i n  t h e  des ign o f  t h e  

a i l e rons .  The nominal i n t e r v a l  s h a l l  be  6 months between i nspec t i ons ,  w i t h  

maintenance performed o n l y  as requ i red .  P e r i o d i c  maintenance may be used f o r  

s e r v i c i n g  and l u b r i c a t i o n  f u n c t i o n s  t h a t  do n o t  r e q u i r e  automat ic  ope ra t i on  

and f o r  d e t e c t i o n  and r e p a i r  o f  n o n - c r i t i c a l  f a i l u r e s  such as minor leakage. 

3.6.2 Maintenance Features 

Access and suppor t  f e a t u r e s  s h a l l  be p rov ided  on t h e  a i l e r o n s  t o  f a c i l i t a t e  

i n s p e c t i o n  and maintenance operat ions.  Due cons ide ra t i on  s h a l l  be g i ven  t o  

t h e  work environment o f  t h e  a i l e r o n s  when i n s t a l l e d  on t h e  WTG r o t o r .  Minimum 

r e q u i r e d  f ea tu res  a re  as f o l l o w s :  

3.6.2.1 L i f t i n g  Attachment P o i n t  

A i l e r o n  s t r u c t u r e s  s h a l l  be p rov ided  w i t h  p o s i t i v e  mechanical attachment 

p o i n t s  f o r  l i f t i n g  and g u i d i n g  t h e  s t r u c t u r e  i n  a  v e r t i c a l  and h o r i z o n t a l  

p o s i t i o n .  Pr imary i n t e n t  o f  s a i d  p o i n t s  s h a l l  be f o r  removal and i n s t a l l a t i o n  

o f  a i l e r o n  s t r u c t u r e s  from/on t h e  WTG r o t o r  d u r i n g  t h e  s e r v i c e  l i f e  o f  t h e  WTG 

w i t h  t h e  r o t o r  o r i e n t a t i o n  perpend icu la r  t o  t h e  ground. (See s t r u c t u r a l  

i n t e r f a c e  drawing #TBD.) 

3.6.2.2 Serv ice  Tiedowns 

The a i l e r o n  h inge  assembly s h a l l  p rov i de  p o s i t i v e  mechanical attachment p o i n t s  

f o r  t e t h e r i n g  and p o s i t i o n i n g  a  s e r v i c e  access p la t fo rm.  Pr imary  i n t e n t  o f  

t iedowns i s  t o  p reven t  l a t e r a l  r e l a t i v e  mot ion between b lade  and p l a t f o r m  w i t h  

p l a t f o r m  weight  taken b y  suppor t  cab les.  
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3.6.2.3 Access Covers 

Removable covers  s h a l l  be p rov ided  f o r  access t o  mechanical and h y d r a u l i c  

components. P o s i t i v e  r e t e n t i o n  mechanical f as tene r ,  h inged covers  and/or 

t e t h e r  l i n e s  s h a l l  be u t i l i z e d  i n  t h e  des ign o f  access covers.  

3.6.2.4 Mechanical Serv ice  Equipment 

A mechanical i n t e r f a c e  and mechanical deployment dev ice  and s t r u c t u r a l  l o ck  

s h a l l  be p rov ided  b y  t h e  subcon t rac to r  t o  deploy and l ock  t h e  a i l e r o n  

s t r u c t u r e s  i n  va r i ous  a t t i t u d e s  f rom 0 t o  -90' f o r  se r v i c i ng .  When deployed 

a t  t h e  -90' p o s i t i o n ,  a s t r u c t u r a l  l o c k  ( i n  a d d i t i o n  t o  t he  deployment 

dev ice )  s h a l l  be p rov i ded  t o  l a t c h  t h e  a i l e r o n  s t r u c t u r e  i n  p o s i t i o n  a f t e r  

which t h e  dep loy ing  dev ice  s h a l l  be removable. 

3.6.2.5 Bear inq Maintenance 

The h inge  assemblies s h a l l  be designed t o  pe rm i t  removal and replacement of a 

s i n g l e  a i l e r o n  s t r u c t u r e  w i t h o u t  r e l e a s i n g  another.  A temporary ' j u r y  s t r u t  ' 
i s  pe rm i t t ed  i f  a s i n g l e  h inge  p i n  f s  u t i l i z e d  f o r  two s t r uc tu res .  Design o f  

h inges and bea r i ng  assemblies s h a l l  min imize a c t i v i t i e s  r e q u i r e d  f o r  

replacement o f  bea r i ng  w i t h  a i l e r o n  i n s t a l l e d  on r o t o r .  Bear ing assemblies 

s h a l l  be  r ep laceab le  w i t h o u t  r e q u i r i n g  removal o f  a i l e r o n  s t r u c t u r e  f r om  r o t o r .  

3.6.3 Maintenance Loads 

L i m i t  loads f o r  each o f  t h e  f e a t u r e s  descr ibed i n  paragraphs o f  Sec t ion  3.6.2 

a re  'TBD'. 

LIFTING, HANDLING AND SHIPPING 

3.7.1 L i f t i n g  

The a i l e r o n  s t r u c t u r e s  s h a l l  i n co rpo ra te  p r o v i s i o n s  f o r  l i f t i n g  o f  f i n i s h e d  

sec t i ons  i n  b o t h  a h o r i z o n t a l  and a v e r t i c a l  a t t i t u d e  f r om t h e  ground upward.. 

Th i s  may be accomplished w i t h  t h e  b l ade  i t s e l f  o r  by  means of a f i x t u r e  t o  be 

a v a i l a b l e  i n  t h e  f i e l d .  The l i f t i n g  and suppor t  p o i n t s  and s a f e t y  secur ing  

i tems s h a l l  be s p e c i f i e d  on d e t a i l  drawings. Any spec ia l  l i f t i n g  b racke ts ,  

hardware, etc. ,  s h a l l  be prov ided.  
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3.7.2 Handling and Shipping 
The ailerons shall have provisions for being handled and being cradled for 
shipping. Shipping environments shall include those encountered by rail and 
highway and overseas transportation. 

3.8 IDENTIFICATION MARKINGS 
Identification markings in an easily accessible area shall be in accordance 

with stanaard commercial practice and shall include the following: 

a) GE part number TBD 
D )  Vendor's name, symbol, or code identification 
c) Vendor's part number, lot number and serial number 

3.9 TEST I NG 

3.9.1 Proof Test 

A proof of design test shall be conducted on a pair of aileron structures 

driven by a single actuator. The proof test section(s) shall not be used as 

prime hardware. The proof test shall simulate operating and limit loads at 

\,tarious aileron deployment angles with the supporting strongback simulating 

associated blade/aileron hinge deflections. Strain measurements shall be maae 
1:o verify analysis conducted on the structure. The test sections shall be 
delivered for use in a functional testing of the aileron system. 

Torsional stiffness and structural deflection measurements shall be made. 
Structure bending and torsional resonant frequencies shall be measured. 
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3.9.2 F u n c t i o n a l  Test  

A  f u n c t i o n a l  t e s t  of t h e  a i l e r o n  s t r u c t u r e s ,  p r e v i o u s l y  used i n  t h e  p r o o f  

t e s t ,  mated t o  a  WTG b l a d e  s e c t i o n  p r o v i d e d  b y  GE s h a l l  be  conducted. The 

t e s t  s h a l l  e v a l u a t e  t h e  a i l e r o n  o p e r a t i o n  under v a r i o u s  l o a d i n g  c o n d i t i o n s  and 

v a l i d a t e  t h e  i n t e r f a c e  between t h e  b l a d e  and a i l e r o n s .  

T o r s i o n a l  s t i f f n e s s  and s t r u c t u r a l  d e f  1  e c t  i o n  measurements s h a l l  be made. 

S t r u c t u r e  and system bending and t o r s i o n a l  resonan t  f r e q u e n c i e s  s h a l l  b e  

measured. 

3.9.3 Mass P r o p e r t i e s  

Mass p r o p e r t y  d e t e r m i n a t i o n  c o n s i s t i n g  o f  we ight ,  c e n t e r  o f  g r a v i t y  and Mass 

Moment o f  I n e r t i a  s h a l l  be  made on a l l  d e l i v e r e d  u n i t s  i n  o r d e r  t o  v e r i f y  

conformance t o  requ i rements  h e r e i n .  

3.9.4 Non-Dest ruc t ive  T e s t i n g  

Design s h a l l  i n c l u d e  adequate use of  n o n - d e s t r u c t i v e  t e s t i n g  techn iques  t o  

assure m a t e r i a l  i n t e g r i t y  i n  c r i t i c a l  areas. 
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SECTION 4.0 

QUALITY ASSURANCE PROVISIONS 

4.1 DOCUMENTATION AND REVIEW 

4.1.1 Design Review 

A11 drawings, s p e c i f i c a t i o n s ,  and s u p p l i e r  process d e s c r i p t i o n s  in tended  f o r  

use on t h i s  c o n t r a c t  w i l l  be submi t ted t o  General E l e c t r i c  f o r  rev iew a f t e r  

approva l  b y  t h e  subcont ractor .  Three ( 3 )  cop ies  o f  each document w i l l  be sen t  

t o  GE Subcontracts w i t h i n  f i v e  work ing days a f t e r  i s su ing .  

GE w i l l  n o t i f y  t h e  subcon t rac to r  o f  any d isapprova l  w i t h i n  t en  work ing days. 

4.1.2 Non-Dest ruct ive Tes t i ng  

Designs t o  i n c l u d e  adequate use o f  non-des t ruc t i ve  t e s t i n g  techniques (e.g., 

l;l t r a s o n i c ,  rad iograph ic ,  magnet ic p a r t i c l e / p e n e t r a n t  inspec t ions ,  e t c . ) ,  t o  

assure m a t e r i a l  f i d e l i t y  i n  h i g h l y  s t ressed  o r  c r i t i c a l  p a r t s .  Desc r i p t i ons  

of these  techniques w i l l  be rev iewed by  GE Q u a l i t y  Assurance. 

4.1.3 J o i n i n g  Systems 

Frocedure s p e c i f i c a t i o n s  a re  r e q u i r e d  f o r  f a s t e n i n g  and j o i n i n g  systems (e.g., 

r i v e t i n g ,  welding, braz ing,  bonding, screw attachments, e tc . )  and must 

i d e n t i f y  accep t / r e j ec t  c r i t e r i a  and, when app l i cab le ,  i n c l u d e  to rque  values. 

S p e c i f i c a t i o n s  must be submi t ted t o  GE f o r  approval .  

4.1.4 Desi gn Changes 

Rev is ions  t o  t h e  above documents must be submi t ted t o  GE f o r  r ev i ew  w i t h i n  

f i v e  work ing days a f t e r  i s su ing .  GE w i l l  n o t i f y  t h e  subcon t rac to r  o f  any 

Cisapprova l  w i t h i n  t e n  work ing days. 
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4.1.5 R e s p o n s i b i l i t y  f o r  I n s p e c t i o n s  

The s u b c o n t r a c t o r  s h a l l  be r e s p o n s i b l e  f o r  t h e  performance o f  a l l  i n s p e c t i o n s  

and t e s t s  s p e c i f i e d  h e r e i n .  The vendor s h a l l  u t i l i z e  h i s  own f a c i l i t i e s  o r  

any commercial l a b o r a t o r y  accep tab le  t o  GE. GE r e s e r v e s  t h e  r i g h t  t o  p e r f o r m  

any o f  t h e  i n s p e c t i o n s  and t e s t s  s e t  f o r t h  i n  t h i s  s p e c i f i c a t i o n  where such 

i n s p e c t i o n s  and t e s t s  a r e  deemed necessary t o  assure t h a t  s u p p l i e s  and 

s e r v i c e s  conform t o  p r e s c r i b e d  requ i rements .  

SYSTEM SAFETY PLAN 

4.2.1 GE Approva l  

The s u b c o n t r a c t o r  s h a l l  p r o v i d e  a  system s a f e t y  p l a n  f o r  t h e  development and 

f a b r i c a t i o n  o f  t h e  WTG a i l e r o n s .  T h i s  p l a n  must be submi t ted  t o  GE f o r  

approva l .  

4.2.2 Procedure 

The p l a n  must i n c o r p o r a t e  a  procedure t o  s y s t e m a t i c a l l y  r e v i e w  each d e t a i l  and 

assembly drawing f o r  p o t e n t i a l  hazards t h a t  c o u l d  occur  d u r i n g  t h e  

f a b r i c a t i o n ,  h a n d l i n g  and t r a n s p o r t i n g  o f  t h e  WTG a i l e r o n s .  The s u b c o n t r a c t o r  

w i l l  i d e n t i f y  ( b y  d raw ing  number) f e a t u r e s  o f  t h e  des ign  t h a t  may tend  t o  

e x h i b i t  more than  normal r i s ~ s .  These des igns w i l l  be s e l e c t e d  f o r  an 

i n - d e p t h  r e v i e w  b y  t h e  s u b c o n t r a c t o r  and GE t o  determine t h e  r i s k  assessment. 

S p e c i f i c a l l y ,  t h e  des igns s h a l l  be c r i t i q u e d  f o r  areas t h a t  c o u l d  cause 

hazardous c o n d i t i o n s  o r  c a t a s t r o p h i c  f a i  1  u r e s  t h a t  would r e s u l t  i n  damage t o  

WTG equipment o r  i n j u r y  t o  personnel .  

4.3 RELIABILITY 

4.3.1 P a r t i c i p a t i o n  

P a r t i c i p a t i o n  i n  t h e  s u b c o n t r a c t o r ' s  in-house rev iews  s h a l l  i n c l u d e  

s u ~ c o n t r a c t o r  personnel  f r o m  System Sa fe ty ,  R e l i a b i l i t y ,  and Q u a l i t y  Assurance. 
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4.4 PRODUCT ASSURANCE 

4.4.1 Program P lan  

The subcon t rac to r  s h a l l  implement and ma in ta i n  a  product  assurance program f o r  

t h i s  subcont ract  i n  accordance w i t h  t h e  requi rements  shown here in .  These 

Q u a l i t y  Assurance P rov i s i ons  s h a l l  app ly  t o  a l l  d e l i v e r a b l e  hardware. 

The subcon t rac to r  s h a l l  p rov i de  a  Product  Assurance Plan which descr ibes  

procedures t o  ensure compl iance w i t h  t h e  requi rements  shown here in .  The p l a n  

s h a l l  be submi t ted t o  GE f o r  approva l  and s h a l l  i nc lude :  

4.4.1.1 Organ iza t ion  

A d e s c r i p t i o n  o f  t h e  subcon t rac to r ' s  o r g a n i z a t i o n  which implements t h e  Q u a l i t y  

Assurance Program. 

4.4.1.2 Manufactur ing P lan 

A Manufactur ing P lan  i n d i c a t i n g  t h e  f l o w  o f  f a b r i c a t i o n  and assembly 

ope ra t i ons  and r e l a t e d  i n s p e c t i o n  and t e s t  po i n t s .  GE w i l l  use t h i s  f l o w  p l a n  

t o  i d e n t i f y  in-process t e s t  and i n s p e c t i o n  p o i n t s  t h a t  a re  t o  be witnessed b y  

a  GE Q u a l i t y  Assurance Representat ive.  A f l o w  diagram i s  t o  be inc luded.  

4.4.2 Management 

4.4.2.1 Q u a l i t y  D i r e c t o r  

The s u ~ c o n t r a c t o r  s h a l l  des ignate one i n d i v i d u a l  r espons ib l e  f o r  d i r e c t i n g  and 

managing t h e  p roduc t  assurance f u n c t i o n .  The subcon t rac to r ' s  Product  

Assurance D i r e c t o r  s h a l l  have d i r e c t  access t o  h i ghe r  management. 

Customer Review 
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4.4.3.1 Product Assurance 

Tne Product Assurance System of the subcontractor is subject to continuous 

evaluation, review and verification by GE. 

4.4.3.2 Facilities Survey 

A Quality survey will be conducted at the subcontractor's facility and at any 

sub-tier vendor (as requiredj by GE Product Assurance. 

4.4.4 Quality System 
The subcontractor shall maintain an effective and timely quality system to 

provide that defects or other unsatisfactory conditions are discovered and 

corrected at the earl i est practical point. The system shall provide recorded 

evidence of quality in the form of inspection and test results. The 

subcontractor shall make this recorded evidence of quality available to GE. 

4.5 DRAWING AND CHANGE CONTROL 

4.5.1 Product Configuration 
The subcontractor shall ensure that articles are fabricated, inspected, and 
tested to the latest applicable drawing or specification, and that necessary 

changes are accomplished and so evidenced on the inspection records of the 

part, component, or assembly. 

4.6 PROCUREMENT 

4.6.1 Supplier Control 

The subcontractor shall be responsible for adequate and effective control over 
procurement sources to ensure that materials, supplies, components and 

services purchased for use on this contract meet all quality requirements. 

Aaequate records of inspections and tests performed at the source shall be 

maintained. 
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4.7 CUSTOMER INSPECTION 

4.7.1 GE Source I nspec t i on  

The subcon t rac to r  s h a l l  n o t i f y  GE Subcont racts  f i v e  days i n  advance o f  any 

mandatory i n s p e c t i o n l t e s t  p o i n t  i d e n t i f i e d  t o  t h e  subcon t rac to r  b y  GE f rom t h e  

f l o w  p l a n  re fe renced  i n  paragraph 4.4.1.2. GE reserves t h e  r i g h t  t o  i nspec t  

any o r  a1 1  o f  t h e  m a t e r i a l s  i nc l uded  i n  t h i s  o rder ,  a t  t h e  subcon t rac to r ' s  

p l a n t .  

4.7.2 GE Test  Observat ion 

Two GE rep resen ta t i ves  s h a l l  be pe rm i t t ed  t o  wi tness any o r  a1 1  t e s t s  a t  t h e  

vendor ' s  p l a n t  o r  o t h e r  t e s t  l o c a t i o n s .  GE Procurement s h a l l  be n o t i f i e d  48 

hours  i n  advance o f  t e s t i n g .  

4.8 MATERIAL HANDLING 

Adequate methods and f a c i l i t i e s  s h a l l  be es tab l i shed  f o r  c o n t r o l l i n g  t h e  

i d e n t i f i c a t i o n ,  hand l i ng  and s to rage  o f  f a b r i c a t e d  m a t e r i a l s .  

4.9 MATERIALS CONTROL 

M a t e r i a l s  used f o r  a r t i c l e  f a b r i c a t i o n  s h a l l  be inspected, t e s t e d  (e.g., 

chemical and phys i ca l  t e s t s )  and documented t o  determine conformance t o  

a p p l i c a b l e  s p e c i f i c a t i o n s  and drawings. Records o f  ac tua l  t e s t  r e s u l t s  s h a l l  

be i d e n t i f i e d  w i t h  t h e  p a r t i c u l a r  ma te r i a l s .  The subcon t rac to r  s h a l l  

separate,  and prevent  t h e  use o f  m a t e r i a l s  which do n o t  conform t o  

requi rements  o r  which a re  awa i t i ng  complet ion and r e c e i p t  o f  t e s t  r e s u l t s .  
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4.10 INSPECTION AND TESTS 

The subcon t rac to r  s h a l l  pe r fo rm s u f f i c i e n t  i n spec t i ons  and t e s t s  o f  a l l  pa r t s ,  

components, and assemblies t o  ensure, p r i o r  t o  t e s t  o r  d e l i v e r y ,  t h a t  a l l  

a r t i c l e s  conform t o  a p p l i c a b l e  drawings o r  s p e c i f i c a t i o n s  w i t h  r espec t  t o  a1 1  

d e t a i l s ,  such as workmanship, f i n i s h ,  cons t ruc t i on ,  f u n c t i o n a l  performance, 
we igh t  i n t e r c h a n g e a b i l i t y ,  i d e n t i f i c a t i o n ,  and marking. 

These i nspec t i ons  and t e s t s  s h a l l  i n c l u d e  r e c e i v i n g ,  process ing,  f a b r i c a t i o n ,  

assembly, end i tem, and sh ipp ing  phases. W r i t t e n  i nspec t  i o n  and t e s t  

procedures s h a l l  be prepared t o  make c l e a r  t h e  d e t a i l s  o f  t h e  i n s p e c t i o n  and 

measuring equipment requ i red ,  t h e  d e t a i l e d  opera t ions  t o  be performed, and t h e  

c r i t e r i a  f o r  de te rmin ing  q u a l i t y  conformance o r  r e j e c t i o n  o f  a r t i c l e s .  

I n s p e c t i o n  and t e s t  procedures w i l l  be sub jec t  t o  GE review. 

4.11 PROCESS CONTROL 

4.11.1 Procedures and C e r t i f i c a t i o n s  

The sdbcon t rac to r  s h a l l  e s t a b l i s h  those i nspec t i ons  and c o n t r o l s  over  

processes t o  ensure compliance w i t h  q u a l i t y  requi rements  which a re  n o t  r e a d i l y  

de tec tab le  o r  measurable b y  i n s p e c t i o n  and t e s t  o f  f i n i s h e d  a r t i c l e s .  When 

approva l  o r  c e r t i f i c a t i o n  o f  spec ia l  processes, ope ra t i ng  personnel ,  s p e c i a l  

equipment o r  procedures, i s  r e q u i r e d  by  t h e  drawing o r  s p e c i f i c a t i o n ,  t h e  

subcon t rac to r  s h a l l  o b t a i n  t h e  necessary approva ls  o r  c e r t i f i c a t i o n  p r i o r  t o  

p rocess ing  t h e  a r t i c l e s .  

Records 

Records o f  in -process i nspec t i ons  and c o n t r o l s  may be used as evidence of 

q u a l i t y  o f  end i tems, and may reduce, b u t  n o t  e l im ina te ,  f u r t h e r  end- i tem 

i nspec t i on .  
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4.12 NON-CONFORMING ARTICLES 

4.12.1 Procedures 

The s u b c o n t r a c t o r  s h a l l  p r o v i d e  f o r  t h e  r e v i e w  of non-conforming a r t i c l e s  t o  

c o n t r o l  t h e i r  use as a r t i c l e s  o f f e r e d  f o r  t e s t  o r  d e l i v e r y .  Non-conforming 

a r t i c l e s  s h a l l  be i d e n t i f i e d  and separa ted  f r o m  normal work o p e r a t i o n s .  When 

t h e  s u b c o n t r a c t o r  wishes t o  o f f e r  t h e  non-conforming a r t i c l e s  f o r  t e s t  o r  

d e l i v e r y ,  t h e  f o l l o w i n g  procedures  s h a l l  be f o l l o w e d :  

4.12.1.1 Review Board 

The s u b c o n t r a c t o r  s h a l l  e s t a b l i s h  a Review Board (RB) wh ich  w i l l  r e v i e w  a1 1 

non-conforming a r t i c l e s .  The RB s h a l l  c o n s i s t  o f  a c o g n i z a n t  eng ineer  and a 

qua1 i t y  assurance r e p r e s e n t a t i v e .  Recommendations t o  accept  non-conformi ng 

a r t i c l e s  b y  t n e  RB s h a l l  be b y  mutua l  agreement o f  t h e  members. RB 

recommendations s h a l l  be documented and t h e  documenta t ion  s h a l l  show t h e  

d e t a i l s  o f  t n e  non-con fo rm i t y  and t h e  a p p r o p r i a t e  d i s p o s i t i o n ,  such as r e p a i r ,  

use as i s ,  o r  scrap.  

4.12.1.2 GE Review 

No non-conformance may be accepted w i t h o u t  GE's w r i t t e n  approva l .  

S u b c o n t r a c t o r  recommendations t o  accept  s h a l l  be submi t ted  i n  w r i t i n g  t o  GE. 

GE w i l l  then,  w i t h i n  seven ( 7 )  work ing  days, n o t i f y  t h e  s u b c o n t r a c t o r  i n  

w r i t i n g  o f  app rova l  o r  d i s a p p r o v a l  o f  recommended d i s p o s i t i o n .  Emergency 

s i t u a t i o n s  may be hand led b y  te lephone,  b u t  f o l l o w - u p  documenta t ion  i s  

r e w i r e d  f o r  f i n a l  d i s ~ o s i t i o n .  

4.12.1.3 Equipment Log 

The s u b c o n t r a c t o r  s h a l l  i n c l u d e  a copy o f  each "use as i s "  and rework n o t  t o  

d raw ing  non-conformance r e p o r t  and t h e  documented RB a c t i o n  i n  t h e  Equipment 

Log. 
I 

4.12.1.4 Records 

Copies o f  a l l  non-conformance r e p o r t s  shou ld  be m a i n t a i n e d  on f i l e  a t  t h e  

s u b c o n t r a c t o r ' s  f a c i l i t y  and a r e  s u b j e c t  t o  r e v i e w  b y  GE Q u a l i t y  Assurance 
I 

Represen ta t i ve .  
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INSPECTION, MEASURING AND TEST EQUIPMENT 

4.13.1 C a l i b r a t i o n  System 

The s u b c o n t r a c t o r  s h a l l  p r o v i d e  and m a i n t a i n  s u i t a b l e  i n s p e c t i o n ,  measuring, 

and t e s t  equipment o f  range, accu racy  and t y p e  necessary  t o  ensure  conformance 

o f  a r t i c l e s  t o  s u b c o n t r a c t  requ i rements .  A t  i n t e r v a l s  e s t a b l i s h e d  t o  ensure  

c o n t i n u e d  accuracy,  each u n i t  o f  i n s p e c t i o n ,  measur ing  and t e s t  equipment 

s h a l l  be c a l i b r a t e d  a g a i n s t  c e r t i f i e d  s tandards  which have known, v a l i d  

r e l a t i o n s h i p s  t o  t h e  N a t i o n a l  Bureau o f  Standards.  Records o f  c a l i b r a t i o n s  

per formed s h a l l  be ma in ta ined .  The due date,  o r  o t h e r  i d e n t i f i c a t i o n  

a t t e s t i n g  t o  t h e  due d a t e ,  o f  t h e  n e x t  c a l i b r a t i o n  s h a l l  be  d i s p l a y e d  on each 

u n i t  o f  i n s p e c t i o n ,  measur ing  and t e s t  equipment. 

4.13.2 Tool  C o n t r o l  

Too ls ,  gages, j i g s ,  o r  f i x t u r e s  wh ich  c o n t r o l  dimensions, con tou rs ,  o r  

l o c a t i o n s  a f f e c t i n g  q u a l i t y  c h a r a c t e r i s t i c s ,  s h a l l  be i n i t i a l l y  checked f o r  

accuracy  p r i o r  t o  use. P e r i o d i c  check and r e c a l i b r a t i o n  s h a l l  be made a t  

p rede te rm ined  i n t e r v a l s  t o  ensure  t h e i r  c o n t i n u e d  accuracy.  

4.13.3 Contour C o n t r o l  

The Subcon t rac to r  s h a l l  d e s i g n  and b u i l d  i n s p e c t i o n  t o o l i n g  t o  v e r i f y  t h e  

a i  l e r o n  c o n t o u r .  

4.13.4 GE Design Review 

Designs f o r  t o o l i n g  used as a  media o f  i n s p e c t i o n  s h a l l  be  submi t ted  t o  GE f o r  

r e v i e w  and approva l  b y  Qua1 i t y  Assurance Eng ineer ing  p r i o r  t o  manu fac tu re  and 

use. 

4.14 INSPECTION STATUS INDICATION 

The s u b c o n t r a c t o r  s h a l l  m a i n t a i n  a  system f o r  i n d i c a t i n g  t h e  i n s p e c t i o n  s t a t u s  

o f  a r t i c l e s .  T h i s  s h a l l  be accompl ished b y  means o f  stamps, sea ls ,  deca ls ,  o r  

o t h e r  methods on i n d i v i d u a l  a r t i c l e s ,  t ags ,  r o u t i n g  cards ,  move t i c k e t s ,  o r  

o t h e r  normal c o n t r o l  dev i ces  a t t a c h e d  t o  t h e  a r t i c l e s  o r  t h e i r  c o n t a i n e r s .  

D e t a i l s  o f  t h i s  system a r e  t o  be submi t ted  t o  GE f o r  approva l .  
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4.15 PRESERVATION, PACKAGING, PACKING AND SHIPPING 

The subcontractor shall ensure that a1 1 del iverable articles are complete and 

that necessary documentation has been provided to GE. The subcontractor shall 

maintain adequate control of the preservation, packaging, and shipping 

operations to ensure that the quality of the fabricated articles is 

maintained, and that damage, deterioration, loss and substitution are 

prevented. The packing and marking of articles shall comply with Interstate 
Commerce Commission rules and regulations and shall ensure safe arrival and 

ready identification at destination. 

4.16: INSPECTION AND TEST RECORDS 

The subcontractor shall maintain adequate records of a1 1 inspections and tests 

performed. The recoras shall provide evidence that the required inspections 

and tests have been performed, including part or component identification, 

inspection or test involved, nature of defects, and basic causes for 

rejection. These datum must cover both conforming and defective i terns. 

Records of all inspections and tests shall be made available to GE for review. 

4.17 EQUIPMENT LOG FOR DELIVERABLE AILERONS 

4.17.1 ManufacturingHistory 

Throughout the inspection, assembly, and test of deliverable WTG ailerons, the 

subcontractor shall maintain a log as a means of documenting the continuous 

history of the item. 

4.17.2 Equipment Log Format 

The Equipment Log is to include the drawing number of each unique part and 
subassembly, the drawing revision, Review Board (RB) number when applicable, 

and indicate acceptable assembly and tests. 
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4.18 FAILU2E REPORTING 

F o r  each f u n c t i o n a l  f a i l u r e  o c c u r i n g  i n  t h e  p r o j e c t ,  t h e  s u b c o n t r a c t o r  s h a l l  

p repare  an i n d i v i d u a l  f a i l u r e  r e p o r t .  T h i s  r e p o r t  s h a l l  c o n t a i n  a  d e s c r i p t i o n  

o f  t h e  c i rcumstances o f  t h e  f a i l u r e ,  a n a l y s i s  o f  causes, recommendations f o r  

c o r r e c t i v e  a c t i o n ,  and c o r r e c t i v e  a c t i o n  taken. An i n t e r i m  i s s u e  o f  t h e  

r e p o r t s  issuea each month s h a l l  be summarized i n  t h e  Month ly  n a r r a t i v e  S t a t u s  

2epor t .  The s t a t u s  o f  f a i l u r e  r e p o r t s  s t i l l  open (no  f i n a l  i s s u e )  f rom 

p r e v i o u s  Mon th ly  Repor ts  s h a l l  be s t a t e d .  

4.19 CUSTOMER (GE) FURNISHED EQUIPMENT 

4.19.1 I n s p e c t i o n  

When equipment i s  f u r n i s h e d  by  GE, t h e  s u b c o n t r a c t o r  s h a l l :  

* Upon r e c e i p t ,  i n s p e c t  t o  d e t e c t  damage i n  t r a n s i t .  

* I n s p e c t  f o r  completeness and p roper  type,  s i z e  o r  grade. 

* P r o v i d e  f o r  p r o t e c t i o n ,  p e r i o d i c  i n s p e c t i o n s ,  and c o n t r o l  s  
- - 

necessary  t o  p r e c l u d e  damage o r  d e t e r i o r a t i o n  d u r i n g  h a n d l i n g  

o r  s to rage .  
* When c o n t r a c t u a l l y  r e q u i r e d ,  pe r fo rm f u n c t i o n a l  t e s t i n g  p r i o r  

t o  f u r t h e r  p rocess ing  o r  i n s t a l  1  a t i o n  t o  de te rm ine  

s a t i s f a c t o r y  o p e r a t  i on .  

4.19.2 D e f i c i e n t  CFE 

The s u b c o n t r a c t o r  s h a l l  r e p o r t  t o  GE any damage, m a l f u n c t i o n ,  o r  o t h e r  

problems t h a t  make t h e  CFE u n s u i t a b l e  f o r  use. The s u b c o n t r a c t o r  s h a l l  a l s o  

de te rm ine  and r e p o r t  t h e  p robab le  cause and n e c e s s i t y  f o r  w i t h h o l d i n g  such 

equipment f r o m  use. The s u b c o n t r a c t o r  s h a l l  ensure t h a t  such equipment i s  

hand led i n  such a  way as t o  p reven t  f u r t h e r  aamage. 
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SECTION 1.0 

SCOPE 

T h i s  s p e c i f i c a t i o n  de f i nes  t h e  requi rements  o f  b lade  grade Douglas F i r  Veneer 

I t o  be used i n  t h e  b l ade  s t r u c t u r e  o f  t h e  MOD-5A Wind Turbine. 
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SECTION 2.0 

APPLICABLE DOCUMENTS 

The f o l l o w i n g  documents, and a l l  p e r t i n e n t  amendments t he re to ,  o f  t h e  i s sue  i n  

e f f e c t  on t h e  da te  o f  procurement a c t i o n  s h a l l  become a p a r t  o f  t h i s  

s p e c i f i c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  here in .  

2.1 GOVERNMENT SPECIFICATIONS 

Vo lun ta r y  Product S p e c i f i c a t i o n  PS 1-74, "Cons t ruc t ion  and I n d u s t r i a l  

Plywood", U.S. Dept. o f  Commerce. 

2.2 G.E. DRAWINGS 

Drawing 475381097 

Drawing 475382287 

Drawing 475381090 

Drawing 475381089 

Outer  Blade Sec t ion  

Center B lade Sec t i on  

I n n e r  Blade Sec t ion  

T r a i l i n g  Edge Sec t i on  
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SECTION 3.0 

REQUIREMENTS 

3.1 REQUIREMENTS 

The m a t e r i a l  covered by  t h i s  s p e c i f i c a t i o n  s h a l l  be produced under c o n t r o l  l e d  

c o n d i t i o n s  so as t o  o b t a i n  a  c o n s i s t e n t l y  good q u a l i t y  veneer complying w i t h  

requi rements  s t i p u l a t e d  here in .  

3.2 MATERIAL 

A l l  veneer s h a l l  be Douglas F i r  and smoothly c u t  f r om  heartwood and/or sapwood 

i n t o  panels  e i t h e r  27 o r  54 - + 1 i n c h  wide x  100 - + 1 i n c h  l ong  x 0.10 - + .O1 

i n c h  t h i c k .  

3.3 GRADE 

A1 1 veneer s h a l l  be A/B grade as de f i ned  i n  U.S. Product Standard PS-1-74, 

"Cons t ruc t ion  and I n d u s t r i a l  Plywood". It i s  expected t h a t  t h e  q u a n t i t y  o f  A 

and B grade veneers r e s p e c t i v e l y  inc luded  i n  t h e  process ing o f  a  Purchase 

Order w i l l  be commensurate w i t h  t h e  q u a n t i t y  o f  A and B grade veneers p resen t  

i n  a  t y p i c a l  p roduc t i on  mix  o f  A and B. 

3.4 MOISTURE CONTENT 

Veneer s h a l l  be d r i e d  t o  an average mo is tu re  con ten t  r ang ing  between 3% and 4% 

i n  a  s tandard veneer d r y e r  c o n t r o l  l e d  by  temperature, speed, and damper 

se t t i ngs .  Dryer  temperature s h a l l  n o t  exceed 3 5 0 ' ~  ( 1  77 '~ )  . 
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3.4.1 

Veneer mo is tu re  con ten t  s h a l l  be moni tored by  t h e  e l e c t r i c a l  r e s i s t a n c e  

method. The f i n a l  mo is tu re  de te rmina t ion ,  however, s h a l l  be by  t h e  oven 

d r y i n g  method descr ibed  i n  U.S. Product S p e c i f i c a t i o n  PS 1-74. F i n a l  mo i s tu re  

con ten t  s h a l l  be determined on a t  l e a s t  5 d i f f e r e n t  sheets o f  p r o d u c t i o n  r u n  

veneer b y  c u t t i n g  square samples (10" x lo" ,  o r  12" x 12")  f r om  sheets which 

do n o t  meet a l l  requ i rements  o f  t h i s  s p e c i f i c a t i o n .  

3 , 5  MODULUS 

Each d r i e d  sheet  s h a l l  be i n d i v i d u a l l y  t e s t e d  f o r  apparent e l a s t i c  modulus b y  

u - i t r ason i c  scanning us i ng  a Met r iguard  Model 2600 veneer grader,  o r  o t h e r  

approved e q u i v a l e n t  system. A l l  veneer determined t o  have an e l a s t i c  modulus 

6 (as measured p a r a l l e l  t o  g r a i n )  be low 2.10 x 10 p s i  s h a l l  be  r e j e c t e d  f o r  

6 use i n  t h i s  program. Veneer hav ing  a modulus o f  a t  l e a s t  2.45 x 10 p s i ,  

when u l t r a s o n i c  pu l se  t ime  (UPT) ranges between 360 and 410 microseconds, 

s h a l l  be i d e n t i f i e d  as Blade Grade 1 (BG1) veneer per  s e c t i o n  3.6 

6 i n s t r u c t i o n s .  Veneer hav ing  a modulus o f  2.10 t o '  2.44 x 10 p s i ,  when UPT 

i s  between 411 and 440 microseconds s h a l l  be marked as Blade Grade 2 (862) 

m a t e r i a l  pe r  s e c t i o n  3.6 requirements.  

3.6 MARKING VENEERS 

D i f f e r e n t  c o l o r  dye s h a l l  be used t o  i d e n t i f y  t h e  apparent e l a s t i c  modulus of 

Blade Grade veneer pe r  F i gu re  1. The dye s h a l l  be compat ib le  w i t h  l a m i n a t i n g  

epoxy , 4 7ALATER. 
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Veneer s h a l l  be marked as f o l l ows :  

( a )  Pr imary Mark - A spo t  o f  p u r p l e  dye l oca ted  i n  an area n o t  more than  
12 i n .  e i t h e r  s i d e  o f  t h e  c e n t e r l i n e  o f  t h e  sheet t h a t  r uns  
perpend icu la r  t o  t h e  g r a i n  d i r e c t i o n .  

( b )  Secondary Mark - Red dye s h a l l  be sprayed on a l l  4 s i des  o f  a BG1 
bunk be fo re  packaging. 

Veneer s h a l l  be marked as f o l l o w s :  

( a )  Pr imary Mark - A spo t  o f  p u r p l e  dye l oca ted  i n  an area n o t  more than 
15 i n .  f r om  e i t h e r  end o f  each veneer sheet. 

( b )  Secondary Mark - Green dye sprayed on each s i d e  o f  BG2 veneer bunk. 

3.7 VISUAL INSPECTION 

Each veneer s h a l l  be i n d i v i d u a l l y  examined and found t o  c o n t a i n  no de fec t s  

exceeding t h e  l i m i t s  es tab l i shed  below: 

Type o f  Defect  

( a )  White Speck 

( b )  Broken Ends, Edges, Corners 

( c )  Rough Peel 

( d )  Any I n d i v i d u a l   not, ( l )  
P i  t c h  Pocket, o r  Mechanical 
Damage 

( e )  Combination o f  ~ n o t s , ( l )  
P i t c h  Pockets, and Mechanical 
Damage 

Sheet 
Width 

NOTES: 

( 1 )  Sound, t i g h t  f i t t i n g .  
( 2 )  Measured across t h e  g r a i n .  

-5- 

Maximum A1 lowed 

None 

None 

None 

Up t o  1" Diameter 

Aggregate w i d t h ( 2 )  o f  a1 1 
de fec t s :  Up t o  3", i f  
we1 1 sca t t e red  i n  s h z t  

Aggregate w i d t h ( 2 )  o f  a1 1 
de fec t s :  Up t o  6" 9 -  i f  
w e l l - s c a t t e r e d  i n  sheet 
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SECTION 4.0 

QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL REQUIREMENTS 

The veneer s u p p l i e r  s h a l l  be r espons ib l e  f o r  assur ing  conformance of veneer 

w i t h  t h e  requi rements  o f  t h i s  s p e c i f i c a t i o n .  G.E. reserves t h e  r i g h t  t o  

per fo rm any t e s t  deemed necessary t o  c o n f i r m  veneer q u a l i t y .  When t h e r e  i s  a  

c o n f l i c t  between t h e  veneer s u p p l i e r  r e s u l t s  and t h e  b lade  manufacturer 

r e s u l t s ,  G.E. s h a l l  have a u t h o r i t y  f o r  f i n a l  d i s p o s i t i o n  on acceptance, o r  

r e j e c t i o n ,  based on m u t u a l l y  agreed t e s t  r e s u l t s .  

4.2 QUALIFICATIONS 

Any change t h a t  may be necessary i n  veneer q u a l i f i c a t i o n s  due perhaps t o  a  

supply  s i t u a t i o n ,  s h a l l  be r epo r t ed  t o  G.E. b e f o r e  procurement of t h e  veneer. 

4.3 Document Re ten t ion  

The f o l l o w i n g  da ta  s h a l l  be mainta ined on f i l e  by  t h e  s u p p l i e r  f o r  each l o t  o f  

veneer shipped t o  G.E. and s h a l l  be made a v a i l a b l e  t o  G.E. upon reques t :  

( a )  Maximum d rye r  temperature and f i n a l  mo i s tu re  content ,  Sec t ion  3.4. 
( b )  Resu l t s  o f  u l t r a s o n i c  g rad ing  t e s t i n g  and y i e l d  o f  each grade, 

Sec t i on  3.5. 
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SECTION 5.0 

PACKAGING & SHIPPING 

No more than  4 ca lendar  days a f t e r  d r y i n g  and grading, veneer w i l l  be banded, 

wrapped, and shipped t o  t h e  address s p e c i f i e d  on t h e  purchase order .  To 

min im ize  t h e  occurrence o f  end waviness i n  t h e  veneer, each bunk of veneer 

s h a l l  be banded i n  4 places. Two ( 2 )  bands w i l l  be p laced  w i t h i n  6 in., o r  

l e ss ,  o f  t h e  ends and t h e  o t h e r  2 symmet r i ca l l y  l oca ted  between t h e  end 

bands. The bands should  be tens ioned s u f f i c i e n t l y  t o  secure t h e  bunk and keep 

t h e  sheets f l a t  d u r i n g  shipment. Each bunk o f  veneer s h a l l  be double wrapped 

t o  keep i t  c l e a n  and dry .  The f i r s t  wrap s h a l l  be c a r e f u l l y  s l i t  a t  i n t e r v a l s  

a long  t h e  bot tom edge t o  p reven t  any entrapped mo is tu re  f r om  c o l l e c t i n g  i n  t h e  

bot tom o f  t h e  package. The second wrap w i l l  f u n c t i o n  as a p r o t e c t i v e  envelope 

f o r  t h e  f i r s t .  No seams w i l l  be acceptab le  on t h e  t o p  o f  t h e  package. The 

second wrap s h a l l  a l s o  be c a r e f u l l y  s l i t  a t  i n t e r v a l s  a long t h e  bot tom edge t o  

a l l o w  passage o f  any entrapped mois ture.  

5.1 STORAGE 

Veneer s h a l l  be s t o r e d  i n  a d r y  area. Pieces be ing  prepared f o r  l am ina t i on  

s h a l l  be s t o r e d  i n  an area o f  c o n t r o l l e d  r e l a t i v e  h u m i d i t y  and temperature 

w i t h i n  t h e  range o f  45 t o  55% R.H. and 65 t o  75 '~ .  
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SECTION 1 

SCOPE 

This  s p e c i f i c a t i o n  de f ines  t h e  techn ica l  requirements f o r  a  tapered r o l l e r  

bear ing s e t  which w i l l  support  t h e  r o t o r  o f  t h e  MOD-5A Wind Turbine Generator. 



MOD-5A WTG 
47A380127 

APRIL 1984 

SECTION 2 

APPLICABLE DOCUMENTS 

The f o l l o w i n g  documents form a  p a r t  o f  t h i s  s p e c i f i c a t i o n  t o  t h e  e x t e n t  

s p e c i f i e d  here in .  

ORAWINGS - GENERAL ELECTRIC 

47D381081 Tapered R o l l e r  Bear ing - FWD 

47D38 1080 Tapered R o l l e r  Bear ing - AFT 

4 7E38244 1  Yoke/Spindle Assembly - MOD-5A 

SPECIFICATIONS - MILITARY 

MIL-1-6868 I n s p e c t i o n  Process, Magnetic P a r t i c l e  

NIL-1-8950 U l t r a s o n i c  Inspec t ion ,  Wrought Meta ls  

MIL-1-45208 I n s p e c t i o n  System Requirements 

STANDARDS - MILITARY 

MIL-STD-105 Sampling Procedures and Tables f o r  I n s p e c t i o n  by  A t t r i b u t e s  

MIL-STD-271 Non-dest ruct ive Tes t i ng  Requirements f o r  Meta ls  

STANDARDS - GERMAN 

DIN-5402 R o l l i n g  Bear ing Components, C y l i n d r i c a l  Ro l l e r s ,  June 1973 

(Copies o f  s p e c i f i c a t i o n s  , standards,  drawings, and pub1 i c a t i o n s  r e q u i r e d  b y  

c o n t r a c t o r s  i n  connect ion w i t h  s p e c i f i c  procurement f u n c t i o n s  should  be ob ta ined  

from t h e  p r o c u r i n g  a c t i v i t y ) .  

-2- 1117A 
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2.1 OTHER PUBLICATIONS 

The f o l l o w i n g  documents form p a r t  o f  t h i s  s p e c i f i c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  

here in .  Unless o therw ise  i nd i ca ted ,  t h e  i s sue  i n  e f f e c t  on da te  o f  i n v i t a t i o n  

f o r  b i d s  o r  reques ts  f o r  proposal  s h a l l  apply. 

AMERICAN IRON AND STEEL INSTITUTE 

A IS I  52 100 S tee l ,  Chromium 

A I S I  E3310 Ca rbu r i z i ng  S tee l  

SOCIETY OF AUTOMOTIVE ENGINEERS, INCORPORATED 

AMS 2808 I d e n t i f i c a t i o n  - Forg ings 

( A p p l i c a t i o n s  f o r  cop ies should  be addressed t o  t h e  Soc ie t y  o f  Automot ive 

Engineers, Inc. ,  485 Lex ington Ave., New York, New York, 10017). 

AMERICAN SOCIETY FOR TESTING MATERIALS 

ASTM E112-63 Es t ima t i ng  and Average Gra in  S ize  o f  Meta ls  

ASTM A485 Forg ing  S tee l  

ASTM E45-63, METHOD A Determin ing t h e  I n c l u s i o n  Content o f  S tee l  

( A p p l i c a t i o n s  f o r  cop ies  should  be addressed t o  t h e  American Soc ie t y  f o r  Tes t i ng  

and Ma te r i a l s ,  1916 Race St., Ph i l ade lph ia ,  PA, 19103). 

ANTI-FRICTION BEARING MANUFACTURERS ASSOCIATION, INCORPORATED 

AFBMA Standards, Sec t i on  17, Class 4  

( Appl i c a t i o n  f o r  cop ies should  be addressed t o  t h e  A n t i - F r i c t i o n  Bear ing 

Manufac tu re r ' s  Assoc ia t ion,  Inc., 60 East 42nd S t ree t ,  New York, N Y y  10017). 
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SECTION 3  

REQUIREMENTS 

Requirements f o r  i n d i v i d u a l  bear ings s h a l l  be as s p e c i f i e d  h e r e i n  and i n  

accordance w i t h  GE Dwgs . 47D381080 and 470381081 o r  equ i va l en t  c o n f i g u r a t i o n s  

which a re  w i t h i n  t h e  envelope de f i ned  on t h e  drawings. 

3.1 PERFORMANCE CRITERIA 

3.1.1 LOADING 

The loads a r e  a p p l i e d  f rom t h e  ou te r  r ace  ( r o t a t i n g )  t o  t h e  s t a t i o n a r y  i n n e r  

race. 

3.1.2 LIFE REQUIREMENTS 

The bea r i ng  s h a l l  be capable o f  ope ra t i ng  f o r  a  minimum of 228 X l o 6  

r e v o l u t i o n s ,  when sub jec ted  t o  t h e  requi rements  of Sec t ion  3.1.3 and 3.1.4. The 

f a i l u r e  r a t e  o f  t h e  bea r i ng  s h a l l  be l e s s  t han  2% over  t h e  30 yea r  l i f e  of t h e  

WTG. 

- 
3.1.3 ROTOR SUPPORT REQUIREMENTS 

I 

The r o t o r  bear ings  s h a l l  be mounted on t h e  s t a t i o n a r y  hub o f  t h e  r o t o r  suppor t  

s t r u c t u r e  t o  suppor t  t h e  r o t o r .  The bear ings,  accord ing ly ,  must be capable  o f  - 

r e s i s t i n g  t h e  loads imposed b y  t h e  mass and dynamics o f  t h e  r o t o r  system. GE - 
drawing 47E382441 shows t h e  s p e c i f i c  bea r i ng  arrangement and mount ing geometry. - 
Table 1  l i s t s  p e r t i n e n t  performance requirements.  a 

m 
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TABLE 1 - PERFORMANCE REQUIREMENTS 

I 
I n p u t  Speed - Nominal 

I n p u t  Speed - Low 

I Maximum Speed - 50% Overspeed 

Maximum Running Losses/Bearing 

D i r e c t i o n  o f  R o t a t i o n  

Design Load 

16.8 RPM (50% of t i m e )  

13.7 RPM (44% o f  t i m e )  

25  RPM 

6% o f  t ime  

1/3% a t  r a t e d  power (33  HP @ 16.8 RPM) 

Clockwise when l o o k i n g  a long  low speed 
s h a f t  i n t o  t h e  gearbox. Outer r a c e  
r o t a t i o n .  

See Drawing 47D381080 and 47D381081 

3.1.4 ENVIRONMENTAL CONDITIONS 

The assembled bear ings  s h a l l  be capable o f  meet ing t h e  requi rements  of t h i s  

s p e c i f i c a t i o n  d u r i n g  and/or a f t e r  exposures t o  a  temperature range o f  0°F t o  

+lOO°F, and exposure t o  s a l t  sp ray  as found i n  coas ta l  areas. The bea r i ng  

s h a l l  su rv ive ,  w i t h o u t  degradat ion,  a  temperature range o f  -40°F t o  +120°F, 

non-operat ing . 

3.1.5 WEIGHT 

The we igh t  o f  t h e  assembled bear ing,  l e s s  any a t t a c h i n g  dev ices o r  s e a l i n g  

hardware, s h a l l  n o t  exceed t h e  we igh t  shown on t h e  re fe renced  drawing. 

3.2 DESIGN AND CONSTRUCTION 

3.2.1 GENERAL 

The des ign and c o n s t r u c t i o n  o f  t h e  bea r i ng  s h a l l  n o t  exceed t h e  envelope shown 

on t h e  r e s p e c t i v e  GE Dwg. s p e c i f i e d  i n  t h e  purchase order .  
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3.2.2 STRUCTURAL INTEGRITY 

The i n n e r  and ou te r  races o f  t h e  bear ing  must be capable o f  ope ra t i ng  w i t h  

de fec ts  o f  t h e  s i z e  and l o c a t i o n  de f ined  per  MIL-1-8950 Class B w i t h o u t  

propagat ion t o  t h e  p o i n t  o f  s t r u c t u r a l  f a i l u r e .  S t r u c t u r a l  f a i l u r e  i s  def ined 

z;s t h e  i n a b i l i t y  o f  t h e  r a c e  s t r u c t u r e  t o  suppor t  t h e  r o t o r  f o r  t h e  s p e c i f i e d  

l i f e  when t h e  bea r i ng  i s  subjected t o  t h e  l oad  cond i t i ons  def ined i n  Sect ion 3.1 

o f  t h i s  s p e c i f i c a t i o n .  S u f f i c i e n t  i n f o rma t i on  t o  per form a  f r a c t u r e  mechanics 

ana l ys i s  s h a l l  be prov ided t o  t h e  p rocu r i ng  a c t i v i t y .  

3.2.3 LUBRICATION AND SEALING 

The r o l l e r s  and cages o f  t h e  bear ing  w i l l  be grease l u b r i c a t e d  w i t h  Mobi l  

Mobi lux EP 111 o r  equal. Th i s  l u b r i c a n t  w i l l  be supp l ied  f rom an automat ic  

l u b r i c a t i o n  pump. Prov is ions  f o r  l u b r i c a n t  f i t t i n g s ,  and d i s t r i b u t i o n  and 

c i r c u l a t i o n  o f  t h e  l u b r i c a n t  w i t h i n  t h e  bear ing,  s h a l l  be t h e  r e s p o n s i b i l i t y  o f  

t h e  purchaser. The manufacturer s h a l l  recommend t h e  grease seal  des ign t o  keep 

t h e  r a t e  o f  grease i n j e c t i o n  t o  a  minimum and t o  p r o t e c t  t h e  bea r i ng  under t h e  

environmental  cond i t i ons  shown i n  paragraph 3.1.4 

3.2.4 ROLLER CAGE 
- 

The cage must be designed t o  w i ths tand  a l l  r o l l e r  l oad ing  w i t h o u t  de t r imen ta l  

wear f o r  t h e  s p e c i f i e d  l i f e  o f  t h e  bea r i ng  when subjected t o  t h e  loads de f i ned  

cn t h e  re ferenced drawing. For p i n  t ype  cages t h e  vendor s h a l l  spec i f y  

I 
hardness, su r face  f i n i s h  and i n t e r n a l  c learance. - 
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3.2.5 FITS AND TOLERANCES 

3.2.5.1 F i t s  - 
The manufacturer s h a l l  s p e c i f y  f i t s  o f  t h e  bea r i ng  w i t h  t h e  hous ing and s h a f t  a t  

a r e fe rence  temperature o f  20°C. 

The maximum a x i a l  r unou t  o f  t h e  i nne r  r ace  r o t a t i n g  r e l a t i v e  t o  t h e  o u t e r  r a c e  

s h a l l  be 0.005" T.I.R. The maximum r a d i a l  r unou t  o f  t h e  i n n e r  r a c e  r o t a t i n g  

r e l a t i v e  t o  t h e  o u t e r  r ace  s h a l l  be 0.0035" T.I.R. These to le rances  app ly  a t  

t h e  nominal loads shown on drawing f o r  r a d i a l  read ings.  
m 

3.2.5.3 R o l l e r  Diameter V a r i a t i o n  

The average d iameter  o f  t h e  r o l l e r s  w i t h i n  a row o f  t h e  bea r i ng  s h a l l  be matched 

w i t h i n  .0002". 

3.2.5.4 I n t e r n a l  D iametra l  Clearance - I n s t a l l e d  

The i n t e r n a l  d i ame t ra l  c learance s h a l l  be .002" t o  .008". 

3.2.6 SURFACE ROUGHNESS 

Sur face roughness s h a l l  be 125 RMS rnax. except as f o l l o w s :  

Raceways : 12 RMS rnax. 

R o l l e r s :  8 RMS max. 
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3.3 MATERIALS 

3.3.1 RACES 

Material shall be forged and rolled ring steel per ASTM A485 Grade 2, or AISI 

4340. The steel shall be of the electric furnace, vacuum degassed process. 

3.3.2 ROLLERS 

Naterial shall be AISI E-3310 modified carburizing steel, or AISI E-52100 

through hardening steel. The steel shall be of the vacuum remelt process. 

Rollers shall be crowned per DIN 5402. - 

3.3.3 ROLLER CAGES AND PINS 

Materials must be compatible with the loads, speeds and lubrication defined in 

paragraphs 3.1 and 3.2 of this specification. 

3.3.4 SPECIFICATION CONTROL 

Vendor shall verify specification control procurement of all materials. 

3.3.5 INCLUSION RATING AND CLEANLINESS 

Race Material cleanliness, as determined in paragraph 4 (.2.7[A]) of ASTM 

E45-63, Method A, shall not exceed the following Jernkontoret (JK) levels: 

Inclusion Rating, Worst Field 

Type - A - B - C - D 
Thin 1.5 1.5 2 .O 1.5 

Heavy 1 .O 1 .O 1 .5 1 .O 
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3.4 HEAT TREATMENT AND HARDNESS 

3.4.1 RACES 

Rough machined f o r g i n g s  s h a l l  be f u l l y  sphero id ized  annealed. No p e a r l i t i c  

s t r uc tu re ,  f e r r i t e  network o r  ca rb ide  network s h a l l  be al lowed. The maximum 

hardness of t h e  rough machined f o r g i n g s  s h a l l  be 220 BHN. 

3.4.2 ROLLER PATH HARDNESS 

R o l l e r  paths on t h e  i nne r  and o u t e r  races s h a l l  be hardened and tempered (375OF 

min.) t o  a  sur face hardness o f  58 Rc t o  62 Rc t o  a  minimum depth of  0.5 inches. 

Gra in  s i z e  s h a l l  be 5  o r  f i n e r .  

3.4.3 TEST BARS 

One t e s t  bar,  a t  l e a s t  16 inches long, w i t h  c ross  s e c t i o n  r e p r e s e n t a t i v e  of  t h e  

races, and o f  t h e  same hea t  o f  m a t e r i a l  s h a l l  be hea t  t r e a t e d  i n  t h e  same l o t  as 

t h e  bear ing  races. A c ross  s e c t i o n  approx imate ly  one i nch  t h i c k  s h a l l  be taken 

near t h e  cen te r  o f  each bar .  The c ross  s e c t i o n  s h a l l  be m e t a l l u r g i c a l l y  

p o l  ished and etched. One hardness t r a v e r s e  (hardness vs. depth below sur face)  

s h a l l  be made on each r o l l e r  pa th  near t h e  cen te r  o f  r o l l e r  loading.  The 

pol ished,  etched, and hardness t e s t e d  cross sec t i ons  and a  w r i t t e n  r e p o r t  of t h e  

hardness t r ave rses  s h a l l  be supp l i ed  t o  t h e  p rocu r i ng  a c t i v i t y  w i t h  each o rde r  

f o r  bear ings.  
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3.4.4 ROLLERS 

R o l l e r s  s h a l l  have a  su r face  hardness o f  58 Rc t o  62 Rc a f t e r  g r i n d i n g .  When 

us i ng  a  case hardenable s t e e l ,  t h e  depth o f  case (where t h e  minimum hardness 

s h a l l  be 50 Rc) s h a l l  be .ZOOu minimum and w i t h  a  minimum co re  hardness o f  Rc 35 

t o  p reven t  case o r  c o r e  f a t i g u e  f a i l u r e  when t h e  bea r i ng  i s  sub jec ted  t o  t h e  

l o a d  c o n d i t i o n s  s p e c i f i e d  i n  paragraph 3.1 o f  t h i s  s p e c i f i c a t i o n .  G ra in  s i z e  

s h a l l  be 5  o r  f i n e r .  

3.5 WORKMANSHIP 

The bea r i ng  s h a l l  be cons t ruc ted  i n  a  thorough workmanlike manner. A l l  p a r t s  

s h a l l  be f r e e  o f  bu r r s ,  sharp edges and o t h e r  damages o r  de fec t s  t h a t  c o u l d  make 

t h e  u n i t  u n s a t i s f a c t o r y  f o r  t h e  ope ra t i on  o r  f u n c t i o n  intended. 

3.6 IDENTIFICATION MARKINGS 

3.6.1 GENERAL 

I d e n t i f i c a t i o n  mark ing s h a l l  be i n  accordance w i t h  MIL-STD-130 and s h a l l  i n c l u d e  

t h e  f o l l  owing: 

a )  Manufac tu re r ' s  name, symbol, o r  code i d e n t i f i c a t i o n  

b )  Manufac tu re r ' s  p a r t  number, l o t  number and s e r i a l  number 

3.6.2. LOCATION AND TYPE OF MARKING 

~ Y a r k i n g  s h a l l  be e lec t ro -e tched  w i t h  1/4" h i g h  charac te rs  l oca ted  i n  a  

non-1 oaded zone. 

3.6.3 FORGINGS 

Forg ings s h a l l  be i d e n t i f i e d  i n  accordance w i t h  AMS 2808. M a t e r i a l  t h a t  cannot 

be i d e n t i f i e d  a t  d e s t i n a t i o n  s h a l l  be cause f o r  r e j e c t i o n .  
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3 . 7  LIFTING PROVISIONS 

Each r a c e  s h a l l  c o n t a i n  tapped ho les  f o r  eye b o l t s  as shown on re fe renced  

drawing. Eye b o l t s  w i t h  a  s t r e n g t h  s a f e t y  f a c t o r  o f  s i x  ( 6 )  s h a l l  be p rov i ded  

w i t h  each race. 
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SECTION 4  

QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL 

4.1.1 RESPONSIBILITY FOR INSPECTION 

Unless o therw ise  s p e c i f i e d  i n  t h e  c o n t r a c t  o r  purchase order ,  t h e  s u p p l i e r  i s  

r espons ib l e  f o r  t h e  performance o f  a1 1  i n s p e c t i o n  and t e s t s  s p e c i f i e d  here in .  

Except as o therw ise  s p e c i f i e d ,  t h e  s u p p l i e r  may u t i l i z e  h i s  own f a c i l i t i e s  o r  

any commercial l a b o r a t o r y  acceptab le  t o  t h e  p r o c u r i n g  a c t i v i t y .  The p r o c u r i n g  

a c t i v i t y  reserves  t h e  r i g h t  t o  per form any o f  t h e  i nspec t i ons  and t e s t s  s e t  

f o r t h  i n  t h i s  s p e c i f i c a t i o n  where such i nspec t i ons  and t e s t s  a re  deemed 

necessary t o  assure supp l i es  and se rv i ces  conform t o  p resc r i bed  requi rements .  

- 

4.2 INSPECTION PROVISIONS 

4.2.1 TEST PROCEDURE 

4.2.1.1 P repa ra t i on  

The procedure and methods f o r  per fo rming  a l l  t e s t s  s p e c i f i e d  h e r e i n  s h a l l  be 

prepared b y  t h e  s u p p l i e r .  

4.2.1.2 Approval  

Tes t  procedures s h a l l  be submi t ted t o  t h e  p rocu r i ng  a c t i v i t y  f o r  approval  p r i o r  
- 

t o  i n i t i a t i o n  o f  fo rma l  t e s t i n g .  The p r o c u r i n g  a c t i v i t y  reserves  t h e  r i g h t  t o  

r e q u i r e  a d d i t i o n a l  t e s t s  t o  determine compliance w i t h  t h e  requi rements  of t h i s  

s p e c i f i c a t i o n .  - 
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4.2.2 CLASSIFICATION OF TESTS 

Tes ts  s h a l l  be c l a s s i f i e d  as f o l l o w s :  

a )  Acceptance t e s t  (see 4.3) 

4.2.3 TEST CONDITIONS AND TOLERANCES 

4.2.3.1 Temperature 

A l l  s t a t i c  and dynamic t e s t s  s h a l l  be performed a t  room ambient temperature. 

4.2.3.2 Dimensional Checks 

A l l  dimensions s h a l l  be measured us i ng  ins t ruments  c a l i b r a t e d  t o  re ference 

standards a t  20°C. The re fe rence  s tandard t o  be c e r t i f i e d  by  t h e  Na t i ona l  

Bureau o f  Standards. Standard gauges s h a l l  be used f o r  check ing a l l  r a d i i  

chamfers, tapped, and d r i  1 l e d  ho les.  

4.2.4 MAGNETIC PARTICLE INSPECTION 

4.2.4.1 Non-Operating Surfaces 

The non-operat ing sur faces,  o t h e r  than r o l l  e r  paths,  s h a l l  be inspec ted  100% b y  

magnet ic p a r t i c l e s  pe r  MIL-1-6868 us i ng  t h e  wet method. 
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4.2.4.1.1 Acceptance Criteria 

Any indications of the following types are not acceptable: 

a) Cracks deeper than .010. No crack shall extend into a hole or 

fillet. All cracks less than .010 shall be relieved. 

b) Seams and laps deeper than .010. No seams or laps shall extend 

into a hole or fillet. All seams and laps shall be relieved. 

c) Surface indications caused by flaking, forging burst, intruded 

forging scale deeper than .010 and/or covering more than 15% of 

the surface. 

d) Corrosion pits except for isolated areas no larger than .0625 

diameter by .010 deep. 

4.2.4.2 Rings Including Roller Paths 

The finished rings and roller paths shall be inspected 100% by magnetic 

particles per MIL-1-6868 using the wet method. 
- 

4.2.4.2.1 Acceptance Criteria 

Any indications of the following type are not acceptable: cracks of any type; 

surface indications caused by flaking, forging burst, intruded forging scale, - 

laps, linear porosity, tears, corrosion pits or non-metallic inclusions. 

4.2.4.2.2 Ultrasonic Inspection 

Rings shall be ultrasonically inspected as partially machined forgings. No 

indications are permitted within .1 inch of roller path surface. - 
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4.2.4.2.3 N i t a l  E t ch  

A1 1 r o l l e r  paths a re  t o  be  n i t a l  etched w i t h  a  3% n i t a l  s o l u t i o n  a t  4  e q u a l l y  

spaced l o c a t i o n s  on each r o l l e r  pa th  over  a  2"  wide segment a t  each l o c a t i o n .  

The races  a re  t o  be cleaned w i t h  a lcoho l  and n i t a l  etched f o r  30 seconds. 

Rewash w i t h  a l coho l  and t r e a t  w i t h  a  10% s o l u t i o n  o f  NaOH t o  n e u t r a l i z e  t h e  

e tch .  A f t e r  examinat ion t h e  races s h a l l  be coated w i t h  a  l i g h t  o i l  t o  p reven t  

co r ros ion .  

4.2.4.2.3.1 Acceptance C r i t e r i a .  No g r i n d i n g  burns o r  rehardened areas s h a l l  

be permi t t e d  . 

4.2.4.3 R o l l e r s  

R o l l e r s  s h a l l  conform t o  t h e  m a t e r i a l  s p e c i f i c a t i o n  o f  3.3.2 and meet 

s p e c i f i c a t i o n  requi rements  o f  paragraph 3.3.4. R o l l e r s  s h a l l  be inspec ted  100% 

b y  magnet ic p a r t i c l e s  per  MIL-1-6868 us i ng  t h e  wet method. Acceptance c r i t e r i a  

s h a l l  be pe r  paragraph 4.2.4.2.1. 

4.2.4.4 Tes t  P ieces 

A r o l l e r  s h a l l  be sec t ioned  and m i c r o s c o p i c a l l y  examined. and a hardness t r a v e r s e  

made t o  demonstrate compl i nnce  w i t h  t h e  requi rements  o f  paragraph 4.2.4.3. No 

ca rb i de  network s h a l l  be permi t ted .  

4.2.5 FINAL NITAL ETCH 

Four matched r o l l e r s  f rom each l o t  f o r  use i n  each s p e c i f i c  bea r i ng  s h a l l  be 

n i t a l  e tched  b y  t h e  supp l i e r .  These r o l l e r s  s h a l l  n o t  be  assembled i n t o  t h e  

f i n i s h e d  bear ing .  Any i n d i c a t i o n  o f  g r i n d i n g  burns,  cracks,  p i t s  o r  

deca rbu r i za t i on  s h a l l  be cause f o r  r e j e c t i o n  o f  t h e  e n t i r e  l o t .  
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4.2.6 FORGINGS INSPECTION 

4.2.6.1 M i c r o s t r u c t u r e  

Rad ia l  specimens, approx imate ly  0.28" square i n  su r face  area, taken  midway 

between cen te r  and su r f ace  o f  t h e  t e s t  ba r ,  s h a l l  be p o l i s h e d  on a  f a c e  

l o n g i t u d i n a l  t o  t h e  d i r e c t i o n  o f  r o l l i n g ,  f o r  m i c r o i n c l u s i o n  r a t i n g  i n  

accordance w i t h  t h e  Je rnkon to re t  Chart ,  Method A, P l a t e  I o f  ASTM E45. Ra t ings  

s h a l l  meet t h e  requi rements  o f  paragraph 3.3.5 o f  t h i s  s p e c i f i c a t i o n .  

4.2.6.2 Macros t ruc tu re  

V i sua l  examinat ion o f  t r ansve rse  sec t i ons  f rom b i l l e t s ,  etched i n  accordance 

w i t h  ASTM E381 i n  h o t  h y d r o c h l o r i c  a c i d  ( 1 : l )  a t  160-180°F f o r  s u f f i c i e n t  t i m e  

t o  develop a  we1 1-def i ned  macrost ructure,  s h a l l  show no imper fec t ions  such as 

p i p e  cracks,  p o r o s i t y  segrega t ion  and i n c l u s i o n s  which may be de t r imen ta l  t o  

f a b r i c a t i o n  o r  performance. 

4.2.6.3 U l t r a s o n i c  I n s p e c t i o n  

A1 1  f o r g i n g s  s h a l l  be u l  t r a s o n i c a l  l y  i nspec ted  f o r  soundness per  MIL-1-8950, 
- 

Class 0 .  A l l  s i g n i f i c a n t  i n d i c a t i o n s  s h a l l  be  no ted  and.. the m a t e r i a l  i d e n t i f i e d  

so t h a t  subsequent re-examinat ion can be made. Rings s h a l l  be f r e e  of a l l  

harmful de fec t s .  

4.2.7 QUALITY CONFORMANCE INSPECTION 

Each u n i t  s h a l l  be examined and acceptance t e s t e d  per .paragraph  4.3. 
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4.2.8 TEST SUCCESS CRITERIA 

Any d e v i a t i o n  f r o m  t h e  performance parameters s p e c i f i e d  h e r e i n / o r  any 

phys ica l /mechan ica l  o u t - o f  t o l e r a n c e  c o n d i t i o n  t h a t  i s  n o t e d  d u r i n g  o r  a f t e r  t h e  

performance o f  t h e  t e s t s  s p e c i f i e d  h e r e i n  s h a l l  c o n s t i t u t e  a f a i l u r e  o f  t h e  u n i t .  

4.3 ACCEPTANCE TEST 

Each u n i t  s h a l l  be s u b j e c t e d  t o  and s h a l l  have passed t h e  f o l l o w i n g  t e s t s  p r i o r  

t o  acceptance b y  t h e  p r o c u r i n g  a c t i v i t y .  

TEST TEST METHOD REFERENCE 

Examinat ion o f  P r o d u c t  4.3.1 

I d e n t i f i c a t i o n  4.3.2 

Weight 4.3.3 

Workmanship 4.3.4 

Performance 4.3.5 . 

4.3.1 EXAMINATION OF PRODUCT 

Examine each u n i t  f o r  s t r i c t  conformance t o  3.2.1 and 3.2.6 

4.3.2 IDENTIFICATION 

Examine each u n i t  and check f o r  conformance t o  t h e  requ i rements  o f  3.6. 

4.3.3 WEIGHT 

Weigh each u n i t  f o r  conformance t o  drawing.  

4.3.4 WORKMANSHIP 

Examine each u n i t  t o  v e r i f y  conformance t o  3.5 
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4.3.5 PERFORMAllCE TESTS 

Each u n i t  s h a l l  be t e s t e d  i n  accordance w i t h  t h e  approved acceptance t e s t  

procedure submi t ted  i n  accordance w i t h  4.2.1. The t e s t s  s h a l l  i n c l u d e  

measurement o f  breakaway and runn ing  to rque  under weight  o f  t h e  races on ly ,  w i t h  

t h e  bea r i ng  a x i s  i n  t h e  h o r i z o n t a l  p o s i t i o n .  

4.3.61 ACCEPTANCE INSPECTION 

Acceptance I nspec t i on  o f  r o l  l e r s  s h a l l  be performed b y  sampl i n g  per  MIL-STD-105, 

~ e v e l '  11, AQL 1.0% d e f e c t i v e .  

The c e r t i f i e d  r e p o r t s  s h a l l  be submi t ted as an attachment t o  t he  sh ipp ing  

papers. The r e p o r t  s h a l l  i n c l u d e  t h e  f o l l o w i n g  as p a r t  o f  t h e  c e r t i f i c a t i o n :  

a )  Chemical composi t ion o f  races, r o l l e r s  and cages. 

b )  Heat number o f  r o l l e r s ,  races  and t e s t  ba r s .  

c )  Phatomicrographs of races and r o l l e r s  t e s t  sample a t  500 x  showing c o r e  
and sur face m ic ros t r uc tu re ,  and case hardening pa t t e rn .  

d )  Surface and case hardness t r a v e r s e  (Rc) o f  races  and r o l l e r s  and r o l l e r  
paths. Hardness o f  rough machined f o r g i n g s  (BHN). Core hardness of  
races  and r o l l e r s  (Rc). 

e,) Depth o f  r ace  and r o l l e r  pa th  case i n  thousandths o f  an inch .  

f )  Heat t r e a t  l o t  number o f  races, r o l l e r s  and app rop r i a t e  t e s t  ba r s .  

g )  For  th rough  hardened races, one hardness t r a v e r s e  (hardness vs. depth 
below su r f ace )  s h a l l  be made on each r o l l e r  pa th  o f  t h e  t e s t  ba r  near  
t h e  cen te r  o f  t h e  r o l l e r  l oad ing  (minimum o f  two hardness t e s t e d  c ross  
s e c t i o n s )  and a  w r i t t e n  r e p o r t  o f  t h e  hardness t r a v e r s e  s h a l l  be  
supp l i ed  t o  t h e  p rocure r  f o r  each o rde r  o f  bear ings.  See 
paragraph 3.2.4. 

h )  Gra in  s i z e  o f  r o l l e r s  and races per  ASTM E l  12-63. 

i )  C lean l i ness  r a t i n g s  pe r  ASTM E45, Method A. 

j )  Resu l ts  o f  magnet ic p a r t i c l e  i nspec t i on  per  MIL-1-6868. 

k )  Resu l t s  o f  u l t r a s o n i c  i n s p e c t i o n  pe r  MIL-1-8950, Class B  n o t i n g  a l l  
d i s c repan t  de fec ts .  
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- 
2.3.6 ACCEPTANCE INSPECTION ( c o n t ' d )  

I 1) Resu l ts  of  macro a c i d  e t c h  per  paragraph 4.2.6.2. 

I 
m )  Resu l ts  o f  n i t a l  e t c h  i nspec t i on  showing t h a t  no g r i n d i n g  burns e x i s t .  

n )  Torque o r  Performance Test. 

I o )  Resu l ts  o f  dimensional  checks. 
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SECTION 5 

PREPARATION FOR DELIVERY 

The comple te ly  assembled bea r i ng  s h a l l  be prepacked w i t h  Mobi lux  EP 111 L i g h t  o r  

equal ,  grease and t i r e  wrapped p e r  manufac tu re r ' s  commercial p r a c t i c e .  K r a f t  

paper s h a l l  n o t  be used. The bea r i ng  s h a l l  be c r a t e d  f o r  shipment and s h a l l  be 

cons t ruc ted  i n  a manner t h a t  w i l l  p rec lude  damage o r  contaminat ion.  
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SECTION 6.0 

NOTES 

6.1 ORDERING DATA 

Procurement documents should s p e c i f y  t h e  f o l l o w i n g :  

a )  T i t l e ,  number, and da te  o f  t h i s  s p e c i f i c a t i o n .  

b )  Number o f  t h e  app l i cab le  d e t a i l  s p e c i f i c a t i o n  and t h e  r e v i s i o n  

1  e t t e r .  

c )  Levels  o f  preservat 'on, packaging, packing, and a p p l i c a b l e  

marking. 

d )  Method o f  sampling i f  o t h e r  than spec i f i ed .  

6.2 CERTIFICATION 

A l l  q u a l i t y  conformance i nspec t i on  da ta  s h a l l  be recorded and a  copy submi t ted 

t o  t h e  p rocu r i ng  a c t i v i t y  a long  w i t h  a  n o t a r i z e d  c e r t i f i c a t e  of  conformance a t  

t h e  t ime  o f  bea r i ng  d e l i v e r y .  The da ta  s h a l l  i nc l ude  a l l  those l i s t e d  i n  

paragraph 4.3.6 
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