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Appendix E GE - MOD-5A De fec t  Repor ts  f o r  Development Hardware 
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Process 
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8.0 POWER GENERATION SUBSYSTEM 

T h i s  s e c t i o n  desc r i bes  t h e  power gene ra t i on  equipment and a u x i l i a r y  e l e c t r i c a l  

equipnent on t h e  MOD-5A wind t u r b i n e .  The c o n t r o l  and i n s t r u m e n t a t i o n  

equipment 1s descr ibed  i n  s e c t i o n  9. 

The s e l e c t i o n  o f  t h e  v a r i a b l e  speed genera to r  and t h e  b a s i c  des ign  c r i t e r i a  

f o r  t h e  power equipment a r e  d iscussed  i n  s e c t i o n  8.1. The main e l e c t r i c a l  

components a r e  descr ibed  i n  t h e  subsequent sec t i ons .  The u t i l i t y  i n t e r f a c e  i s  

aesc r i bed  i n  s e c t i o n  8. 13. 

8.1 POWER LENERATION, DESIGN CRITERIA 

The MOD-5A des ign  s t a r t e d  w i t h  a  s a l i e n t  p o l e  synchronous genera to r  f o r  t h e  

conve rs i on  o f  s h a f t  power t o  e l e c t r i c a l  power. Th i s  arrangement was 

conven t i ona l ,  and e l e c t r i c  u t  i 1  i t y  ope ra t  ions and maintenance s t a f f  a re  

f a m i l i a r  w i t h  synchronous machine ope ra t i on .  The c o s t  o f  energy was min im ized  

b y  o p e r a t i n g  t h e  synchronous genera to r  th rough  a  two-speed gearbox. T o r s i o n a l  

dynanics were c o n t r o l l e d  b y  s p r i n g s  and dampers i n  t h e  gearbox. Generat ing 

subsystems w i t h  v a r i a b l e  speed capab i  1  i t y  were i n v e s t i g a t e d  and eva lua ted  

a u r i n g  t h e  e a r l y  MOD-5A des ign  phase. These s t u d i e s  i n d i c a t e d  t h a t  v a r i a b l e  

speed had a 5% h i g h e r  c o s t  o f  energy,  because t h e  equipment c o s t  was g r e a t e r .  

L a t e r ,  t o  reduce r i s k s ,  t h e  system was changed t o  a  v a r i a b l e  speed g e n e r a t i n g  

subsystem. I t  was found d e s i r a b l e  t o  m in im ize  t h e  gearbox comp lex i t y  and t o  

p r o v i d e  a  d r i v e t r a i n  back- to rque  d u r i n g  c o n t r o l l e d  shutdowns t o  reduce b l a d e  

shutdown loads.  A v a r i a b l e  speed subsystem a l s o  a s s i s t s  t h e  aerodynamic 

a i l e r o n  c o n t r o l  d u r i n g  t h e  s t a r t - u p  b y  mo to r i ng  t h e  b lades.  

The requ i rements  f o r  .the subsystem were t o :  

1. reduce t h e  comp lex i t y  o f  t h e  gearbox, b y  p r o v i d i n g  d r i v e t r a i n  
s t i f f n e s s  and damping c o n t r o l ,  

2 .  reduce aerodynamic shutdown loads  by  p r o v i d i n g  d r i v e t r a i n  
back- torque,  down t o  12 rpm, 

3 .  motor  t h e  h i g h  i n e r t i a  r o t o r  t o  above 3 rpm, t o  a s s i s t  s t a r t i n g ,  

4. improve energy c a p t u r e  b y  changing speed ranges w h i l e  d e l  i v e r i n g  
power, 

5. ope ra te  over  a  range f r om 67% t o  100% o f  maximum speed w h i l e  
gene ra t i ng  (system f r equenc ies  prevented t h e  use o f  1  a rge r  range) ,  



6. r e g u l a t e  a i r g a p  t o r q u e  i n  response t o  a  system re fe rence ,  t o  c o n t r o l  
system speed and d r i v e t r a i n  dynamics, and t o  l i m i t  maxirnum to rque ,  

7.  r e g u l a t e  r e a c t i v e  power o r  vo l tage .  

8.1.1 SUBSYSTEM EVALUATION 

The f o u r  methods shown i n  F i g u r e  8-1 were i n i t i a l l y  cons idered  t o  p r o v i d e  

v a r i a b l e  speed c a p a b i l  i t y .  The mechanical  Scherb ius system would d r i v e  t h e  

r i n g  gear o f  a  p l a n e t a r y  gear  s tage  u s i n g  an i n d u c t i o n  motor,  v a r i a b l e  speed 

d r i v e .  The s t a t i c  Kramer system i s  l i m i t e d  t o  speeds above t h e  synchronous 

speed of t h e  machinery and, t h e r e f o r e ,  r e q u i r e s  a  h i g h e r  r a t e d  overspeed and 

h i g n e r  conve r t e r  power f o r  t h e  speed range. A s t udy  o f  ac d r i v e  techno logy  

( r e f e r e n c e  I ) ,  was rev iewed and a p p l i c a t i o n s  o f  v a r i a b l e  speed t o  wind 

gene ra t i on  ( r e fe rences  2 th rough  5 )  were cons idered.  E i t h e r  a  s t a t i c  

Scherb ius ( S c h e r b i u s t a t )  o r  a  Load Commutated I n v e r t e r  ( LC I )  d r i v e  system, 

operd ted  as a  genera to r ,  would meet t h e  system requi rements ,  so these  systems 

were s t u d i e d  f u r t h e r .  

A v a r i a b l e  speed subsystem s p e c i f i c a t i o n  was prepared and q u o t a t i o n s  were 

ob ta i ned  t o  a s s i s t  i n  t h e  eva lua t i on .  The s p e c i f i c a t i o n ' s  f u n c t i o n a l  t o p i c s  

a r e  shown i n  Table  8-1. 

Bo th  t h e  LC1 and t h e  S c h e r b i u s t a t  arrangements met t h e  system requi rements .  

The GE LC1 has an advanced d i g i t a l  c o n t r o l  des ign  and a  market  p o s i t i o n  i n  

d r i v e  a p p l i c a t i o n s .  The Sche rb i us ta t  o f f e r s  a  lower  r e c u r r i n g  c o s t  because o f  

a  lower c o n v e r t e r  r a t i n g .  U t i l i t y  i n t e r f a c e  c o m p a t i b i l i t y  and p re fe rences  a r e  

s t i l l  open issues.  A Sche rb i us ta t  v a r i a b l e  speed subsystem was s e l e c t e d  f o r  

t h e  MOD-5A model 304.2 design, because i t  had t h e  lowes t  subsystem c o s t .  

8.1.1.1 LC1 C o n f i g u r a t i o n  

The main LC1 c o n f i g u r a t i o n  used i n  t h e  e v a l u a t i o n  was based on a  10,000 hp 

d r i v e ,  rnade b y  GE's D r i v e  Systems Department. The arrangement i s  shown i n  

F i g u r e  8-2. The ma jo r  components o f  t h e  LC1 a re  a  4160 V, s a l i e n t  p o l e  

machine and a  dua l  channel  r e c t  i f  i e r - i n v e r t e r .  The arrangement, desc r ibed  i n  

r e f e r e n c e  6, i s  capable  o f  con t inuous  v a r i a t i o n  i n  speed, f r om  zero  t o  maximum 

speed. A d i g i t a l  c o n t r o l  i s  used and f a u l t  r ecove ry  l o g i c  i s  implemented i n  

t n e  conve r t e r  f i r i n g  c o n t r o l .  Reac t i ve  power o r  v o l t a g e  c o n t r o l  i s  n o t  used 
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+, - - - 
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W Dt' 0-105% OF SYNCHRONOUS SPEED 

-T- 

F i g u r e  8-1 V a r i a b l e  S p e e d  C o n f i g u r a t i d n s  
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Figure 8-2 LC1 Subsystem Arrangement 
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f o r  d r i v e  a p p l i c a t i o n s .  The implementat ion o f  t h i s  t y p e  o f  c o n t r o l  would 

r e q u i r e  a  sma l l  m o d i f i c a t i o n  o f  t h e  s tandard  c o n t r o l .  

Each channel  o f  t h e  conve r t e r  i s  a  h a l f - r a t e d ,  6-pulse,  b i d i r e c t i o n a l  

r e c t  i f  i e r - i n v e r t e r .  Dual machine w ind ings  and t r ans fo rmer  connect i ons  p r o v i d e  

t h e  e q u i v a l e n t  o f  12-pu lse performance w i t h  r espec t  t o  harmonics.  A wound 

s t a t o r - t y p e ,  b rush less  e x c i t e r  on t h e  mach i n e  p rov i des  ze ro  speed f i e l d  

c o n t r o l .  The c e l l s  o f  each channel  a r e  shown i n  F i g u r e  8-3 w i t h  some o f  t h e  

system f e a t u r e s .  Each b r i d g e  l e g  has s i x  c e l l s ,  b u t  can ope ra te  w i t h  f i v e  

c e l l s ,  so one sho r t ed  c e l l  does n o t  f o r c e  an outage. The use o f  a  c o s t l y  4 kV 

f u s e  i s  avo ided b y  p r o v i d i n g  s u f f i c i e n t  l e g  impedance t o  l i m i t  f a u l t  c u r r e n t s  

t o  reasonable  l e v e l s  u n t i l  t h e  main c i r c u i t  breaker  opera tes  t o  c l e a r  t h e  

f a u l t .  

P r ima ry  p r o t e c t  i on  and s w i t c h i n g  a r e  p rov i ded  b y  a  u t i l  i t y  v o l t a g e  l e v e l  

c i r c u i t  b reaker .  Harmonic f i l t e r s  and power f a c t o r  c o r r e c t i o n  capac i tance  a r e  

a l s o  p rov i ded  a t  t h e  u t i l i t y  vo l tage .  The capac i tance  compensates f o r  t h e  

i n v e r t e r  s t age  r e a c t i v e  power demand. The c o n t r o l  o f  t h e  i n v e r t e r  f i r i n g  

ang le  pe r i n i t s  o p e r a t i o n  over  t h e  f u l l  power range w i t h  a  u t i l i t y  power f a c t o r  

near  1.0. I n  t h e  gene ra t i ng  mode, t h e  c o n v e r t e r  opera tes  as a  l i n e  commutated 

dev ice .  When mo to r i ng  f o r  s t a r t - u p ,  t h e  machine " l oad "  p rov i des  cornmutat ion  

w i t h  f i e l d  c o n t r o l .  

8.1.1.2 Sche rb i us ta t  C o n f i g u r a t i o n  

The Sche rb i us ta t  c i r c u i t  i s  shown i n  F i g u r e  8-4. T h i s  f i g u r e  a l s o  shows t h e  

p r o t e c t i v e  r e l a y  f u n c t i o n s  and a  s  imp1 i f  i e d  one-1 i n e  d iagram o f  t h e  Hawai ian 

E l e c t r i c  Company (HECO) d i s t r i b u t i o n  system a t  Kahuku, Oahu, where t h e  f i r s t  

MOD-5A i n s t a l l a t i o n  was planned. The arrangement i s  s i m i l a r  t o  GE's 15,000 hp 

d r i v e  used on t h e  p u l s e  power genera to r  i n  P r i nce ton ,  N.J., desc r i bed  i n  

r e f e r e n c e  7. A Canadian GE u n i t  was eva luated.  A wound r o t o r  o r  doub l y - f ed  

machine i s  connected t o  t h e  g r i d  d i r e c t l y  a t  t h e  s t a t o r  and th rough  a  

c y c l o c o n v e r t e r  a t  t h e  r o t o r .  Cyc loconver te rs  were used i n  o t h e r  a p p l i c a t i o n s  

f o r  f u l l  power speed c o n t r o l ,  as desc r i bed  i n  r e fe rence  8. The Sche rb i us ta t  

arrangement i s  an a c t i v e  research  t o p i c  f o r  w ind t u r b i n e s  and o t h e r  

app l  i c a t  ions.  
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Three 4 kV c i r c u i t  b reakers  p r o t e c t  t h e  c y c l o c o n v e r t e r  ( 5 2 - I ) ,  connect t h e  

s t a t o r  t o  t h e  g r i d  (52-2 ) ,  and s h o r t - c i r c u i t  t h e  s t a t o r  f o r  s t a r t i n g  ( 5 2 - 3 ) .  

The c y c l o c o n v e r t e r  r a t i n g ,  1500 kVA, p r o v j d e s  f o r  genera to r  o p e r a t i o n  f r om  

12 rpm t o  17.5 rpm a t  t h e  wind r o t o r  and f o r  mo to r i ng  t o  3+ rpm. 

The c y c l o c o n v e r t e r  i s  ar ranged as t h r e e  s tandard,  6-pu lse,  r e v e r s i n g  dc 

d r i v e s ,  as Shown i n  F i g u r e  8-5. Wi th  a  machine t u r n s  r a t i o  o f  near  1:1, t h e  

i n p u t  v o l t a g e  t o  t h e  c y c l o c o n v e r t e r  a t  maximum s l i p  p e r m i t s  use o f  a  s i n g l e  

s e r i e s  c e l l  w i t h  f u s e  p r o t e c t i o n .  A comp le te l y  redundant  c e l l  arrangement 

p rov i des  r i d e - t h r o u g h  c a p a b i l i t y  i n  t h e  even t  o f  a  c e l l  f a i l u r e ,  s i m i l a r  t o  

trle L C I ' s  c a p a b i l  i t y .  A m u l t i p l e  wind ing,  ba lanced impedance t r ans fo rmer  

i s o l a t e s  t h e  c y c l o c o n v e r t e r  b r i d g e s  and opera tes  t o  b o t h  sum and s tep-up t h e i r  

o u t p u t  t o  4 160 V.  Power f a c t o r  c o r r e c t i o n  capac i tance  and harmonic f i l t e r s  

a r e  connected a t  t h e  4160 V bus. A h y b r i d  c o n t r o l ,  t h e  GE D i r e c t o m a t i c  11, 

was p lanned f o r  t h e  i n i t i a l  u n i t .  

The o p e r a t i n g  range o f  t h e  S c h e r b i u s t a t  arrangement i s  shown i n  F i g u r e  8-6. 

Power, i n  MVA,  i s  p l o t t e d  as a f u n c t i o n  o f  p e r  u n i t  genera to r  speed. Machine 

s t a t o r  power i s  a v a i l a b l e  up t o  t h e  6500 kVA s t a t o r  thermal  r a t i n g .  Through 

t h e  cyc l oconve r t e r ,  power i s  s u p p l i e d  t o  t h e  r o t o r  below synchronous speed and 

e x t r a c t e d  from t h e  r o t o r  above synchronous speed. The wind t u r b i n e  c o n t r o l l e r  

commands t h e  c y c l o c o n v e r t e r  c o n t r o l l e r  t o  produce a i r g a p  t o rque  i n  p r o p o r t i o n  

t o  speed e r r o r ,  as shown i n  F i g u r e  8-6. Depending on t h e  wind speed, as 

measured b y  t h e  average power ou tpu t ,  t h e  c o n t r o l l e r  uses e i t h e r  a  low speed 

r e f e r e n c e  o f  0.9 pe r  u n i t  synchronous speed, o r  a  h i g h  speed re fe rence  of 1.1 

p e r  u n i t  speed. The c o n t r o l  c h a r a c t e r i s t i c  would be t h e  same f o r  e i t h e r  a  

S c h e r b i u s t a t  o r  an LC1 v a r i a b l e  speed subsystem. 

8.1.1.3 Comparison 

The performance o f  t h e  two subsystems were compared and r e l a t i v e  we igh t  

f a c t o r s  were appl  i e d  t o  t h e  comparison o f  c r i t e r i a ,  as shown i n  Table  8-2.  

The perforrnance o f  t h e  p r o t o t y p e  and t r ie  p roduc t  ' s  matur  i t y  were emphas ized. 

The c o s t  and performance comparisons were made a t  t h e  subsystem l e v e l ,  

i n c l u d i n g  u t  il i t y  v o l t a g e  s tep-up l e v e l ,  t h e  hous ing o f  c o n v e r t e r  equipment, 

c a ~ l e  s i zes ,  sw i tchgear ,  and annual maintenance. F o r  example, t h e  t i m e  and 

c o s t  f o r  p e r i o d i c a l l y  c l e a n i n g  t h e  brush r i g g i n g  compartment and r e p l a c i n g  
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CRITERION 

Table  8-2 E v a l u a t i o n  C r i t e r i a  and Weight 

WEIGHING 

Cornpat i b i l  i t y  

- Wi th  Wind Tu rb i ne  a p p l i c a t i o n  and c o n t r o l  system. 

Qua1 i t y  o f  Power Output  
- R i sk  o r  degree o f  marg in  i n  meet ing  power qua1 i t y  

requi rements .  

Re1 i a b i l  i t y  

- P o t e n t i a l  impact on WTG a v a i l a b i l  i t y  i n c l u d i n g  

e f f e c t  o f  s i n g l e  f a i l u r e  modes. 

Produc t  Matur i t y l P r o t o t y p e  R isk  

- Conf idence t h a t  system w i l l  work and pe r f o rm  as 

adve r t  i sed  on Pro to type .  

Ma i n t a  inab i 1 i t y  
- Ease o f  maintenance and t r o u b l e  shoo t ing .  

Customer Technoloav Acceptance 

- Pre fe rences /b iases  o f  u t i l i t y  customers. 

L i f e  

- P r o b a b i l  i t y  o f  30 yea r  1  i f e .  

Schedule 

- P r o t o t y p e  d e l i v e r y  schedule. 



brusnes was i n c l u d e d  i n  t h e  c o s t  o f  t h e  S c h e r b i u s t a t  arrangement.  An 

e l e c t r i c a l  con ipar ison i s  shown i n  T a b l e  8-3. T h i s  cornpar ison r a n k s  t h e  two 

c o n f i g u r a t i o n s  v e r y  c l o s e l y .  

Harmonic c o n t e n t  i s  an i s s u e  f o r  t h e  acceptance b y  t h e  u t i l i t y  o f  s t a t i c  power 

c o n v e r t e r s ,  as used i n  b o t h  arrangements.  IEEE Guide 319 ( r e f e r e n c e  9 )  i s  

g e n e r a l  l y  used t o  e s t a b l  i s h  harmon i c  c o n t r o l  and r e a c t i v e  compensat ion  1  eve1 s, 

s u b j e c t  t o  t h e  u t i l i t y ' s  r e q u i r e m e n t s .  Tliese g u i d e l i n e s ,  a l o n g  w i t h  t h e  

c o n d i t i o n s  GE and HECO p lanned,  a r e  shown i n  s e c t i o n  8.9. 

Because t h e  L C 1  produces 1 2 - p u l s e  harmonic  c u r r e n t s  and i s  e f f e c t i v e l y  dc f e d ,  

t h e  f i l t e r i n g  d e s i g n  necessa ry  t o  p r o v i d e  a  smooth o u t p u t  i s  n o t  complex. 

However, Lhe f i l t e r s  do  nave t o  con tend  w i t h  f u l l  power harmonic  amp1 i t u d e s .  

The S c h e r b i u s t a t ,  w i t h  a  6 - p u l s e  c y c l o c o n v e r t e r ,  p roduces Inore complex 

~ ~ a r m o n i c s  w i t h  a  n i g h  a m p l i t u d e .  They v a r y  w i t h  s l i p  f requency ,  b u t  w i t n  o n l y  

20% o f  t h e  sys tem o u t p u t .  A comp le te  harmonic  a n a l y s i s  s p e c i f i c  t o  t h e  s i t e  

was p lanned  f o r  t h e  MOD-5A. 

The e v a l u a t i o n  de te rm ined  t h a t  b o t h  subsystems met t h e  r e q u i r e m e n t s .  The LC1 

rlda more f l e x i o i l  i t y  and was r a t e d  above t h e  S c h e r b i u s t a t ,  b u t  i t  c o s t  more 

f o r  i n  it i a l  and volume p r o d u c t  i o n  w ino  t u r b i n e s .  A Scherb i u s t a t  c o n f i g u r a t i o n  

was, t h e r e f o r e ,  s e l e c t e d  f o r  t h e  MOD-3A. The u t i l i t y ' s  p r e f e r e n c e  was under  

e v a l u a t i o n .  

8.1 . 2  PERF3RFIAliC E  

The expec ted  perforrnance and c o n t r o l s  a n a l y s i s  i s  d e s c r i b e d  i n  volume 11, 

s e c t i o n  6.5. The r e s u l t s  a r e  summarized i n  t h i s  s e c t i o n  t o  i l l u s t r a t e  t h e  

power f l u c t u a t i o n s  t h a t  r e s u l t  f rom w i n d  t u r b u l e n c e  and g u s t s .  

A s i m u l a t i o n  o f  t n e  MOD-SA i s  Sh0r~n i n  F i g u r e  8-7.  The i m p o r t a n t  d r i v e t r a i n  

and tower  b e n d i n g  modes a r e  i n c l u d e d .  B o t h  s i m p l e  and complex c o n v e r t e r  and 

g e n e r a t o r  models were  developed.  The s i m p l e  model does n o t  i n c l u d e  t n e  

e l e c t r i c a l  dynamics.  The complex model i n c l u d e s  t h e  e l e c t r i c a l  dynamics and 

p e r m i t s  a n a l y s  i s  o f  t h e  q u a d r a t u r e  r e a l  and r e a c t i v e  power r e g u l a t o r  c i r c u i t s  

t h a t  d r i v e  t h e  c y c l o c o n v e r t e r  f ir i n g  c o n t r o l .  Tne g e n e r a t o r  i n e r t i a  was 

changed t o  an e q u i v a l e n t  v a l u e  i n  t h e  w ind  r o t o r  speed r e f e r e n c e ,  and 



Tab1 e 8-3  Eva1 u a t i o n  Comparison 

COMPARISON OF LCI/SVNCHRONOUS MACHINE 
WITH CVCLOCONVERTER/UOUND ROTOR INDUCTlON MACHINE 

(1  = POOR, 3 = AVERAGE. 5 = OUTSTANDING) 

( 1 )  ( 2 )  
CYCLO/INDUC. LCI/SVNCH. 

PERFORMANCE UNDER SINGLE PHASE FAULTS 3 5 
PERFORMANCE UNDER THREE PHASE FAULTS 5 5 
PERFORMANCE UNDER L I N E  SURGES 5 3 
CONTROL RESPONSE 5 3 
STARTING PERFORMANCE AS MOTOR 4 3 
POWER FACTOR CONTROL 5 4 
TORQUE HARMONICS DURING RUNNING 3 4 
T O R Q U ~  HARMONICS DURING STARTING 4 3 
HARMONIC F ILTER REQUIREMENTS 3 4 
MAINTENANCE 4 5 
CIRCUIT  COMPLEXITY -3- - 3 

44 4 2 

COMMENT 

1. COULD RESULT I N  DE-EXCITATION OF MACHINE I N  ( 1 ) .  

2 .  BOTH CAN PROVIDE RAPID RECLOSE AFTER THREE PHASE FAULT. 

3 .  L l N E  SURGES COULD RESULT I N  COMMUTATION FAILURES I N  ( 2 ) .  CYCLE I S  
BUFFERED BY AN EXTRA TRANSFORWER. 

4 .  CURRENT I N  DAMPER WINDINGS I N  ( 2 )  OPPOSE RAPID CHANGES I N  TORQUE 
WITHOUT HORE ELABORATE CONTROL SCHEMES ( F I E L D  ORI tNTED CONTROI). 

5 .  HIGHER STARTING TORQUE AVAILABLE FROM CYCLE WHEN CONNECTED 1 0  THE 
STATOR OF THE MACHINE FOR STARTING. WHEN USING (1) AVAILABLE STAR71NG 
1ORQUE I S  PROPORTIONAL TO CVCLOCONYERTER RATING, USING ( 2 )  I T  DEPtNDS 
UPON S I Z E  OF L I N K  INDUCTOR AND L l M I T f D  TYPICALLY TO A SWAlL FRACTION OF 
RATED TORQUE (ABOUT 0.1 PU). 

6. P W E R  FACTOR CONTROL I S  INHERENT I N  THE CONTROL OF THE CYCLO. P W E R  
FACTOR CONTROL WITH ( 2 )  COMES Y l T H  CAREFUL PHASE S H I F l I N G  OF THE 
U T I L I T Y  S IDE  BRIDGE I N  CONJUNCTION Y I T H  A BANK OF CAPACITORS. 

7 .  TORQUE HARMONlCS OF ( 1 )  ARE MORE SEVERE DURING RUNNING I N  THAT THEY 
TEND TO BE WORE RANDOM AND THEREFORE LESS PREDICTABLE. TORQUE 
HARMONICS OF (2)  ARE WORE SEVERE DURING STARTING DUE TO THE MODULATION 
Of THE DC L I N K  CURRENT TO ACHIEVE COMMUTATION OF THE MACHINE S I D E  
BRID6E AT L W  ROTATIONAL SPEED. 

HARMONIC F I L T E R I N G  I S  HORE D l F F l C U L T  Y I T H  ( 1 )  DUE TO THE WORE RANDOM 
MATURE OF THE HARMONICS. 

9. MAINTLNANCE I S  A SHALL BUT NOTEWORTHY PROBLEM WITH ( 1 ) .  
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K 2  = TOWER SPRING CONSTANT 1 . 3 1 4  l o 5  LBS/FT 

K3 - BLADE FLAP SPRINS CONSTANT 3 . 3 7 0  10' LBS/FT 

0 1  - DRIVETRAIN DAMPlNG C O E F F l t l E N T  3 . 0  10' FT-LB/(RADISEC) 

0 2  - T W E R  DAMPING CO[FF lC lENT b 9 b 8  L B S / ( F T / S f C I  

0 3  - BLADE FLAP DAMPING COEFFICIENT 3 7 8 5  LBS/(FT/SEC) 

F igure  8-7 S i m u l a t i o n  Fodel  B l o c k  Diagram 



genera to r  speed i s  t hus  shown as t h e  a c t u a l  genera to r  speed d i v i d e d  b y  t h e  

gearbox r a t i o  o f  82.14. 

The g u s t  performance o f  t h e  s i m p l i f i e d  model i s  i l l u s t r a t e d  i n  F i g u r e  8-8. 

The b a s i c  g u s t  i s  9  mph, w i t h  a  12 second p e r i o d  and a  s i n u s o i d a l  shape 

d e p a r t i n g  f r o m  an average 45 mph wind. A t u r b u l e n t  harmonic wind i s  added i n  

F i y u r e  8-9, i n  accordance w i t h  NASA's i n t e r i m  t u rbu lence  d e f i n i t i o n .  Trade 

winds a r e  n o t  expected t o  be as t u r b u l e n t  as t h e y  a re  i n  t h e  NASA d e f i n i t i o n .  

The genera to r  t o r q u e  l e v e l  i s  clamped a t  j u s t  above r a t i n g  b y  t h e  c o n t r o l  

l o g i c ,  as shown i n  F i g u r e  8-8, s e t  b. T o t a l  o u t p u t  increases s l  i g h t l y  above 

t h e  clamp p l a t e a u  as t h e  genera to r  speed increases.  The a i l e r o n  aerodynamic 

c o n t r o l  s l o w l y  opera tes  t o  reduce t h e  gus t  torque.  The g u s t  ends and t h e  

system speed and power s l i g h t l y  undershoot t h e  i n i t i a l  c o n d i t i o n s  w i t h  a  

smooth, wel l -behaved r e t u r n  i n  about  a  minute.  The gus t  i s  modeled as f u l l y  

immersing t h e  r o t o r ,  which i s  a  more severe c o n d i t i o n  t han  c o u l d  occur  i n  t h e  

f i e l d .  

The e f f e c t  o f  wind t u rbu lence  i s  shown i n  F i g u r e  8-9. A s teady o s c i l l a t i o n  o f  

system speed and o u t p u t  power o f  about  10% peak t o  peak i s  ~ r e d i c t e d .  T h i s  

o s c i l l a t i o n  c o u l d  be reduced b y  decreas ing  t h e  s l ope  o f  t h e  speed-torque 

c o n t r o l  c h a r a c t e r i s t i c .  

8.1.3 DESIGN CRITERIA 

The v a r i a b l e  speed subsystem, comprised o f  a  wound r o t o r  generator ,  

c yc l oconve r t e r ,  i s o l a t i o n  t rans fo rmer ,  and c o n v e r t e r  c o n t r o l  were f u n c t i o n a l l y  

de f i ned  i n  GE Spec i f  i c a t  i on  47A380094. The conve r t e r  c o n t r o l  i s  r e s p o n s i b l e  

f o r  c l o s e d  l o o p  c o n t r o l  of a i r g a p  t o r q u e  and r e a c t i v e  power b y  quadra tu re  

f i r i n g  c o n t r o l  o f  t h e  cyc l oconve r t e r  t h y r i s t o r s .  The conve r t e r  c o n t r o l  

requ i rements  a r e  desc r i bed  i n  s e c t i o n  9.1.5. 

O ther  elements o f  t h e  power gene ra t i on  subsystem des ign  c r i t e r i a  were def ined 

by  s p e c i f i c a t i o n s .  Vendor 's s tandard  equipment was p r e f e r r e d ,  w h i l e  

mod i f  i c a t  ions necessary  t o  meet t h e  requi rements  were min imized.  Equipment 

w i t h  a  h i s t o r y  o f  r e 1  i a b l e  o p e r a t i o n  and low maintenance was p r e f e r r e d .  Mean 

t i m e  between f a i l u r e s  and mean t i m e  t o  r e p a i r  were s e l e c t i v e l y  s p e c i f i e d .  
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8.2 POdER GENERATION SUBSYSTEM DESCRIPTION 

The rnajor components o f  t h e  power gene ra t i on  subsystem a r e  t he :  

genera to r  
conve r t e r  
yaw s l  i p r  i n g  assembly 
cab1 i n g  
s w i t c h  gea r  
s t e p  up t r a n s f o r ~ n e r  
harrnon i c  f i 1 t e r  
e l e c t r i c a l  s e r v i c e  
s t a t  i o n  bat tery /UPS 

The l o c a t i o n  o f  t hese  components i s  shown i n  F i g u r e  8-10. A simp1 i f  ied, 

o n e - l i n e  d iagram o f  t h e  power gene ra t i on  subsystem i s  shown i n  F i g u r e  8-11. 

The genera to r  i s  a  7500 kVA, wound r o t o r ,  6 -po le  machine, w i t h  a  6300 kVA 

s t a t o r ,  1500/0/1500 kVA r o t o r .  The s t a t o r  o u t p u t  f requency  i s  ma in ta i ned  a t  

6 0  Hz b y  a  s t a t i c  c o n v e r t e r  and i t s  assoc ia ted  c o n t r o l s .  The s t a t o r  and 

c o n v e r t e r  o u t p u t  i s  4160 V. Wh i le  s i n g l y  e x c i t e d ,  t h e  genera to r  p r o v i d e s  

mo to r i ng  d u t y  between O and 300 rpm t o  r o t a t e  t h e  b lades.  

Tile c o n v e r t e r  c o n t r o l s  t h e  genera to r  a i r  gap t o r q u e  and r e a c t i v e  power. The 

c o n v e r t e r  and i t s  c o n t r o l s  a r e  l o c a t e d  i n  an enc losu re  near  t h e  base o f  t h e  

tower.  Output  power, s e r v i c e  power, c o n t r o l  s i g n a l s ,  and d a t a  a r e  t r a n s m i t t e d  

between t h e  r o t a t a b l e  n a c e l l e  and t h e  s t a t i o n a r y  tower  b y  t h e  yaw s l  i p r i n g  

assembly. Swi tchgear  f o r  t h e  s t a t o r  s h o r t ,  s t a t o r  t i e ,  c o n v e r t e r  t i e  and 

assoc ia ted  r e l a y s  a r e  l o c a t e d  i n  t h e  enc losu re  w i t h  t h e  conve r t e r .  

The s tep-up t r ans fo rmer  i s  t h e  i n t e r f a c e  between t h e  genera to r  and c o n v e r t e r  

and t h e  u t i l i t y  i n t e r connec t .  F i l t e r s  suppress the  harmonic c u r r e n t s  produced 

b y  t h e  conve r t e r .  

The e l e c t r i c  s e r v i c e  p rov i des  t h e  power f o r  1  i g h t  ing,  hea t ing ,  c o o l  ing,  

h y a r a u l i c  supply ,  l u b r i c a t i o n ,  and misce l laneous  serv ices .  

The s t a t i o n  b a t t e r y  p rov i des  t h e  power f o r  o p e r a t i o n  o f  t h e  e l e c t r i c a l  s w i t c h  

gear.  The u n i n t e r r u p t i b l e  power supp ly  p rov i des  power f o r  t h e  i n s t r u m e n t a t i o n  

and c o n t r o l s  when u t i l i t y  power i s  i n t e r r u p t e d ,  t o  f a c i l i t a t e  shutdown and 

enable  t h e  wind t u r b i n e  t o  s t a r t  and c o n t i n u e  o p e r a t i o n  when t h e  u t i l i t y  power 

i s  r e s t o r e d .  



MAJOR SUBASSEMBLIES 

GENERATOR 

YAW SLIP RING ASSEMBLY 
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STATION BATTERIES 

GENERATOR 

SLIPRINGS 

CONVERTER 
SWITCHGEAR 
STEP-UP TRANSFORMER 
STATION BATTER l ES 

POWER 
CABLING 

Figure 8-1 0 Power Generation Subsystem Components 
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8.3 GENERATOR 

The genera to r  requi rements  a r e  l i s t e d  i n  Tab le  8-4. 

Tab1 e 8-4 Generator Requirements 

PARAMETER REQUIREMENT 

Power 5000 kW a t  960 rpml7500 kW a t  1440 rpm 

A i r  Gap Torque 38,500 f t . - l b .  

Mount ing 7"  i n c l  i n a t  i on  

Bear ings s e l f - l u b r i c a t i n g  j o u r n a l  bear ings  w i t h  

p rov  i s  i o n  f o r  e x t e r n a l  f 1 ood 1 ubr  i c a t  i on  

Plotor i n g  Speed Range 0 t o  300 rpm 

Genera t ing  Speed Range 960 t o  1440 rpm 

Mechanical  Overspeed Rat i n g  1700 rprn 

Phases 3 

Frequency 60 Hz 

Vo l tage  4160 VL - e x t e r n a l  wye 

Temperature R i s e  105OC r i s e  above 40°C ambient 

I n s u l a t i o n  C lass  F 

Losses (Maximum) 100 kW a t  no load1300 kW a t  f u l l  l o a d  

Ope ra t i ng  Temperature -20" t o  +40°C 

Non-operat ing Temperature -40" t o  +50°C 

E l  e va t  i on  3300 f t / 7 0 0 0  f t .  w i t h  d e r a t i n g  

The dimensions of  t h e  genera to r  a r e  shown i n  F i g u r e  8-12. The accessor ies  

s u p p l i e d  w i t h  t h e  genera to r  a r e  l i s t e d  i n  Tab le  8-5. 





Tab1 e  8-5 Generator Accessor ies  

I TEN DESCRIPTION 

F l  ood L u b r i c a t i o n  System Reservo i r ,  r e s e r v o i r  hea te rs ,  f i l t e r ,  pump, 

pump motor,  s t a r t e r ,  sensors,  h y d r a u l i c  

i n t e r connec t i ons  and e l e c t r i c a l  i n t e r -  

connect i ons  suppl  i e d  i n  a  s e p a r a t e l y  mounted 

package 

S t  a t o r  and Ro to r  

Connect ion Boxes 

* 
S t a t o r  RTDs 

Bear ing  KTDs 

RTDs 

Pu l s e  Generator 

Space Heater  

V i b r a t i o n  Sensor 

Connect ion Boxes 

Each box con ta ined  surge c a p a c i t o r s  and surge 

a r r e s t o r s  f o r  l i g h t n i n g  p r o t e c t i o n  

S i x  each ( 2  pe r  phase), 10 ohm copper RTDs 

Two each (one pe r  bea r i ng ) ,  10 ohm copper 

A v t r o n  M-378-A-ID-240 w i t h  dua l  i s01  a ted  

ou tpu ts ,  240 pu lses  pe r  r e v o l u t i o n  

208 V,  3 phase, 4 w i r e ,  60 Hz, 3kW (maximum) 

f o r  con t inuous  energ i z a t  i o n  

One pe r  b e a r i n g  

Separate connec t ion  boxes a r e  p rov i ded  f o r  

h e a t e r  and i n s t r u m e n t a t i o n  connec t ion  

* (KTD=Res i s t a n c e  Temperature D e t e c t o r )  
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Sw i t ch  sensors  a r e  l o c a t e d  t o  m o n i t o r  t h e  genera to r  b e a r i n g  temperature,  

b e a r i n g  v  i b r a t  i o n  and s t a t o r  temperature.  These sensors s i g n a l  t h e  c o n t r o l  

system i n  t h e  n a c e l l e  b y  opening t h e  sensor c o n t a c t  i f  any o f  t h e  sensed 

va lues  exceed des ign  1  i rn i t s .  I f  t h e  c o n t r o l  system r e c e i v e s  t h i s  s i g n a l ,  i t  

s tops  t h e  w ind  t u r b i n e  i n  an o r d e r l y  shutdown procedure.  

A  t r ans fo rmer  and h i g h  c u r r e n t  r e s i s t o r  p rov i ded  t h e  n e u t r a l  ground 

connect ion.  T h i s  arrangement was des igned t o  1  i m i t  ground f a u l t  c u r r e n t s  t o  

l e s s  t han  10 A and p rov i des  a  s imp le  way t o  d e t e c t  ground f a u l t s ,  b y  sens ing  

r e s i s t o r  vo l t age .  

The ins t rument  c u r r e n t  t r ans fo rmers  f o r  d i f f e r e n t i a l  c u r r e n t  d e t e c t i o n  were 

mounted a t  t h e  genera to r  n e u t r a l  connect ion.  

The manufacturer  w i 11 per form t h e  f 01 low ing  development and p roduc t  i o n  t e s t s  

on t h e  genera to r :  

H i g h  p o t e n t i a l  t e s t  
I n s u l a t i o n  r e s i s t a n c e  t e s t  
Ro to r  ba lance 
No-1 oad l o s s  measurement (motor  c o n d i t i o n s )  
Phase sequence 
Connect ion c o n t i n u i t y ,  conformance t o  d iagram 
Dimensional  check, conformance t o  i n s t a l l a t i o n  drawings 
V i s u a l  check f o r  f i n i s h  a e f e c t s  
Segregated l o s s  t e s t  f o r  c o r e  l oss ,  windage and f r i c t i o n ,  s t r a y  l o a d  
Heat r u n  i n  motor  mode, w i t h  r i n g s  shor ted  ( t o  t h e  l i m i t  o f  t e s t  f a c i l i t y )  
1 /4  v o l t a g e  s i n g l e  phase impedance check 
Open c i r c u i t  secondary v o l t a g e  
No-1 oad speed, r ings sho r t ed  
S h a f t  v o l t a g e  and c u r r e n t  
A i r - f  low 
No ise  
Bear ing  o p e r a t i o n  a t  7 "  i n c l i n a t i o n  

As p a r t  o f  a  sub-system t e s t ,  t h e  genera to r  was a l s o  t o  be t e s t e d  by  t h e  

manufac tu re r  f o r  moto r ing ,  synchron iz ing ,  and gene ra t i ng  a t  about 2800 kW. 



8.4 CONVERTER 

The s t a t i c  conve r t e r ,  o r  c yc l oconve r t e r ,  p rov i des  f requency  convers ion,  a i r g a p  

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  c o n t r o l  f o r  t h e  v a r i a b l e  speed 

yene ra to r  under t h e  d i r e c t i o n  o f  t h e  system c o n t r o l l e r .  The indoor  u n i t  

weighs 9200 l b s ,  i s  184 i n .  long,  90 i n .  h igh ,  84 i n .  deep. The c o n v e r t e r  has 

t h e  c h a r a c t e r i s t i c s  1  i s t e d  i n  Tab le  8-6. 

Table  8-6 Cyc loconver te r  C h a r a c t e r i s t i c s  

TY pe T h y r i s t o r ,  3 Phase, 6  p u l s e  pe r  phase, r e v e r s i n g  

R a t i n g  1500 k V A  

Machine Connect ion Coord inated w i t h  genera to r  r o t o r  c h a r a c t e r i s t i c s  

L i n e  Connect i o n  Through i s o l a t i o n  t r ans fo rmer  t o  4160 v o l t  L-L,  60 
Hz, 3 Phase 

Enc losure  

Frequency 

Harmonics 

Indoor  NEMA 1  t ype  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 n e  connec t ion  60 Hz. 
Mach i ne  connect i o n  w i t h  r e a l  power capab i 1 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 ope ra t i on .  

Conver te r  c o n t r o l  and connect i on  min imizes c u r r e n t  
harmonics on t h e  60 Hz system. 

Reac t i ve  Power Conver te r  r e a c t i v e  power d u t y  i s  min imized b y  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  
capac i tance.  System o p e r a t i o n  w i l l  be a t  0.98 t o  1.0 
pf 

Overvo l  tage  A machine s i d e  t h y r i s t o r  c o n t r o l  l e d  r e s i s t i v e  shun t  
P r o t e c t  i o n  p r o t e c t s  t h e  power c i r c u i t r y  f r om  t r a n s i e n t  

overvo l tages .  

C o o l i n g  Dual f ans  c i r c u l a t e s  ambient a i r .  E i t h e r  f a n  i s  
capable  o f  c o o l i n g  f r o m  r a t e d  c o n d i t i o n s .  

F a u l t  P r o t e c t  i o n  Power modules a r e  f used  t o  p reven t  module permanent 
f a u l t s  f r om  propaga t ing  damage. 



Table 8-6 Cyc loconver te r  C h a r a c t e r i s t i c s  (Cont I d )  

C o n t r o l  

Losses 

Maintenance 

D iagnos t i c s  

Re1 i a b i  1  i t y  

L i f e  

M a t e r i a l s  

Space Heater  

Grounding 

Bus Work 

E 1  ectromagnet i c  
I n t e r f a c e  

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 t o r q u e  b y  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  e i t h e r  60 Hz bus r e a c t i v e  power o r  vo l t age .  

No load,  w i t h  c o n t r o l  and f a n  loads,  10 k\.J maximum. 
Rated c o n d i t i o n s ,  25  kbJ maximum ( c o n v e r t e r  on l y .  ) 

Design i s  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 .  
C o n t r o l  and power elements a r e  o f  modular 
c o n s t r u c t i o n  and r e p l a c e a b l e  f r om  t h e  f r o n t .  

L i g h t  e m i t t i n g  d i ode  i n d i c a t o r s  and l o c a l  l o g i c  
dev ices  a re  p rov i ded  t o  a i d  i n  r a p i d  f a u l t  d i agnos i s  
t o  maximize a v a i l a b i l i t y .  

Mean Time Between F a i l u r e s  R e q u i r i n g  Maintenance - 
9,000 hours  
Mean Time t o  Repa i r  - 2 hours  ( w i t h  spare p a r t s )  

The expected des ign  l i f e  i s  30 years ,  w i t h  p e r i o d i c  
maintenance. 

Cons t ruc t  i o n  rnater i a l  s  a r e  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  caused b y  
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  c o o l i n g  
a i r .  C i r c u i t  boards a re  conformal  coa ted  where 
p o s s i b l e  f o r  genera l  con tam ina t i on  p r o t e c t i o n .  

An a n t  i -condensat i o n  hea te r ,  s u i t a b l e  f o r  con t inuous  
e n e r g i z a t i o n  i s  mounted and w i r e d  i n  t h e  bo t tom o f  
each equipment sec t i on .  208 Vac, f o u r  w i r e ,  t h r e e  
phase, 60 Hz power a t  2 kW maximum i s  p rov i ded  f o r  
ba lanced l o a d  hea te r  ope ra t i on .  

A ground bus runs  th rough  a l l  equipment s e c t i o n s  and 
t h e  connec t ion  i s  r e a d i l y  access ib l e .  

Bus ba r  i s  o f  s tandard  c o n s t r u c t i o n .  Connect ions a r e  
immune t o  t h e  e f f e c t s  o f  ze ro  t o  f u l l  l o a d  c y c l i n g .  

The c y c l o c o n v e r t e r  and i t s  c o n t r o l l e r  do n o t  produce 
conducted o r  r a d i a t e d  s i g n a l s  t h a t  i n t e r f e r e  w i t h  
commercial e l ec t r omagne t i c  dev ices.  The conve r t e r  
and i t s  c o n t r o l l e r  do n o t  m a l f u n c t i o n  when a  p o r t a b l e  
communication dev i ce  w i t h  a  t r a n s m i t t e r  (up t o  5 W) 
i s  opera ted  w i t h i n  10 f t  o f  t h e  c l osed  c a b i n e t  doors.  



Cyc loconver te r  Env i ronmenta l  Cond i t i ons  

The cyc l oconve r t e r ,  and t h e  i s o l a t i o n  t rans fo rmer  th rough  which i t  i s  

connected t o  t h e  4160 V,  60 Hz bus, a r e  housed i n  a  b u i l d i n g  a t  grade l e v e l .  

The ambient temperatures d u r i n g  o p e r a t i o n  can range f r om 0°C t o  +40°C. The 

u n i t  can s u r v i v e  i n  ambient temperatures between -40°C and +50°C i f  i t  i s  n o t  

ope ra t i ng .  The r e l a t i v e  h u m i d i t y  can range between 10% and 90%. The c o o l  i ng  

a i r  i s  mechan i ca l l y  f i l t e r e d  t o  remove a i r b o r n e  mo is tu re ,  s a l t ,  and 

p a r t i c u l a t e  ma t t e r ,  as descr ibed,  i n  s e c t  i on  6.5. 

The power drld v o l t a g e  r a t i n g s  a p p l y  a t  a l t i t u d e s  between sea l e v e l  and 

3300 f t .  The des ign  may be used i n  a l t i t u d e s  o f  up t o  7000 ft., and a t  h i g h e r  

a r n ~ i e n t  temperature r a t i n g s .  I n  these  appl  i c a t  i ons  t h e  a p p r o p r i a t e  coo l  i n g  

and i n s u l a t i o n  r a t i n g s  must be lowered. 

Con t ro l  Modes 

The b a s i c  o p e r a t i n g  modes o f  t h e  conve r t e r  c o n t r o l  a re :  i n i t i a l  i z a t i o n ,  

mo to r i ng  ( s i n g l y  e x c i t e d  machine) , synchron i z a t  ion,  t o rque  r e g u l a t i o n ,  

r e a c t i v e  power r e g u l a t i o n ,  shutdown, and f a u l t  mon i t o r i ng .  The c o n v e r t e r  has 

d i s c r e t e  and analog s i g n a l  i n te rchange  between t h e  wind t u r b i n e  genera to r  

( WTG) c o n t r o l l e r  sw i tchgear  t ransducers  and t h e  conve r t e r  c o n t r o l .  A 

d e s c r i p t i o n  o f  t h e  c o n v e r t e r  c o n t r o l  sequence i s  i n  s e c t i o n  9.1.5. 



8.5 SLIPRINGS 

The s l i p r i n g  assembl ies i n  t h e  yaw and r o t o r  areas t r a n s f e r  power, c o n t r o l  

s i g n a l s  and d a t a  between r o t a t i n g  and n o n - r o t a t i n g  sec t i ons .  

Yaw S l  i p r i n g  Assembly 

The yaw s l i p r i n g  assembly, shown i n  F i g u r e  8-13, i s  l o c a t e d  near  t h e  t o p  o f  

t h e  tower  beneath t h e  n a c e l l e ,  and t r a n s f e r s  t h e  genera to r  s t a t o r  and r o t o r  

power, t h e  n a c e l l e  s e r v i c e  power, c o n t r o l  s i g n a l s  and da ta .  The t ypes  and 

q u a n t i t i e s  o f  s l i p r i n g s  i n  t h e  assembly a r e  l i s t e d  i n  Table  8-7. 

Tab le  8-7 Yaw S l i p r i n g  Assembly 

H igh  Vo l tage  Rings ltiOOA, 5kV 

Power Rings 300A, 600V 

50A, 600V 

30A, 600V 

C o n t r o l  R ings 5A, 600V 

S i g n a l  K ings  l A ,  125V 

T o t a l  R ings 

S i ze :  138 i n .  h i gh ,  35 jn .  wide, 35  i n .  deep. Weight: 3500 l b s .  

C h a r a c t e r i s t i c s  

The r o t o r  and s t a t o r  s t r u c t u r a l  members of t h e  yaw s l i p r i n g  assembly a r e  

f a b r i c a t e d  f r om aluminum a1 l o y s  w i t h  c ross  sec t  i ons  t h i c k  enough t o  w i t h s t a n d  

a n t i c i p a t e d  loads.  Kaydon R e a l i - S l i m  bear ings  w i t h  Tef lon,  grease, 'and 

m o i s t u r e  s e a l s  a r e  used a t  t h e  r o t a t i n g  i n t e r f a c e s .  A comb ina t ion  o f  

l amina ted  g l a s s  (G-10) and m i n e r a l - f i l l e d  epoxy i s  t h e  i n s u l a t i n g  m a t e r i a l  f o r  

t h e  s l i p r i n g  and b rush  b l ock  assembl ies,  w i t h  b a r r i e r s  t o  meet t h e  i n s u l a t i o n  

r e s i s t a n c e  and d i e l e c t r i c  s t r e n g t h  requi rements .  The r i n g  sur faces have a  

h i g h  f i n i s h .  The c o n t a c t i n g  b rush  f o r c e  was c a l c u l a t e d  t o  meet t h e  l i f e  

requ i rements  and t o  m in im i ze  dynamic no i se .  
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High Vo l t age  C i r c u i t s  

S l  i p r i n g s  and brushes f o r  t h e  genera to r  o u t p u t  power a r e  r a t e d  a t  l500A, and 

5000V. The r i n g s  a r e  pu re  copper w i t h  a  h a r d  s i l v e r  wear s u r f a c e  con tac ted  b y  

t w e l v e  compos i t  i on  brushes f o r  each c  i r c u  it. " G l  idcop"  mater  i a l  p rov  ides a  

law r e s i s t a n c e  p a t h  f o r  c u r r e n t  t l i rough  t h e  c a n t i l e v e r  b rush  s p r i n g s .  Copper 

shun t  cab les  a r e  used i n  p a r a l l e l  w i t h  t h e  b rush  sp r i ngs .  The b rush  b l o c k  

t e r m i n a l  b a r s  a r e  pu re  copper. The s m a l l e s t  c r o s s - s e c t i o n a l  area of each 

1500A c i r c u i t  i s  1000 MCM. A comb ina t ion  o f  G-10 and p h e n o l i c  b a r r i e r s  i s  

sandwiched between a1 1 brush  and s p r i n g  assembl i e s  and t e r m i n a l  b l ocks .  T h i s  

comb ina t ion  m a i n t a i n s  d i e l e c t r i c  i n t e g r i t y  between c i r c u i t s .  

AS an e x t r a  p recau t i on ,  grounded guard r i n g s  a r e  i n s t a l l e d  between each phase 

o f  t h e  h i g h  v o l t a g e  s l i p r i n g .  I n  t h e  even t  o f  an a rc -over  t h e  guard r i n g  w i l l  

t r a n s f e r  t h e  f a u l t  t o  ground th rough  t h e  r o t o r  case and t h e  ground connec to r .  

Phase t o  phase f a u l t s  a r e  avo ided w i t h  t h i s  arrangement. 

I n t e r m e d i a t e  Power C i r c u i t s  

The s l  i p r i n g s  and brushes f o r  i n t e rmed ia te  power c i r c u i t s  a r e  r a t e d  a t  300A, 

and 600V. Each r i n g  i s  con tac ted  by  f o u r  compos i t i on  brushes f o r  each 

c i r c u i t .  The s m a l l e s t  c r o s s  s e c t i o n a l  area o f  each 300A c i r c u i t  i s  220 MCM. 

The m a t e r i a l s  and c o n f i g u r a t i o n s  o f  these  r i n g s  and brushes a r e  i d e n t i c a l  t o  

t h o s e  used i n  t h e  h i g h  v o l t a g e  c i r c u i t s .  

Low Power C i r c u  i t s  

The s l  i p r i n g s  and brushes f o r  low power c i r c u i t s  a r e  r a t e d  a t  50A o r  30A, and 

6001. Each r i n g  i s  con tac ted  b y  two compos i t i on  brushes f o r  each c i r c u i t .  

The s m a l l e s t  c r o s s - s e c t i o n a l  a rea  o f  each 50A c i r c u i t  i s  70 MCM. The 

m a t e r i a l s  and c o n f i g u r a t i o n s  o f  t hese  r i n g s  and brushes a r e  i d e n t i c a l  t o  t hose  

used i n  t h e  n i g h  v o l t a g e  c i r c u i t s .  

Command and C o n t r o l  C i r c u i t s  

The s l i p r i n g s  and brushes f o r  command and c o n t r o l  c i r c u i t s  a r e  r a t e d  a t  5A, 

and 600V. Each r i n g  i s  con tac ted  b y  t d o  compos i t i on  brushes f o r  each 

c i r c u i t .  The m a t e r i a l s  and c o n f i g u r a t i o n s  o f  these  r i n g s  and brushes a r e  

i d e n t i c a l  t o  t t iose used i n  t h e  h i g h  v o l t a g e  c i r c u i t s ,  excep t  t h a t  shunt cab les  

a r e  n o t  necessary  on t h e  b rush  sp r i ngs .  



S igna l  C i r c u i t s  

S l  i p r i n g s  and brushes f o r  s i g n a l  c i r c u i t s  a r e  r a t e d  a t  l A ,  and 125V. Each 

r i n g  i s  con tac ted  by  two compos i t i on  brushes f o r  each c i r c u i t .  The m a t e r i a l s  

and c o n f i g u r a t i o n s  f o r  these  r i n g s  and brushes a r e  i d e n t i c a l  t o  those  used i n  

t h e  command and c o n t r o l  c i r c u i t s .  

ELECTRICAL CONNECTIONS 

Roto r  Connect i ons  

The n i g h  v o l t a g e  power r i n g s  t e r m i n a t e  i n  h i g h  v o l t a g e  bushings ( E l a s t i m o l d  

P / N  600S1), w i t h  two bushir igs p e r  c i r c u i t .  The guard r i n g  between t h e  h i g h  

v o l t a g e  c i r c u i t s  t e r m i n a t e  a t  t h e  r o t o r  cap case o r  an e x t e r n a l  connec t ion  o r  

bo th .  

A l l  o t h e r  power c i r c u i t s  t e r m i n a t e  i n  a  comp le te l y  enc losed t e r m i n a l  box. 

Each power c i r c u i t  t e r r t ~ i n a t e s  i n  a feed- th rough  screw clamp t e r m i n a l  b lock ,  a t  

t h e  s i z e s  r e q u i r e d  t o  meet t h e  c u r r e n t  c a p a c i t y  and w i r e  s i z e  o f  t h e  c i r c u i t s .  

A l l  s i g n a l  c i r c u i t s  t e r m i n a t e  i n  a  comp le te l y  enc losed t e r m i n a l  box p o s i t i o n e d  

180" f r om  t h e  power t e r m i n a l  box. Each s i g n a l  c i r c u i t  t e rm ina tes  i n  a  

feed- th rough  screw clamp t y p e  t e r m i n a l  b l ock ,  a t  t h e  s i z e  r e q u i r e d  t o  meet t h e  

c u r r e n t  c a p a c i t y  and w i r e  s i z e  o f  t h e  r e s p e c t i v e  c i r c u i t s .  

S t a t o r  Connect ions 

The h i g h  v o l t a g e  power b rush  b l o c k s  t e r m i n a t e  i n  h i g h  v o l t a g e  bushings 

( E l a s t  imo ld  P / N  60051 ) , w i t h  two bushings pei- c i r c u i t .  

Power, command, and c o n t r o l  c i r c u i t s  t e r m i n a t e  i n  i n d i v i d u a l  b rush  b l o c k s  w i t h  

screw t e rm ina t i ons ,  t o  avo id  c r i m p i n g  o r  s o l d e r i n g  which m igh t  cause problems 

because o f  t h e  1 arge conductors .  

A l  1 s i g n a l  c i r c u i t s  t e r m i n a t e  i n  b rush  b locks ,  w i t h  cr imped t e r m i n a l  l u g s  and 

a t t ached  hardware. 

Po s  i t  i on  Sensor 

The p o s i t i o n  sensor i s  i n s t a l l e d  and w i r e d  b y  t h e  s l  i p r i n g  manufacturer .  The 

sensor i s  mounted i n s i d e  t h e  r o t o r  s i g n a l  j u n c t i o n  box by  means of  se r vo  



c l e a t s ,  and i s  w i r e d  t o  an ad jacen t  t e r m i n a l  board.  The p o s i t i o n  sensor can 

be ad jus ted  and rep laced  i n  t h e  f i e l d  b y  removing t h e  gasketed s i g n a l  j u n c t i o n  

box cover ,  and t h e  p r o t e c t i v e  cover  i n s i d e  t h e  t e r m i n a l  box. 

ROTOR SLIPRING ASSEMBLY 

The r o t o r  s l i p r i n g  assembly i s  mounted w i t h  b racke t s  t h a t  a r e  a t t ached  t o  t h e  

gearbox back w a l l .  It i s  d r i v e n  b y  a  c o n c e n t r i c  c o n d u i t  t h a t  pene t ra tes  t h e  

e n t i r e  d r i v e t r a i n  f rom t h e  s l i p r i n g  f o rwa rd  t o  t h e  r o t o r .  The s l i p r i n g  

p rov i des  pa ths  f o r  power and s i g n a l s  f r o m  t h e  n a c e l l e  t o  t h e  r o t a t i n g  b lades.  

The h y d r a u l i c  pump r e q u i r e s  power t o  r u n  t h e  a i l e r o n  ac tua to r s .  The s i g n a l s  

command t h e  a i l e r o n  pos i tSons,  r e a d  t h e  a i l e r o n  p o s i t i o n s ,  c o n t r o l  va l ves  and 

r e c e i v e  feedback. The t ypes  and q u a n t i t i e s  o f  s l  i p r i n g s  i n  t h e  assembly a r e  

1 i s t e d  i n  Tab le  8-8. 

Tab le  8-8 Ro to r  S l i p r i n g  Assembly 

TYPES OF 

R I NGS 

Power K ings  

C o n t r o l  R ings 

S i g n a l  R ings 

RAT I NG QUANTITY 

80A, 600V 4 

T o t a l  R ings  100 

Dimensions: 16 i n .  h igh ,  54 i n .  long,  11 i n .  deep. T o t a l  Weight: 250 l b s .  



C h a r a c t e r i s t i c s  

The r o t o r  and s t a t o r  s t r u c t u r a l  members a re  f a b r i c a t e d  f r om aluminum a1 l oys  

w i t h  c ross -sec t i ons  t h i c k  enough t o  w i t hs tand  t h e  a n t i c i p a t e d  loads. Kaydon 

Real  i - S l  i m  bear ings  w i t h  T e f l o n  grease and m o i s t u r e  sea l s  a r e  used a t  t h e  

r o t a t i n g  i n te r f aces .  A combinat i o n  o f  laminated g lass  (G-10) and 

m i n e r a l - f i l l e d  epoxy i s  t h e  i n s u l a t i n g  m a t e r i a l  f o r  t h e  s l i p r i n g  and b rush  

b lock  assemblies, w i t h  b a r r i e r s  t o  meet i n s u l a t i o n  r e s i s t a n c e  and d i e l e c t r i c  

s t r e n g t h  requi rements.  The r i n g  sur faces  have a  h i g h  f i n i s h .  The c o n t a c t i n g  

b rush  f o r c e  was c a l c u l a t e d  t o  meet t h e  l i f e  requi rements and t o  m in im ize  

dynamic no ise .  

50 A Power C i r c u i t s  

S l i p r i n g s  and brushes f o r  these  c i r c u i t s  a r e  r a t e d  a t  80A and 600V. They 

supply  power t o  t h e  h y d r a u l i c  pumps on t h e  r o t o r .  The r i n g s  a r e  pu re  copper 

w i t h  a  hard  s i l v e r  wear sur face.  Each r i n g  i s  con tac ted  by  two composi t ion 

brushes f o r  each c i r c u i t .  " G l  idcop"  m a t e r i a l  p rov ides  a  low r e s i s t a n c e  p a t h  

f o r  c u r r e n t  th rough  t h e  c a n t i l e v e r  b rush  spr ings .  Copper shunt cab les  a r e  

used i n  p a r a l l e l  w i t h  t h e  b rush  spr ings .  The b rush  b l o c k  t e r m i n a l  ba rs  a r e  

made o f  pu re  copper. A combinat ion o f  G-10 and phenol i c  b a r r i e r s  a r e  

sandwiched between a l l  b rush  and s p r i n g  assembl ies and t e r m i n a l  b locks .  T h i s  

combinat i o n  ma in ta i ns  d i e l e c t r i c  i n t e g r i t y  between c i r c u i t s .  

25  A Power C i r c u i t s  

The s l i p r i n g s  and brushes f o r  these c i r c u i t s  a r e  r a t e d  25A, and 600V. Each 

r i n g  i s  con tac ted  b y  two compos i t ion  brushes f o r  each c i r c u i t .  The m a t e r i a l s  

and c o n f i g u r a t i o n s  f o r  these  r i n g s  and brushes a r e  i d e n t i c a l  t o  those  used i n  

t h e  80A power c i r c u i t s .  

Command and Con t ro l  C i r c u  i t s  

The s l i p r i n g s  and brushes f o r  these  c i r c u i t s  a r e  r a t e d  a t  5A, and 600V. Each 

r i n g  i s  con tac ted  by  two composit i o n  brushes f o r  each c i r c u i t .  The m a t e r i a l s  

and c o n f i g u r a t i o n s  o f  these  r i n g s  and brushes a r e  i d e n t i c a l  t o  those used i n  

t h e  80A c i r c u i t s ,  excep t  t h a t  shunt  cab les  a r e  n o t  necessary on t h e  b rush  

sp r i ngs .  



S i g n a l  C i r c u i t s  

S l  i p r i n g s  and b rushes  f o r  s i g n a l  c i r c u i t s  a r e  r a t e d  a t  I F \ ,  and 125V. Each 

r i n g  i s  c o n t a c t e d  b y  two  c o m p o s i t i o n  b rushes  p e r  c i r c u i t .  The m a t e r i a l s  and 

c o n f i g u r a t i o n s  o f  t n e s e  r i n g s  and b rushes  a r e  i d e n t i c a l  t o  t h o s e  used i n  t h e  

command and c o n t r o l  c i r c u i t s .  

ELECTKICAL C i r I l r i E C T I O l d S  

R o t o r  Connect i o n  s  

A 1  1 power c i r c u i t s  t e r ~ i i i n a t e  i n  a  c o n ~ p l e t e l y  e n c l o s e d  t e r m i n a l  a rea,  wh ich  i s  

eas i l y  access i o l  e  t n r o u g h  gaske ted  c o v e r s .  Each c i r c u i t  t e r m i n a t e s  i n  

feed - tn roug l i  screlv c l a n p  t e r m i n a l  b l o c k s ,  o f  t h e  s i z e  r e q u i r e d  t o  meet t i l e  

c u r r e n t  c a p a c i t y  and v i i r e  s i z e  o f  t h e  r e s p e c t i v e  c i r c d i t s .  

The s i g n a l  c i r c u i t s  t e r m i n a t e  i n  t h e  same a r e a  as t h e  power c i r c u i t s ,  b u t  t h e y  

a r e  i s o l a t e d  f r o m  each o t h e r .  Each c i r c u i t  t e r m i n a t e s  i n  f e e d - t h r o u g h  screw 

c lamp t e r m i n a l  b l o c k s ,  o f  t h e  s i z e  r e q u i r e d  t o  meet t h e  c u r r e n t  c a p a c i t y  and 

w i r e  s i z e  o f  t h e  c i r c u i t s .  

S t a t o r  Connec t ions  

A l l  power c i r c u i t s  t e r m i n a t e  i n  b r u s h  b l o c k s  b y  means o f  screw t e r m i n a l s .  

T l l i s  d e s i g n  a v o i d s  c r i m p i n g  o r  s o l d e r i n g ,  ;vhich m i g h t  cause prob lems w i t h  t h e  

l a r g e  conduc to rs .  

A1 1  s i g n a l  c i r c u i t s  t e r m i n a t e  i n  b r u s h  b l o c k s  oy  nieans o f  a  c r i m p - t y p e  

t e r ~ r l i n a l  l u g  and a t t a c h i n g  hardware.  

Sh i e l d i n g  

M e t a l  1  i c  b rushes  a r e  used t o  p r o v i d e  a  con t i r i uous  m e t a l  1  i c  st1 i e l d  a c r o s s  t h e  

r o t a t i n g  i n t e r f a c e  o f  t h e  s l i p r i n g  hous ing .  Tne b rushes  and n e t a l l i c  g a s k e t s  

on  t e r m i n a l  c o v e r s  o f  t h e  s l  i p r  i n g  assembly p r o v  i d e  p r o t e c t  i o n  a g a i n s t  danage 

caused by 1  i g h t n  i n g  induced surges,  f o r  equipment connec ted  t o  c a b l e s  r o u t e d  

t o  t n e  D lades t h r o u g h  t h e  r o t o r  s l i p r i n g s .  

P o s i t i o n  Sensor 

The p o s i t i o n  sensor  i s  i n s t a l l e d  and w i r e d  b y  t h e  s l  i p r i n g  manu fac tu re r .  Tne 

sensor  i s  mohnted i n s i d e  t h e  b r u s h  b l o c k  a r e a  w i t h  s e r v o  c l e a t s .  The sensor  

can  b e  a a j u s t e d  and r e p l a c e d  i n  t h e  f i e l d  b y  remov ing  t h e  gaske ted  b r u s h  b l o c k  

c o v e r .  



8.6 CABLING 

The i n s u l a t i o n  on a l l  conductors  f o r  480 Vac s e r v i c e  i s  r a t e d  a t  600 V .  The 

i n s u l a t i o n  on conduc to rs  f o r  4160 V s e r v i c e  i s  r a t e d  a t  5,000 V. A1 1  

i n s u l a t i o n  i s  o i l  r e s i s t a n t ,  f l ame  r e t a r d a n t  and s e l f - e x t i n g u i s h i n g .  

A d d i t i o n a l  i n s u l a t i o n  f o r  h i g h  vo l t age ,  power and i n s t r u m e n t a t i o n  c i r c u i t s  i s  

p rov i ded  by r o u t i n g  each group i n  separa te  c o n d u i t s  o r  wireways. 

A l l  conduc to rs  a r e  s t randed  copper. NEMA c l a s s  E o r  C s t r a n d i n g  i s  used f o r  

f i x e d  w i r i n g  and c l a s s  G o r  H s t r a n d i n g  i s  used f o r  movable w i r i n g  and loops  

ac ross  f l e x i b l e  j o i n t s .  The conductor  s i z e  f o r  power w i r i n g  was chosen S O  

t h a t  t h e  l i n e  l osses  a t  t h e  r a t e d  l oad  a r e  l e s s  than  2%. Where loads a r e  n o t  

s i g n  i f  i c a n t  , t h e  minimum w i r e  s  i z e  f o r  a1 1  conduc to rs  between boxes, panels  , 
c a b i n e t s  and dev ices  i s  No. 14 AWG f o r  c o n t r o l  w i r i n g  and No. 16 AWG f o r  

instrumentation w i r i n g .  The minimum w i r e  s i z e  f o r  i n t e r n a l  w i r i n g ,  where b o t h  

conduc to rs  t e r m i n a t e  i n s i d e  a  s i n g l e  dev ice,  cab ine t ,  box o r  panel  enc losure  

i s  No. 16 AWG f o r  c o n t r o l  w i r i n g  and No. 22  AWG f o r  i ns t r umen ta t i on  w i r i n g .  

To min im ize  no ise ,  a1 1  analog i ns t r umen ta t  i o n  conductors  a r e  t w i s t e d  and 

sh ie lded .  The s h i e l d s  a r e  grounded a t  t h e  s i g n a l  p rocess ing  end. 

Power c a b l e  t e r m i n a l s  use compression screws b e a r i n g  on a  c a p t i v e  w i r e  

i n s e r t e d  i n  t h e  h o l e  o f  a  t e r m i n a l  b l o c k  o r  l ug .  Crimp connec t ions  a r e  used 

o n l y  where space p r o h i b i t s  t h e  use o f  l u g s  o r  where t h e  c r imp  i s  p a r t  o f  an 

approved t e r m i n a t i o n  dev ice.  

A ground conductor  p rov i des  a  p o s i t i v e  connec t ion  f r o m  t h e  genera to r  l i g h t n i n g  

a r r e s t o r s ,  surge c a p a c i t o r s  and grounding t rans fo rmer .  The p a t h  t o  ground 

goes t o  t h e  tower  f ounda t i on  r e b a r  s t r u c t u r e  and ground g r i d .  Bonding s t r a p s  

c ross  a l l  ma jo r  s t r u c t u r a l  j o i n t s ,  i n c l u d i n g  t h e  j o i n t  between t h e  tower  base 

and t h e  tower  f ounda t i on  r e b a r  s t r u c t u r e  and ground g r i d .  F l e x i b l e  bonding 

s t r a p  loops  connect  moving s t r u c t u r a l  e lements w i t h  a  l i m i t e d  range, such as 

t h e  a i l e r o n s .  V e r t i c a l  r u n s  of  c o n d u i t  o r  wireway f o r  conductor  s i z e  0 AWG o r  

sma l l e r ,  o t h e r  t han  cable-bus, i s  suppor ted a t  a  minimum of eve ry  20 f t ,  

s t a r t i n g  a t  t h e  t o p  o f  t h e  tower.  



A1 1  c a b l i n g  i s  p r o t e c t e d  b y  c o n d u i t s  o r  wireways. I n  t h e  v i c i n i t y  o f  

h y d r a u l i c  o r  l u b r i c a t i o n  components wireways a r e  sea led  a g a i n s t  o i l .  F l e x i b l e  

me ta l  c o n d u i t  i s  sea led  a g a i n s t  l i q u i d  i n  areas where f l e x i b i l i t y  o r  

i n s t a l l a t i o n  r e q u i r e d  it. Cable-bus f o r  t h e  genera to r  o u t p u t  c a b l e  i s  used 

f o r  t h e  v e r t i c a l  r u n  down t h e  tower  and i n  t h e  t r e n c h  t o  t h e  e l e c t r i c a l  

equipment b u i l d i n g ,  because o f  i t s  suppo r t  system and f r e e  a i r  c u r r e n t  

r a t i n g .  Cable suppor ts  a re  p rov i ded  every  1.5 f t .  

A l l  c o n d u i t  and wireway j o i n t s  assure e l e c t r i c a l  c o n t i n u i t y  around t h e  c o n d u i t  

or wireway, and e l e c t r i c a l  c o n t i n u i t y  across t h e  j o i n t .  

A11 c a b l i n g  has been chosen t o  w i t h s t a n d  ambient temperatures o f  -40" t o  

+5CI0C, w i t h o u t  any d e t e r i o r a t i o n  i n  t h e  i n s u l a t i o n  over  t h e  30-year des ign  

1  i f e .  

8.7 SW I TCHGEAR 

The indoor  sw i tchgear  assembly i s  housed i n  t h e  e l e c t r i c a l  equipment 

b u i l d i n g .  The assembly p rov i des  genera to r  r o t o r  c i r c u i t  s h o r t  o r  t i e  t o  t h e  

u t i l i t y ,  c y c l o c o n v e r t e r  t i e  t o  t h e  u t i l i t y ,  l o a d  break f o r  t h e  s e r v i c e  

t r ans fo rmer  f e e d  and me te r i ng  and p r o t e c t i v e  r e l a y  f u n c t i o n s .  These f u n c t i o n s  

a r e  shown i n  F i g u r e  8-14, a  one-1 i n e  diagram, as s t a t o r  s h o r t ,  s t a t o r  t i e ,  

c y c l o c o n v e r t e r  t i e ,  mete r ing ,  r e l a y s ,  and t h e  f used  d i sconnec t  shown on t h e  

4160V s i d e  o f  t h e  300 kVA s e r v i c e  t r ans fo rmer .  

The sw i tchgear  assembly, shown i n  o u t l i n e  f o r m  i n  F i g u r e  8-15, conforms t o  t h e  

requ i rements  1  i s t e a  i n  Tab le  8-9  and c o n t a i n s  t h e  elements 1  i s t e d  i n  Tables 

8-10 t h rough  8-14. 
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Tab1 e 8-9 Requ i rement  s  

Env i ronment  

S t r u c t u r e  

C i r c u  i t  Breaker 
Compartments 

Ground Bus 

Bus Compartment 

M a t e r i a l s  

Hea te r s  

S i ze  

Weight 

C i r c u i t  Breakers  

W i r i n g  

Ambient temperature:  -30°C t o  + 40°C 
A l t i t u d e :  O t o  3300 f t .  
(Derated above 3300 f t . )  

R ig i d ,  se l f - suppo r t i ng ,  comp le te l y  meta l -enc losed  
s t r u c t u r e  

To house 4160 V c i r c u i t  b reakers  w i t h  removable 
elements and i n c l u d i n g  grounded me ta l  s a f e t y  
s h u t t e r s  

,251 i n .  b y  2 i n .  ground bus th roughou t  t h e  l i n e u p  

Plain bus r a t e d  a t  2000 A con t inuous  s e r v i c e  and 
braced t o  w i t h s t a n d  f o r c e s  equal  t o  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  

P r o t e c t e d  f r om 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 0.005 ppm of  s a l t  

300 W pe r  s e c t i o n  t o  m in im ize  m o i s t u r e  condensat ion 

100 i n .  h igh ,  100 i n .  deep, 120 i n .  long, maximum 

15,000 Ibs .  maximum 

4160 V, 60 Hz w i t h  con t inuous  r a t i n g  as l i s t e d  i n  
Tables 8.7-3, 5, 6 and an i n t e r r u p t  r a t i n g  o f  250 
MVA. 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 mechanism. 

Secondary w i r i n g  i s  600 V swi tchboard w i r e  



Tab le  8-10 Swi tchgear  Loca t i on  1A Elements 
Func t i on  - Incoming L i n e  

DEVICE 

DEVICE NO. 

50151 
v 

Phase Overcur ren t  Re1 ay 
W i t h  Vo l t age  R e s t r a i n t  

Frequency Re1 ay 

Phase-Sequence Re1 ay 

P o t e n t  i a l  Transformer  
4800/ 120 

C u r r e n t  Transformer 
1500/ 5  

L i g h t n i n g  A r r e s t o r s  
5.1 kV 

Vo 1 tage 1-r ansducer 
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 rnA Output  

Watthour Meters,  ( 1 )  de ten ted  t o  
r e a d  power ou tpu t ,  and ( 1  ) de ten ted  
t o  r ead  power i npu t ,  3 element, 
3 phase i n d i c a t i n g ,  w i t h  p u l s e  
genera to rs  f o r  remote accumulat ing.  

KWH 

Vo l tmete r  (4.5 i n .  square)  
Labe l  = V o l t s ,  Sca le  = 0-6000 

Ammeter (4.5 i n .  square)  
Label  = Amperes, Sca le  = 0-1500 

K i l o w a t t  Meter (4.5 i n .  square)  
Label  = Power, Sca le  = -1000/0/12000 

K i l o v a r  Meter 
Label  = Reac t i ve  Power 
Sca le  = - 1000/014000 

VARM 



Tab le  8-11 Swi tchgear  Loca t i on  1B Elements 
Func t i on  - S t a t o r  Output  

D E V I C E  

QUANT I T Y 

3 
UEVICE 

Phase Overcur ren t  Re lay  
Wi th  Vo l tage  R e s t r a i n t  

4160 V Vacuum Power C i r c u i t  
Breaker, 2000 A Cont inuous , 
3 Pole ,  Wi th  E l e c t r i c a l l y  Operated, 
S to red  Energy Mechanism 

Cu r ren t  Balance Re lay  

Lockout Re1 ay 

T r i p p i n g  Relay 

Synchron ize Check Re lay  

Overvo l tage  Re lay  

D i f f e r e n t i a l  P r o t e c t i v e  Relay 

Syncnroscope Swi tch  

Synchroscope 

P o t e n t i a l  Transformer 
48001 120 

C u r r e n t  Transformer  
150U/5 

Frequency Transducer 
4-20 mA Output  

Vo l t age  Transducer 
4-20 mA Output  

AT- 1 C u r r e n t  Transducer 
4-20 mA Output 

WT- 1 K i l o w a t t  Transducer 
4-20 mA Output  

VAR Transducer 
4-20 mA Output 

Vo l tmete r  (4.5 i n .  square)  
Labe l=Vo l ts ,  Scale=O-6000 



DEVICE 

Table  8-11 Swi tchgear  Loca t i on  18 Elements 
Func t i on  - S t a t o r  Output  ( C o n t ' d )  

Ammeter (4.5 i n .  square)  
Label=Amperes, Scale=O-2000 

K i l o w a t t  Meter  (4.5 i n .  square)  
Label=Power , Scal e=-1000/0/12000 

Var Meter  (4.5 i n .  square)  
Labe l=Keac t i ve  Power 
Scale=-1 000/0/4000 

Frequency Meter 
Label=Frequency, Scale=55-65 

I n d i c a t i n g  Lamps, Breaker 
Open-Close, Red & Green 

DEVICE 

NO 

AM 

VARM 

Tab le  8-12 Swi tchgear  L o c a t i o n  2A Elements 
Func t i on  - Transformer  Feeder 

DEVICE 

DEVICE 

3 Phase, Fused Load Break 
Uisconnect  Swi tch  Fo r  300 kVA 
Transformer  

I n d i c a t o r  Lamps, Disconnect  - 
Sw i t ch  Open-Close, Red & Green 

QUANTITY 

QUANTITY 

1 



DEVICE 

Table  8-13 Swi tchgear  Loca t i on  28 Elements 
Func t i on  - Roto r  Outpu t  

DEVICE 

4160 V Vacuum Power C i r c u i t  
Breaker,  2000 A Continuous, 
3 Pole ,  w i t h  E l e c t r i c a l  l y  Operated 
Stored-Energy Mechanism 

Tr  i pp  i n g  Re1 ay 

HC Time Overcur ren t  Re lay  

Cu r ren t  Transformer  
600/5 

I n d i c a t i n g  Lamps, Breaker  
Open-Close, Red & Green 

Cu r ren t  Transducer 
4-20 mA Output  

Ammeter (4 .5  i n .  square)  
Label  = Amperes, Sca le  = 0-600 

N 0  QUANTITY 

52- 1  1  

AT- 3 3  

Tab le  8-14 Switchgear L o c a t i o n  3B Elements 
Func t i on  - S t a r t i n g  

DEVICE 

DEVICE NO QUANTITY 

4160 V Vacuum Power C i r c u i t  52-3 1  
Breaker,  2000 Amperes Cont inuous, 
3 Pole ,  w i t h  E l e c t r i c a l l y  Operated 
Stored-Energy Mechanism 

Tr  i p p i n g  Re lay  94-3 1  

Cu r ren t  Transformer  
1500/5 

I n d i c a t i n g  Lamps, Breaker 
Open-Close, Red & Green 



8.8 STEP-UP TKANSFORMER 

The s tep-up t rans fo rmer  matches t h e  4160 V o u t p u t  o f  t h e  genera to r  t o  t h e  

l o c a l  u t i l i t y  l i n e  vo l t age ,  and p rov i des  an impedance between t h e  genera to r  

and t h e  u t i l i t y  1  ine.  

The most c o s t  e f f e c t i v e  t r ans fo rmer  i s  s e l f - c o o l e d  up t o  5,840 kVA. O i l  c o o l s  

t h e  t r ans fo rmer  u s i n g  convec t i on  i n  hea t  exchangers. A s e t  o f  

t h e r m o s t a t i c a l l y  c o n t r o l l e d  f a n s  p r o v i d e  a d d i t i o n a l  c o o l i n g  between 5840 kVA 

and 7300 kVA, o r  when t h e  ambient temperature i s  h i g h .  

P r ima ry  p r o t e c t  i o n  f o r  t h e  t r ans fo rmer  i s  p rov i ded  b y  1  i g h t n  i ng  a r r e s t o r s  and 

a  manual ly -operated fused  sw i tch .  

The outdoor ,  pad-mounted, o  i l - f  il led ,  s tep-up t r ans fo rmer  i s  119 i n .  h igh, 

84 i n .  w ide and 81 i n .  deep. I t  weighs 40,000 l b s .  The t r ans fo rmer  conforms 

t o  t h e  requ i rements  o f  Tab le  8-15. To a l l o w  f o r  d i f f e r e n t  u t i l i t y  l i n e  

vo l tages ,  Tab le  8-16 shows requ i rements  f o r  69 kV and 46 kV p r ima ry  vo l tages .  

The accessor ies  f o r  t h e  u n i t  a r e  l i s t e d  i n  Table  8-17. 

Table  8-15 Transformer Requirements 

Capac i t y  

Type and Frequency 

Impedance 

P r ima ry  4 Wire 

Secondary 3 W i r e  

P r ima ry  and 
Seconaary Components 

Taps (W i t h  No Load 
Tap Changer) 

60 Hz, 3 Phase 

WYE connected 
S o l i d l y  Grounded N e u t r a l  
Vo l tage  and B IL  p e r  Tab le  8.8-2 

4.16 kV DELTA connected, 110 kV B IL  

A i r  f i l l e d ,  p o r c e l a i n  bushings 
w i t h  accessor ies  

4 - 2.5% TAPS on P r ima ry  
2  UP, 2  DOWN f r o m  R a t i n g  

Expected L i f e  30 yea rs  

Maintenance I n t e r v a l  12 Months 



Table 8-16 R a t i n g  Table  

P R I M A R Y  
VOLTAGE 

PRIMARY BASIC 
INSULATION LEVEL 

CURRENT-TRANSFORMER RATIO 
NEUTRAL PRIMARY 

( W H t N )  

Tab le  8-1 7 Accessor ies  

Mechanical  , r e s e a l  i n g  , p ressu re  r e 1  i e f  d e v i c e  

L i f t i n g  eyes t o  p e r m i t  p u l l  i n g  o r  h o i s t i n g  t r ans fo rmer  

P r o v i s i o n  f o r  r o l l i n g  o r  s k i d d i n g  i n  any d i r e c t i o n  

Ground pads 

Hand ho 1 e  

D r a i n  v a l v e  

O i l  sampl i n g  d e v i c e  

P r o v i s i o n  f o r  j a c k i n g  t o  l e v e l  u n i t  

Oiagrarnmatic nameplate 

L i q u i d - l e v e l  gage w i t h  a la rm c o n t a c t s  (Dev ice 71)  

Thermometer r e l a y  f o r  f a n  c o n t r o l  

Pressure-vacuum gage 

Fans f o r  o p e r a t i o n  between 5840 kVA and 7300 kVA 

Winding temperature gage w i t h  a la rm con tac t s .  (Dev ice  4 9 )  

Key i n t e r l o c k  system t o  p reven t  compartment access un less  de-energ ized 

An t i - condensa t ion  hea te r s  i n  connec t ion  compartments, f o r  con t inuous  

o p e r a t  i o n  

Base anchor b o l t  ho l es  o r  h o l d  down clamps 



8.9 FILTER 

The v a r i a b l e  speed genera to r  subsystem uses a  cyc loconve r te r  t o  match t h e  

60 Hz l i n e  f requency  t o  t h e  genera to r  r o t o r  s l i p  f requency. A s i x - p u l s e  

cyc loconve r te r  ~n i n  imizes t h e  number o f  b r idges ,  u s i n g  a  moderate harmon i c  

l e v e l .  The conve r te r  i s  r a t e d  a t  1500 kW and p rov ides  about 15% o f  t h e  system 

power a t  r a t e d  c o n d i t i o n s .  The r o t o r  speed i s  16.8 rpm, 14.3% above 

synchronous speed. Harmonic f i l t e r s  and power f a c t o r  c o r r e c t i o n  c a p a c i t o r s  

p r o v i d e  power o f  accep tab le  q u a l i t y  t o  t h e  u t i l i t y .  The harmonic vo l t age  

waveform d i s t o r t i o n  w i l l  be c o n t r o l l e d  t o  meet t h e  g u i d e l i n e s  o f  IEEE 519, 

Guide f o r  Harmonic Con t ro l  and Reac t i ve  Compensation o f  S t a t i c  Power 

Converters.  The r e a c t i v e  power w i l l  be c o n t r o l l e d  t o  near  zero  i n  t h e  

b a s e l i n e  o p e r a t i n g  mode. Vo l tage  may be c o n t r o l l e d  i ns tead  o f  r e a c t i v e  power. 

When t h e  MOD-5A program was stopped, t h e  d e t a i l e d  des ign  o f  t h e  f i l t e r s  and 

c a p a c i t o r  i n s t a l l a t i o n  was n o t  done. The f o l l o w i n g  paragraphs d i scuss  t h e  

des ign  cons ide ra t i ons  i nvo l ved  i n  t h e  f i l t e r  a n a l y s i s  and s p e c i f i c a t i o n .  

The cyc loconve r te r  c o n t r o l l e r ,  descr ibed  i n  s e c t i o n  9.1.5, ma in ta i ns  a  power 

f a c t o r  o f  1.0 a t  t h e  u t i l i t y  g r i d .  Con t ro l  d i f f i c u l t y  i s  min imized i f  a  f i x e d  

capac i tance  p a r t i a l l y  compensates f o r  t h e  inductance o f  t h e  generator  s t a t o r .  

Tuned shunt  f i l t e r s  p r o v i d e  a  p a t h  w i t h  low impedance f o r  c u r r e n t  harmonics 

produced b y  t h e  conve r te r .  The f i l t e r  c a p a c i t o r s  p r o v i d e  some o f  t h e  power 

f a c t o r  capaci tance.  As shown i n  F i g u r e  8-11, t h e  f i l t e r s  a r e  e l e c t r i c a l l y  

l o c a t e d  on t h e  4.16 kV bus, between t h e  conve r te r  and i t s  p r i m a r y  c i r c u i t  

breaker .  T n i s  l o c a t i o n  a l l ows  t h e  c i r c u i t  breaker  t o  p r o t e c t  t h e  f i l t e r s  and 

s w i t c h  them o u t  o f  t h e  system when t h e  wind t u r b i n e  genera to r  i s  n o t  

ope ra t i ng .  I n  a  c l u s t e r  i n s t a l l a t i o n ,  a  c e n t r a l i z e d  f i l t e r  i n s t a l l a t i o n  i s  an 

a l t e r n a t i v e .  

Harmonics a t  6n k(n=1,3,5,etc.) m u l t i p l i e d  by 60 Hz, and s i m i l a r  m u l t i p l e s  

of  s l  i p  f requency must be f i l t e r e d .  Shunt f i l t e r s  were t o  be tuned t o  t h e  

5 th ,  7 th ,  and 1 1 t h  harmonics. The f i l t e r s  a l s o  p r o v i d e  a  r o l  1 -o f f ,  t o  

suppress h i g h e r  harmonics. The f i l t e r  des ign would i n c l u d e  suppress ion o f  

s l i p  f requency  harmonics. The t y p i c a l  harmonic con ten t  i n  t h e  c o n v e r t e r ' s  

o u t p u t  c u r r e n t  i s  shown i n  F i g u r e  8-16. The i s o l a t i o n  t rans fo rmer  he lps  t o  

reduce h i g h e r  harmonics. As t h e  conve r te r  o u t p u t  i s  o n l y  15% of t h e  system 

ou tpu t ,  
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i t  i s  p o s s i b l e  t h a t  l e s s  f . i l t e r i n g  would be necessary. For  example, a  vo l t age  

d i s t o r t i o n  o f  5% i s  p e r m i t t e d  by I E E E  519 f o r  u t i l i t y  connect ions below 69 

kV .  The 60 Hz harmonic amp1 i t udes  v a r y  w i t h  t h e  i nve rse  o f  t h e  harmonic 

numDer, so t h e  l a r g e s t  5 t h  harmonic would have an ampl i tude  of  

20% x 15% = 3%. Combining t h e  o t h e r  harmonics i n  a  root-sum-squared y i e l d s  a 

sum of 5%. GE-HECO and I E E E  519 power q u a l i t y  va lues  a r e  shown i n  Table 8-18. 

A s i m p l i f i e d  harmonic waveform i s  shown i n  F i g u r e  8-17. The s t a t o r ' s  60 Hz 

waveform, t h e  r o t o r ' s  u n f i l t e r e d  waveform and t h e  sum a r e  shown. Note t h a t  

t h e  apparent  d i s t o r t i o n  i s  n o t  severe. 

The harmonic a n a l y s i s  o f  t h e  system c o n s i s t s  o f  seve ra l  s e c t  ions. The f i r s t  

i s  t h e  development o f  a  o n e - l i n e  diagram o f  t h e  system, i n c l u d i n g  p o r t i o n s  o f  

t h e  u t i l i t y  company system. These l i n e s ,  t rans fo rmers  and d i s t r i b u t e d  

capac i tance  must be i d e n t i f i e d  so t h a t  t h e  system impedance, as seen by  t h e  

wind t u r b i n e  generator ,  i s  a c c u r a t e l y  represented.  P o t e n t i a l  changes i n  t h e  

system's impedance, as a r e s u l t  o f  s w i t c h i n g  opera t ions ,  w i l l  be i d e n t i f i e d .  

A f t e r  a  s a t  i s f a c t o r y  model o f  t h e  system i s  developed, c a l c u l a t i o n s  w i l l  be 

made t o  determine p o s s i b l e  resonant  f requencies f o r  t h e  va r i ous  impedances on 

t h e  u t i l i t y  t i e  1  ines caused by  sw i t ch ing .  

The system w i l l  be modeled on a d i g i t a l ,  harmonic l e v e l  f l o w  program t o  

c a l c u l a t e  t h e  magnitude o f  harmonic c u r r e n t s  over  a  range o f  f requenc ies .  

These c a l c ~ l  a t  i ons  w i 11 be repea ted  many t imes  over  t h e  genera to r  ' s 

o p e r a t i o n a l  speed range of 80% t o  120% o f  synchronous speed. The 

cyc loconve r te r  develops d i f f e r e n t  harmonic f requenc ies  a t  d i f f e r e n t  genera to r  

speeds. Some o f  t h e  o p e r a t i n g  speeds may develop resonances t h a t  c o u l d  

r e q u i r e  a  f i l t e r  r e a c t o r .  

F i n a l l y ,  va r i ous  f i l t e r  des igns w i l l  be checked f o r  o p e r a t i o n  over  t h e  t o t a l  

speed range. Th i s  d a t a  would be analyzed and reduced t o  a  s e t  o f  f i l t e r  

des ign  cons tan ts .  



Tab1 e 8-18 Power Qua1 i t y  

(Under measurement 
conditions mutual l y  
agreed to by GE and HECO) 

Voltage 

Superimposed - Not to exceed 2V on 195V system 
Voltage 

Frequency - + 0.1 Hz Normal 
f 0.4 Hz Abnormal 

3 Per Day 

IEEE 519 
(Guidelines) 

Line Notching - 175000 VpS 5% D.F. 

Harmonics - Filter to < 5% (46KV) 

Telephone (TIF) - I'T coordination with telephone company 

Flicker - Fix i f  occurs 

PF Correction - Near 1.0 PF, VAR regulate with filter, PF caps 



TOTAL 80% STATOR, 20% CONVERTER 

FUNDAMENTAL 6 0  Hi! 

CONVERTER OUTPUT 

6 PULSE HARMONICS 

F i g u r e  8-1 7 Simp1 i f i e d  Harmonic Waveform 
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8.10 ELECTRICAL SERVICE 

Power f o r  t h e  hydrau! i c  pumps, c o o l  i n g  fans ,  hea te rs ,  c o n t r o l s ,  and 1  i g h t s  i s  

p rov i ded  b y  t h e  e l e c t r i c a l  s e r v i c e  d i s t r i b u t i o n  subsystem. Th i s  subsystem 

inc ludes ,  one 4160 V/480 V t rans fo rmer ,  two 480 V/208 Y 120 V t rans fo rmers ,  

f o u r  panel  boards w i t h  c i r c u i t  b reakers  f o r  p r o t e c t i o n  and assoc ia ted  

i n t e r c o n n e c t i n g  c a b l i n g .  The s e r v i c e  d i s t r i b u t i o n  subsystem i s  shown i n  

F i g u r e  8-18. The s e r v i c e  t r ans fo rmers  a re  desc r i bed  i n  Table  8-19. 

Large  pump motors  and o t h e r  l a r g e  loads, such as t h e  r o t o r  hydrau l  i c  power 

pump and t h e  cyc l oconve r t e r ,  a r e  powered b y  480 V, 30 t o  keep c u r r e n t  and 

w i r e  s i z e  t o  reasonab le  l e v e l s .  I n t e rmed ia te  loads, such as t h e  equipment 

b u i l d i n g  hea te r s  and n a c e l l e  h o i s t ,  a r e  powered b y  208 V, 3g o r  208 V, 18. 

L i g h t s ,  o u t l e t s  and o t h e r  more common loads a r e  powered b y  120 V, ID. 

The w ind  t u r b i n e  genera to r  cannot  ope ra te  w i t h o u t  a  u t i l  i t y  g r i d  connec t ion .  

If t h e  u t i l i t y  1  i ne  f a i l s ,  t h e  wind t u r b i n e  genera to r  w i l l  a u t o m a t i c a l l y  

execute an o r d e r l y  shutdown. Power t o  ope ra te  t h e  c o n t r o l l e r ,  h y d r a u l i c  

va lves ,  t h e  a i r c r a f t  warn ing s t robes ,  and t h e  c o n t r o l s  c a b i n e t  h e a t i n g  and 

c o o l i n g  i s  p rov i ded  b y  an u n i n t e r r u p t i b l e  power supp l y  and i t s  independent 

d i s t r i b u t i o n  system. Power t o  ope ra te  t h e  h i g h  v o l t a g e  sw i tchgear  i s  p rov i ded  

b y  t h e  s t a t i o n  b a t t e r i e s .  

The expected loads  f o r  t n e  e l e c t r i c a l  s e r v i c e  d i s t r i b u t i o n  system a r e  1  i s t e d  

i n  Table  8-20. The t o t a l  sum of  a l l  expected loads  i s  about  256 kVA. 

Obvious ly ,  f o r  normal opera t ion ,  n o t  a l l  loads w i l l  be on a t  any one t ime.  

Fo r  example, hea te r s  and c o o l e r s  f o r  a  p a r t i c u l a r  subsystem a r e  m u t u a l l y  

e x c l u s i v e .  The re fo re  t h e  300 kVA main s e r v i c e  t r ans fo rmer  i s  adequate and 

does a l l o w  f o r  a d d i t i o n a l  s e r v i c e  loads. 

Cables c a r r y i n g  t h e  480V, 310 s e r v i c e  power t o  t h e  n a c e l l e  a r e  s i z e d  a t  

4/0 AWS t o  keep t h e  v o l t a g e  d rop  t o  2% o r  l ess .  The 120V, 1P) power f r o m  

t h e  u n i n t e r r u p t i b l e  power supp ly  t o  t h e  n a c e l l e  f o r  o p e r a t i n g  t h e  c o n t r o l s  i s  

c a r r i e d  b y  two separa te  c i r c u i t s .  One c i r c u i t ,  which powers t h e  c o n t r o l s  

c a b i n e t  h e a t i n g  and c o o l i n g ,  s o l e n o i d  va l ves  and t h e  a i r c r a f t  warn ing  s t robes ,  

uses t h r e e  No. 2  INS cables.  The second c i r c u i t ,  f o r  c o n t r o l l e r  power, uses 

two No. 6 AWS cab les .  Three spare No. 2  AWS, 600 V cab les  t o  t h e  n a c e l l e  a r e  

a v a i l a b l e .  
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Table 8-20 E l e c t r i c a l  Serv ice  Summary 

ITEM FUNCTION HP VOLTAGE CURRENT PH PF KVA KW LOC 

Rotor  Reservo i r  Heater 
Ro to r  Hyd rau l i c  Pump 
120V Roto r  Power/Out lets 
120V Rotor/Nacel  1 e Contro l  s 
Rotor  M u l t i p l e x e r  

Blade I c e  De tec to r  Heaters 
Nace l l e  Emergency L i g h t s  
Nacel l e  L i g h t s  
Nace l l e  Convenience O u t l e t s  
Nace l l e  M u l t i p l e x e r  

Nace l l e  Vent Fan 
Generator Heater 
In te rcom 
Nace l l e  H o i s t  
O i l  Cool i n g  Fan No. 1 

O i l  Coo l ing  Fan No. 2 
Lube Pump 
Generator Heater 
Lube O i l  Reservo i r  Heaters  
Yaw Reservo i r  Heaters 

Yaw Pump 
Personnel L i f t  
Transformer Fans 
P o r t a b l e  I ns t rumen ta t i on  Van 
Enclosure Heaters  

HP - Horsepower 
PH - Phases 
PF - Power Fac to r  



Table 8-20 E l e c t r i c a l  Serv ice Summary 
( Cont inued ) 

I TEM FUNCTION HP VOLTAGE CURRENT PH PF KVA KW L OC 

Regulator  
B a t t e r y  Charger 
I n t e r i o r  Tmer L i g h t s  
I n t e r i o r  Tower Ou t l e t s  
In tercom 

Switchgear Heaters 
Ground Enclosure L i g h t s  
Ground Enclosure Ou t l e t s  
Ground M u l t i p l e x e r  
Ground Cont ro l  I n t e r f a c e  

U n i n t e r r u p t i b l e  Power Supply 
S t a t i o n  B a t t e r y  Charger 
S i t e  Console Assembly 
Cont ro ls  Data System 
P o s i t  ioner  D r i ve  

Cycloconverter Heaters 
Cycloconverter Fans 

HP - Horsepower 
PH - Phases 
PF - Power Fac tor  

Locat ion  Code R = Rotor 
N = Nace l le  
T = Tower 
G = Ground 



8.11 STATION BATTERY AND UPS 

8.11.1 STATION BATTERY 

R e l i a b l e  swi tchgear  ope ra t i on  i s  p rov ided  b y  a  s e t  o f  s t a t i o n  b a t t e r i e s  and a  

charger,  r ega rd less  of  t h e  c o n d i t i o n  o f  t h e  60 Hz power l i n e .  Du r i ng  normal 

ope ra t i on ,  t h e  power f o r  swi tchgear  o p e r a t i o n  i s  p rov ided  by t h e  b a t t e r y  

charger ,  b u t  if t h e  b a t t e r y  charger  f a i l s ,  t h e  b a t t e r i e s  p r o v i d e  power. The 

b a t t e r i e s ,  b a t t e r y  charger ,  and assoc ia ted  a la rm o u t p u t s  a r e  l o c a t e d  i n  t h e  

vented room i n  t h e  e l e c t r i c a l  equipment b u i l d i n g .  T h e i r  l o c a t i o n  i s  shown i n  

F i g u r e  8-19. 

Tne c h a r a c t e r i s t i c s  o f  t h e  s t a t i o n  b a t t e r y  u n i t  a r e  1  i s t e d  i n  Table 8-21 and 

t h e  c h a r a c t e r i s t i c s  o f  t h e  accessor ies  a r e  l i s t e d  jn Table 8-22. 
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Table 8-21 S t a t i o n  Battery C h a r a c t e r i s t i c s  

Bat tery  Type 

Bat tery  Capacity 

Bat tery  Voltage 

Charger Voltage 

Charger Capacity 

Charger Input Power 

Lead calcium 

50 A - h r  

( 8  h r .  discharge r a t e  t o  

1.75V per c e l l  ) 

Maintains output  a t  
132 t o  135V 

Supplies  10A 

continuously. Can 

r e s t o r e  b a t t e r i e s  from ' 

1.75V per c e l l  t o  

f u l l  charge i n  12 h r s .  



Table 8-22 S t a t i o n  Bat te ry  Accessories  

Charger A1 arm 

AC Power Alarm 

Meters 

Shor t  c i rcu i t  p r o t e c t  ion 

Contacts open a t  80% of 

output  r a t ed  vol tage  

Contacts open on l o s s  

ac power t o  b a t t e r y  
charger  

dc ammeter and vol tmeter  

with 22% accuracy 

Fuse on b a t t e r y  output  



8.11.2 UNINTERRUPTIBLE POWER SUPPLY (UPS ) 

The wind t u r b i n e  genera to r  cannot  ope ra te  w i t h o u t  power. Loss o f  t h e  u t i l i t y  

1  i n e  t i e  w i l l  cause an o r d e r l y  shutdown. AC power opera tes  t h e  c o n t r o l  

system, which i nc l udes  system c o n t r o l l e r  and some h y d r a u l i c  va lves ,  d u r i n g  

normal ope ra t i on .  Du r i ng  a  u t i l i t y  power f a i l u r e ,  t h i s  power i s  p rov i ded  b y  a  

b a t t e r y  r e s e r v o i r ,  th rough  t h e  u n i n t e r r u p t i b l e  power supply .  The 

u n i n t e r r u p t i b l e  power supp l y  p r o v i d e s  3 kVA f o r  30 minutes.  The a i r c r a f t  

warn ing s t r o b e  l i g h t s  a top  t h e  n a c e l l e  a r e  a l s o  powered b y  t h i s  source. 

The u n i t  i s  c o n f i g u r e d  t o  p r o v i d e  power a t  a l l  t imes  b y  way o f  t h e  i n v e r t e r  

shown i n  F i g u r e  8-2U. Power t o  t h e  i n v e r t e r  comes f r o m  t h e  c h a r g e r l r e c t i f  i e r  

d u r i n g  normal o p e r a t i o n  and f r o m  t h e  b a t t e r y  r e s e r v o i r  d u r i n g  a  power 

f a i l u r e .  The i n v e r t e r  i s  synchron ized  w i t h  t h e  60 Hz 1  ine.  I f  t h e  i n v e r t e r  

f a i l s ,  an a l a rm  w i l l  be i n i t i a t e d  and an au tomat i c  t r a n s f e r  w i l l  enab le  power 

t o  be drawn from t h e  120 Vac, 60 H z  i npu t .  Alarms a r e  a l s o  i n i t i a t e d  when t h e  

i n p u t  ac pcwer i s  l o s t ,  o r  when t h e  b a t t e r y  v o l t a g e  i s  low. 

The u n i n t e r r u p t i b l e  power supp ly  i s  l o c a t e d  i n  a  vented room o f  t h e  e l e c t r i c a l  

equipment b u i l d i n g ,  a l ong  w i t h  t h e  s t a t i o n  b a t t e r i e s .  T h e i r  l o c a t i o n  i s  shown 

i n  F i g u r e  8-19. 

The c h a r a c t e r i s t i c s  o f  t h e  u n i n t e r r u p t i b l e  power supp ly  a r e  shown i n  

Table  8-23 and those  o f  t h e  accessor ies  a r e  1  i s t e d  i n  Table  8-24. 
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B A l  T E R Y  
RESERVOIR 

D I O D E  r I 

F i g u r e  8-20 U n i n t e r r u p t i b l  e Power  S u p p l y  ( U P S )  

1 2 0  VAC 10 
60 H z  I N P U T  

L I N E  SYNCHRONIZATION 

CHARGER / 
R E C T I F I E R  

STAT:  C  
TRANSFE2 

SWITCH 
INVERTER 

- 
' - - a 



Tab1 e  8-23 UPS C h a r a c t e r i s t i c s  

I n p u t  

Output  

Vo l tage  Regu la t i on  

Wave Shape 

Power F a c t o r  (max) 

Frequency 

Over load  

Cu r ren t  L i m i t i n g  

B a t t e r y  Rese rvo i r  

B a t t e r y  L i f e  

S t a t i c  T rans fe r  

+ 5 %  maximum harmonic 

cil i s t o r t  i o n  

0.8 l a g g i n g  o r  0.8 l e a d i n g  

125% of r a t e d  l o a d  f o r  

15 minu tes  w h i l e  main- 

t a i n i n g  +3% r e g u l a t i o n  

Su rv i ve  an o u t p u t  s h o r t  

c i r c u i t  i n d e f i n i t e l y  

Prov ides  30 minu tes  

a t  3kVA 

15 yea rs  w i t h  normal 

o p e r a t i o n  and r o u t i n e  

m i n t e n a n c e  

Swi tch  t o  a u x i l i a r y  

bypass power i n  l e s s  t han  

4msec 



Tab1 e 8-24 UPS Accessor ies 

AC Power I n p u t  Alarm 

B a t t e r y  Alarm 

T rans fe r  A1 arm 

Meters 

Contacts  open on l o s s  

of ac i n p u t  power 

Contacts open on low 

b a t t e r y  vo l t age  

Contacts  open on t r a n s f e r  

t o  a u x i l i a r y  bypass power 

Panel meters t o  mon i to r :  

ac o u t p u t  vo l t age  

ac o u t p u t  c u r r e n t  

ou tpu t  f requency  

b a t t e r y  v o l t a g e  



8.12 LIGHTNING PROTECTION 

L i g h t n i n g  Technologies I nco rpo ra ted  ( L T I ) ,  o f  P i t t s f i e l d ,  Massachusetts 

eva lua ted  and recommended t h e  l i g h t n i n g  p r o t e c t i o n  f o r  t h e  MOD-5A wind 

t u r b i n e .  The e v a l u a t i o n  cons idered  s t r i k e  p robab i  1 i t y ,  conduc t ing  1  i g h t n  i n g  

s t r o k e  c u r r e n t s  t o  ground, and c i r c u i t  p r o t e c t i o n .  

The requi rements f o r  p r o t e c t i o n  a g a i n s t  s t r u c t u r a l  damage, power c i r c u i t  

p r o t e c t  ion,  and ins t rumenta t  i o n  and c o n t r o l  c i r c u i t  p r o t e c t  i o n  a r e  summarized 

i n  Tables 8-25, -26, -27, r e s p e c t i v e l y .  

The l i g h t n i n g  p r o t e c t i o n  f o r  t h e  i ns t rumen ta t i on  and c o n t r o l  system i nc l udes :  

o  an e lec t romagnet i c  i n t e r f e r e n c e  s h i e l d  across t h e  r o t o r  s l i p r i n g  
assembly, 

o  con t inuous  c o n d u i t s  f o r  c o n t r o l  and s i g n a l  w i r i n g  between t h e  r o t o r  
s l i p r i n g  and t h e  sensors and a c t u a t o r s  on t h e  yoke, hub, and blade, 

o  sepa ra t i ng  t h e  c o n t r o l  and d a t a  i ns t rumen ta t  i on  s i g n a l  w i r i n g ,  s  i nce  
t h e  d a t a  i ns t rumen ta t i on  w i r i n g  can be s a c r i f i c e d .  

H y b r i d  c i r c u i t  p r o t e c t o r s  1  i r n i t  t h e  maximum v o l t a g e  and d i s s  i p a t e  energy. 

They a r e  used t o  p r o t e c t  s e n s i t i v e  e l e c t r o n i c  c i r c u ' t s .  



Table 8-25 Requirements f o r  P r o t e c t i n g  t h e  S t r u c t u r e  Aga ins t  L i g h t n i n g  

ITEM DESCRIPTION 

Blade T i p  - S a c r i f i c i a l  meta l  cap, minimum gap c o n t a c t  w i t h  o u t e r  span 

Oute r  Span - F u l l  coverage meta l  screen o r  e q u i v a l e n t  

A i l e r o n  Bear ings - F l e x i b l e  jumpers, AWG#6 copper o r  equ i va l en t ,  l o w  
impedance 

A i l e r o n  S t r u c t u r e  - Minimum gap c o n t a c t  w i t h  o u t e r  span p r o t e c t i o n ,  bonded t o  
i n n e r  b l ade  p r o t e c t  ion.  B o l t e d  i n t e r f a c e s  su i t a b l  e  
l o c a l  ly .  

I n n e r  a lade  - Leading edge meta l  s t r i p ,  AWG#4 copper o r  equ i va l en t ,  and 
c o n d u i t  and p i p i n g  used as conductors.  S t r i p  bonded t o  
c o n d u i t  o r  p i p e  a t  a  minimum o f  4 l o c a t i o n s  on eacn 
b lade,  u s i n g  s t r a p s  around b o t h  b l ade  sur faces .  T r a i l  i n g  
edge conductors  a t  bonding l o c a t i o n s .  

Tee te r  Area - Bonding jumpers, #8  AWG copper o r  e q u i v a l e n t  a t  each 
b rake  r o d  l o c a t i o n  f o r  t r a n s f e r  f r om  i n n e r  b l ade  t o  
yoke. Brushes a t  t h e  i n t e r f a c e  between t h e  b rake  and r o d  
a r e  acceptab le .  No s p e c i a l  requ i rements  f o r  t h e  
i n t e r f a c e  between t h e  yoke and s h a f t  as tens ioned  b o l t e d  
i n t e r f a c e  i s  s u i t a b l e .  

R o t o r  Bear ing  - 4 e q u a l l y  spaced brushes s h u n t i n g  b o t h  bear ings,  a t  l e a s t  
1 square in. ,  mounted on f o rwa rd  end o f  s p i n d l e  and b y  
s t opp ing  brake. 

Yaw Bear i ng  - Same as r o t o r  bear ing ,  a l though  damage i s  n o t  l i k e l y  w i t n  
no p r o t e c t i o n .  

Tower/Foundation - Anchor s t u d  r i n g  welded t o  r eba r ,  and r e b a r  t o  r e b a r  
c o n t i n u i t y ,  and a  v i s i b l e  AWG#2 ba re  copper c a b l e  welded 
between t h e  tower  base anchor r i n g  and reba r .  Foundat ion 
r e b a r  i s  presumed t o  be  adequate t o  t r a n s f e r  c u r r e n t  t o  
e a r t h ,  s u b j e c t  t o  geophys ica l  e v a l u a t i o n  o f  t h e  s i t e .  



Table 8-26 Requirements P r o t e c t i n g  t h e  Power C i r c u i t s  Aga ins t  L i g h t n i n g  

I TEFl - DESCRIPTION 

In te r -Founda t i on  Connect ions - Routed i n  meta l  condu i t ,  e l e c t r i c a l l y  
cont inuous,  and a s h i e l d  conductor ,  AWG#2 
minimum, bonded t o  ground systems a t  b o t h  
ends. 

U t  il i t y  Connect i o n  

Transformer 

- Sh ie ld /Ground/Neutra l  conductor  ( 4  w i r e  wye). 

- S t a t i o n  c l a s s  a r r e s t o r s  o f  a p p r o p r i a t e  
v o l t a g e  l o c a t e d  a t  i n t e r f a c e  bushings. I f  
underground c a b l e  i s  used f o r  connec t ion ,  
c a b l e  p r o t e c t i n g  a r r e s t o r s  a t  t h e  pothead and 
c a b l e  t e r m i n a t i o n s  a r e  a l s o  necessary.  

Generator  Vo l tage  Bus - S t a t i o n  c l a s s  a r r e s t o r s  a t  t h e  bus s i d e  o f  
t h e  ground enc losu re  and genera to r  ends of  
connect i o n .  

Generator  - Wavefront shaping c a p a c i t o r s  a t  genera to r  
connect ion,  and a r r e s t o r s .  

A u x i l  i a r y  C i r c u i t s  - 480, 208, 120 Vac, i n c l u d i n g  separa te  n e u t r a l  
conduc to rs  requ  i r e  v o l t a g e  1 i m i t i n g  
p r o t e c t  i on  a t  t r ans fo rmers  and d i s t r i b u t i o n  
panels .  



Tab le  8-27 Requirements f o r  P r o t e c t i n g  t h e  S igna l ,  C o n t r o l  and 
I n s t r u m e n t a t i o n  C i r c u i t s  Aga ins t  L i g h t n i n g  

ITEM - DESCRIPTION 

B lade  Permanent W i r i n g  - Route i n  e l e c t r i c a l l y  cont inuous meta l  c o n d u i t  w i t h  
h y b r i d  p r o t e c t o r s  on a l l  w i r e s  where e n t r y  o r  e x i t  
f r o m  t h e  c o n d u i t  s h i e l d  i s  p rov ided .  Minimum s i z e  
conductors  p rov i ded  f r om sensor t o  m in im i ze  
e x p l o d i n g  w i r e  damage. S h i e l d i n g  c a r r i e d  t o  sensor 
where app rop r i a t e .  

Non-Permanent W i r i n g  - S t r a i n  gages cons idered  t o  be s a c r i f i c i a l .  W i r i n g  
r o u t e d  on e x t e r i o r  o f  b lade.  A l l  w i r e s  su rge  
p r o t e c t e d  a t  s h i e l d  e n t r y  on yoke t o  p r o t e c t  
connected e l e c t r o n i c s .  

Sh i e l d i n g  Breaks - Suppression o f  a l l  leads a t  breaks i n  360" 
s h i e l d i n g  o r  assurance of s h i e l d  c o n t i n u i t y .  Ro to r  
s l  i p r  i n g  hous ing  r e q u i r e s  e q u i v a l e n t  o f  f u l l  b rush  
c o n t a c t  around b e a r i n g  and c o n d u i t  e x i t  bonding t o  
avo id  c i r c u i t  suppress ion.  

Equipment Enc losures - Cont inuous s h i e l d i n g  and suppress ion a t  terrnina- 
t ions.  Separa t ion  o f  incoming and suppressed 
w i r i n g  as p r a c t i c a l  i s  p re fe r red .  



8.13 UTILITY INTEKFACE CHAKACTERISTICS 

The b a s e l i n e  u t i l i t y  power connec t ion  i n t e r f a c e  i s  t h e  f used  s w i t c h  on t h e  

u t i l i t y ' s  s i d e  o f  t h e  s i t e ' s  s tep-up  t rans fo rmer .  The i n t e r f a c e  can be an o i l  

c i r c u i t  b reaker  i f  t h e  u t i l i t y  cons ide rs  i t  necessary.  Vo l tage  f r om t h e  

u t i l i t y  must be  a v a i l a b l e  f o r  ope ra t i on .  A v o l t a g e  b l o c k  r e l a y ,  t o  p reven t  

t h e  u t i l i t y  f r o m  r e c l o s i n g  o n t o  a  l i v e  wind t u r b i n e  i i n e ,  was recommended t o  

Hawai ian E l e c t r i c  Company (HECO) f o r  t h e  f i r s t  u n i t .  The u t  il i t y ' s  impedance 

may be from 0.05 t o  0.45 pe r  u n i t  on t h e  MOD-5A base o f  7500 kVA and 4160 V .  

A  s tandard  phone l i n e  p r o v i d e s  a  communication l i n k  between t h e  wind t u r b i n e  

c o n t r o l l e r  and a p r i n t i n g  t e r m i n a l  l o c a t e d  a t  t h e  u t i  1 i t y ' s  d i spa t che r  s i t e .  

The l i n k  i s  used f o r  t h e  remote c o n t r o l  o f  t h e  w ind  t u r b i n e .  An o p t i o n a l  

arrangement was designed f o r  t h e  f i r s t  u n i t  i n  o r d e r  t o  use HECO's d i s p a t c h  

computer. HECO p rov i des  a  remote m u l t i p l e x i n g  u n i t  t o  send and r e c e i v e  

c o n t r o l  and s t a t u s  i n f o r m a t i o n .  The wind t u r b i n e  s i g n a l s  a r e  connected as 

p a r a l l e l  d i g i t a l  and analog c i r c u i t s  a t  t h e  mu1 t i p l e x e r .  The s tandard  s e r i a l  

remote c o n t r o l  i s  desc r i bed  i n  s e c t i o n  3.2.4 and t h e  HECO i n t e r f a c e  i s  

desc r i bed  i n  Table  8-28. 



Tab le  8-28 Remote U t i l i t y  I n t e r f a c e  S igna l  L i s t  

REFERENCE SIGNAL DESCRIPTION 
NO. 

1  Breaker T r i p  - F o r  t r a n s f e r  t r i p  arrangement t o  assure t h a t  MOD-5A i s  
o f f  l i n e  immediately.  Opera t ion  t r i p s  s t a t o r  breaker .  

2 Breaker P o s i t i o n  - S t a t o r  b reaker  " A "  c o n t a c t  i n d i c a t i n g  c l osed  o r  
open p o s i t i o n .  

3 O i sab le  - D i s c r e t e  s i g n a l  t o  MOD-5A c o n t r o l l e r  t h a t  i n i t i a t e s  
au tomat i c  shutdown sequence t o  t h e  s tandby- inh i b i  t s t a t e ,  d  i s a b l  i n g  
au tomat i c  ope ra t i on .  

4 Enable - . D i s c r e t e  s i g n a l  t o  MOD-5A c o n t r o l l e r  t h a t  i n i t i a t e s  
au tomat i c  s t a r t - u p  sequence f r o m  t h e  s tandby s t a t e  and enables 
au tomat i c  o p e r a t  ion.  

5 Power Se t  - Analog s i g n a l  t o  MOD-5A c o n t r o l l e r  t o  s e t  maximum o u t p u t  
r e fe rence  t o  l e s s  t han  r a t i n g .  

6  VAR Set  - Analog s i g n a l  t o  MOD-5A c o n t r o l l e r  t o  s e t  r e a c t i v e  power 
( o r t a g e )  r e f e r e n c e  w i t h  i n  p e r m i t t e d  range. 

7 Major  A larm - D i s c r e t e  s i g n a l  f r o m  MOD-5A c o n t r o l l e r  i n d i c a t i n g  ma jo r  
a la rm s t a t u s .  T h i s  i s  a  comb ina t ion  o f  e x i s t i n g  c o n t r o l l e r  i npu t s .  

8 Minor  A la rm - D i s c r e t e  s i g n a l  f r om  MOD-5A c o n t r o l  l e r  i n d i c a t i n g  an 
a l a rm  combina t ion  t h a t  r e q u i r e s  some maintenance a c t i o n ,  such as 
f i 1  t e r  change. 

9 I n t r u s i o n  Alarm - D i s c r e t e  s i g n a l  t o  remote t e r m i n a l  u n i t  (RTU) 
i n d i c a t i n g  t h a t  s i t e  s e c u r i t y  sensors a r e  i n  a la rm s t a t e .  

10 Warning L i g h t  Alarrn - D i s c r e t e  s i g n a l  t o  RTU i n d i c a t i n g  t h a t  a i r c r a f t  
warn ing  1  i g h t  i n g  needs maintenance. 

11 - KW - Analog s i g n a l  t o  RTU i n d i c a t i n g  ins tantaneous r e a l  power f l o w  a t  
t h e  MOD-5A. 

12 KVAR - Analog s i g n a l  t o  RTU i n d i c a t i n g  ins tantaneous r e a c t i v e  power 
f l o w  a t  t h e  MOD-5H. 

13 Vol tage - Analog s i g n a l  t o  RTU i n d i c a t i n g  ins tantaneous 4160 V bus 
v o l t a g e  a t  t h e  MOD-5A. 

14 KWH-IN - D i s c r e t e  s i g n a l  p u l s e  genera to r  t o  RTU f o r  accumulat ing 
energy f r om ae ten ted  incoming kWH meter.  



Table 8-28 

Remote U t i l i t y  I n t e r f a c e  S igna l  L i s t  ( C o n t ' d )  

K EFERENCE SIGNAL DESCRIPTION 

KWH-OUT - D i s c r e t e  p u l s e  genera to r  s i g n a l  t o  RTU f o r  accumula t ing  
energy f rom de ten ted  ou tgo ing  kWH meter.  

RPM - Analog s i g n a l  t o  RTU showing ins tantaneous r o t o r  speed. - 
Wind Speed - Analog s i g n a l  t o  RTU showing ins tantaneous wind speed a t  
hub h e i g h t .  

A i l e r o n  Anq le  - Analog s i g n a l  t o  RTU showing ins tan taneous  d e f l e c t i o n  
ang le  o f  a i l e r o n s ,  61 1. 

Wind E r r o r  - Analog s i g n a l  t o  RTU showing wind d i r e c t i o n  a t  hub 
h e i g h t  r e l a t i v e  t o  n a c e l l e .  

Yaw Heading - Analog s i g n a l  t o  RTU showing p resen t  abso lu te  yaw 
o r i e n t a t  i on .  

Lockout - D i s c r e t e  s i g n a l  t o  RTU i n d i c a t i n g  l o c k o u t  s t a t u s  o r  s i t e  
c o n t r o l l e d  manual o p e r a t i o n  s t a tus .  

S t a n d b y - I n h i b i t  - D i s c r e t e  s i g n a l  t o  RTU i n d i c a t i n g  s t a t u s .  

S tandby -Ena~ led  - D i s c r e t e  s i g n a l  t o  RTU i n d i c a t i n g  s t a t u s  as enabled 
o r  i n  s t a r t - u p  o r  ope ra t i on .  

Start-up/Shutdown - D i s c r e t e  s i g n a l  t o  RTU i n d i c a t i n g  s t a t u s  i n  
t r a n s i t i o n  between s tandby and generate.  (NOTE:  S t a t o r  b reaker  
p o s i t i o n  i n d i c a t e s  generate  s t a t e )  
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9.0 CONTROL AND INSTRUMENTATION SUBSYSTEMS 

The m a j o r  subassembl ies  o f  t h e  c o n t r o l  and i n s t r u m e n t a t i o n  subsystem, shown i n  

F i g u r e  9-1  a r e :  

o  c o n t r o l l e r  
o  s i g n a l  c o n a i t i o n i n g  
o sensors  
o  emergency shutdown (ESU) 
o systein d i s p l a y  pane l  
o  o p e r a t o r ' s  t e r m i n a l s  - l o c a l  and remote 
o e n g i n e e r i n g  i n s t r u r n e n t a t  i o n  subsysteni 

- c o n t r o l s  d a t a  subsystem 
- m u l t i p l e x e r s  

9.1 CONT~OL HARDWARE AND FUNCTIONS 

H b l o c k  d iag ram o f  t h e  c o n t r o l  suosys te~n  i s  shown i n  F i g u r e  9 -2 .  The 

c o n - t r o l  l e r ,  s i g n a l  c o n d i t i o n i n g ,  and t h e  emergency shutdown pane l  a r e  l o c a t e d  

i n  t n e  n a c e l l e  i n  t h e  c o n t r o l s  equipment c a b i n e t .  F i g u r e  9-3 shows t h e  l a y o u t  

o f  t n e  f r o n t  pane l  o f  t h e  c o n t r o l s  equipment c a b i n e t .  The systein d i s p l a y  

pane l ,  o p e r a t o r ' s  t e r m i n a l ,  and t h e  c o n t r o l s  d a t a  subsystem a r e  l o c a t e d  i n  t h e  

o f f  i c e  o f  t h e  e l e c t r i c a l  equipment b u i l d i n g  a t  t h e  base o f  t h e  tower .  

F i g u r e  9-4  c o n t a i n s  a  f l o o r  p l a n  o f  t h e  e l e c t r i c a l  equipment b u i l d i n g .  There 

a r e  t h r e e  m u l t i p l e x e r s ;  one l o c a t e d  on t h e  yoke,  one i n  t h e  n a c e l l e ,  and one 

i n  t h e  e l e c t r i c a l  equ i p ~ n e n t  b u i l d  i l ig .  

The c o n t r o l  l e r  i s  a  microprocessor -based,  programmable c o n t r o l l e r :  t h e  EPTAK 

~ U ( J ,  made b y  Eag le  S i g n a l .  The b a s i c  f u n c t i o n s  o f  t h e  c o n t r o l l e r  a r ?  mode 

d e t e r m i n a t i o n ,  a u t o m a t i c  sequence o p e r a t i o n ,  t o r q u e  and speea c o n t r o l ,  and 

corn~rland and d a t a  i n t e r f a c e .  

The remote and s i t e  o p e r a t o r ' s  t e r m i n a l s  a r e  " d u m ~ "  keyboard p r i n t e r s  t h a t  

p r i n t  a  sunllnary o f  t h e  o p e r a t i n g  d a t a  and t r a n s m i t  t h e  o p e r a t o r ' s  commands. 

The c o n t r o l  d a t a  subsystem i s  an e n g i n e e r i n g  i n s t r u m e n t a t i o n  subsystern t n a t  

s u p p o r t s  t e s t s  and i n i t i a l  o p e r a t i o n .  I t  r e c e i v e s  o p e r a t i n g  d a t a  f rorn  tile 

c o n t r o l l e r ,  and r e c o r d s  and processes t h e  d a t a  f o r  a  d e t a i l e d  r e p o r t .  The 

c o n t r o l  d a t a  subsystem t r a n s m i t s  t h e  o p e r a t o r ' s  cornmands t o  i n t e r r o g a t e  

c o n t r o l l e r  RAM l o c a t i o n s  and t o  a l t e r  o p e r a t i n g  parameters .  
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The sys tem a i s p l a y  p a n e l  c o n t a i n s  hardware f u n c t i o n s  f o r  shutdown, manual mode 

s e l e c t ,  and c o n t r o l l e r  r e s e t .  B a s i c  o p e r a t i n g  per formance pa ramete rs  a r e  

d i s p l a y e d  i n  e n g i n e e r i n g  u n i t s .  TV v i d e o  d i s p l a y  and t h e  intercornm a r e  

l o c a t e d  i n  t h e  sys tem d i s p l a y  pane l .  An i n t e r f a c e  f o r  H a w a i i  E l e c t r i c  Co., 

wn ich  i s  s p e c i f i c a l l y  f o r  t h e  s i t e  i n  Oahu, i n t e r f a c e s  w i t h  t h e  sys tem d i s p l a y  

p a n e l  and p r o v i d e s  command and s i g n a l  f u n c t i o n s  t o  t h e  u t  il i ty.  

Tne emergency shutdor.rn p a n e l  f u n c t i o n s  i n d e p e n d e n t l y  o f  t h e  c o n t r o l l e r .  The 

emergency shutdown p a n e l  e n e r g i z e s  f e a t h e r  v a l v e s  t h a t  e n a b l e  t h e  c o n t r o l  l e r  

t o  o p e r a t e  h y d r a u l  i c  s e r v o  v a l v e s .  Khen de-energ ized,  t h e  f e a t h e r  v a l v e s  

cduse t t i e  a i l e r o n s  t o  f e a t n e r .  When t h e  emergency shutdown p a n e l  l o s e s  one o r  

more ~ n p u t  s i g n a l s ,  i t  de -energ i zes  t h e  f e a t t i e r  v a l v e s  f o r  a  shutdown t h a t  i s  

ana logous t o  a "aeadman s t i c k "  o p e r a t  i on .  

A c y c l o c o n v e r t e r  f o r  t h e  v a r i a b l e  speed g e n e r a t o r  subsystem i s  a l s o  shown i n  

F i g u r e  9-4. The c o n v e r t e r  has  a  l o c a l  c o n t r o l l e r  t h a t  communicates ; ~ i t h  t h e  

w ind  t u r b i n e  c o n t r o l l e r  i n  t h e  n a c e l l e .  T h i s  l o c a l  c o n t r o l l e r  o p e r a t e s  t h e  

s;v i tc i lgear,  c o n t r o l s  t h e  c o n v e r t e r  o p e r a t i o n ,  and d e t e c t s  f a u l t s  i n  t h e  

c o n v e r t e r  o p e r a t  i o n .  

9.1.1 CONTHOLLER HARDWARE 

The c o n t r o l l e r  i s  an EPTAI( 700 s e r i e s  program~nable  c o n t r o l l e r ,  manu fac tu red  b y  

t h e  E a g l e  S i g n a l  U i v i s i o n  o f  Gu l f -Western .  The EPTAK 700 i s  a m i c r o - p r o c e s s o r -  

based system, wh icn  uses t h e  8080A c h i p .  The main  e lements  a r e  t h e  c h a s s i s  

and power s u p p l y  dnd t t i e  remote  1 / 0  t r a c k .  The c h a s s i s  and power s u p p l y  

c o n t a i n s  up t o  16 w o r k i n g  EPTAK c o n t r o l  modules. A second c h a s s i s  c o n t a i n s  

t n e  a d a i t i o n a l  c o n t r o l  modules needed t o  s a t i s f y  t h e  MOD-SA r e q u i r e m e n t s .  

Each 1 / 0  t r a c k  c o n t a i n s  16 i n p u t  o r  o u t p u t  b l o c k s .  Seven I / O  t r a c k s  a r e  used 

on t h e  1900-5A, f o r  a  t o t a l  o f  112 d i s c r e t e  i n p u t / o u t p u t  s i g n a l s .  Ana log 

s i g n a l s  a r e  hand led  ~y modules i n  t h e  c h a s s i s .  

Tne b a s i c  c r i t e r i a  f o r  t h e  s i g n a l  i n t e r f a c e  a r e :  ana log  s i g n a l s  a r e  4 t o  

2 0  d, d i s c r e t e  s i g n a l s  a r e  110 Vac, and s e r i a l  d a t a  co~nmun ica t i ons  a r e  

20 nlA. The b a s i c  r e q u i r e m e n t s  f o r  t h e  c o n t r o l l e r  hardware a r e  g i t ~ e n  i n  

T a b l e  9-1. The s p e c i f i c a t i o n  f o r  t h e  c o n t r o l l e r  hardware i s  l i s t e d  i n  

T a j l e  9-2. The s p e c i f i c a t i o n  f o r  t i l e  prograrnrning equipment and s u p p o r t  

s o f t w a r e  i s  l i s t e d  i n  T a b l e  9-3. 



TABLE 9 - 1  

CONTROLLER HARDNARE KEOUIREMENTS 

o I h P U T  S I G N A L  - 1 9  ANALOG ( 4 - 2 0  rd) 
- 6 9  DISCRETE (20 rnA, 1 2 0 V a c )  

o OUTPUT S I G N A L  - 6 ANALOG (4-20 m A )  
- 2 6  DISCRETE ( 3 A  o r  2 0 A ,  1 2 0  V a c )  

o S E R I A L  COMi4UNICATIONS - ( 2 )  2 0  mA 3 0 0  BAUD 
- ( 1  ) 2 0  nA 1 2 0 0  BAUD 

o PIEl4OilY C A P A C I T Y  - 6 4 K  BYTES TOTAL 
- 2 0 K  USER PROGRAM 

- 2 0 K  RAM 

8K E C L  3 & RAIvl 

16K I N P U T I O U T P U T  

o LANGUAGE - E C L  3 ASSEMBLY 



TABLE 9 - 2  

CONTROLLER HARDWARE SPECIF ICATION 

CENTRAL PROCESSING U N I T  

1 CP711L1  CPU 

1 C P 7 1 9 L 1 0 1 0 2  AP U 

MEMORY 

1 CP773L1  w SL708-0011-XX 16K EXEC 

1 CP778L1  12K PROM/4K RAM 

1 CP774L1  16K RAM 

I NTERFACE 

3 CP7 1 7 L 1  SERIAL  INTERFACE 

ERROR DETECTION AND I N D I C A T I O N  PACKAGE 

1 CP73 1L1  WATCHDOG TIMER 

1 CP737L1  ERROR INDICATOR 

POWER SUPPLY 

1 CP76 l A 6 0 1 0 2 9 3  

CHASS I S 

1 CP715L1  CHASSIS INTERFACE 

2 CP 7 9  1A60  1 CHASSIS 
1 CP791-20  CHASSIS 

1 6  CP701L1  F I L L E R  MODULE 

1 CP700-90  RESET/AUTO LOAD 

D I G I T A L  1/0 

1 CP713L1  1/0 MODULE 

7 CP7 14AG TRACK INTERFACE 

ANALOG 1/0 

2 C P 7 4 4 L 1  A/O CONV 

3 C P 7 5 4 L 1 0 1  INPUT MODULE 

2 C P 7 5 6 L 1  OUTPUT MODULE 

CABLES 

1 

1 

3 

1 

1 

2 

1 

1 

1 

CP711-225  

CP713-210  

CP717-298  2 0  F T .  

CP731-299  1 0  FT. 

CP737-299  1 0  FT. 

CP754-298  1 0  FT. 

CP756-299  10 FT. 

CP761-215 

CPS2000-6  1 0 0  

PROGRAMMING EQUIPMENT 

1 C P 7 8 6 L 1  PROG INTERFACE MODULE 



MEMORY 

1 

TABLE 9-3 

PROGRAMMING APPARATUS, PROGRAMMING PACKAGE, 

AND DOCUMENTATION FOR THE EPTAK HARDWARE 

(ONE-TIME EXPENDITURES) 

PROGRAMMING PACKAGE FOR C P 7 8 4 C R T  PROGRAMMING TERMINAL 

PROGRAMMING EQUIPMENT 

1 

1 

1 

1 

1 

1 6 K  RAM 

E C L  

P R I N T / K E Y  I N  

I E E E  D I S P L A Y  

COMMUNICATIONS 

R TC 

KEY I N  BUFFER/DECODER 

ANALOG CALIBRATOR 

INTERFACE MODULE 

PROM ERASE K I T  

PROM PROGRAMMER 

CRT PROGRAMMING SYSTEM 



9.1.2 SYSTEM D I S P L A Y  PANEL 

The sys tem a i s p l  ay panel  p rov ides  c o n t r o l s  f o r  se l ec ted  ope ra to r  commands and 

a i s p l a y s  o a s i c  o p e r a t i n g  parameters. The system d i s p l a y  panel  and t h e  s i t e  

d p e r a t o r ' s  t e r m i n a l  a r e  l o c a t e d  i n  t h e  o f f i c e  o f  t h e  e l e c t r i c a l  equipment 

w i l d i n g .  

The f o l l o w i n g  f u n c t i o n s  a r e  i nco rpo ra ted  i n t o  t h e  system d i s p l a y  pane l :  

o  eriieryency shutdown s w i t c h  
~r r r ~adekeysw i t ch  
o  r u n n i n g  t i m e  
u v i deo  
o in te rcom 
o i n t r u s i o n  a la rm 
o  d i s p l a y  

A v iew o f  t h e  f r o n t  panel  i s  shown i n  F i g u r e  9 -5 .  

Tne c o n t r o l  panel  l o c a t e d  a t  t h e  upper l e f t  con ta i ns  t h e  emergency shutdown 

s;vitch, t h e  rnode keysw i t ch  and t h e  r u n n i n g  t i m e  meter.  The v i deo  panel  

l o ca ted  i n  t h e  l e f t  c e n t e r  c o n t a i n s  two v i deo  TV screens. One camera i s  

l o c a t e d  i n  t h e  n a c e l l e  and views t h e  n a c e l l e ' s  i n t e r i o r ;  t h e  o t h e r  camera i s  

l oca ted  o u t s i d e  t h e  equipment b u i l d i n g ,  and views t h e  wind t u r b i n e  genera to r .  

The v i deo  c o n t r o l  and t h e  in te rcom a r e  con ta ined  on t h e  panel  j u s t  below t h e  

v i aeo  u n i t s .  The d e t a i l e d  des ign  o f  t h e  v i deo  c o n t r o l  panel  has n o t  been 

completed. 

The system a i s p l a y  pane ls  a re  l o c a t e d  on t h e  r i g h t  s i de .  Table  9 -4  l i s t s  t h e  

meter f u n c t i o n s  i nco rpo ra ted  i n t o  t h e  d i s p l a y  panels.  D i g i t a l  meters  a r e  

used. The s i g n a l s  a r e  sca lea  so t h a t  t h e  d i s p l a y  i s  i n  eng ineer i r i g  u n i t s .  

i ' j r c u i t  b reaker  and alarrn s t a t u s  i n d i c a t o r s  a re  a l s o  inc luded  on t h e  d i s p l a y  

pane ls .  

The system a i s p l a y  panel  i nc ludes  p r o v i s i o n s  f o r  an i n t e r f a c e  between t h e  wind 

t u r b i n e  and t h e  u t i l i t y  f o r  an exchange o f  c o n t r o l  and da ta  co!nrnunications. 



Figure 9-5 Front Panel Arrangement of  System Display Panel 

9-1 1 



Table  9-4 System D i s p l a y  Meters  

PARAMETER RANGE 

S t a t o r  Vol tage, Phase A - B  

S t a t o r  Vo l tage,  Phase B-C 

S t a t o r  Vol tage, Phase C-A 

S t a t o r  C u r r e n t ,  Phase A 

S t a t o r  Cur ren t ,  Phase B 

S t a t o r  Cur ren t ,  Phase C 

K o t o r  Cur ren t ,  Phase A 

K u t o r  C u r r e n t ,  Phase B 

R o t o r  Cur ren t ,  Phase C 

Generator  Frequency 

Generator  Power 

Generator  Keact  i v e  Power 

U t i l i t y  Vo l tage,  Phase A-B 

U t  il i t y  Vol tage,  Phase B-C 

U t  i 1 i t y  Vol tage,  Phase C - A  

U t  i l  i t y  Power 

U t  i 1 i t y  React i v e  Power 

U t i l  i t y  Cur ren t ,  Phase A 

U t  il i t y  Cur ren t ,  Phase B 

U t  il i t y  Cur ren t ,  Phase C 

A i l e r o n  P o s i t i o n  (1-1, 1-2, 1-3)  

A i l e r o n  P o s i t i o n  (1-4, 2-1)  

A i l e r o n  P o s i t i o n  (2-2,  2-3, 2-4) 

N i n d  V e l o c i t y  No. 1 

Wind V e l o c i t y  No. 2  

Hub Speed 

R o t o r  Pos i t  i o n  

Yaw P o s i t  i on  

Yaw E r r o r  

0  t o  5.00 kV 

0 t o  5.00 kV 

0 t o  5.00 kV 

O t o  1500 A 

0 t o  1500 A 

0  t o  1500 H 

0  t o  1500 A 

O t o  1500 A 

0  t o  1500 A 

55 t o  65 Hz 

0  t o  10 Mid 

-2.50 t o  +2.50 MVAR 

0 t o  5.00 kV 

O t o  5.00 kV 

0 t o  5.00 kV 

-10.00 t o  + 10.00 MA 

-2.50 t o  +2.50 MVAR 

0 t o  + I500  A 

0  t o  + I500 A 

0  t o  + I500  A 

-5.0 t o  +95.CI0 

-5.0 t o  +95.0° 

-5.0 t o  +95.a0 

O t o  150 rnph 

0  t o  153 rnph 

0 t o  30.0 rprn 

-180.0 t o  +180.0° 

-180.0 t o  +180.0° 

-180.0 t o  +180.0° 



3.1.3 OPERATOR'S TERMINAL 

The c o n t r o l l e r  has p r o v i s i o n s  f o r  two ope ra to r s  t e r m i n a l s .  One t e r m i n a l  i s  

l o c a t e d  on t h e  s i t e  i n  t h e  ground c o n t r o l  enc l osu re  near  t h e  base of  t h e  

tower .  The second t e r m i n a l  i s  r emo te l y  l oca ted .  Voice grade te lephone  1  ines 

1 i n k  t h e  c o n t r o l l e r  and t h e  remote o p e r a t o r ' s  t e r m i n a l .  These t e r m i n a l s  a r e  

t h e  i n t e r f a c e  between t h e  c o n t r o l l e r  and t h e  o p e r a t o r  f o r  t r a n s m i t t i n g  

ope ra t  i r lg  coni~~iand s  and a a t  a  summar i es  . The t e rm ina  1  s  a re  "dumb" keyboar rl 

p r i n t e r s  and t h e  p r i n t  f o rma t  and headings a re  determined by  t h e  c o n t r o l l e r  

so f tware .  

The i n p u t  commands a r e  shown i n  Tab le  9-5. The c o n t r o l l e r  recogn izes  a l l  

cornrnands frorn the  s i t e  t e r m i n a l  b u t  does n o t  r ecogn i ze  mariual commands f rom 

t h e  remote t e r m i n a l .  

The c o n t r o l l e r  i ssues  t h e  same summary o f  d a t a  t o  bo th  t e r m i n a l s  t o  be  

p r i n t e u .  Tlie p r i n t o u t  fo rmat  i s  l i s t e d  i n  Table 9-6.  

The page heading c o n t a i n s  t h e  o p e r a t i n g  s t a t u s .  Opera t ing  d a t a  i s  p r i n t e d  a t  

p e r i o d i c  i n - t e r v a l s ,  and when an a la rm o r  a mode change occurs .  A1 1  o p e r a t i n g  

d a t a  and command i n p u t s  a r e  t i m e  tagged. A sample p r i n t o u t  i s  shown i n  

F i g u r e  9- 6 .  

The requirernents f o r  t h e  t e r m i n a l  a re :  a  s tandard commercial keyboa rd -q r i n t e r  

~ i t h  20 mH s e r i a l  d a t a  i n t e r f a c e ,  300 BAUD r a t e ,  A S C I I  c h a r a c t e r  f o rma t ,  and 

~~ rodu la to r -demodu la to r  f o r  te lephone  l i n e  i n t e r f a c e .  



Table 9 - 5  
Operator  Termina l  Commands 

F u n c t i o n  
O ~ e r a t  i n o  Mode Cornrnands 

Standby Enable 
Piorma1 Shutdown 
Emergency Shutdown 
Request Termina l  C o n t r o l  
Enable Terminal  Con t ro l  
Power Set  P o i n t  
Var Se t  P o i n t  
S e t  Time 
Set Date 
Zero Accumulated Energy 
Ro to r  Speed Se t  P o i n t  

Enable Keyboard 
D i sab le  Keyboard 
Turn  Data Output OFF 
Turn Data Output  ON 

Mdnual mode commands - - 
Dump Arch i ve  

Hub H y d r a u l i c  Pump 
Yaw klydraul  i c  Pump 
Lube Pu~r~ps 
S h a f t  Brake 
Tee te r  b rake  Low 
Tee te r  Brake H i  
Yaw Brake 
Fea ther  Valve 1  
Fea ther  Valve 2 
A i l e r o n  P a i r  1 

" P a i r 2  
" P a i r 3  
" P a i r 4  

'Turning Gear 
Emergency Shutdown 
Yaw P o s i t  i o n  

Command 

0 1 
3 1  
4 1 
5 1 
6 1 
2XXX (1OOkW) 
; X X X  
8XXYY (XX=Hr., YY=l4in. ) 
9XXYY (XX=Month, YY=Day) 
7 1 
l X X X  (. 1 rpm) 

[Password] 
BYE 

O X X  (XX=Line I n t e r v a l )  
O X X X Y  (XXX=Start  L i n e  

Y=Number o f  ~ i n e s )  
A@, AI (ON/OFF) 
Bld, B1 
c0, Cl 
Db, D l  
EB, E l  
Ffl, F l  
GO, $1 
HB, H 1  
I @ ,  11 (ONIOFF) 
JXX (XX=Degrees 
KXX (XX=Degrees 1 
P X X  (XX=Degrees) 
Q X X  ( ~ ~ = D e g r e e s )  
La, L 1  (Oli/aFF) 
, i (OWOFF)  
NXYY (X=+=CW 

Y=-=CCW 
YY=Seconds Time o f  

Cor rec t  i o n )  



Table 9-6  
Data Surmnary In for rnat  i o n  

Fur lc t  i on  
S ta tus  Prin- 

Date 
T i 111e 
C o n t r o l  

Energy Yesterday 
Energy t o  Date 
1'4ach i n e  Avai  l a b i  1 i t y  
Power Set  P o i n t  
VAR Se t  P o i n t  

i l ~ e r a t i n a  Sumrnarv - P e r i o d i c  1 - 1  i n e  o u t ~ u t  

U n i t s  -- 

Flonth, Day 
Hour, Min, Sec. 
Opera t ing  Termina l  
recogn ized  by C o n t r o l l e r  
f o r  i n p u t  cornrnands ( s i t e ,  
r e ~ n o t  e ) 

MW!i 
GWti - Month, Day 
% 
MW 
MVAR 

Time 
A1 arm 
'Aind V e l o c i t y  
Power 
Energy f o r  Date 
Operat i n g  Mode 

H r . ,  Min., Sec. 
I D  Number ( 0  t o  2 5 5 )  
mph 
t4 LJ 
NWH 
(LO, SBI, SBE, SU, 

RMP, PWK, NSD) 



T I M  ALYM ---- ---- 
0.00.12 l o  
0.00.12 0 
0.00.1B t 11 
0.00.18 + 80 
0.00.24 + 85 
0.00.14 - 10 
0.00.30 - 11 
0.00.30 - 00 
0.00.30 - 85 
0.00.48 0 

M01' 5A SUil)r(lRT D.14 W I T  OW 001 r PAY a w l 6  

PWER UP 
ALM 10 T E E T E R  ANGLE 
U M  1 1  TCCTER ACCm 

PRESS LO 1 .  80 - LOCK OUT R E L A Y  
85 - TAU IME/6RIPPLfi 

/ 
I(ETS*ITCh RESET 
PASSuORD - E M L E  TEWIllklL CnD INP;: 
XI TIM 
SET DATE 

5 0  - 1  .o su 
25.0 7 .O YMF 
25.0 1.41 - 0  CUR 
5 0  7 5  - 0  US10 

LUB TEW 

4.24 16.01.12 MID Y SUIINARI DbTL W I T  8W 001 

RUM PRODUCED 8El  COIYTS 
COYTROL VESTLC: CUM FROM T I  IY) IP)I 

a l l E  - 0  -00  0.00 51.0 7.3 17.9 

Figure 9-6. Sample Operator Terminal Printout 



9.1.4 EMERGENCY SHUTDOWN PANEL 

The emergency shutdown (ESD) panel  uses hardware l o g i c  t h a t  i s  independent o f  

t n e  c o n t r o l l e r  t o  s t o p  t h e  wind t u r b i n e  genera to r .  A "deadman" approach i s  

used f o r  t h e  emergency shutdown l o g i c .  Energ ized r e 1  ays c l o s e  c o n t a c t s  t h a t  

h o l d  l l yd rau l  i c  s o l e n o i d  va l ves  i n  an energ ized  p o s i t  i on .  k i t h  these va l ves  

er lergized, t h e  a i l e r o n  c o n t r o l  i s  a l l owed t o  operate .  When t h e  emergency 

stiutoown pane l  l o s e s  t h e  i n p u t  s i g n a l s  d e f i n e d  b2low, t h e  l o g i c  r e l a y s  

de-energize,  opening t h e  c o n t a c t s  t h a t  de-energ ize t h e  h y d r a u l i c  s o l e n o i d  

va lves ,  and i n i t i a t i n g  a  de layed  a p p l i c a t i o n  o f  t h e  r o t o r - s t o p p i n g  b rakes .  

IJhen these  va l ves  de-energ ize,  t h e  a i l e r o n  c o n t r o l  system f e a t h e r s .  A 1 o g i c  

d iagram o f  t h e  emergency shutdown panel  i s  shown i n  F i g u r e  9-7.  A schematic 

o f  t n e  emergency shutdown and s o l e n o i d  c i r c u i t s  i s  shown i n  F i g u r e  9-8. 

The s i g n a l  i n p u t s  a re :  

o Grouna Emergency Stop Sw i t ch  

o  Generator Overspeed 

o t iacel  l e  Emergency Stop Swi tch  

o  Ro to r  Overspeed 

Watch Dog Timer ( C o n t r o l l e r )  

o  ESU Enable ( p u l s e )  

o Fza the r  Va lve  A1 Enable 

o  Fea tner  Valve A 2  Enable 

Tile erilergency shutdown panel  p rov  ides t h e  f 01 low ing  o u t p u t s :  

o  Feacher Valve (A1 ) Crnd 

o Fea ther  Valve (A2) Cmd 

o  ESD Ready S i g n a l  

o F.?ather Va lve  (A1 ) S ta tus  

o  Fea ther  VHlve (A2) S t a t u s  

o  Ra to r  Brake Cmd 

The "ESD ready"  s i g n a l  i s  issued when a l l  i n p u t s  except  t h e  f e a t h e r  v a l v e  ( A l )  

and (AZ) enaole co~nrnands a r e  i n  t h e i r  riormal o p e r a t i o n a l  s t a t e .  T h i s  

c o n d i t i o n  i n d i c a t e s  t h a t  t h e  panel  i s  ready t o  opera te .  



ESD ENABLE 

ESD 
I N P U T S  

ESD ENABLE 

Figure  9 - 7  Logic Diagram - Emergency Shutdown Panel 
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The f ea the r  v a l v e  o u t p u t  s i g n a l s  a r e  i ssued  a f t e r  a  sequence i n  which t h e  

panel  sends t h e  "ESD ready"  s i g n a l ,  t h e  c o n t r o l l e r  sends t h e  " f e a t h e r  v a l v e  

e n a ~ l e "  s i g n a l s ,  and t h e  c o n t r o l l e r  sends t h e  "ESD Enable Pulse" .  The p u l s e  

opera tes  as a one-shot l a t c h  and h o l d s  t h e  v a l v e  ou tpu t s  u n t i l  any i r l pu t  

change removes l a t c h  power. 

The r o t o r  b rake  command c i r c u i t  i s  energ ized  when t h e  panel  r e c e i v e s  b o t h  

f e a t h e r  va l ve  enab le  commands. The c o n t r o l l e r  r e l eases  t h e  r o t o r  brakes w i t h  

a  Separate command. De-energ iz ing t h e  b rake  command c i r c u i t  occurs  on an 

emergency shutdown o p e r a t i o n  and causes b rake  a p p l i c a t i o n  a f t e r  a  de lay .  

9.1.5 CYCLOCONVEKTEK CONTROL 

The cyc l oconve r t e r  c o n t r o l  i s  an i n t e g r a l  p a r t  o f  t h e  cyc l oconve r t e r .  I t  

i n t e r f a c e s  w i t h  t h e  c o n t r o l l e r  v i a  h a r d  w i r e  i n t e r connec t  f o r  command and 

c o n t r o l  f unc t  ions.  

The b a s i c  o p e r a t i n g  modes o f  t h e  cyc l oconve r t e r  c o n t r o l  a re :  

I n i t i a l  i z a t  i o n  

t l o t o r  ing  ( s i n g l y  e x c i t e d  machine) 

Syncnron i z a t  i on  

Torque r e g u l a t i o n  

React i v e  power regu l a t  i o n  

Shutdown 

F a u l t  m o n i t o r i n g  

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  when power i s  a p p l i e d  t o  t h e  c y c l o c o n v e r t e r  

c o n t r o l .  A l l  ou tpu t s  power-up t o  an o f f - s t a t e .  The t h y r i s t o r  f i r i n g  c o n t r o l  

i s  s e t  t o  a  non-conduct ing s t a t e .  Con t ro l  power i s  a p p l i e d  b e f o r e  t h e  4160 V 

l i n e  power i s  connected. 

Next, t h e  c o n t r o l  checks f o r  f a u l t s  a p p r o p r i a t e  t o  a  non-opera t ing  s t a t e .  If 

t h e r e  a r e  no f a u l t s  t h e  c y c l o c o n v e r t e r  c o n t r o l  sends a  " conve r t e r  r eady "  

s i g n a l  t o  t h e  WTG c o n t r o l l e r ,  and w a i t s  f o r  f u r t h e r  comrnands. 



Clotor ing ,  S i n g l y  E x c i t e d  

When t h e  WTG c o n t r o l l e r  f i n d s  c o n d i t i o n s  a r e  s a t i s f a c t o r y  f o r  s t a r t - u p ,  i t  

sends " t u r b i n e  r e a d y "  and " s t a r t / n i o t o r "  cornn~ands. When t h e  c o n v e r t e r  r e c e i v e s  

a  " s t a r t l l n o t o r "  command, i t  per fo rms  t h e  f o l l o w i n g  f u n c t i o n s :  

a )  checks f o r  t h e  " t u r b i n e  r e a d y "  s i g n a l  t o  v a l  i d a t e  t h e  " s t a r t / m o t o r l '  s i g n a l  
b )  t u r n s  on c o o l i n g  f a n  and checks a i r  f l o w  
c )  sends " s t a t o r  t i e  t r i p "  s i g n a l  and checks s t a t o r  t i e  p o s i t i o n  i s  open 
d )  sends " s t a t o r  s h o r t  t r i p "  s i g n a l  and checks s t a t o r  s h o r t  p o s i t i o n  i s  open 
e )  sends " s t a t o r  s h o r t  c l o s e "  s i g n a l  and checks s t a t o r  s h o r t  p o s i t i o n  i s  

c l o s e d .  The c o n t r o l  w i l l  t h e n  send a  "speed" r e f e r e n c e  s i g n a l  t o  t h e  
c o n v e r t e r .  

f )  uses t h e  to rque /speed  ana log  r e f e r e n c e ,  w i t h  p r o t e c t i v e  f u n c t i o n s  o f  
o v e r r i d i n g  c u r r e n t  1  i t ,  r o t o r  v o l  t a g  e l f r e q u e n c y  1  i m i t  , and f r e q u e n c y  
1  i rn i t ,  t o  r e g u l a t e  t h e  g e n e r d t o r  speed betiveen I) and approx i i na te l y  300 rpln 

g j  a t  t h e  upper  end o f  t h e  p e r ~ n i s s i u l e  ~ n o t o r i r i g  speed range,  t h e  c o n v e r t e r  
w a i t s  f o r  t h e  s t a r t l m o t o r  command t o  be removed 

n )  when t h e  s t a r t / n ~ o t o r  co~ i i~r~and i s  removed b y  t r ie  WTG c o n t r o l l e r ,  t h e  
c o n v e r t e r  s l u e s  r o t o r  c u r r e n t  t o  zero ,  i ndependen t l y  o f  t h e  to rque /speed  
r e f e r e n c e ,  t h e n  

1 )  sends t h e  s t a t o r  s h o r t  open cornrnand and checks t h a t  t h e  s t a t o r  s h o r t  
p o s i t i o n  i s  open, t h e n  

J )  s t a y s  i n  a  non-conduc t ing  rnode anci : ~ a i t s  f o r  a  synchron ize /genera te  
coriimand. The NTG c o n t r o l l e r  a c c e l e r a t e s  t h e  g e n e r a t o r  s h a f t  speed t o  t h e  
g e n e r a t i n g  range  (960 t o  1430 rprn). 

NOTE: The WTG c o n t r o l l e r  uses a  " s t a t o r  s h o r 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 g n a l  t o  v e r i f y  t h e  c o n v e r t e r  c o n t r o l  response. 

S y n c h r o n i z a t i o n  

Xhen t h e  c o n v e r t e r  c o n t r o l  r e c e i v e s  a  "sync /genera teH s i g n a l  f r o m  t h e  NTG 

c o n t r o l l e r ,  i t  per fo rms  t n e  f o l l o w i n g  f u n c t i o n s :  

a )  checks f o r  g e n e r a t o r  speed oetween 960 and 1449 rpm. I f  t h e  speed i s  
o u t s i d e  t h i s  range,  t h e  c o n v e r t e r  w a i t s  u n t i l  t h e  speed reaches t h i s  range .  

b j  u s i n g  t h e  s t a t o r  v o l t a g e  and bus v o l t a g e ,  wh ich  i t  reads  f r o m  t h e  
seconaary  w i n d i n g s  o f  t h e  i n s t r u m e n t  t r a n s f o r m e r s ,  t h e  c o n v e r t e r  c o n t r o l  s  
t h y r i s t o r  f i r i n g  t o  cause t h e  induced s t a t o r  v o l t a g e  t o  match t n e  bus 
v o l t a g e  i n  a m p l i t u d e ,  f requency ,  phase, and phase sequence. 

c )  dhen t n e  v o l t a g e s  match, t h e  c o n v e r t e r  sends t h e  s t a t o r  t i e  c l o s e  s i g n a l  
and checks t h a t  t h e  s t a t o r  t i e  p o s i t i o n  i s  c l o s e d .  

d )  a f t e r  t h e  s t a t o r  t i e  i s  c l o s e d ,  t h e  c o n v e r t e r  o p e r a t e s  s i l n u l t a n e o u s l y  i n  
~ 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. 

Torque Kegul a t  i o n  

a )  The GTG c o n t r o l l e r  sends an ana log t o r q u e  r e f e r e n c e  t o  t h e  c o n v e r t e r .  
Us ing  t h e  ana log  t o r q u e l s p e e d  re fe rence ,  t h e  c o n v e r t e r  r e g u l a t e s  a i r  gap 
t o r q u e  as i n d i c a t e d  b y  s t a t o r  r e a l  power. The s t a t o r  power feedback i s  
computed u s i n g  s t a t o r  v o l t a g e  and s t a t o r  c u r r e n t  i n s t r u m e n t  t r a n s f o r m e r  
s  i g n a l  s. 



b )  If t h e  re fe rence  t o r q u e  t e m p o r a r i l y  exceeds t h e  r a t e d  capab i l  i t y  o f  t h e  
system, t h e  conve r t e r  a u t o m a t i c a l l y  l i m i t s  t o rque  t o  110% of  r a t e d  
capab i l  i t y .  

c ) The cof iver te? con t i nues  ope ra t  i on  u n t  i! t h e  sync lgenera te  comrnand i s  
rernoved b y  t h e  c o n t r o l l e r .  

The t o r q u e  r e g u l a t i o n  ach ieves k l %  o f  t h e  r a t e d  a i r  gap t o r q u e  w i t h i n  one 

second o f  a  20% s t e p  change i n  r e f e r e n c e  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  t h e  synchronous speed. The t o r q u e  s i g n a l  range i s  -20% 

t o  +120% o f  t h e  r a t e d  torque.  

Reac t i ve  Power R e g u l a t i o n  

a )  The c o n t r o l  a l s o  sends a  v a r  r e f e r e n c e  s i g n a l .  Us ing t h i s  Va r /Vo l t  ana log 
re fe rence ,  t h e  c o n v e r t e r  w i l l  r e g u l a t e  t h e  4160 V bus r e a c t i v e  power. The 
r e a c t i v e  power feedback i s  computed u s i n g  t h e  bus v o l t a g e  and bus c u r r e n t  
ins t rument  t r ans fo rmer  s i g n a l s .  

b )  I f  t h e  r e f e r e n c e  Var va l ue  exceeds t h e  system's  c a p a b i l i t y  because o f  
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 s  Var r e g u l a t i o n  
t o  m a i n t a i n  t o rque  r e g u l a t i o n .  Simultaneous r e g u l a t i o n  i s  r e q u i r e d ,  b u t  
t o r q u e  r e g u l a t i o n  has h i g h e r  p r i o r i t y  when l i m i t i n g  c o n d i t i o n s  a re  reached. 

C )  Cont inues o p e r a t i o n  u n t i l  t h e  sync/generate  command i s  removed b y  t h e  WTG 
c o n t r o l  l e r .  

Reac t i ve  power r e g u l a t i o n  ach ieves 2 %  o f  t h e  system r a t i n g  w i t h i n  one 

second a f t e r  d 20% s t e p  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. The v o l t a g e  c o n t r o l  i s  an 

o p t i o n a l  r e g u l a t i o n  mode, which uses t h e  bus v o l t a g e  as feedback. The 

r e f e r e n c e  s i g n a l  ranges a r e  210% o f  7500 kVA o r  4160 V, depending on t h e  

rnod e  . 

Shutdown 

Shutdown i s  i n i t i a l  l y  t h e  same as t h e  gene ra t i ng  c o n d i t i o n .  The torque/speed 

r e f e r e n c e  i s  ramped up by  t h e  WTG c o n t r o l l e r  t o  t h e  maximum va lue  a t  5% p e r  

second. The WTG c o n t r o l l e r  uses t h e  aerodynamic c o n t r o l  surfaces t o  reduce 

t h e  s h a f t  speed. 

a )  When t h e  genera to r  speed reaches approx imate ly  980 rpm, t h e  WTG c o n t r o l l e r  
ramps t h e  to rque lspeed  re fe rence  t o  z e r o  a t  5% pe r  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  dTG c o n t r o l  l e r  removes t h e  sync lgenera te  command. 
c )  ahen t h e  sync/generate command i s  removed, t h e  conve r t e r  c o n t r o l  

a u t o m a t i c a l l y  r e g u l a t e s  t h e  s t a t o r  power and s t a t o r  Vars t o  zero,  
r e g a r d l e s s  o f  ana log re fe rence  va lues.  

a )  When s t a t o r  power and s t a t o r  Vars a r e  below 5% of  t h e  r a t i n g ,  t h e  
conve r t e r  c o n t r o l  sends a  s t a t o r  t i e  open command and checks t h a t  t h e  
s t a t o r  t i e  p o s i t  i on  i s  open. 

e )  The c o n v e r t e r  i s  b rough t  t o  a  non-conduct ing s t a t e  
f )  The WTG c o n t r o l l e r  b r i n g s  t h e  genera to r  speed t o  ze ro .  



g )  When t h e  speed i s  below 60 rpln and when t h e  c o n v e r t e r  temperature i s  
accep tab le  o r  a f t e r  a  t i m e  de lay ,  t h e  c o o l i n g  fans a r e  t u r n e d  o f f  

h )  The c o n v e r t e r  w a i t s  f o r  a  s t a r t l m o t o r  comrriand f r om t h e  WTG c o n t r o l l e r .  

F a u l t  M o n i t o r i n g  

The conve r t e r  c o n t r o l  mon i t o r s  conve r t e r  and t u r b i n e  o p e r a t i o n  f o r  a t  l e a s t  

t n e  f o l l o w i n g  f a u l t s :  

overpower - s t a t o r ,  mo to r i ng  o r  gene ra t i ng  
overpower - r o t o r ,  mo to r i ng  o r  gene ra t i ng  
conve r t e r  o v e r c u r r e n t  
b r i d g e  f a u l t  
c o n t r o l  n i a l f u n c t i o n  
c o n t r o l  power l o s s  
c o o l  i ng  a i r  1  oss 
phase unbalance 
overspeed beyond 1500 rpm 
t u r ~ i n e  c o n t r o l  ready  s i y a l  
s t a t o r  ove r l unae r  v o l t a g e  
unco~nmanded s t a t o r  t i e  b reaker  t r i p  

F o r  i tems i )  and j ) ,  t h e  conve r t e r  c o n t r o l  a u t o m a t i c a l l y  ramps t h e  t o r q u e  

re fe rence  used f o r  t o r q u e  r e g u l a t i o n  t o  t h e  maximum va lue  u n t i l  t h e  genera to r  

speed i s  be low 960 rpm, t h e n  con t i nues  as i f  i t  were i n  t h e  shutdown mode 

a f t e r  a  sync lgenerd te  command was removed. T h i s  p rov i des  maximum back to rque  

i n  case o f  overspeed o r  WTG c o n t r o l l e r  ma l func t ion .  

Fo r  i t em  g ) ,  t h e  c o n v e r t e r  c o n t r o l  t u r n s  on t h e  second c o o l i n g  f a n  and if t h e  

a i r  f l o w  recovers ,  t h e  conve r t e r  c o n t r o l  con t i nues  o p e r a t  ion.  T h i s  response 

m a i n t a i n s  t h e  a v a i l a b i  1  i t y  o f  t h e  w ind  t u r b i n e  genera to r .  

F o r  a l l  f a u l t s  b u t  g ) ,  t h e  c o n v e r t e r  c o n t r o l  removes t h e  " conve r t e r  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 ,  wh ich  s t a r t s  t h e  shutdown procedure.  If a  

c o o l i n g  a i r  l o s s  i s  n o t  c l e a r e d  by  t h e  second f an ,  t h e n  t h e  " conve r t e r  ready"  

s i g n a l  i s  removed a f t e r  a  de lay.  For  permanent f a u l t s ,  which r e q u i r e  

maintenance, t h e  c o n v e r t e r  c o n t r o l  opens t h e  s t a t o r  t i e  c i r c u i t  b reaker  v i a  

t h e  l o c k o u t  r e l a y .  



9.2 CONTROL SOFTWARE 

The c o n t r o l  so f twa re  p rov i ded  w i t h  t h e  EPTAK system i s  t h e  ECL 3 /Execu t i ve  D. 

The e x e c u t i v e  D so f twa re  processes system i n t e r r u p t s ,  power-up and -down 

o p e r a t  ion, e r r o r  d e t e c t  ion,  a r i t h m e t i c  f u n c t i o n s ,  d a t a  convers ions,  and ECL3 

c o n t r o l  f u n c t i o n s .  The s tandard  ECL3 i n s t r u c t i o n s  are:  

o  l o g i c  
o  p r i n t l k e y i n  
o t r a n s f e r  o f  c o n t r o l  
o  a r i t h m e t i c  

The l o g i c  i n s t r u c t i o n s  a re :  

1  oad 
co~npl  i ~ n e n t  
s t o r e  
AND 
compl iment AND 
OK 
comp 1  irnent OR 
e x c l u s i v e  O R  
compliment e x c l u s i v e  OR 
compare 
b i n a r y  i n v e r t  
i n v e r t  
no o p e r a t i o n  
l oad  aouble  accurnulator w i t h  address 
l oad  SP1 and SP2 w i t h  address. 

The p r i n t  i n s t r u c t  i on  commands t ransmiss  ion  o f  c h a r a c t e r - s t r  i ng  i n f o r m a t  i on  t o  

a  p e r i p h e r a l  dev ice.  The k e y i n  i n s t r u c t i o n  a l l o w s  t h e  i n p u t  o f  c h a r a c t e r s  

from a keyboard. 

T rans fe r  o f  c o n t r o l  f u n c t i o n s  a re :  

o  u n c o n d i t i o n a l  jump 
o  jump on equal  
o  jump i f  l e s s  t h a n  
o  sub rou t i ne  c a l l  
o  r e t u r n  f r om  s u b r o u t i n e  

Ar  i thmet i c  f u n c t i o n s  are:  
o  l oad  aoub le  accumulator  
o  s t o r e  double  accumulator 
o  add double  accumulator 
o  m u l t i p l y  double  accumulator 
o  d i v i d e  doub le  accumulator 



The EPTAK system can be programmed u s i n g  8080 assembly language i n s t r u c t i o n s .  

The user  a p p l i c a t i o n  so f twa re  was generated b y  G E  and c o n s i s t s  o f  t h e  

f o l l o w i n g :  

0 s t r u c t u r e  d e c l a r a t i o n  
o  c o l d  s t a r t  
o  execu t i ve  
o  main program 
o  vendor so f twa re  

The main program o f  t h e  c o n t r o l l e r  i s  d i v i d e d  i n t o  t h e  f o l l o w i n g  so f tware  

111odul es :  

0 I n p u t  S i g n a l  Manager (ISM) 

o  Uata Process i n y  

o  Mode Log i c  

o  Data A r c h i v e  

o Power Genera t ion  

Manual 

Commun i c a t  i o n  

- Remote Termina l  

- S i t e  Termina l  

- C o n t r o l  Data System (CDS) 

S t a r t - u p  

Ramp 

Yaw 

A1 arm 

Nor~nallEmergency Shutdown 

Ro to r  H y d r a u l i c  Pump Module 

Output  S igna l  Management ( O S M )  

Memory Tes t  (background ) 

9.2.1 STRUCTURE DECLARATION 

The s t r u c t u r e  d e c l a r a t i o n  d e f i n e s  t h e  l a b e l s  r e q u i r e d  t o  use t h e  e x e c u t i v e  D 

proyrarn f u n c t i o n s .  The d e c l a r e  s ta tements  a r e  l o c a t e d  a t  t h e  beg inn ing  o f  t h e  

use r  program and c o n s i s t  o f  t h e  f o l l o w i n g :  

o equate memory and i n p u t / o u t p u t  (EQu) 
o  r e a l  t i m e  c l o c k  (ARTX) 
o  ana log  i n p u t  (A IS)  
o user  RAM (EQUR) 
o  t e x t  s ta tement  (TXT) 
o  user  p r i n t l k e y i n  ( P K )  : 

o  use r  k e y i n  ( K E Y I N )  



9.2.2 COLDSTART 

Co ld  s t a r t  i s  executed once, a t  power up, t o  i n i t i a l i z e  t h e  system. The 

f u n c t i o n s  o f  c o l d  s t a r t  are :  

o  s e t  t h e  a c t i v a t i o n  f l a g s  f o r  f u l l  t i m e  modules 
- a1 arm 
- c o n t r o l s  da ta  system d a t a  o u t p u t  
- ope ra to r  ' s  t e r m i n a l  d a t a  o u t p u t  

o  i n i t i a l  i z e  o u t p u t  commands 
- a i l e r o n  a t  f e a t h e r  (90" )  
- yaw g r i p p e r  and b rake  ON 
- l o c k o u t  r e l a y  

o  i n i t i a l  i z e  v a r i a b l e  parameters 
- ze ro  t h e  coun te rs  
- a r c h i v e  sample r a t e  
- p r o p o r t i o n a l  ga i ns  and i n t e g r a t i o n  cons tan t s  
- a i l e r o n  o u t p u t  command r a t e  1  i m i t  
- d a t a  convers ion  cons tan t s  

0 s e t  d e f a u l t  c o n f i g u r a t i o n  
- s i t e  t e r m i n a l  c o n t r o l  
- ope ra to r s  t e r m i n a l s  connected - l o c k o u t  mode 
- rampspeed l i m i t  
- H I  & LO speed r e f e r e n c e  
- p o w e r s e t p o i n t  



9.2.3 E X E C U T I V E  

The execu t i ve  module c o n t r o l s  execu t i on  o f  t h e  main program modules. A f l o w  

c h a r t  o f  t h e  e x e c u t i v e  module i s  shown i n  F i g u r e  9-9. 

Each main program module has seve ra l  subrnodules c a l l e d  segments. A RAM 

l o c a t i o n  i s  used as an a c t i v a t i o n  f l a g  f o r  each module and ano ther  RAM 

l o c a t i o n  i s  used as a segment coun te r .  The a c t i v a t i o n  f l a g  i s  used b y  

e x e c u t i v e  t o  execute t h e  co r respond ing  module. I f  t h e  module i s  a c t i v a t e d ,  

t h e n  t h e  segment coun te r  i s  used t o  dec ide  which segment o r  p a r t  o f  t h e  module 

t o  c a l l .  

The e x e c u t i v e  i s  i n i t i a t e d  b y  a t i m e r  a t  i n t e r v a l s  o f  100 msec and addresses 

t h e  main program modules i n  sequence. The I S M ,  OSM, d a t a  process ing,  mode and 

d a t a  commun i c a t  ions modules a r e  c a l  l e d  c o n t i n u o u s l y  by  t h e  execu t i ve .  The yaw 

and d a t a  a r c h i v e  modules a r e  c a l l e d  c o n t i n u o u s l y  by  t h e  e x e c u t i v e  if t h e  

c o n t r o l l e r  i s  i n  t h e  au tomat i c  r u n  mode sequence. S ta r t - up ,  ramp, power 

genera t  ion ,  shutdown, and s tandby lenab l  e a r e  au tomat i c  r u n  sequence modules 

and a r e  c a l l e d  as determined by  t h e  mode module. The s t a n d b y l i n h i b i t ,  

l o ckou t ,  and manual modes a r e  determined by  o p e r a t o r  command. The 

s t a n d b y l i n h i b i t  and l o c k o u t  modes a r e  a l s o  generated a f t e r  a s a f e t y  shutdown. 



Figure  9-9  L o g i c  D iagram - Execut ive  
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The ma in  program o f  t i l e  c o n t r o l l e r  compr i ses  t h e  f o l l o w i n g  modules:  

i n p u t  s i g n a l  manager ( ISM)  
d a t a  p r o c e s s o r  
mode l o g i c  
d a t a  a r c h i v e  
power g e n e r a t o r  
manual 
commun i c a t  i o n s  

- remote  t e r m i n a l  
- s i t e  t e r m i n a l  
- c o n t r o l s  d a t a  sys tem ( C D S )  

s t a r t - u p  
ramp 
yaw 
d 1  arm 
shutdown 
r o t o r  n y d r a u l i c  pump 
o u t p u t  s i g n a l  manager (OSM) 
background memory t e s t  

F i g u r e  9-10 shows t h e  sequence o f  e v e n t s  i n  t h e  a u t o m a t i c  o p e r a t i n g  mode, 

~ t h i c h  i n c l u a e s  s t a r t - u p ,  ramp/sync,  power g e n e r a t e  and shutdown. F i g u r e  9-11 

shows t h e  c o n t r o l  o f  a i l e r o n  p o s i t i o n  and g e n e r a t o r  t o r q u e  d u r i n g  power 

g e n e r a t e  o p e r a t  i o n .  

9.2.4.1 I n p u t  S i g n a l  bianagement ( I S M )  

The ECL e x e c u t i v e  c o n t r o l s  t h e  i n p u t  and o u t p u t  o f  s i g n a l s  t o  and f r o m  t h e  

EPTAK system. It i s  t r a n s p a r e n t  t o  t h e  u s e r  app l  i c a t  i o n  so f tware .  The i n p u t  

s i g n a l  manager t r a n s f e r s  t h e  s i g n a l s  r e a d  i n  b y  t h e  ECL e x e c u t i v e  i n t o  u s e r  

RAP4 t h r o u g h o u t  t h e  u s e r  e x e c u t i v e  c y c l e .  

9.2.4.2 Da ta  P r o c e s s i n g  

The d a t a  p r o c e s s i n g  module c a l c u l a t e s  s i g n a l  averages,  d a t a  f o r  o u t p u t ,  and 

a i s c r e t e  s i g n a l  p a c k i n g .  

The c a l c u l a t i o n s  a r e :  

o  ene rgy  produced y e s t e r a a y  and t o d a y  
o  t h e  m a c h i n e ' s  mechan ica l  a v a i l a b i l  i t y  y e s t e r d a y  and t o d a y .  The 

mechan ica l  a v a i l a b i l  i t y  i s  d e f i n e d  as: 

1  - t i rne  i n  l o c k o u t  mode 
t o t a l  e lapsed  t i m e  

o  a i l e r o n  a n g l e  c o r r e c t i o n  f o r  p a i r s  o f  a i l e r o n s  
c o r r e c t e d  a n g l e  = ( a n g l e  r e a d i n g  - b i a s ) * s l o p e  
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S igna l s  a r e  t i m e  averaged by averag ing a s e t  o f  e i g h t  r ead ings  taken  every  0.1 

second, and c a l c u l a t i n g  longer  t i m e  averages f r om t h i s  0.8 second average. 

The 6.4 second average i s  c a l c u l a t e d  f r om e i g h t  sample averages o f  t h e  0.8 

second average. The 51.2 second average i s  c a l c u l a t e d  from e i g h t  o f  t h e  6.4 

second averages. The 12.8 second average i s  c a l c u l a t e d  f rom two o f  t h e  6.4 

second averages. 

D i s c r e t e  s i g n a l s  a r e  r e a d  by  t h e  ECL e x e c u t i v e  as one b y t e  f o r  each s i g n a l .  

Tne d a t a  p rocess ing  module packs each d i s c r e t e  s i g n a l  as a  s i n g l e  b i t  i n  an 

e i g h t  b i t  word. Thus, e i g h t  s i g n a l s  a r e  packed i n t o  an e i g h t  b i t  word f o r  

o u t p u t  dnd a rch  i v  i ng .  

Analog s i g n a l s  used f o r  computat ion have 12 b i t  r e s o l u t i o n .  For  o u t p u t  and 

a r c h i v i n g ,  t h e  d a t a  processor  t r u n c a t e s  t h e  12 b i t  va lue  t o  e i g h t  b i t s .  

9.2.4.3 Mode 

MODE i s  t h e  main dec is ion-making module o f  t h e  c o n t r o l l e r  sof tware.  PIODE 

dec ides wnich mode o r  nrodule t h e  c o n t r o l l e r  shou ld  be execu t ing ,  and a c t i v a t e s  

t h e  p roper   nodule f 1 ags. 

P o s s i b l e  Modes 

Lockout 

Standby I n h i b i t  

Stanaby Enable 

S t a r t - u p  

Kamp Up and Sync 

Power Generat i o n  

Normal Shutdown 

Nodules Scheduled b y  MODE 

S t a r t - u p  

Ramp Up and Sync 

Power Generat i o n  

Normal Shutdown 

A1 arms 

Yaw 

Data Arch i v  i n  g  

Communications, S i t e  and Remote 

Mode sequences t h e  norrnal s t a r t - u p  ramp/sync , power generat  ion,  and shutdown. 

The rnode l o g i c  i s  shown i n  F i g u r e  9-12. 
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Lockout i s  t h e  d e f a u l t  and i n i t i a l  mode. To e x i t  l o c k o u t  and e n t e r  standby/ 

i n h i b i t ,  the  keysw i tch  on t h e  system d i s p l a y  panel  must be swi tched t o  

autoriiat i c .  To ex i t  s t a n d b y l i n h i o  i t  and e n t e r  s tandby lenable ,  an enah1 e  

comrnand must be generated f r om t h e  s i t e  o r  remote t e r m i n a l .  The system w i l l  

go t o  s t a r t - u p  when t h e  5 m inu te  wind speed average i s  between 14 mph and 5 5  

mph. F i g u r e  9-13 i s  t h e  l o g i c  diagram f o r  t h i s  t u rn -on  sequence. A f t e r  t h e  

s t a r t - u p  i s  s u c c e s s f u l l y  completed, t h e  system e n t e r s  rarnp. A f t e r  ramp i s  

completeu, t h e  system e n t e r s  power genera t ion .  

A normal stiutoown i s  a c t i v a t e d  i f  arb abnormal c o n d i t i o n  i s  de tec ted  d u r i n g  any 

ope ra t i on :  mode, s t a r t - u p ,  ramp, o r  power genera t ion .  Wrwn t h e  norrnal 

shutdown i s  conrpleted, t h e  system c o u l d  e n t e r  one o f  t h r e e  modes, depending on 

t h e  c o n d i t i o n  t h a t  caused t h e  normal shutdown. The modes a r e  lockou t ,  

s ta t ldby/ inh i o i t ,  and s tandby lenable .  The system can a l s o  go f r om standby/  

enab le  t o  s t a n d b y l i n h i a i t ,  o r  s tandby/enable  t o  l ockou t ,  o r  s t a n d b y / i n h i o i t  t o  

lockou t .  Trlere a r e  f o u r  c o n d i t i o n s  t h a t  cause a  t r a n s i t i o n  between normal 

shutdown and s tandby endble :  

1. low wind i n  power generate,  where t h e  average power i s  l e s s  than  zero  
f o r  5 minutes 

2. h i g h  wind i n  power genera t ion ,  as de tec ted  by  t h e  a i l e r o n  ang le  
3. excess ive  excu rs i on  f r om t h e  programmed speed ramp 
4. 1  arge yaw e r r o r  

Lockout 

Lockout  i s  c a l l e d  on i n i t i a l  power up, change from manual t o  automatic,, o r  

a f t e r  a  second l e v e l  f a u l t .  Table 9-7 l i s t s  t h e  f a u l t  c o n d i t i o n s  t h a t  cause a  

normal shutdown t o  lockou t .  A f t e r  t h e  f a u l t  has been co r rec ted ,  t h e  keysw i tch  

on t n e  System D i s p l a y  Panel w i l l  r e i n i t i a l i z e  t h e  system and p l a c e  t h e  system 

i n  t n e  s t a n d b y l i n h i b i t  1i10de. 

S t a n d b y l I n h i b i t  

T h i s  mode i s  a  n o l d  s t a t e .  The wind t u r b i n e  i s  ready, no f a u l t s  a r e  detected,  

b u t  s t a r t - u p  i s  i n h i b i t e d .  

The s t a n d b y l i n h i b i t  rnode can be en te red  f r om l o c ~ o u t ,  v i a  t h e  system d i s p l a y  

pariel i<eyswitch. I t  can a l s o  be en te red  a t  t h e  conc lus i on  of  a  normal 

shutdown i n i t i a t e d  b y  a  command f r o m  t h e  s i t e  o r  remote t e r m i n a l  o r  by  c e r t a i n  

r e c o v e r a ~ l e  a la rm c o n d i t i o n s  l i s t e d  i n  Table 9-8. 
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Table 9-7 

"Second Level F a u l t "  Shutdowns + (NSD t o  ~ o c k o u t )  

Condl t l o n  

1. GENERAL CS 

Tr iqqer  Cond i t ion  Expected Cause 

1.1 I n t r u s i o n  Alarm - event - 
1.2 Emergency Shutdown Panel F a i l u r e  Signal  from ESP 
1.3 Con t ro l  Enclosure Cablnet Temp 'HI-HIm T > 122'F 
1.4 Rotor/Generator Speed Mismatch 1~~ - N 1 > 0.2 rpm 
1.5 C.E.C. Temp. Out-of-Range T > 6 0 4  o r  T< -10'C 

Unauthorized e n t r y  
Relay c i r c u i t  f a u l t  
Heat exchanger ou t  
Speed sensing e r r o r  
Heat/Cooling Equip. F a i l u r e  

11. AILERON ACTUATlON b TEETER BRAKE 

2.1 A i l e r o n  Emergency Feather Accum. Press:LO' AP < 2000 p s i  Leak/pump f a t  l u r e  
2.2 A i l e r o n  Cmd vs. P o s l t l o n  Mismatch lacmd-all( > 10' 6-Switch Activation 
2.3 A i l e r o n  D e f l e c t i o n  Mismatch Ialx-42x 1 > 5' Ac tua t ion  f a i l u r e  
2.4 Teeter High Force (HF) Brakes 'ONm Angle > 5' (See 3.3.5) Unbalance c o n d i t i o n  
2.5 Teeter HF Brakes Stay .ON8 @ Ramp-up HF = 'ONm and NR > 12.5 rpm Brake system f a i l u r e  
2.6 Teeter Angle Large Analog Signal  ,(a > 6.5' Brake system f a i l u r e  

111. ROTOR 

3.1 Rotor Speed .HI8 
3.2 Rotor V i b r a t i o n  'HIm 
3.3 Rotor S t ruc tu re  S t r a i n  'HI' 

1 V .  6EARBOX LUBE 

4.1 Lube Supply Pressure 'LOa 
4.2 Lube Supply Temp. .HIm 

NR 2 18.9 rpm 
Vib 2 0. I g 

TED Overs t ra in  

Contro l  f a l l u r e  
Unbalance c o n d i t i o n  

'2-of-3' sensors @ P < 60 p s i  Leak/pump f a l l u r e  ' 

'2-of-3" sensors H i  (See 3.3.6.3) Heater o r  c o o l e r  f a i l u r e  

5.1 Generator Lube Press. .LOm P < p s i  Leak/pump f a i l u r e  
5.2 Generator Lube Temp. .Him 1 > 250°F Cool ing f a i l u r e  
5.3 Generator Beartng Temp. .HIm 1 > 275'F Bearing problem 
5.4 Generator Vlb. .HIrn Vib > 0 .1  g Unbalance 
5.5 S t a t o r  T i e  Breaker T r i p  Lock Out Relay Tripped (See 3.3.9 d iscuss ion)  
5.6 'Converter Ready8 S igna l  Removed Event per  conver ter  c o n t r o l  Converter f a u l t  

V I .  YAW ACTUATION AND ROTOR BRAKES 

6.1 Yaw Rate Cor rec t ion  Low 

6.2 Yaw E r r o r  Remains High 
6.3 Yaw Hold ing Brake Status F a u l t  
6.4 Yaw Hold ing b Hot lve  Brakes OFF 
6.5 Yaw Rate Excessively High 
6.6 Y a u E r r o r  Large and Wind D i r e c t i o n  

Sensor Mismatch 
6.7 Rotor Brake Status F a u l t  

Low Yaw r a t e  @ s t a r t u p  Ac tua t ion  f a i l u r e  
(See 3.3.1.1.2) 

l y e ( >  7' f o r  h t  = 5 mln. Ac tua t ion  f a i l u r e  
Status { Cmd Leak/pump f a i l u r e  
P < 2000 p s i .  both systems Operat lng l o g i c  f a i l u r e  
Yaw r a t e  > 1°/s (See 3.3.1.1.2) Brake f a i l u r e  L d r i v e  t r a i n  loaded 
Mismatch > 10' (See 3.3.1.1.2) Loose mounting p l u s  h i g h  winds 

Status # C n d  (Ro ta t ing )  Solenoid F a l l u r e  



Tab le  9-;!I 

F i r s t  Leve l  F d u l  t C o r d i t  i o r ~  ( N S U  + SUI ) 

o  B l a d e  t e m p e r a t u r e  30 m i n u t e  t i r r ~ e  o u t  

o I c e  d e t e c t e d  

o  Genera to r  w i n d i n g  t e m p e r a t u r e  > 275°F  

o S t a t o r  t i e  b r e a k e r  t r i p  w i t h o u t  l o c k o u t  r e l a y  t r i p  

o Emergency o r  backup emergency shutdown f l i c k  v e r i f i c a t i o n  check 
f a i l u r e  i n  s t a r t - u p  

0 Three c o n s e c u t i v e  s t a r t - u p  a t t e m p t s  w i t h o u t  ach i e v  i n g  t h e  power 
genera te  mode 



Standby/Enab 1  e  

I n  s tandby lenable ,  t h e  system i s  p e r m i t t e d  t o  operate ,  no f a u l t s  have been 

de tec ted ,  and t h e  c o n t r o l l e r  i s  a w a i t i n g  accep tab le  wind c o n d i t i o n s .  

9.2.4.4 Data A r c h i v i n g  

The base d a t a  l o g  sample comprises 50 words of ana log and packed d i s c r e t e  

f unc t i ons .  A 30-second r u n n i n g  d a t a  log ,  a t  one sample pe r  second, i s  

ma in ta ined  a u r i n g  ope ra t i on .  When a  f o r c e d  shutdown occurs,  t h e  30-second l o g  

o f  a a t a  b e f o r e  shutdown i s  preserved.  The d a t a  r e p r e s e n t i n g  post-shutdown 

performance i s  preserved i n  two segments, 30 samples a t  one sample pe r  second 

and, 30 samples a t  one sample pe r  5 seconds. The da ta  i s  examined o r  dumped 

w i t n  colnmanas i n  t h e  manual s t a t e .  

9.2.4.5 Power Generate 

Throughout power generate  t h e  a i l e r o n  c o n t r o l  i s  p r o p o r t i o n a l  p l u s  i n t e g r a l  

w i t h  speed e r r o r .  The c o n t r o l  ang le  command i s  d e f i n e d  as:  

6 = & -  1  + t i i ~ E n  + G2En ~t 

Where 6 - 1  i s  t h e  p o s i t  i o n  i n  t h e  l a s t  c y c l e  

En = hR - NR ref  ( rpm) 

AEn = NR - l\lR_] (rpm) 

A t  = c o n t r o l l e r  c y c l e  t ime, 0.1 second base1 i ne  

G1 = p r o p o r t i o n a l  ga in ,  30°/rpm, w i t h  a  k0.07 rprn deadband 

G~ 
= i n t e g r a l  ga in ,  5O/sec/rpm, w i t h  an an t i -w indup  clamp 

The r o t o r  speed r e f e r e n c e  NR re f  i s  13.8 f o r  low speed o r  16.8 f o r  h i g h  

speed. The genera to r  speed r e f e r e n c e  NG ref ,  i n  t h e  r o t o r  r e fe rence  frame, 

i s  i n i t i a l l y  s e t  equal  t o  r o t o r  speed, t hen  i s  p r o p o r t i o n a l  t o  speed e r r o r  

w i t h  a  g a i n  o f  1.67 t imes  r a t e d  torque/rpm. Th i s  g a i n  and a  t o r q u e  clamp a t  

1.1 t imes  r a t e d  t o r q u e  a r e  p rov i ded  w i t h  hardware e x t e r n a l  t o  t h e  c o n t r o l l e r .  

Low wind shutdown i s  d e f i n e d  as t h e  o u t p u t  power l e s s  than  o r  equal  t o  

z e r o  f o r  5 min.  



High wind shutdown i s  d e f i n e d  by  t h e  a i l e r o n  angle ,  

> (33' - 12 * PSp) where P i s  power s e t  p o i n t  6av - s P 

The t r a n s i t i o n  f r o m  low speed, NR re f  = 13.8 rpm t o  h i g h  speed, 

"'R r e f  = 16.8 rpm, i s  i n i t i a t e d  when t h e  5-minute average o f  t h e  power 

o u t p u t  i s  g r e a t e r  t h a n  4500 kW. The wind r o t o r  i s  more e f f i c i e n t  a t  t h e  

h i g n e r  speed aoove t h i s  power l e v e l .  

The t r a n s i t i o n  f r o m  h i g h  speed t o  low speed i s  i n i t i a t e d  when t h e  5-minute 

average o f  t h e  power o u t p u t  i s  l e s s  t han  3000 kW. The h y s t e r e s i s  between 

3000 kW and 4500 kW avo ids  f r e q u e n t  s h i f t i n g .  

The t r a n s i t i o n  between h i g h  and low speed i s  implemented b y  s i m u l t a n e o u s l ~  

changing t h e  speed re ferences,  NR ref  and N~ r e f y  a t  a  r a t e  o f  

1  rpm/min r e f e r r e d  t o  r o t o r  speed. F i g u r e  9-14 i s  a  l o g i c  d iagram of  t h e  

Power genera te  mode. 

9.2.4.6 Manual 

T h i s  i s  t h e  s t a t e  i n  wnich t h e  on-s i t e  o p e r a t o r  c o n t r o l s  i n d i v i d u a l  f u n c t i o n s  

of t h e  wind t u r b i n e .  iyanual mode i s  en te red  f r om l o c k o u t  mode. The mode i s  

i n i t i a t e d  by  t h e  keysw i t ch  on t h e  system d i s p l a y  panel .  The manual commands 

a r e  1  i s t e d  i n  Table  9-9. 

9.2.4.7 Communications 

Communications between t h e  s i t e  o r  remote o p e r a t o r ' s  t e r m i n a l  and t h e  

c o n t r o l l e r  a re  b i d i r e c t i o n a l .  Only  one of  t n e  t e r m i n a l s  can communicate w i t h  

t h e  c o n t r o l l e r  a t  a  t ime .  The t e r m i n a l  t h a t  has c o n t r o l  must r e l i n q u i s h  t h e  

c o n t r o l  b e f o r e  t h e  o t h e r  t e r m i n a l  can  o b t a i n  c o n t r o l .  For  s e c u r i t y ,  each 

t e r m i n a l  has a  password. The c o r r e c t  password must be en te red  b e f o r e  commands 

w i l l  be accepted. 

The c o n t r o l l e r  w i l l  c o n t i n u e  t o  opera te  i f  t h e  communication 1  i n k  i s  l o s t .  

The communication 1  i n k  i s  neces-sary t o  b r i n g  t h e  c o n t r o l l e r  o u t  o f  t h e  

s t a n d b y l i n h i b i t  mode i n t o  t h e  s tandby/enable  mode. I n  o t h e r  modes i t  p rov i aes  

added c a p a b i l i t i e s  o r  i n f o rma t i on .  Table  9-10 i s  a  command 1  i s t  f o r  t h e  



Figure 9-14 Power Generate 
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T a b l e  9 - 9  M a n u a l  C o n t r o l  Command L i s t  

F U N C T I O N  

ROTOR HYDRAULIC PUMP 

YAW HYDRAULIC PUMP 

GEARBOX AND GENERATOR 

LUBE PUMPS 

SHAFT BRAKE 

TEETER BRAKE H I G H  FORCE 

YAW BRAKES 

FEATHER VALVE A 1  

FEATHER VALVE A 2  

A I L E R O N  SET 1 ANGLE 

A I L E R O N  SET 2 ANGLE 

TURli  I NG GEAR 

EMERGENCY SHUTDOWN 

YAW D R I V E  

DUMP DATA ARCHIVE 

- ON 

- OFF 

- ON 

- OFF 

- ON 

- OFF 

- ON 

- OFF 

- ON 

- OFF 

- ON 

- OFF 

- ENERGIZE 

- DE-ENERGIZE 

- ENERGIZE 

- DE-ENERGIZE 

- XX DEG 

- XX DEG 

- ON 

- OFF 

- ENABLE 

- XX SEC CW 

- XX SEC CCW 

- XX L I N E  I N T E R V A L  

- X L I N E S  START A T  L I N E  YYY 

COMMAND 

C 13 
D 1 

D13 
E 1 

E B 
F 1 

F a  
G 1 

G 0 
H 1 

HID 

I X  X 

JXX 

K 1 

K0 
L 1 

PI + XX 

M - XX 

NX X 

OXYYY 



T a b l e  9 - 1 0  O p e r a t o r ' s  T e r m i n a l  Command L i s t  

F U N C T I O N  COMMAND 

STANDBY ENABLE 

SPEED S E T  P O I N T  (XX.X KPM) 

POWER S E T  P O I N T  (XX.X MW) 

NORMAL SHUTDOWti 

EMERGENCY SHUTDOWN 

REQUEST T E R M I N A L  CONTROL 

ENABLE T E R M I N A L  CONTROL 

ZERO CUMULATIVE ENERGY 

T I M E  S E T  ( X X H R : Y Y M I N )  

+IONTH/DATE S E T  ( X X M 0 : Y Y D A T E )  

P R I N T  ONE L I N E  OF DATA 

CONNECT T E R M I N A L  

D ISCONNECT TEKiVII NAL 

0 1 

1 XXX 

2 XXX 

3 1 

4 1 

5 1 

6 1 

7 1 

8XXY Y 

9 X X Y Y  

: 1 (COLON 1 )  

; 1 

; 0 



o p e r a t u r ' s  t e r m i n a l s .  The p r i n t  o u t ,  san~ple  shown i n  F i g u r e  9-15, i nc l udes  

t h e  t o l l o w i n g  da ta :  

- month, day, hour,  minute,  and second 
- t e r r r ~ i n a l  c o n t r o l  
- cumu la t i ve  energy produced yes te rday  
- cumu 1 a t  i v e  energy produced s i n c e  spec i f  i e d  d a t e  
- speed s e t  p o i n t s  
- power s e t  p o i r l t s  
- var  s e t  p o i n t  
- a la rm number 
- w i n d  speed 
- power 
- energy 
- Piode (LO, S U I ,  SUE, SU, KMP, PWR, NSU) 

Conllllun i c a t  i ons  between t h e  c o n t r o  l l e r  and t h e  c o n t r o l s  d a t a  system suppo r t  

cneckout  and i n i t i a l  ope ra t i on .  The o u t p u t  o f  t h e  c o n t r o l l e r  c o n s i s t s  o f  t h e  

pdcked d i s c r e t e  l / O ,  ana log I / O ,  alarms, and RAM va lues.  The c o n t r o l s  d a t a  

system can reques t  t h e  c o n t r o l l e r  t o  read  va lues  o u t  o f  RAM and change t h e  

va lue  i r l  a  RAM l o c a t i o n .  

9.2.4.8 S t a r t - u p  

The c o n d i t i o n s  f o r  s t a r t - u p  are:  

o  The system n ~ u s t  be i n  t h e  s tandby lenab le  mode 
o  14 4 Wind speed ( 5  m inu te  average) - < 55 
o  Yaw-error < 7 "  - 

The s t a r t - u p  sequence l o g i c  i s  shown i n  F i g u r e  9-16. The f l  i c k  t e s t s  con f i rm  

t t i a t  t h e  emergency shutdown, backup emergency s l i u t d o ~ n ,  and a i l e r o n  c o n t r o l  

subsystems a r e  f u n c t i o n i n g  b e f o r e  every  r o t a t i o n .  

9.2.4.9 Ra~nplSync 

Kamp/sync i s  a c t i v a t e d  a f t e r  s t a r t - u p ,  when t h e  wind speed i s  i n  t h e  o p e r a t i n g  

range. The f o l l o w i n g  desc r i bes  t h e  ramplsync sequence. Log ic  diagrams f o r  

ramp/sync a r e  shown i n  F i g u r e s  9-17, 9-18, and 9-19. 

o  use genera to r  i n  mo to r i ng  mode t o  a c c e l e r a t e  r o t o r  t o  3.7 rpm. 
o  ramp r o t o r  speed f r o m  3.7 t o  13.8 rprn u s i n g  aerodynamic t o r q u e  c o n t r o l .  
o  synchron ize  t h e  genera to r  by  enabl i n g  t h e  conve r t e r  c o n t r o l  desc r i bed  

i n  s e c t i o n  9.1.5. En te r  power generate  mode when s y n c h r o n i z a t i o n  i s  
completed. 



0 . 0 0  0 . 0 0 . 0 0  MOD 5A SUMMARY DATA U N l l  SN 0 0 1  Q,z[G;$&Qje :s 
MWH PRODUCED S t 1  POINTS wpJL.iiV 

CONlROL YESlER CUMM FROM T AS MW 
HEADING 

SITE .O .OO 0 . 0 0  .O 7 . 3  1 7 . 9  

T m  ACRH - MW pJ 

0 . 0 0 . 1 2  +10  
0 . 0 0 . 1 2  0  1  - .  1 9  .O LO 
0 . 0 0 . 1 8  +11 1 POKER UP 
0 . 0 0 . 1 8  +80 ALM 1 0  - T E C l i R  ANG1.i 
0 . 0 0 . 2 4  +25 ALM 11 - 1 L E l t R  ACCUM 
0 . 0 0 . 2 4  -10  PRESS LD 
0 . 0 0 . 3 0  -11 80 - L O C ~  OUT R E L A Y  
0 . 0 0 . 3 0  -80  8 5  - YAW BRAKE/GRIPPLR 
0 . 0 0 . 4 8  0  1  - . I 9  .O SB1 KEYSWITCH RESEl 

1111111111 PASSWORD - EtiABIE TERMlNAL 
CMD lNPUl  

81427 0 . 0 1 . 4 8  S E l  TIME 
90242  1 4 . 2 7 . 0 6  S E l  D A l t  
0  1  1 4 . 2 7 . 1 8  CMD SEE 

1 4 . 2 7 . 2 4  0  1  - . I 9  .O 
1 4 . 3 3 . 2 4  0  1 5 . 0  - . I 4  .O SU 
1 4 . 3 5 . 3 0  0  1 5 . 0  1 . 1 4  .O RMP AUTO SEGUENCE 

I 
1 4 . 4 0 . 3 0  0  1 5 . 0  1 . 1 4  .O PWR 

: 1  1 4 . 4 1  . 3 0  REQUEST PRINlOU7 
1 4 . 4 1  - 3 6  0  1 5 . 0  1 . 3 0  .O PWR 

3  1  1 4 . 4 1 . 4 8  CMD NORMkL SHUTDOXN 
1 4 . 4 1  . 4 8  +51 ALM 51 CMD NSD 
1 4 . 4 1  . 5 4  0  1 5 . 0  1 . 7 0  .O NSD 
1 4 . 4 3 . 1 8  0  1 5 . 0  - . I 7  .O SB 1 
1 4 . 4 3 . 2 4  -51 

0  1 1 4 . 4 3 . 4 2  
1 4 . 4 3 . 4 8  0  2 5 . 0  - . l 9  .O SBE 
1 4 . 4 7 . 4 2  0  2 5 . 0  - . I 9  .O S  U 
1 4 . 4 9 . 4 8  0  2 5 . 0  - . I 7  .O RMP 
1 4 . 5 4 . 1 8  0  2 5 . 0  1  . 4 1  .O PWR 
1 4 . 5 5 . 3 0  0  2 5 . 0  5 . 7 5  .O NSD 
1 4 . 5 5 . 3 6  +55 LUB l i H P  
1 4 . 5 5 . 3 6  -55  
1 4 . 5 7 . 0 0  0  2 5 . 0  - . I 7  . 1  SB 1  

0 1  1 4 . 5 7 . 3 0  
1 4 . 5 7 . 3 0  0  3 9 . 8  - . 1 9  1  SBE 
1 5 . 0 1 . 3 0  0  3 9 . 8  - . I 9  1  SU 
1 5 . 0 3 . 3 6  0  3 9 . 8  - . I 8  1  RMP 
1 5 . 0 7 . 5 4  0  3 9 . 8  1 . 1 8  1  PWR 
1 5 . 1 2 . 3 6  0  3 9 . 8  7 . 2 6  . b  NSD 
1 5 . 1 2 . 4 2  +61 INlRUSIOK kLM 
1 5 . 1 2 . 0 8  -61 
1 5 . 1 4 . 1 8  0  3 9 . 8  - . I 5  . b  LO 
1 5 . 2 9 . 1 8  0  3 9 . 8  - . 2 3  . b  LO 
1 5 . 4 4 . 1 8  0  3 9 . 8  - . 2 1  . 5  L  0 
1 5 . 5 9 . 1 8  0  3 9 . 8  - . I 9  . 5  1 0  
1 6 . 0 3 . 5 4  0  3 9 . 8  - .  23 . 4  SB 1 

0 1  1 6 . 0 4 . 0 6  
1 6 . 0 4 . 0 6  0  1 5 . 0  - . 2 3  .4 SEE 
1 6 . 0 8 . 0 6  0  1 5 . 0  - . I 9  . 4  S U 

4 . 2 4  1 6 . 0 8 . 1 2  HOD 5A SUKMARY DATA U N l l  SN 001  

HWH PRODUCED S E l  POINTS 
CONlROL YESTER CUMH FROM TAX MW RPM 

SI1E  .O . 0 0  0 . 0 0  51 .O 7 . 3  1 7 . 9  

1 6 . 0 9 . 4 8  0  1 5 . 0  - . I 5  . 4  S U 
1 6 . 1 0 . 0 6  0  1 5 . 0  - . I 7  . 4  RHP 
1 6 . 1 5 . 0 6  0  1 5 . 0  1 . 2 4  . 4  PWR 
1 6 . 2 5 . 5 4  0  5 4 . 8  7 . 2 0  1 . 5  NSD 
1 6 . 2 6 . 0 0  +79 
1 6 . 2 6 . 0 0  -79 
1 5 . 2 7 . 3 0  0  5 4 . 8  - . I 5  1 . 5  L 0  
1 5 . 4 2 . 3 0  0  54 .8  - . I 9  1 . 5  LO 

GENERATOR VIBRA1 I Oti 

F i g u r e  9-1 5 Sampl e  Termina l  Output  



ROTOR 
H Y D R A U L I C S  

CONVERTER n 
1 

E S D  F L I C K  T E S T  .- 
t 

6 E S D  I L l C K  T E S l  

t 

H Y D R A U L I C  
F I L T E R  T E S T  N = l 1 + 1  

t 

T E E T t R  B C k K E  
CHECK 

NO 

NO 

S l A N @ B Y / E N 4 6 1 E  

S T A H D B Y / I N r l I B I T  

RAMP/SYNC 

F i g u r e  9-1 6 S t a r t - u p  
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Figure 9-1 7 Rarn?/Sync 
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I 
YIRRAL 
SHLiTDGWH 
T O  LOCKOUT 

b - 
S I N G  
A L A E M  

cnc 
A C  LLBE 

T L E T E Q  PLMP O F F  
BRAKE HIGH 

NO 
F O R C L  l I L T L R  

t 
N G P R A L  
swwwr 
T G  LOCKOUT 

i 

Figure 9-18 RampISync (Cont ' d .  ) 



Figure 9-19 RamplSync (Cont'd) 
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9.2.4.1U Yaw - 
The yaw nlodule i s  a c t i v a t e d  d u r i n g  t h e  automat ic  sequence when t h e  wind speed 

i s  g r e a t e r  t han  12 mph. T h i s  module commands t h e  yaw d r i v e  t o  r o t a t e  t h e  

n a c e l l e ,  based on t h e  yaw e r r o r .  The yaw e r r o r  i s  t h e  r e l a t i v e  d i f f e r e n c e  i n  

t h e  wind d i r e c t i o n  r e l a t i v e  t o  t h e  n a c e l l e  p o s i t i o n .  The yaw c o r r e c t i o n  i s  

executed when t h e  yaw e r r o r  i s  g r e a t e r  than  7" and s tops  when t h e  yaw e r r o r  i s  

l e s s  t n a n  3.5". When t h e  yaw d r i v e  i s  n o t  a c t i v e ,  b o t h  t h e  yaw m o t i v e  b rakes  

arid t h e  yaw h o l d i n g  b rakes  w i l l  be "OIJ". Du r i ng  ope ra t i on ,  t h e  b rakes  and 

y r i p p e r  a r e  opera ted  i n  an "app ly -be fo re - re lease"  sequence. The c o n t r o l l e r  

opera tes  t h e  yaw d r i v e  brakes and a c t u a t o r s  as shown i n  F i g u r e  9-20. 

9.2.4.11 Alarm 

The a la rm module d e t e c t s  t h e  r i s i n g  and f a l l i n g  ( t u r n  on and t u r n  o f f )  o f  a l l  

alarrns, and a  number i s  ass igned t o  t h e  a la rm depending on i t s  l o c a t  i o n  i n  t h e  

RAM. Fo r  example, Alarrn $1  i s  001 if r i s i n g ,  and 129 ( 1  + 128) i f  f a l l i n g .  

l 'he f o u r t e e n t h  a la rm i s  014 if r i s i n g ,  142 (14 + 128) i f  f a l l i n g .  T h i s  a l a rm  

rlumber i s  s t o r e d  i n  an a l a rm  t a b l e  and i s  sen t  o u t  t o  t h e  c o n t r o l s  d a t a  

system, remote t e r m i n a l  and s i t e  t e r m i n a l .  Table  9-11 l i s t s  t h e  t r i g g e r  

c o n d i t i o n s  f o r  a larm. An a la rm does n o t  s t a r t  a  shutdown. 

A normal shutdown can be i n i t i a t e d  any t i m e  and under a l l  o p e r a t i n g  

c o n d i t i o n s .  The shutdown i s  implemented b y  l owe r i ng  t h e  system speed a t  10 

rpm/min, by ramping t h e  speed re fe rences  f o r  a i l e r o n  c o n t r o l  and a i r g a p  t o r q u e  

c o n t r o l .  The gearbox e l e c t r i c  l u b e  pump i s  t u r n e d  on a t  9  rpm. Ro to r  b rakes  

a r e  t u r n e d  on when t h e  a i l e r o n  c o n t r o l s  reach  70'. The c o n v e r t e r  i s  

d isconnected,  f u l l  t e e t e r  b rakes  appl  ied,  and l u b e  pumps t u r n e d  o f f ,  a t  t h e  

comp le t i on  o f  shutdown. F i g u r e  9-21 i s  a  l o g i c  diagram o f  shutdown. 

When t h e  shutdown i s  complete,  t h e  standby/enable,  s t a n d b y l i n h  i b  i t  o r  l o c k o u t  

mode i s  e s t a b l i s h e d ,  depending on t h e  cause o f  t h e  shutdown. 



CMD CMD 

YAW SOLEHOIO VALVE S1 (CW) 

I- FROM CCW - t- FROM CW - 

YAW SOLENOID VALVE S 2  (CCW) 

Y A W  SOLENOID VALVE S3 ( G R I P P E R )  

VAW SOLENOID VALVE 54 ( H O L D I N G  BRAKE) -v 

IT2 
2 SEC "' 4, ,,,, t- sEc 

Y A W  C Y L I N D E R  SET #I F U L L  CW 
YAW C Y L I N D E R  S E T  #1 F U L L  CCW 

Y A W  C Y L I N D E R  S E T  #2 F U L L  CW 

Y A W  C Y L I N D E R  S E T  #2 F U L L  CCW 

P O S I T I O N  

F igure  9-20 Yaw D r i v e  Sequence 
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u L -  
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v u 
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n L 
\ U  
Y  C 
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m  Cr 
O ) C L U W  
L O U L  
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a u c  4 -  
L L C U V O  

O X  0 
a u w  L U  
n o \ 
O W U L I I Y  
L L a C a 
C,-  w  w  w  
LnLLXrn I  

N Cn - C - - . C, - a . C' 
m o  . L 
0 1 

C 
Y O  . W E  

7 L l  w - - 
m  "l gz:zs 
e r a -  o u o u n  

w L L -  - 
00 n o  Y 4-0 
0 0  O V  A  0 
C D C D O - ~  w  w m  
- 7 O - C  a Q  3- 

m u - &  
V V A A > 4 m 9 V  

a,- C-' 
n a n - 2 m e . v l n  

5 

* vl - w  
a Y  
a L 
Y 0 

m  
¶ E - a  
a u 
e U  
me. 
w U  
Y Y  
a 4 L L 
m m  
L L 
0 0 
Cl C' 
0 0 
= a  

?? 
99  a a  

- 0 

g 5 
C I- 
r C  

C, U 0 
m w w C , C I ,  
U Y C  
nu- % 5 
o a n m a  
L > a -  I 
cl- u L b  
m u  0 

U w L  I "a=$': 
C  
. # - C , m C O  
C  C  0 Q) 

k Y Z "  
w a  w t  
b Cr- Q 
a w  O l n  
L 
" U 2 - S U  
L L C C W  

r v 0 - m  

~ L L U X U  

-. 
111. CI ' 
0, -  I 0 
L m  . I 2 
a a l  r-  m 

L X I . .  
> a m  m -0-  
r w I d a  44Fii' ' 4 
V)na a! w 
0 C  

a + +  i i -  - 
O O L > + I I - C O  
L > a J r -  
C-*ern w  L- n n P % P  
I O . r ¶ a ¶ ¶ =  
b 4 L V ) V ) V ) V ) l n  
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9.2.4.13 Output  S igna l  Manager 

The o u t p u t  s i g n a l  manager module i ssues  t h e  o u t p u t  cornmands generated d u r i n g  

t h e  e x e c u t i v e  c y c l e  b y  t r a n s f e r r i n g  i n f o r m a t i o n  f r o m  RAM t o  t h e  o u t p u t  

hardware. T h i s  i s  p rov i ded  b y  t h e  ECL execu t i ve .  

9.2.4.14 ;'lernory Test  

The p lanned memory t e s t  opera tes  i n  t h e  background d u r i n g  t h e  s l a c k  p e r i o d  a t  

t h e  end o f  each e x e c u t i v e  c y c l e .  The t e s t  sums i n c r e m e n t a l l y  th rough  t h e  t e s t  

c y c l e  t o  t e s t  t h e  CPU, PROM, & RAM. The CPU t e s t  checks t h e  i n s t r u c t i o n  se t .  

The PKOM t e s t  compares t h e  sum o f  va lues  i n  2K memory increments w i t h  a  known 

checksum va lue.  

The RAN t e s t  f o l l o w s  t h e  f o l l o w i n g  sequence: 

o  d i s a b l  e  i n t e r r u p t s  

o  save c u r r e n t  con ten t s  

o  w r i t e  a l l  0 ' s  and v e r i f y  

o w r i t e a l l  l ' s a n d v e r i f y  

o  b i t  r i p p l e  and v e r i f y  

o r e s t o r e  c u r r e n t  con ten t s  

o  enab le  i n t e r r u p t s  

The user  sof tware was p lanned t o  check t h e  e r r o r  d e t e c t i n g  f u n c t i o n s  o f  t h e  

watch aog t i m e r  and p a r i t y  checker  d u r i n g  t h e  s t a r t - u p  mode. 

Memory t e s t  so f twa re  had n o t  been implemented when des ign  a c t i v i t y  was 

suspenaed. 

9.2.5 VENDOR SOFTWARE 

Three vendor s u p p l i e d  so f twa re  packages a r e  used. They a re :  

o  Real  t i m e  c l o c k  and ca lendar  

SL709-6015-M KTCCND, RTG c lock /ca lendar .  

o  P r i n t  and k e y - i n  communication 

SL709-6034-M PRTKYND, Type U P r i n t l K e y i n  

o  General d a t a  communication 

SL 709-6037-01 CP7COMD, CP717 Comrn Pkg 



9.2.5.1 Zea l  Time Clock and Calendar  

The r e a l  t i m e  c l o c k  and c a l e n d a r  program c o u n t s  0.1 second p u l s e s  t o  d e t e r m i n e  

t h e  month, day, hour ,  m inu te ,  and second. 

The a a t e  i s  updated a t  m i d n i g h t .  The month i s  updated a t  28, 30, o r  3 1  days.  

There i s  no p r o v i s i o n  f o r  u p d a t i n g  t h e  y e a r .  I n  a  l e a p  y e a r ,  2  March must b e  

r e s e t  t o  1  March manual ly .  

9.2.5.2 P r i n t  and K e y i n  Communication 

The EPTAK e x e c u t i v e  (ECL) s o f t w a r e  can c o n t r o l  communicat ions between t h e  

c o n t r o l l e r  and one p r i n t l k e y i n  d e v i c e .  A supp lementary  s u b r o u t i n e  enab les  t h e  

s o f t w a r e  t o  c o n t r o l  communicat ions between t h e  c o n t r o l l e r  and up t o  15 

p r i n t / k e y i n  dev ices .  Bo th  t h e  s i t e  and remote o p e r a t o r  t e r m i n a l s  a r e  

p r i n t l k e y i n  d e v i c e s  and p r o v i s i o n  f o r  communicat ion w i t h  two d e v i c e s  was a  

rnin irnum bi00-5A requ  i remen t .  

The p r i n t l k e y - i n  i n t e r f a c e  p r o t o c o l  i s  TTY/EIA RS232C w i t h  20mA c u r r e n t  l oop .  

Standard ASCII  Code i s  used a t  BAUD r a t e s  between 110 and 9600. P a r i t y  can b e  

odd, even, o r  none. Stops b i t s  can be 1, 1  1/2, o r  2. B i t s  p e r  c h a r a c t e r  can 

be  5,  6, 7  o r  8. The MOD-5 app l  i c a t i o n  s e t t i n g s  a r e  300 BAUD, 8 

b i t s / c h a r a c t e r ,  1  s t o p  b i t ,  and no p a r i t y .  The i n f o r m a t i o n  t r a n s m i t t e d  i s  

a lpha-numeric and does n o t  r e q u i r e  p r o c e s s i n g  a t  t h e  t e r m i n a l s .  

9.2.5.3 General  Data  Communications 

The g e n e r a l  d a t a  communicat ions s o f t w a r e  package enab les  t h e  c o n t r o l l e r  t o  

communicate w i t h  t h e  c o n t r o l s  d a t a  system t h r o u g h  an R S  232C i n t e r f a c e .  

The f o r m a t  o f  t h e  8 b i t  d a t a  message word used w i t h  t h i s  s o f t w a r e  i s  O O l l X X X X  

where A X X X  i s  4  b i t s  o f  da ta .  An 8 b i t  d a t a  word i s  t r a n s m i t t e d  i n  2  message 

words w i t h  t h e  4 most s i g n i f i c a n t  d a t a  b i t s  i n  t h e  f i r s t  message word and t h e  

4 l e a s t  s i g n i f i c a n t  d a t a  b i t s  i n  t h e  second message word. The d a t a  word 

A7A6A5A4A3AzAlA0 i s  t h u s  t r a n s m i t t e d  b y  t h e  d a t a  message words 

0 0  1  1A7A6A5A4 and 00 1 1A3A2A1 %. 



The 50 word d a t a  s e t ,  composed o f  MOD-5A o p e r a t i n g  d a t a  and alarms, i s  

t r a n s m i t t e d  t o  t h e  c o n t r o l s  d a t a  system by a 100 word message. T h e  d a t a  s e t  

i s  t r a n s m i t t e d  once p e r  second a t  1200 BAUD. The c o n t r o l s  d a t a  system 

processes t h e  d a t a  message words and r e c o n s t r u c t s  t h e  d a t a  words. 



9.3 CONTROL INSTRUMENTATION 

9.3.1 SENSORS 

The requ i rements  f o r  sensors whose s i g n a l s  a r e  i n p u t s  t o  t h e  c o n t r o l  system 

a re :  

o D i s c r e t e  i n p u t s  i n t e r r u p t  120 Vac, 60 Hz, 6 mA power when an event  occurs,  

b y  s w i t c h  c l o s u r e s  e i t h e r  d i r e c t l y  f r om  sensors o r  as a r e s u l t  o f  s i g n a l  

c o n d i t i o n i n g .  

o Analog s i g n a l s  a r e  c o n d i t i o n e d  t o  have a range o f  4 t o  20 rnA, o r  t h e  

sensor i s  purchased w i t h  t h a t  range. 

o Each sensor i s  r e q u i r e d  t o  opera te  i n  t h e  f o l l o w i n g  environment:  

temperatures o f  -30°C t o  +40°C, v i b r a t i o n  o f  5.25 g ' s  on any a x i s ,  

r e l a t i v e  h u m i d i t y  o f  5% t o  90%. Some sensors a r e  s u b j e c t  t o  o t h e r  

requi rements ,  such as r e s i s t a n c e  t o  hydrau l  i c  o r  l u b r i c a t i n g  o i l s .  

A complete l i s t  o t  t h e  sensors f o r  t h e  c o n t r o l  system, l i s t i n g  t h e  va lue  t o  be 

measured, t y p e  of  sensor,  range, e t c .  i s  shown i n  Table  9-12. A 1 i s t  o f  

commands i s  shown i n  Tab le  9-13. 

Whenever p o s s i b l e ,  sensors were s u p p l i e d  as p a r t  o f  a subsystem. The 

f o l l o w i n g  i tems were n o t  purchased as p a r t  o f  a subsystem. Purchased s i g n a l  

c o n d i t i o n i n g  i s  descr ibed  i n  t h i s  s e c t i o n  and custom designed s i g n a l  

c o n d i t i o n i n g  c i r c u i t s  a r e  descr ibed  i n  sec t  i o n  9-13. 

Wind Speed and D i r e c t i o n  Sensor 

The Aerovane T r a n s m i t t e r  rneasures b o t h  t h e  speed and d i r e c t i o n  o f  t h e  wind. 

It was designed f o r  t h e  U.S. Navy, and i s  a du rab le  and r e 1  i a b l e  i ns t r umen t  

f o r  n ieasur ing winds up t o  200 mph i n  many environments.  

The speed t r ansduce r  i s  a rugged dc magneto. I t s  o u t p u t  i s  l i n e a r  a t  106 mV 

p e r  rrlph. The th ree-b lade ,  molded p r o p e l  l e r - t y p e  sensor has a 12 i n .  d iamete r  

and i s  coupled t o  t h e  dc magneto. I t s  maximum t h r e s h o l d  i s  2.5 mph and i t s  

d i s t a n c e  cons tan t  i s  15 f t .  The wind d i r e c t i o n  i s  measured by  a s t r eam l i ned  

vane w i t h  a damping r a t i o  o f  approx imate ly  0.28 and a d i s t a n c e  cons tan t  of 3 4  

f t .  A Type I H G  synchro, which r uns  on 115 V, 60 Hz,  t r a n s m i t s  t h e  wind 

d i r e c t i o n  t o  a synchro t o  dc conve r t e r .  

Two o f  these  sensors a r e  n~ounted on masts a t tached  t o  t h e  n a c e l l e .  One u n i t  

i s  used f o r  c o n t r o l  and t h e  o t h e r  i s  used f o r  v a l i d i t y .  





Table 9-12 Control Sensors (cont inued)  

S I GRAL RANGC OR O U l P U l  
SENSOR TYPE 1.11. TRIP P ~ I N T  ACC'V. 71 C m N r s  

Z H )  IEClER AWLE LIMIT SUITCH 5,' .  19 17.5'  1 ‘d 

2 1 0  TEETER ANGLE LIMIT SYITCH 57.20 t5.0'  t 5 X  } LOCAL 

2 6 0  T tE lER HIGH F m C E  BAAKC PRESS PRESSURE S Y l l C H  SZ.13 1500 P S I  t 1% D CONTROL 

2 9 0  1EClER LOY FOllCE B R M E  PRESS PRESSURE S u l l C H  57.29 1500 P S I  t 1% D 

WM ROIOR V I M A l I O I I  ACCELERWETLR 53.3 0.19 12% 0 ( 1 )  

I 1 0  ROlOll  SPEED MAGIC1 I C  53.4 0 -  3 0  RPll  t0.3X A 

3JO l l O l Q  POSl I lO l lER ORlVE L l M l l  S Y l l C H  S 1 . l l  

340 ROIUI BRAKE MI SPD SMFT PRESSIRE s u ~ r t n  s). I zoo0 PSI 11% 

3 5 0  ROTOA RM€ LO SPD 5 W 1  S I C  1 PRESSlRt S Y I I C H  SJ. 17 7000 P S I  t I1 

3 6 0  ROlOR BRAJtE LO SPO YIM1 S I C  2 PRESSWE S u l l C H  S3.13 1 0 0 0  P S I  tI1 

5 ROlOR BRAKE ACCUM PRESS PRESSURE S Y I I C H  SJ. 14 I 0 0 0  P S I  t I X  

JIO LUBE RESV. LEV. L ~ V E L  SYITCH 54.  I I loo GAL t 5 s  

3 8 0  LUBE RLSV. HI TCW. TEWCRATURE S Y I I C H  S4.76 1 4 U F  t ?I 

3 9 0  LUBE RESV. LO T E R .  

4 0 0  LUBE SUPPLY T E R .  H I  

4 1 0  LUBE SUPPLV TEW. H I - H I  

4 1 0  LUBE SUPPLY PRESS. 'A' 

4JO LUBE SUPPLV PRCSS. '0' 

4 4 0  LUBE SUPPLY PRESS. 'C. 

T ~ W F R A T U R E  WI rcn sa .79 115.~ t IS 

PRESSWE SY I TCII 54 .23  6 0  P S I  1 1 1  

PRLSSUAE SYITCH 54.24 6 0  P S I  fI1 

PWcS\uRE S u l  1C1i 54.75 60 P S I  I I X  

IM LUBE SUPPLY F ILI. A PRCSSUHL SYIILH 5 4 . 1 0  10 PSI t 51 o 

4 6 0  SIIAFI LUBL P U R  PRESS 

a 1 0  CLN. RESW. LURC LEVtL  

a t l o  L ~ N . U ~ S Y . L U H I  IIW 

PRLSSLIRL SUI TCII 1 4 .  10 60 1'51 f I X  

L tVEL S Y I I L H  55.6 5 GAL t 5 Z  

TLWLRAIURL ~ Y I  T C ~  \\.I 715-F ?I1 

M o l t :  ( 1 )  \ l q n d l  C n n d l l l o n l n g  a n d  L I m l l  A l a r m  M~,du le  r r g a r l r e d .  







Table 9-12 Control Sensors (cont inued)  

S I G W  RANI;[ OR OUlPUT 
SEhSOR lYPE I .D. TRIP POINT ACC'V. n C W N T S  

-- 
9 4 0  NACELLE F I R E  ALARM SY I l C t l  59. I7 0 PART O f  NACELLE 

f IRE E q u l R l E N l  
9 5 0  C.E.C. A IR f L W  S U I  TCH 59.1) 2 5 0  f PM t l O O  FPM 0 2 SYS I N  SERIES 

960 C.E.C. TEW.  H I  IEWERATWIE SNITCH 5 9 . 1 4  IWf  t2.F 0 ? SYS I N  PARALLEL 

9 1 0  C.E.C. TEMP H I - H I  IElPERATURE SYITCII  59.15 172'F t2.F D 2 SUS I N  PARALLEL 

912 C.E.C. IEWERATURE LO IElPERATURE SYITCH 59.2 1 4IJef t 2.F 0 2 SMS I N  PARALLEL 

973 C.E .c. IEWERAIURE LO-LO IEWERATURE SYITCH 59.77 31.f t2.r D 2 SYS IN PMALLEL 





Table 9.13 Comnand Signals (continued) 

L M A H U  0117PUT '3 comMu 1 .I). v C O ~ W C N ~ S  

I 
1 2 5 0  LUCKOUI R t L A I  C m  C 5 . 1  0 

1 2 6 0  CYCLOCONVLRTER T I E  CLOSE C5.8 0 

YAY CY cm 

l A Y  CCY C I O  

I A Y  MOTIVE 0 R M f  CI lD 

YAY HOLOIWG B R M E  C H I  

I A Y  P W  El lABLE 

f E A l U E R  VALVE 1 - 1  O I D  

f f A l H E R  VALVE 1 - 2  CCU) 

ENABLE fEArHCR YLW. A- I 

EMABLE FEAIHER VLV. 1 - 2  

FEATHER VALVE B - 1  010 

FEATHER VALVE 0 - 2  CUD 

ENABLE ESD C I O  

C6. I 

C6.2 

C6.3 

C6.4 

C 6 . 5  

C7.3 

C1.4 

C 7 . 5  

C7.b 

C7.2  

C 7 . R  

C P .  I 

tnm L S D  

o 3 E L E C ~ R O ~ I C S  

ACTIVATED D l R E C T L l  

B Y  .Gg SY I TCH 



I c e  De tec to r  

H Rosemount s e r i e s  871 i c e  d e t e c t o r  on each b l ade  senses t h e  accumulat ion o f  

i ce .  The u n i t s  were o r i g i n a l l y  developed as an i c e  warn ing system f o r  

a i r c r a f t .  They sense i c e  by d e t e c t i n g  a  change i n  t h e  resonan t  f requency  o f  a  

probe t h a t  i s  0.25 i n .  i n  d iameter  and 1  i n .  long. The probe can d e t e c t  as 

1 i t t l e  as 0.015 i n .  o f  i c e .  On t h e  MOD-SA, t h e  u n i t s  would be ad jus ted  so 

t n a t  0.2 _+ 0.05 i n .  o f  i c e  w i l l  produce a  28 V s i g n a l .  When i c e  i s  

detectea,  a  t i m e r  ma in ta i ns  t h e  28 V s i g n a l  f o r  60 seconds w h i l e  a c t i v a t i n g  an 

i n t e r n a l  hea te r  i n  t h e  i c e  d e t e c t o r ,  t o  m e l t  i c e  on t h e  probe. A f t e r  60 

seconds, t h e  nea te r s  a r e  d i s a b l e d  and t h e  u n i t  i s  ready  t o  sense i c e  w i t h i n  7 

seconds o f  t h e  f i r s t  i c e  d e t e c t i o n .  I f  0.2 _+ 0.05 inches o f  i c e  accumulates 

b e f o r e  bO seconds i s  up, t h e  t i m e r  w i l l  r e s e t  f o r  an another  60 seconds. 

The u n i t s  can ope ra te  a t  more t h a n  t h e  15g a c c e l e r a t i o n  t h a t  t h e y  w i l l  

exper ience  d u r i n g  normal ope ra t i on .  The i n s t a l l a t i o n  o f  t h e  i c e  d e t e c t o r s  i s  

descr ibed  i n  s e c t i o n  4.3.8. 

R o t a t i o n a l  P o s i t i o n  

The sensors f o r  b l ade  t e e t e r  p o s i t i o n ,  n a c e l l e  p o s i t i o n  and r o t o r  sha f t  

p o s i t i o n  a r e  s i z e  23, s tandard  m i l i t a r y  23 C x  6D, 60 Hz c o n t r o l  t r a n s m i t t e r s  

(synchros ) .  They a r e  manufactured b y  t h e  Vern i t r o n  Corpora t ion .  They a r e  

accu ra te  t o  6  m inu tes  o f  a rc .  The o u t p u t  s i g n a l  i s  conver ted  t o  a  s i g n a l  w i t h  

a  range o f  4 t o  20 mA b y  I n t e r f a c e  Eng inee r i ng ' s  model SA810-B synchro t o  

1 i nea r  DC conve r t e r .  

Ro to r  V i b r a t  i o n  

A t r i - a x i a l  se rvo  acce lerometer ,  mounted on t h e  bedp la te  near  t h e  gearbox, 

d e t e c t s  v i b r a t i o n  i n  t h e  r o t o r  area. The u n i t  i s  Model SA-307-TX, 

manufactured b y  Columbia Research Labo ra to r i es ,  I nc .  I t s  volume i s  l e s s  t han  
3 2 4  i n  . I t  can d e t e c t  v i b r a t i o n s  over  a  range o f  + 2.59, w i t h  0.2% 

accuracy ove r  a  f requency range f r om 0 t o  300 Hz. The t h r e e  analog s i g n a l s  

a r e  c o n d i t i o n e d  t o  p r o v i d e  a  s i n g l e  d i s c r e t e  o u t p u t  by  c o n d i t i o n i n g  c i r c u i t r y .  

R o t a t i o n a l  Speed 

Wind t u r b i n e  r o t o r  speed i s  sensed b y  two E l e c t r o  Co rpo ra t i on  Di-Mag magnet ic  

sensors sens ing a  104 i n .  d iameter  "gear"  w i t h  360 t e e t h .  The Di-Mag sensors 

combine, i n  a  s t a i n l e s s  s t e e l  s h e l l ,  a c t i v e  e l e c t r o n i c s  and a  magnet ic  sensor 



t o  produce cons tan t  amp1 i t ude ,  f a s t  r i s e  and f a l l  s i g n a l s  w i t h  n o i s e  immunity 

f o r  t h e  s i g n a l  cond i t  i on  i n g  equ ipment. 

The sensor and gear comb ina t ion  genera te  r e 1  i a b l e  o u t p u t  s i g n a l s  a t  speeds as 

low as 6 i n .  p e r  second w i t h  a  sensor /gear  spac ing o f  0.1 i n .  Therefore,  t h e  

sensor generates usab le  ou tpu t s  f o r  r o t o r  speeds as low as 1.1 rpm. 

Tne s i g n a l  i s  c o n d i t i o n e d  t o  p r o v i d e  accuracy and r a p i d  response. A I R P A X  

C o r p o r a t i o n  T a c h t r o l  3 d i g i t a l  tachometers c o n d i t i o n  t h e  sensor s i g n a l  . One 

tachometer covers  speeds between 0  and 30 rprn and another  tachometer covers  

speeds between 11.5 and 17.5 rprn, f o r  g r e a t e r  r e s o l u t i o n .  The u n i t s  c o n t a i n  

r e l a y  s e t  p o i n t s  t h a t  a re  i n p u t s  t o  t h e  emergency shutdown subsystem. Some o f  

t i l e  f e a t u r e s  o f  t h e  T a c h t r o l  3 tachometers a re :  

o  Power p rov i ded  f o r  a c t i v e  p ickups  (12V a t  100 m4) 
o Measures f rom 2 t o  30 kHz 
o 4 t o  20 mA analog o u t p u t  
o  Analog accuracy i s  + 0.3% o f  t h e  range 
o A d j u s t a b l e  s e t  p o i n t  r e l a y s  f o r  overspeed emergency shutdown 
o  Analog and r e l a y  response t imes  o f  two c y c l e s  o f  measured f requency  + 30 

msec. 

G Slriitcn 

A dev i ce  c a l l e d  t h e  ' G  s w i t c h '  p rov i des  independent backup p r o t e c t i o n  a g a i n s t  

overspeed. The G sw i t ches  a re  p o s i t i o n e d  a t  75% o f  t h e  span i n  each b lade .  

Each i s  aa jus ted  t o  t r i p  and e l e c t r i c a l l y  opera te  b o t h  f e a t h e r  va lves  if t h e  

s teady  s t a t e  a c c e l e r a t i o n  exceeds a  p r e s e t  l e v e l .  T h i s  t r i p  l e v e l  i n d i c a t e s  

t h a t  t h e  c o n t r o l l e r  and emergency shutdown systems f a i l e d  t o  t r i p  and s t o p  t h e  

r o t o r  f r o m  an overspeed c o n d i t i o n .  The G sw i tches  f e a t u r e  a  mechan i ca l l y  

a d j u s t e d  t r i p  p o i n t  o f  18 t o  24  g ' s .  The t r i p  c o n d i t i o n  ac tua tes  a  s i n g l e  

po le ,  doub le  th row sw i t ch ,  which must be r e s e t  a f t e r  i t  t r i p s .  The t r i p p e d  

sw i tches  a r e  r e s e t  r emo te l y  b y  e n e r g i z i n g  t h e  r e s e t  c o i l .  Tne t r i p  c o i l  i s  

energ ized  remo te l y  d u r i n g  s t a r t - u p ,  t o  check t h e  G sw i t ches  and t h e  f e a t h e r i n g  

va lves .  T h i s  t e s t  checks b o t h  t h a t  t h e  G sw i tches  d o n ' t  t r i p  premature ly ,  and 

t n a t  t n e y  do ope ra te  t h e  f e a t h e r  va l ves .  Using t h e  manu fac tu re r ' s  c a l i b r a t i o n  

aa ta ,  each G s w i t c h  t r i p  c o i l  i s  energ ized  t o  s i m u l a t e  an a c c e l e r a t i o n  l e v e l  

j u s t  below t h e  t r i p  p o i n t .  I f  n e i t h e r  u n i t  causes t h e  f e a t h e r  v a l v e  t o  

opera te ,  t h e  s imu la ted  a c c e l e r a t i o n  i s  increased u n t i l  i t  j u s t  exceeds t h e  

t r i p  p o i n t .  The c o n t r o l  l o g i c  checks t h a t  b o t h  G sw i tches  and t h e  f e a t h e r  

va l ves  ope ra te  a t  t h i s  l e v e l .  



9.3.2 SIGNAL CONDITIONING 
T h e  range for analog input t o  the controller is  4 t o  20 in4. Discrete inputs 
must interrupt 120 Vac, 60 Hz, 6 mA signals. Signal conditioning i s  required 

f o r  sensors or other inputs that do not meet these requirements. 

In some cases, a control sensor also provides a signal to  the engineering data 

- system. These signals are buffered to  prevent a fau l t  in the  engineering data 

system from affecting the control system. General Electric designed the  

s ignal conditioning discussed in the following paragraphs. 

Rotational Position Signals 
A purchased signal converter provides a 0 t o  10 Vdc signal for  rotational 
position. The signal i s  buffered and sent in parallel to the engdneer ing data  

system and t o  2 vol tage-to-current converters. One converter provides a 4 t o  
20 mA output to  the display and the other provides a 4 t o  20 mA output to  the  

control ler .  This c i rcu i t  is  illustrated in Figure 9-22. 

Figure 9-22 Rotational Position Signal Circuit 



Rotational Speed Signals 

Conditioning o f  the aerodynamic rotor speed signal i s  provided by a purchased 
signal conditioner. I t  i s  discussed in Section 9.3.1. 

The generator speed signal originates a t  a pulse generator on the wound rotor  

generator. The 240 pulses per revolution are converted t o  a l inear  DC voltage 
by a frequency-to-voltage converter. The signal i s  buffered, and sent t o  the 
engineer ins data system, t o  and vol tage-to-current converters. This c i r c u i t  
i s  i l lustrated in Figure 9-23. 

Figure 9-23 Generator Speed Signal Circuit 
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Roto r  V i b r a t i o n  Signals 

The outputs  f rom t h e  accelerometer o f  t he  t r i a x i a l  u n i t  have a  range o f  

+7.5/V. The cond i t i on ing  c i r c u i t  f o r  each a x i s  cons i s t s  of a 0 t o  40 Hz iow 

pass f i l t e r ,  a window comparator w i t h  an ad jus tab le  t r i p  p o i n t  (21 .79 i s  

used f o r  t h e  v e r t i c a l l y  o r ien ted  u n i t  and 50.79 f o r  t h e  h o r i z o n t a l l y  

o r i e n t e d  u n i t s ) ,  and an OR gate c i r c u i t  which t r i g g e r s  a  200 msec de lay  f o r  a  

s i n g l e  i n p u t  t o  t h e  c o n t r o l l e r .  Each a x i s  ou tpu t  s igna l  i s  bu f fe red  be fo re  i t  

e n t e r s  t h e  low pass f i l t e r ,  and sent t o  t h e  engineering da ta  system. This 

c i r c u i t  i s  i l l u s t r a t e d  i n  F igure  9-24. 

COMPARATOR 

OROERLD WITH o T n u  2 ~ C C E L E R O ~ C T C R S  

Figure 9-24 Rotor V ib ra t i on  Signal C i r c u i t  
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G Switch Test Siqnals 

Comands f o r  t e s t i n g  each G switch consist  o f  constant cur rent  sources whose 

outputs are  con t ro l l ed  by re lays  dr iven by the 120 Vac, 60 Hz discre te  outputs 

o f  the  system con t ro l l e r .  The constant cur rent  sources can be adjusted t o  

prov ide up t o  100 mA. Test procedures f o r  the G switches are discussed i n  

9.3.1. F igure 9-25 shows t h i s  c i r c u i t .  

Figure 9-25 G Switch Test Signals C i r c u i t  



Standard Siqnal  Buf fe r  i nq  

Some 4 t o  20 mA s igna l s  a re  inputs t o  t he  engineer ing da ta  system o r  the 

d i sp lay .  The s igna l s  a r e  bu f fe red  t o  p r c t e c t  t he  c o n t r o l  system a g a i n s t  

f a u l t s  i n  t h e  engineer ing da ta  system o r  t h e  d isp lay.  The b u f f e r i n g  c  i r c u i t  

i s  i l l u s t r a t e d  i n  F igure  9-26. 

F igure 9-26 Standard Signal B u f f e r i n g  C i r c u i t  
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9.4 ENGINEERING INSTRUMENTATION 

The eng inee r i ng  d a t a  system c o l l e c t s  and processes performance d a t a  w h i l e  t h e  

systern i s  b e i n g  checked and d u r i n g  i n i t i a l  ope ra t  i on .  The analog s t r u c t u r a l  . , 

and e l e c t r i c a l  d a t a  i s  processed b y  t h e  eng inee r i ng  i n s t r u m e n t a t i o n  system. 

The c o n t r u l s  d a t a  i s  processed by  t h e  c o n t r o l s  d a t a  system. F i g u r e  9 -27  i s  a  

t ~ l o c k  aiagram o f  t h e  eng inee r i ng  d a t a  system. 

Tne eng inee r i ng  i n s t r u m e n t a t i o n  system comprises t h r e e  remote m u l t i p l e x e r  

u n i t s  mounted i n  t h e  yoke, t h e  n a c e l l e ,  and on t h e  ground. The u n i t s  

i n t e r f a c e  w i t h  a  d a t a  van p rov i ded  b y  NASA f o r  r e c o r d i n g  d a t a  on magnet ic t ape  

and playback t o  a  s t r i p  c h a r t  r eco rde r .  

The c o n t r o l s  d a t a  systern communicates w i t h  t h e  c o n t r o l l e r  th rough  a  two-way 

s e r i a l  d a t a  i n t e r f a c e .  The c o n t r o l s  d a t a  t r a n s m i t t e d  b y  t h e  c o n t r o l l e r  a t  

e i g h t  b i t s  pe r  word, 50 words per  message and one message per  second a t  1200 

3HUD. Comniands t r a n s m i t t e d  by  t h e  c o n t r o i s  d a t a  system t o  t h e  c o n t r o l l e r  

i n t e r r o g a t e  and a l t e r  t h e  c o n t r o l l e r ' s  RAM. C o n t r o l s  o p e r a t i n g  parameters may 

be ad jus ted  a t  t h e  s i t e .  



ON LINE RECORD 
OFF L I N E  PLAYBACK 

F i q r l r e  9-27 Enq ineer i  nrl D a t a  S,ys t c n ~  



9.4.1 ENGINEERING INFORMATION SYSTEM 

Eng inee r i ng  d a t a  i s  c o l l e c t e d  f r o m  t h e  yoke, t h e  nace: le and t h e  e l e c t r i c a l  

equipment b u i l d i n g  by  remote multiplexing u n i t s .  Each remote m u l t i p l e x i n g  

u n i t  accepts  up t o  3 2  aynamic i npu t s .  The s i g n a l s  a re  m u l t i p l e x e d  o n t o  two 

s u b c a r r i e r  FM m u l t i p l e x e s  f o r  s t o rage  o r  a n a l y s i s .  They a r e  demu l t i p l exed  and 

recorded  on a  s t r i p  c h a r t  r e c o r d e r  f o r  r e a l  t i m e  observa t ion .  A schematic o f  

t h i s  system i s  shown i n  F i g u r e  9-28. 

The d a t a  i s  s e n t  t o  NASA's d a t a  van, o r  i t s  equ i va l en t ,  f o r  r e c o r d i n g  and 

p layback as shown by  t h e  b l ocks  w i t h i n  t h e  dashed l i n e s  o f  F i g u r e  9-28. 

A1 1  i n p u t  s i g n a l s  t o  t h e  eng inee r i ng  i n f o r ~ n a t i o n  system a r e  analog and most 

a r e  r ece i ved  d i r e c t l y  f r om  sensors.  Some s i g n a l s  a re  used i n  t h e  w ind  t u r b i n e  

c o n t r o l  system as w e l l  as b y  t h e  eng inee r i ng  i n f o r m a t i o n  system. These 

s i g n a l s  a r e  i n d i c a t e d  on t h e  i n s t r u m e n t a t i o n  and c o n t r o l  s i g n a l  l i s t  by  an ' X I  

i n  t h e  column headed 'Shared b y  C.S. These s i g n a l s  a r e  b u f f e r e d  b e f o r e  t h e y  

a r e  s e n t  t o  t h e  eng inee r i ng  i n f o r m a t i o n  system t o  p reven t  t h e  eng inee r i ng  

i n f o rma t i on  system from caus ing  a  c o n t r o l  system f a i l u r e .  

Yoke Remote M u l t i p l e x i n g  U n i t  

The s i g n a l s  t h a t  a r e  t o  be mon i to red  by  t h e  yoke remote m u l t i p l e x i n g  u n i t  a r e  

shown i n  Table  9-14, wh ich  i s  l i s t e d  as t h e  r o t o r  MUX. S ince  t h e  t o t a l  number 

o f  s i g n a l s  exceeds t h e  c a p a b i l  i t y  o f  t h e  m u l t i p l e x o r ,  a  ' p a t c h  panel  ' i s  used 

t o  r e a s s i g n  t h e  i n p u t  s i g n a l s  p e r i o d i c a l l y .  I n  t h i s  way, redundant  sensors 

a r e  e a s i l y  8nd q u i c k l y  s u b s t i t u t e d  f o r  f a i l e d  sensors o r  d a t a  f r o m  d i f f e r e n t  

sensors may be connected t o  v e r i f y  o t h e r  dubious read ings .  

N a c e l l e  Remote M u l t i p l e x i n g  U n i t  

The s i g n a l s  t o  be mon i t o red  b y  t h e  n a c e l l e  remote m u l t i p l e x i n g  u n i t  a r e  l i s t e d  

i n  Tab le  9-15. The n a c e l l e  remote m u l t i p l e x i n g  u n i t  a l s o  uses a ' p a t c h  p a n e l '  

t o  accornrnodate more s i g n a l s  than  t h e  u n i t  can process a t  one t ime.  

E l e c t r i c a l  Equipment B u i l d i n g  Remote M u l t i p l e x i n g  U n i t  

The s  i g n a l s  r e c e i v e d  by  t h e  e l e c t r i c a l  equipment b u i l d i n g  remote mu1 t i p l e x i n g  

u n i t  a r e  shown i n  Table  9-16. A ' p a t c h  p a n e l '  i s  n o t  r e q u i r e d  w i t h  t h i s  u n i t .  









Table 9-14 Signals Monitored by Yoke Remote Mul t ip lexer  (Cont 'd) 

ll la S l b W L  O W V T  
MJ. MASVRED I IEN SENSOR TYPE I .n. RAW,C ACC'V. m CO~CMTS 

e 
I t 100  I C t  IEY URAIE  PRESS. H I  PRESS. YWESSURL TRANSDUCER fS?.  I I 0 -  So00 P S I  t 2 s  A 

1890 IEEIER BRAKE PRESS. LW PRESS. PRESSURE IRANSOUCER ~ ~ 2 . 1 2  tn A 0 * 5 m  P S I  

1900 RHP PUR OISCWRGE PRESS PRESSURE TRANSO~KER ESZ. 13 tn A 0 5 0 0 0  P S I  

1 9 1 0  RHP M A I N  A C C W L A T O R  PRESS PRESSUIE IRANSOUCER E Y .  1 4  0 * 5000 P S I  t 2 1  A 

1 9 2 0  RHP P W  DISCHARGE T E W  RTO ES2. I 5  0.F 2 W . F  1 5 1  A 

1 9 3 0  ACTWTOB t l l T e L O  PRESS 1 - 1  P R I S S m h  TRBHSBUCEQ ESZ. 1 6  0 -  5 m P S l  92% A 

1 9 6 0  

1 9 I U  

1 9 0 0  

I Y W  

ACTUATOR R L R A C T  PRESS 1 -1  

EIICR. F E A I M R  A C C W  PRESS 1 - 1  

A C T U A I a  L I T E N O  PRESS 1 - 2  

ACTUATOR R E R A t l  PRESS 1 - 2  

EICR. FEATHER ACCUll PRESS 1-2 

ACTUATOR E l l E N O  PRESS 1 - 3  

M I U A T O R  R E I R A C I  PRESS 1 -3  

E M R .  FEATHER A C C V l  PRESS 1 - 3  

ACTUATOR E I T E N D  PRESS 1-4 

ACTUATOR RETRACT PRESS 1 -4  

EICR. F f A I H E R  A C C W  PRESS 1-4 

ACIUATOR EXTEND PRESS 2 - 1  

ACTUATOR RETRACI PRESS 2-1 

E m A .  FLAIHER A C C W  PRESS 2 - 1  

ACTUAIUR E I l E N O  PRESS 2 - 2  

ACTUATOR RETRACT PRESS 2 - 2  

[ M R .  FEAI l lER ACCUM PRLSS 2-2  

ACTUAIUR E K I C I I I  P R t h S  2-J 

4CIUAIOU Y f l R A L l  Put \ \  I - J  PIIL5SIIU 

ESP. I1 

ES2.18 

ES?. 1 9  

ES2.ZO 

ES2.21 

ES2.22 







Table 9-15 Signals Monitored by Nacelle Remote Multiplexer 

S l G W  S W E O  OUTPUT 
SENSOR TYPE 1.0. 8V C.S. R A K E  ACC'l .  A 0 m U l S  

TEETER M U E  

LUM u s v .  r w .  

L Y E  P W  PRESS., mr. 
L W  P W  PRESS., SHIFT 

L U E  SWPLV PRESSIRE 

LUBE SIPPLY TEIP. 

I O l l ' l E  M C U I .  PRESS. 

BllNf A C t l l l .  PRESS. 

YAM Ul .  W P L l  PRiSS 

YAM ACT. R E T U U  PRESS 

YAY WOTlVE WAKE PRESS 

TAM l M O l f f i  B R U E  PRESS. 

s r m c m o  

R TO 

PRC SSURE TRAUSDUCER 

PRESSlRE TRANSWCE R 

PRESSURE TRAlSRl tE  R 

PRESSURE TRANSOVtER 

ROTOR W L O I I I C  R M E  PRESS (H.S. SHAFT) 

ROIOR H o l O l K  B R U E  PRESS. (SIC. 2 )  

ROloR HOLOING WIAKE PRESS. (S IC.  I )  

ROTOR BRME ACCUI. PRESS. 
1 

PRESSUlE IRANSWCER 

M C t L L E  V lSRAl lON 1 ( 1 )  ACCELLROM lER 

NACELLE V I ~ T I O U  I ( I )  

lUCCLLE VIBRAIION I ( I )  

NACELLE VIERAI lON 2 (1) 

m L l L i L  VINWAIIOII 1 I V )  

M C t L l c  V l W A I l O N  2 ( 1 )  
1 

ALCELLROMCTER 

12. 

0 - 2W.F 

0 . 3 0 0  P S I  

0 . 3 0 0  P S I  

0 . 3 0 0  P S I  

0 .  200' 

0 . 5000 P S I  

0 . 3 0 W  P S I  

0 .  5000 P S I  

0 .  5 0 0 0  P S I  

n . moo PSI 

0 .  3 0 W P S I  

0 . M O O  P S I  

0 .  3OUOPSI  

0 . 3 0 0 0  PSI  

0 .  3 0 0 0  P S I  

t7 .59  

t 2 . 5 9  

t2 .59 

e Z . 5 q  

t 1.59 

17.59 

t n A 

t n A 

t l l  

t l S  I T R I A I  IMUUT 

tl 'I 
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Table 9-15 Signals Monitored by Nacel le Remote Mu1 t i p l e x e r  (Cont 'd )  

1 l N t  
NU. MEASURED I IEM 

- - 

SIGNAL SIIARLU ~ U I P U ~  
SENSOY TYPC I.U. RY L . S .  RANGE ACC'Y. rn C a M N I S  

2 9 4 0  VIW H O U S I ~ ~ ~  STRAIN 6 

ZtlW VAY HOUSING STRAIN I SIRAIN CAGES ~ ~ 6 . 8  6.6 I IW.IN/IN * 5 1  A 

2 w  

2 9 1 0  

2 9 2 0  

CS6.9 

v 

a 

ES6.10 A 

ES6. II A 

f S 6 .  I ?  A 

STRAIN GAGES t%. 1 1  6.6 I l / l N  9 5 1  A 

2 

3 

4 

2 9 5 0  R O T m  POSITION SVWCHRO CS3.75 I 0 - 1 6 0 '  t I1 A 

2%0 YAY POSl 1 ION SVNCHRO ESb.14  1 O . I H 1 '  1'1 A 

2 9 1 0  NACELLE M B l E N l  TEWERATURE R TO E W . J ~  - 4 0 '  . 150.f tA A 

2 9 8 0  NACELLE OUlSlOE MI). T E R .  R I D  f 5 9 . 1 1  -40'  - ISO'F ¶n A 
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Table 9-16 Signals Received by the Electrical Equipment Remote Mu1 tiplexer (Cont Id )  

1 rrc 
W. HfAWAfD lKll SENSOR TlPf 1 . 0 .  B V  C .5 .  R A K E  ACC'Y. C(I ICNTS 

-. , 
3ZJO l W f R  S I R A I N  A I I S  I STRAIN GAGE5 E59.26 8110'1W1111 

HElCMT 3 
3240 IOYEA STRAIN A I I S  Z € 5 9 . 2 1  

3250 T W f l l  S l R A l n  A l l S  I f.SY.78 
n t l w T  4 

3260 IOYLU STRAIN A I I S  2 S f R I I N  G A Q S  ES9.79  R n l V ' l W l l l l  i 5% 



9.4.2 CONTRULSOATASYSTEM 

The c o n t r o l s  d a t a  system i s  l o c a t e d  on t h e  ground near  t h e  base of  t h e  tower.  

I t  i n t e r f a c e s  w i t h  t h e  c o n t r o l  system c o n t r o l l e r ,  which i s  l o c a t e d  i n  t h e  

r lace l  l e y  v  i a  asyrichronous s e r i a l  cornmunicat ions.  C o n t r o l  l e r  o p e r a t i n g  d a t a  i s  

r e c e i v e d  b y  t h e  c o n t r o l s  d a t a  system and processed i n  r e a l  t i m e  t o  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 :  

o  genera te  a  magnet ic t ape  r e c o r d  o f  t h e  d a t a  
o  s e l e c t i v e l y  d i s p l a y  analog d a t a  on a  s t r i p  c h a r t  r e c o r d e r  
o  compute d a t a  t o  be summarized by  a  l i n e  p r i n t e r .  

The o p e r a t o r ' s  commands a r e  t r a n s m i t t e d  t o  t h e  c o n t r o l l e r  t o  r eques t  a  l i s t i n g  

o f  t h e  con ten t s  o f  t h e  RAM and t o  a l t e r  t h e  con ten t s  o f  t h e  RAM. 

The c o n t r o l s  d a t a  system c o n s i s t s  o f  a  processor ,  t a p e  reco rde r ,  CRT t e r m i n a l ,  

l i n e  p r i n t e r ,  and a  s t r i p  c h a r t  r eco rde r .  A b l ock  d iagram i s  shown i n  

F i g u r e  9-29. Analog Devices, I n c .  suppl  i e s  t h e  processor ,  CKT t e r m i n a l  and 

l i n e  P r i n t e r .  The processor  i s  a  MACSYM 150 w i t h  a  mon i to r .  The l i n e  p r i n t e r  

i s  a  PNT05-0100, 80 column p r i n t e r ,  which i s  an accessory f o r  t h e  MACSYM. The 

t a p e  r e c o r d e r  i s  a  GPIU-1050 by  I n n o v a t i v e  Data Technology. The s t r i p  c h a r t  

r e c o r d e r  had n o t  been spec i f  i e d  when des i g n  a c t  i v  i t y  was suspended. 

The s e r i a l  communications i s  20 mA a t  1200 BAUD. The f o rma t  f o r  t h e  s e r i a l  

a a t a  i s  l i s t e d  i n  Table  9-17. 

An e i g h t  b i t  a a t a  word i s  t r a n s m i t t e d  i n  two s e r i a l  words. The da ta  word D7 

U6  D D 4  D j  D2 D l  Dg i s  t r a n s m i t t e d  by t h e  s e r i a l  d a t a  words 

0011 D7 D6 D j  D4 and 0011 D3 D2 Dl Do. The s e r i a l  header 

word i s  0011 0011 and t h e  s e r i a l  t r a i l e r  word i s  0000 1101. 

The 1 /0  data,  as implemented i n  t h e  development system, i s  l i s t e d  i n  

Tab le  9-18. The 1  i s t  would have been expanded i f  t h e  p r o j e c t  had n o t  been 

te rmina ted .  



ON L I N E  RECORD 
OFF L I N E  PLAYBACK 

F i g u r e  9-29 Controls Data System B l o c k  Diagram 
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50-8 B I T  WORDS/SEC 
@ 1200  BAUII PROCESSOR - 2 
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+ 
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- STRIP CHAR1 
RECORDER 

8 CH 
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T a b l e  9-17 

S e r i a l  Da ta  Sequence 

SERIAL WORDS 

0 t iEADER 

o IDENTIFICATION 

o 110 DATA 

o ALARMS 

o RAM 

o CHECK SUM 

o TRAILER 

TOTAL 



T a b l e  9 - 1 8  

1/0 D a t a  L i s t  

DATA 

WORD - 6 I T  - S I GNAL FUNCTIOIV 

I C E  D E T E C T I O N  BLADE 8 1  

I C E  D E T E C T I O I i  BLADE # 2  

H I G H  TEMPERATURE BLADE # 1  

H I G H  TEMPERATURE BLADE # 2  

H I G H  S T R A I N  BLADE # 1  

H I G H  S T R A I N  BLADE # 2  

ROTOR H Y D R A U L I C S  L E V E L  

ROTOR H Y D R A U L I C S  O I L  F I L T E R  

ROTOR H Y D R A U L I C S  O I L  TEMPERATURE 

ROTOR H Y D R A U L I C S  ACCUMULATOR PRESSURE 

ROTOR H Y D R A U L I C S  PUMP PRESSURE 

A I L E R O N  LATCHES 

A I L E R O N  PRESSURES 

TEETER BRAKE ACCUMULATOR PRESSURE 

TEETER BRAKE H I G H  FORCE S O L E N O I D  ON 

ROTOR V I B R A T I O N  

ROTOR P O S I T I O N E R  D R I V E  

ROTdR BRAKE H I G H  SPEED SHAFT 

ROTOR BRAKE LOW SPEED SHAFT STAGE 1 

ROTOR BRAKE LOW SPEED S H A F T  STAGE 2 

ROTOR BRAKE ACCUMULATOR PRESSURE 

LUBE RESERVOIR L E V E L  

L U B E  RESERVOIR H I G H  TEMPERATURE 

L U B E  RESERVOIR LOW TEMPERATURE 



T a b l e  9 - 1 8  (Cont inued) 

1/0 D a t a  L i s t  

DATA 

WORD B I T  - S I G N A L  FUNCTION 

LUBE SUPPLY TEMPERATURE H I G H  

LUBE SUPPLY TEMPERATURE H I G H - H I G H  

LUBE SUPPLY PRESSURE " A "  

LUBE SUPPLY PRESSURE " B "  

LUBE SUPPLY PRESSURE " C "  

LUBE SUPPLY F I L T E R  

SHAFT LUBE PUT4P PRESSURE 

GENERATOR RESERVOIR LUBE L E V E L  

GENERATOR RESERVOIR LUBE TEMPERATURE 

GENERATOR LUBE PRESSURE 

GENERATOR BEARING TEMPERATURE 

GENERATOR W I N D I N G  TEMPERATURE 

GENERATOR V I B R A T I O N  

YAW F I L T E R  STATUS 

YAW HOLDING BRAKE STATUS 

YAW GRIPPER STATUS 

YAW HOLDING BRAKE ACCUMULATOR PRESSURE 

YAW M A I N  ACCU;4ULATOR PRESSURE 

YAW O I L  L E V E L  

YAW O I L  TEMPERATURE 

+Z CYLINDERS CW P O S I T I O N  

+Z CYLINDERS CCW P O S I T I O N  

- Z  CYLINDERS CW P O S I T I O N  

- Z  CYLINDERS CCW P O S I T I O N  



DATA 

WORD - B I T  - 

T a b l e  9 - 1 8  ( C o n t i n u e d )  

1 / 0  D a t a  L i s t  

FUNCTION 

ESD SYSTEM READY 

FEATHER VALVE A - 1  CMD STATUS 

FEATHER VALVE A - 2  CMD STATUS 

LOCKOUT RELAY STATUS 

STATOR T I E  STATUS 

STATOR SHORT STATUS 

CYCLOCONVERTER T I E  STATUS 

CONVERTER READY 

U T I L I T Y  POWER PRESENT 

I N T R U S I O N  ALARM 

O I S / E I S  STATUS 

CHARGER STATUS 

UPS BATTERY STATUS 

UPS INVERTER STATUS 

MANUAL KEY SWITCH 

LOCKOUT KEY SWITCH 

AUTOMATIC KEY SWITCH 

RESET KEY SWITCH 

NACELLE F I R E  ALARM 

C.E.C. A I R  FLOW 

C.E.C. TEMPERATURE H I G H  

C.E.C. TEMPERATURE H I G H - H I G H  

C.E.C. TEMPERATURE LOW 

C.E.C. TEMPERATURE LOW-LON 



T a b l e  9 - 1 8  ( C o n t i n u e d )  2 

1 / 0  D a t a  L i s t  

UATA 

WORD - B I T  - S I G N A L  

S 9 A 1 6  

C l A l  

C 1 A 2  

C 2 A 4  

C2A2 5 

C 2 A 2 6  

C2A2 7 

C 2 A 2 8  

Ci 'A29 

(3 2 A 3 0  

C i l A l l  

C 2 A 1 2  

C 3 A 1  

C 3 A 2  

C 4 A 1  

C 4 A 6  

C 5 A  2 

C 5 A 3  

C 5 A 4  

C 5 A 7  

C 5 A 8  

C 5 A 9  

C 6 A 1  

C 6 A 2  

C 6 A 3  

C 6 A 4  

C 6 A 5  

C 7 A 5  

C 7 A 6  

C 9 A 1  

A I R C R A F T  STROBE STATUS 

I C E  DETECTOR TEST BLADE # 1  

I C E  DETECTOR TEST BLADE # 2  

ROTOR HYDRAULIC PUMP ON CMD 

G SWITCH T E S T  ENABLE 

G SWITCH BLADE 81 

G SWITCH BLADE # 2  

G SWITCH TEST P 1  

G SWITCH TEST $ 2  

G SWITCH RESET CMD 

TEETER BRAKE A-C POWER ON 

TEETER H I G H  FORCE BRAKES OFF 

ROTOR BRAKE (STAGE 2 AND H I G H  SPEED) 

ROTdR BRAKE ( STAGE 1 ) 

GEARBOX LUBE PUMP CMD 

ROTOR P O S I T I O N E R  D R I V E  CMD 

T U R B I N E  READY CMD 

STAKT/ibIOTOR CMD 

SYNCHRONIZEIGENERATE CMD 

LOCKOUT RELAY CMU 

CYCLOCONVERTER T I E  CLOSE 

CYCLOCONVERTER T I E  T R I P  

YAW CW CF1D 

YAW CCW CMD 

YAW M O T I V E  BRAKE Cl4D 

YAW HOLDING BRAKE CMD 

YAW PUMP ENABLE 

ENABLE FEATHER VALVE A - 1  

ENABLE FEATHER VALVE A - 2  

ENA3LE ESD CMD 



DATA 

WORD 

c-. 

" T a b l e  9-18 (Cont inued) 

1/0 D a t a  L i s t  

S I G N A L  F U N C T I O N  

A I L E R O N  P O S I T I O N  # 1  

A I L E R O N  P O S I T I O N  #2  

TEETER ANGLE 

ROT3R SPEED ( 0  - 3 0  RPM) 

GENERATOR SPEED 

GENERATED POWER 

W I N D  SPEED # 1  

YAW ERROR f l  

W I N D  SPEED # 2  

YAW ERROR 82 

AILERON CONTROL SET # I  

A I L E R O N  CONTROL S E T  #4 

GENERATOR REFERENCE 



9.5 WIND TURBINE SIMULATOR - 
The b a s i c  f u n c t i o n  o f  t i l e  s i m u l a t o r  i s  t o  t e s t  and check t h e  c o n t r o l l e r .  The 

s i m u l a t o r  i n t e r f a c e s  w i t h  t h e  c o n t r o l l e r ,  r e c e i v i n g  t h e  c o n t r o l l e r  command 

ou tpu t s ,  s imul  a t  i n g  t h e  wind t u r b i n e ' s  response t o  t h e  commaqds i n  accordance 

w i t h  o p e r a t o r - s e l e c t e d  e x t e r n a l  parameters,  and p r o v i d i n g  t h e  co r respond ing  

s i g n a l s  t o  t h e  c o n t r o l l e r  sensor i npu t s .  

The s i m u l a t o r  processes i n p u t s  f r om  t h e  c o n t r o l l e r  and t h e  o p e r a t o r  t o  p r o v i d e  

resporlses t o  t h e  c o n t r o l l e r  t h a t  w i l l  e x e r c i s e  t h e  c o n t r o l l e r  as i t  w i l l  be 

exe rc i sed  d u r i n g  t h e  o p e r a t i o n  o f  t h e  wind t u r b i n e  genera to r .  

The s i rnu la to r  generates t h e  wind speed and a i r e c t i o n  e r r o r  s i g n a l s .  The wind 

speed can be s e l e c t e d  by  t h e  o p e r a t o r  t o  p rov i de :  

o  s teady s t a t e  speed, 

0 s i n u s o i d a l  cos i ne  wind gus t  w i t h  v a r i a b l e  amp1 i t u d e  and pe r i od ,  

o  random speed v a r i a t i o n s  i n  a  s e l e c t e d  arnpl i t u d e  range. 

The ~ i n d  d i r e c t i o n  r e l a t i v e  t o  t h e  n a c e l l e  p o s i t i o n  i s  i n d i c a t e d  as an yaw 

e r r o r .  The i n i t i a l  yaw e r r o r  i s  s e l e c t e d  by  t h e  ope ra to r .  When yaw c o n t r o l  

i s  a c t i v a t e d ,  t h e  s i m u l a t o r  c a l c u l a t e s  t h e  yaw e r r o r  ~ n o d i f i c a t i o n  i n  response 

t o  t h e  yaw c o r r e c t i o n  comnands issued by  t h e  c o n t r o l l e r .  

The s i m u l a t o r  c a l c u l a t e s  t h e  r o t o r  to rques  as a f u n c t i o n  o f  r o t o r  speed, wind 

v e l o c i t y ,  and a i l e r o n  c o n t r o l  ang le .  The r o t a t i o n a l  dynamics a r e  c a l c u l a t e d  

f rom t h e  t o r q u e  and t h e  e l e c t r i c a l  power generated u s i n g  a  model w i t h  two 

degrees o f  freedom. 

The a i l e r o n  c o n t r o l  a c t u a t o r s  a re  modeled as t i m e  cons tan ts .  

The l o g i c  f u r l c t i o n s  o f  t h e  s i m u l a t o r ,  t h e  wind model, t h e  t o r q u e  c a l c u l a t i o n s ,  

and yaw c o n t r o l  a r e  implemented i n  so f tware .  The a i l e r o n  a c t u a t o r  t ime  

cons tan ts ,  t h e  r o t a t i o n a l  dynamics, and e l e c t r i c a l  power gene ra t i on  a r e  

implementea by analog comput ing hardware. 



The s  i tnu la to r  s  i g n a l  ou tpu t s  t o  t h e  c o n t r o l l e r  a r e  o f  f i v e  b a s i c  t ypes .  They 

a re :  

o  D i s c r e t e  s i g n a l s  t h a t  a r e  independent o f  system opera t ion ,  and a r e  
t h e  r e s u l t  o f  a  system anomaly o r  a r e  generatea by  t h e  ope ra to r .  

o  D i s c r e t e  s i g n a l s  t h a t  i n  normal o p e r a t i o n  would change s t a t e  as a  
r e s u l t  o f  a  c o n t r o l l e r  o u t p u t  command. 

o  Analog s i g n a l s  t h a t  r ep resen t  a  dynamic response t o  c o n t r o l l e r  o u t p u t  
cornrnands . 

0 Analog s i g n a l s  t h a t  r ep resen t  e x t e r n a l  parameters.  These s i g n a l s  
would be c o n t r o l l e d  b y  t h e  o p e r a t o r  i n  accordance w i t h  t h e  t e s t  
ope ra t  i o n .  

o  S i t e  and remote ope ra to r  commands t r a n s m i t t e d  v i a  s e r i a l  d a t a  
communications. 

The s i m u l a t o r  s i g n a l  i n p u t s  f r om  t h e  c o n t r o l l e r  a re  o f  t h r e e  b a s i c  types.  

They a re  : 

o D i s c r e t e  s i g n a l s  t h a t  a r e  o n / o f f  commands issued by  t h e  c o n t r o l l e r .  

o  Analog s i g n a l s  t h a t  a r e  p o s i t i o n  commands issued by t h e  c o n t r o l l e r .  

0 A l l  o p e r a t i n g  d a t a  t r a n s m i t t e d  v i a  s e r i a l  da ta  communications. 

9.5.1 SIMULATOR HARDWARE 

The s  imu la to r  i s  a  MACSYM programmable c o n t r o l  l e r ,  made b y  Analog Devices,  

I n c .  The analog comput ing f u n c t i o n  i s  assembled on b l ank  cards  ana i n s e r t e d  

i n t o  t h e  s i m u l a t o r  c a r d  chass is .  

The s i r n u l a t o r ' s  1/0 requi rements  a r e  t h e  same as t h e  c o n t r o l l e r ' s  1/0 

requi rements .  The s i m u l a t o r  s i g n a l  i n p u t  and command o u t p u t  corresponds t o  

t i l e  c o n t r o l l e r  command o u t p u t  and s i g n a l  i n p u t  r e s p e c t i v e l y .  The s i m u l a t o r  

hardware s p e c i f i c a t i o n  i s  g i ven  i n  Table  9-19. 



T a b l e  9 -19  

WIND TIJItHIEJE -. - GENEHATOR SIMULATOR SPEC I F  I C A T  1O:J - --- 

o MACOZ-21  
128K MEPIORY 
C H  T 
KEY BOAR l~ 
CAKTdILJGE T A P E  
K T  C 
A D 1 0  CONTKOLLE H 

0 ( 3 )  AOCO6 4 CHANNEL 4 - 2 0  rnA OUTPUT 

o (I ) A l M 0 3 - 0 1 1  1 6  CHANNEL 4 - 2 0  ITL~ I N P U T  

o ( 1 )  A C P 0 4  4 CHANNEL 20 mA S E R I A L  PORT 

o ANALOG COr4PUTING CARD 



Tne a i l e r o n  a c t u a t o r  b l o c k  diagram i s  shown i n  F i g u r e  9-30. I t  computes t h e  

f o l l o w i n g  f u n c t i o n :  

& a  = a c t u a t o r  o u t p u t  ang le  

BC = c o n t r o l  l e r  pos i t  ion  command 

'I = a c t u a t o r  t i m e  cons tan t  

The b l ock  d iagram f o r  t h e  r o t a t i o n a l  dynamic and e l e c t r i c  power gene ra t i on  i s  

snown i n  F i g u r e  9-31 and computes t h e  f o l l o w i n g  equat ions:  

. . 
where OR, OR, and OR a r e  t h e  r o t o r  p o s i t i o n ,  v e l o c i t y ,  ana . . 
acce le ra t i on ,  r e s p e c t i v e l y ,  i n  r ad ians .  OG, @G, and @ G  a re  t h e  

genera to r  p o s i t  ion,  v e l o c i t y ,  and a c c e l e r a t i o n ,  r e s p e c t i v e l y ,  i n  r a d i a n s  and 

as sensed a t  t h e  r o t o r  s i d e  o f  t h e  gearbox. 

TR i s  t h e  r o t o r  t o rque  i n  f t . - l b s .  

J R  i s  t h e  r o t o r  i n e r t i a  i n  f t . - l b s .  sec2 / rad  

C i s  t h e  damping f a c t o r  i n  f t . - l b .  s e c l r a d  

K i s  t h e  s p r i n g  cons tan t  i n  f t . - l b . / r a d  

TE  i s  t h e  e q u i v a l e n t  e l e c t r i c a l  t o rque  i n  f t . - l b s .  

P, = re x OG x Keq  where Te i s  t h e  e l e c t r i c a l  t o r q u e  

e q u i v a l e n t  i n  ft. -1bs. 

OG i s  t h e  genera to r  speed i n  rpm 

Keq = 0.142 w / f t . - l b .  rprn 

and T~ and @G a re  expressed as sensed a t  t h e  r o t o r  s i d e  o f  t h e  

gearbox 



F i  gure 9-30 Actuator Simulator Block Diagram 
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Figure 9-31 Dynamics Simulator Block Diagram 



9.5.2 WINO TURBINE GENERATOR SIMULATOR SOFTWARE 

The s i m u l a t o r ' s  f u n c t i o n s  implemented i n  so f twa re  are:  

D i g i t a l  Log ic  - The so f twa re  s imu la tes  normal o r  abnormal sensor responses t o  

conmanas f r om t h e  c o n t r o l l e r ,  such as engage r o t o r  brakes o r  t u r n  on gearbox 

hyd rau l  i c  system. 

Yaw Log i c  - The so f twa re  s  imu la tes  t h e  d r i v i n g  and r e s i s t i n g  o f  yaw mechanisms 

i n c l u d i n g  yaw e r r o r  i n  degrees, g r i p p e r  and b rake  sensors, and f u l l  s t r o k e  

c l ockw i se  ( C W )  and coun te r  c l ockw i se  ( C C W )  sensors.  

Wind S imulat  i o n  - The user  can a c t i v a t e  t h e  s i m u l a t i o n  o f  a  h a l f - c o s i n e  w ind  

speed gus t  and choose t h e  va lues o f  t h e  amp l i tude  and p e r i o d .  Random 

v d r i a t i o n  o f  t h e  magnitude and d i r e c t i o n  o f  t h e  wind v e l o c i t y  may a l s o  be 

a c t i v a t e d .  

C o n t r o l  Data System - The s i m u l a t o r  reads t h e  c o n t r o l  da ta  system st ream f r om 

t h e  c o n t r o l l e r ,  and p r i n t s  o u t  va lues o f  c o n t r o l  angle,  power, r o t o r  speed, 

wind speed, and yaw e r r o r .  

T e s t  Sequence - The s i n ~ u l a t o r  ramps t h e  wind speed up o r  down and v a r i e s  wind 

d i r e c t i o n  i n  a  programmed sequence. Wind speed i s  programmed t o  inc rease  f r o m  

0 ~nph t o  45 mph, h o l d  f o r  30 minutes,  and t h e  ramp down t o  0  a t  1  mphlmin. 

The yaw e r r o r  i s  prograinmed t o  v a r y  between -25' and 25"  a t  1" min. 

Keyboard Operat ions - I. l t i i le t h e  s i m u l a t o r  i s  running,  messages and v a r i a b l e s  

can be en te red  t o :  

change t h e  wind speed and yaw e r r o r  

change t h e  magnitude of random v a r i a t i o n s  o f  w ind speed and d i r e c t i o n  

change t h e  s t a t e  o f  any ou tpu t  sensor 

a c t i v a t e  o r  d e a c t i v a t e  a  wind g u s t  o r  t e s t  sequence 

f o r c e  an abnormal response f r om any sensor 



Aerodynamic Torque C a l c u l a t i o n  - The s  imu la to r  c a l c u l a t e s  t h e  r o t o r  t o r q u e  as 

a  f u n c t i o n  o f  t h e  r o t o r  speed, w ind  v e l o c i t y ,  and c o n t r o l  ang le .  The 

equa t ions  f o r  t h e  t o r q u e  c a l c u l a t i o n s  are:  

= 2  C V (29882.8) T 
9  w 

where T = r o t o r  t o rque  i n  f t . - l b s .  

"w = wind speed i n  f t . / s e c  

q  
= t o r q u e  c o e f f i c i e n t  c a l c u l a t e d  as f o l l o w s :  

5 = D$ + D16 + DZGL + D36' + D4&' 

Hz 
= E$ + E16 + E26 ' + E  3 6 "  + E46' 

t h e  cons tan t s  Ci, Di, Ei a r e  ob ta i ned  f r om f i t t i n g  

computed da ta  t o  po lynomia l  c u r v e  

Yaw - I n  response t o  t h e  f o l l o w i n g  yaw commands f r om t h e  c o n t r o l l e r ,  

C6.1 Yaw h y d r a u l i c  pump ON 

C6.2 Yaw so leno id  v a l v e  S 1  (CW) 

C6.3 Yaw s o l e n o i d  v a l v e  S2 (CCW) 

C6.4 Yaw s o l e n o i d  v a l v e  S3 ( g r i p p e r )  

Cb.5 Yaw s o l e n o i d  v a l v e  54 ( h o l d i n g  b rake )  

The s i m u l a t o r  a c t i v a t e s  t h e  f o l l o w i n g  s i g n a l s :  

S6.4 Yaw c y l i n d e r  s e t  # 1  F u l l  CW 

56.5 Yaw c y l i n d e r  s e t  #1 F u l l  CCW 

S6.6 Yaw c y l i n d e r  s e t  #2  F u l l  CW 

S6.7 Yaw c y l i n d e r  s e t  # 2  F u l l  CCW 

S i g n a l s  56.4, S6.5, S6.7, S9.5, S9.7 respond t o  commands 56.1, C6.2, C6.3, 

C6.4 and C6.5 i n  a  t imed  sequence as shown i n  F i gu res  9-32 and 9-33. 



CMD CMD 

: ::% 
2 SEC 

2 SEC 

2 SEC 

Figure 9-32 Yaw Control Sequence - CW 

9-1 01 



CMD CMD 

FROM CW - FROM CCW - 
C6.2 - 
C6.3 

F igu re  9-33 Yaw C o n t r o l  Sequence - CCW 

9-1 02 



9.6 DEVELOPMENT SYSTEM RESULTS 

The so f twa re  development system c o n s i s t s  o f  t h e  E-100-5A c o n t r o l l e r ,  a  

prograrn~ll ing t e r m i n a l ,  a  wind t u r b i n e  s i m u l a t o r  , and an o p e r a t o r ' s  t e r m i n a l  . 
F i g u r e  9-34 i s  a  b l ock  diagram o f  t h e  development system. The p r ima ry  purpose 

o f  t h e  development system i s  t o  check t h e  c o n t r o l l e r  so f tware  under s imu la ted  

o p e r a t i n g  c o n d i t i o n s .  The s i m u l a t o r  p rov i des  i n p u t s  t o  t h e  c o n t r o l l e r  i n  

response t o  t h e  c o n t r o l l e r ' s  o u t p u t  and t h e  o p e r a t o r ' s  commands. The 

c o n t r o l  l z r  so f twa re  i s  exe rc i sed  i n  a  s imul a ted  environment t h a t  i n c l udes  

normal and abnormal c o n d i t i o n s .  

The automat ic  sequence, i n c l u d i n g  s t a r t - u p ,  ramplsync, and power generate,  was 

recorded  on s t r i p  c h a r t s ,  shown i n  F i g u r e  9 - 3 5 .  Yaw e r r o r  c o r r e c t i o n  and t h e  

t r a n s i t i o n  f r o m  e l e c t r i c a l  t o  aerodynamic t o rque  c o n t r o l  a r e  shown i n  

F i g u r e  9-3b. F i g u r e  9-37 shows yaw c o r r e c t i o n  f rom a  l a r g e  i n i t i a l  e r r o r .  

The p r i n t o u t  f rom t h e  o p e r a t o r ' s  t e rn i i na l  i s  shown i n  F i g u r e  9-6;. 

Tne g o a l s  f o r  menlory and execu t i on  c y c l e  t i m e  were ach ieved i n  t h e  f i n a l  

program. The des ign  g o a l  f o r  c y c l e  t i m e  i s  100 msec; the wo rs t  case o p e r a t i n g  

t ime i s  89 rnsec and 83 msec no rma l l y .  Table 9-20 l i s t s  t h e  execu t i on  t imes  

f o r  i n d i v  idu'al s o f t w a r e  modul i. The goa l s  f o r  user  memory were 40K t o t a l ,  a  

ZOK PROM arla a  20K KAN. The f i n a l  program has 17.7K o f  PR314 and 17.3K o f  

RAM. Table  9-21 1  i s t s  t h e  memory used f o r  t h e  i n d i v i d u a l  m o d l ~ l  i o f  t h e  f i n a l  

program. 
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MODULE 

T a b l e  9-20 

T i m i n g  of C o n t r o l l e r  S o f t w a r e  Modulus 

EXEC 

I S M  

DATA PROCESSING 

i'llODE 

OSN 

R MP 

IVSD/ESD 

ALARM 

YAW 

R A N P I S Y N C  

STAKT-UP 

C DS 

DATA COMMUNI C A T 1  ON 

( S I T E / R E M O T E )  

POWER GEN 

D A T A  ARCHI  V I NG 

E X E C U T I O N  T I M E  

(LONGEST SEGMENT) 

(MSEC)  

NORPIAL OPERATION:  EXEC, ISM,  DATA PROCESSING, MODE, OSM, ALARM, CDS, DATA 

COMMUNICATIONS ( S I T E  & RElSOTE)/R, D A T A  A R C H I V E  = 8 1 . 6 2  MSEC. 

N.O. + YAW & RMP: 82.6 NSEC. 

h.0. + WORST CASE OPERATION ( N S D / E S D ) :  8 2 . 6  + 6.16 = 8 8 . 7 6  MSEC - 
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10.0 MANUFACTURING 

10.1 MANUFACTURING REPORT 

Tne o b j e c t i v e  o f  t h e  manufac tu r ing  s e c t i o n  i s  t o  d e s c r i b e  GE's p l a n  f o r  t h e  

manufacture and assembly o f  t h e  p r o t o t y p e  MOD-5A wind t u r b i n e  genera to r .  An 

i l l u s t r a t e d  overv iew o f  t h e  manufac tu r ing  and assembly f l o w  i s  shown i n  F i g u r e  

10-1, showing t h e  ma jo r  components, subassembl i e s  and manufactur  i n g  events ,  

f rom t i l e  i n  i t  i a l  f abr i c a t  i o n  th rough  t h e  s i t e  e r e c t  ion.  

The work shown i n  t h i s  p l a n  has t h r e e  s teps;  f a b r i c a t i o n ,  f a c t o r y  i n t e g r a t i o n  

arid assembly, and s  i t e  assembly. Throughout t h i s  r e p o r t ,  t i l e  manufac tu r ing  

d e s c r i p t i o n  emphasizes conven t i ona l  methods f o r  pe r f o rm ing  these  s teps.  

S u p p l i e r s  f o r  s p e c i a l t y  a r t i c l e s ,  such as t h e  gearbox, a r e  i d e n t i f i e d .  

E r e c t i o n  and assembly techniques a r e  conven t i ona l  and a r e  based on 

exper ience.  The r e s u l t  i s  a  manufac tu r ing  p l a n  basea on conven t i ona l  

p r a c t i c e s ,  which m in im izes  t h e  p o t e n t i a l  f o r  manufac tu r ing  d e f e c t s  caused b y  

irnmature techniques and processes and which ensures t h a t  t h e  manufac tu r ing  

c o s t s  a r e  soundly  based. T h i s  ph i l osophy  c o u l d  n o t  be a p p l i e d  t o  t h e  

f a b r i c a t i o n  o f  t h e  lamina ted  wood and epoxy b l ade  s t r u c t u r e .  For  t h e  blades, 

some developmental  processes, such as f i e l d  j o i n t  assembly, a r e  r e q u i r e d .  

These developmental  processes a r e  d iscussed  i n  10.5.5, t h e  b l ade  f a b r i c a t i o n  

sec t i on ,  and 10.7.1, t h e  b l ade  f i e l d  assembly sec t i on .  

10.2 W K E /  BUY 

E v a l u a t i o n s  o f  GE's c a p a b i l i t y  t o  make components was performed d u r i n g  t h e  

des ign  o f  t h e  wind t u r b i n e  genera to r .  Two c r i t e r i a  were r e q u i r e d  f o r  a  

uec i s i o n  t o  make any component, 1  ) t h e  techno logy  and manufac tu r ing  c a p a b i l  i t y  

f o r  aes i g n i n g  and p roduc ing  t h e  component e x i s t e d  i n  a  department o f  GE and 2 )  

t h e  component c o u l d  be produced a t  a  c o m p e t i t i v e  c o s t .  Examples of sucti 

components a r e  t h e  genera to r ,  sw i tchgear ,  and t rans fo rmers .  If these  c r i t e r i a  

were r ~ o t  s a t i s f i e d ,  components were t o  be procured.  

10.3 PROCUREMENT ACTIVITY 

The m a k e l ~ u y  e v a l u a t i o n  f o r  t h e  MOD-SA p r o t o t y p e  i n d i c a t e d  t h a t  o n l y  t h r e e  

ma jo r  components o u t  o f  26  would be p rov i ded  by GE. There fo re ,  t h e  p r o t o t y p e  

component a c q u i s i t i o n  would be p r i m a r i l y  a  procurement e f f o r t .  





Considerab le  e f f o r t  was expended d u r i n g  t h e  des ign  phase t o  i d e n t i f y  q u a l i f i e d  

sources and i n i t i a t e  work ing  r e l a t i o n s h i p s  w i t h  t hese  suppl  i e r s ,  t o  p r o v i d e  

t h e  i n f o rma t  i o n  r e q u i r e d  t o  produce des igris and spec i f  i c a t  i ons  and e s t a b l  i s h  

c o s t  budgets.  

The o b j e c t i v e s  o f  t n e  procurement e f f o r t  o f  t h i s  program a r e  l i s t e d  below: 

o b t a i n  s tandard  hardware des ign  d a t a  and p r i c e s  
determine f e a s i b i l i t y  and c o s t - e f f e c t i v e n e s s  o f  u s i n g  "mod i f i ed "  
s tandard  haraware, such as bear ings  
develop s p e c i f i c a t i o n s  f o r  s p e c i a l  components, such as t i l e  genera to r  
o b t a i n  c o s t  es t ima tes  f o r  c o s t  o f  energy e ~ a l ~ a t i ~ n ~  
determine s u p p l i e r ' s  manufac tu r ing  methods and processes, t o  i nsu re  
c o s t - e f f e c t i v e n e s s  o f  des ign  
develop qua l  i f  i e d  b i d d e r s  l i s t s ,  f r om  e v a l u a t i n g  suppl  i e r s  
capab i l i t  i e s  
produce des igns of  s p e c i a l  components, such as t h e  gearbox ana 
1  alninated wood b l  ades 
p repare  b i d  packages f o r  a l l  hardware t o  be p rocured  
o b t a i n  - f i r m  quotes and p roposa ls  s u i t a b l e  f o r  source s e l e c t i o n  

The f 01 low i n3  s e c t  i on  d  iscusses these  e f f o r t s  i n  t h r e e  ca tego r i es ;  major  

suocon t rac ts ,  ma jo r  purchases and genera l  purchases. 

10.3.1 PIAJOR SUBCONTRACTS 

Fla jor  subcon t rac ts  a re  de f ined  as h i gh -cos t  o r  h i g h  r i s k  procurements t h a t  

r e q u i r e d  a  s i g n  i f  i c a n t  des ign  and development e f f o r t .  The ma jo r  subcon t rac t s  

were f o r  t h e  wooden b lade,  gearbox, tower  and founda t ion ,  genera to r ,  a i l e r o n s ,  

and t r a n s p o r t a t i o n .  

10.3.1.1 dooden & l a d e  

The b l ade  subcon t rac to r  was s e l e c t e d  as a  r e s u l t  o f  t h e  conceptua l  des ign  

t r a d e - o f f  s t u a y  t h a t  s e l e c t e d  t h e  lamina ted  wood b l a d e  m a t e r i a l .  Gougeon 

Bro thers ,  I n c .  (GBI) was s e l e c t e a  because t h e i r  des ign  had t h e  l owes t  c o s t  o f  

energy i n  a  p r o d u c t i o n  scenar io .  The subcon t rac t  i n c l uded  f i v e  a c t i v i t i e s .  

o  Design - GE r e t a i n e d  t h e  des ign  r e s p o n s i b i l i t y ,  and GBI ac ted  as a  
c o n s u l t a n t  and manufac tu r ing  expe r t .  G B I  was a l s o  r e s p o n s i b l e  f o r  
p roduc ing  t h e  f a b r i c a t i o n  drawings and manufac tu r ing  and qua l  i t y  
c o n t r o  1  p lans.  



o  M a t e r i a l  Developmerlt - The des ign  a1 lowables f o r  lamina ted  wood had 
t o  De d e t i n e d  by  t e s t s .  GBI f a b r i c a t e d  a l l  t h e  t e s t  a r t i c l e s ,  ac ted  
as a  c o n s u l t a n t  f o r  t h e  development o f  t h e  c o n f i g u r a t i o n  and 
requ i rements  f o r  t h e  t e s t s ,  and p a r t i c i p a t e d  i n  t h e  e v a l u a t i o n  o f  t h e  
r e s u l t s .  

o  Process Development - The f a b r i c a t i o n  process was based on GBI ' s  
e x i s t i n g  technology.  The techno logy  had t o  be expanded and v e r i f i e d  
b e f o r e  t h e  b l a d e  f a b r i c a t i o n  was committed. Two b l ade  sec t i ons ,  a  
f i n g e r  j o i n t  u n i t  and c e n t e r  b l ade  u n i t ,  were planned t o  demonstrate 
t h e  a c c e p t a b i l  i t y  o f  t h e  f a b r i c a t i o n  process se lec ted .  Both b l ade  
s e c t i o n s  were t o  be f u l l  sca le .  Only  t h e  f i n g e r  j o i n t  u n i t  was 
f a b r i c a t e d .  

o  Clolds - GBI was respons ib l e  f o r  des ign ing  and f a b r i c a t i n g  t h e  molds 
and assembly f i x t u r e 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  process. 

o  F a b r i c a t i o n  and Assembly - GBI was respons ib l e  f o r  f a b r i c a t i n g  t h e  
b l ade  sec t  ions,  and supp l y i nq  s u p e r v i s i o n  and o t h e r  s p e c i a l  s k i 1  1  s  
r e q u i r e d  t o  assemble t h e ' b l a d e  i n  t h e  f i e l d .  

10.3.1.2 Gearbox 

The gearbox subcon t rac to r  was s e l e c t e d  a f t e r  a  mu1 t i - s  taged compe t i t i on .  

P h i l a a e l p h i a  Gear Co rpo ra t i on  (PGC) won t i l i s  c o m p e t i t i o n  because o f  t h e i r  

t e c h n i c a l  dpproach and low cos t .  The subcon t rac t  comprised two a c t i v i t i e s :  

o  Design - PGC performed t h e  i n i t i a l  c o n f i g u r a t i o n  t r a d e - o f f  s t u d i e s  
aria suppor ted GE d u r i n g  t h e  s e l e c t i o n  o f  t h e  f i n a l  des ign.  PGC 
aesigned t h e  gearbox, w i t h  scheduled des ign  rev iews  b y  GE, NASA, and 
c o n t r a c t e d  consu l t an t s .  

o F a b r i c a t i o n  - PGC was r e s p o n s i b l e  f o r  f a b r i c a t i n g  and t e s t i n g  t h e  
qearbox. The accepted p roduc t  woulcl be sh ipped t o  GE's f a c t o r y  
assembly s i t e  f o r  assembly and t e s t i n g .  

10.3.1.3 Tower and Foundat ion 

The tower  and f ounda t i on  subcon t rac to r ,  Chicago B r i dge  and I r o n  (CBI) ,  was 

s e l e c t e d  d u r i n g  t h e  p roposa l  c y c l e  because o f  t h e i r  p rev i ous  wate r  tower  

exper ience  and c a p a b i l  i t y ,  and t h e y  en te red  i n t o  a  teaming agreement w i t h  GE. 

The r e s u l t i n g  subcon t rac t  cornpr i sed  two a c t i v i t i e s :  

o  Design - CBI performed t h e  i n i t i a l  c o n f i g u r a t i o n  t r a d e - o f f  s t u d i e s  
and suppor ted GE d u r i n g  t h e  f i n a l  s e l e c t i o n  o f  c o n f i g u r a t i o n .  CBI 
des igned t h e  tower  and founda t ion ,  w i t h  scheduled des ign  r e v  iews b y  
GE, NASA, and c o n t r a c t e d  consu l t an t s .  

o  F a b r i c a t i o n  - CBI was r e s p o n s i b l e  f o r  founda t  ion  c o n s t r u c t  ion,  tower  
f a b r i c a t i o n  and e r e c t i o n .  



10.3.1.4 Generator  

Data f o r  t h e  s e l e c t i o n  of a  genera to r  subcon t rac to r  was accumulated d u r i n g  a  

s e r i e s  o f  compe t i t i ons  t h a t  s t a r t e d  d u r i n g  t h e  concep tua l  des ign.  The 

subcon t rac t  f o r  t h i s  a c t i v i t y  would have r e q u i r e d :  

o  Design - The subcon t rac to r  was r e s p o n s i b l e  f o r  t h e  des ign,  w i t h  
scheduled des ign  rev iews .  

0 F a b r i c a t i o n  - The subcon t rac to r  was , r espons ib l e  f o r  f a b r i c a t i n g  and 
t e s t i n q  t h e  genera to r  subsystem. The accepted qenera to r  would be  
sh ipped t o  GE'S f a c t o r y  assembly s i t e  f o r  ass'embly -and t e s t i n g .  

10.3.1 .5 A i l e r o n  

A subcon t rac to r  would have been s e l e c t e d  t o  hanale  two a c t i v i t i e s :  

o  Design - The subcon t rac to r  was r e s p o n s i b l e  f o r  t h e  des ign,  w i t h  
schedu 1 ed des i g n  r e v  iews . 

o  F a b r i c a t i o n  - The subcon t rac to r  was r e s p o n s i b l e  f o r  f a b r i c a t i n g  and 
t e s t i n g  t h e  i r i a i v i a u a l  a i l e r o n s .  The a i l e r o n s  would be assembled t o  
t n e   lade ana t e s t e d  as a  p a r t  of GE's b l ade  assembly. 

10.3.1.6 T ranspo r t a t  i o n  

The t r a n s p o r t a t i o n  subcon t rac t  was f o r  t h e  t r a n s p o r t a t  i o n  o f  a1 1 wind t u r b i n e  

co~nponents excep t  tower  f a b r i c a t i o n s  f r om a  west c o a s t  depo t  t o  t h e  s i t e  i n  

Hawai i. A c o m p e t i t i v e  t r a n s p o r t a t  i on  subcon t rac t  was planned. 

10.3.2 MAJOR PURCHASES 

lVlajor purchases were d e f i n e d  as h i gh - cos t  procurements.  The major  purchases 

were t o  have been made on a c o m p e t i t i v e  bas i s .  Ma jo r  s t r u c t u r e s  and l a r g e  

bea r i ngs  a r e  examples o f  ma jo r  purchases. 

10.3.3 GENERAL PURCHASES 

Other  procurements were d e f i n e d  as s tandard  hardware, whether t h e  hardware 

would be m o d i f i e d  o r  used i n t a c t .  These i tems were t o  have been p rocured  on a  

c o m p e t i t i v e  bas i s .  

10.4 NHKE PLAN 

IdIdjor components such as t h e  genera to r ,  t r ans fo rmers  and s w i t c h  gear  would be 

suppl  i e d  f rom aepa r t n~en t s  i n  GE.  I n  a d d i t i o n ,  some sma l l  components would be  



f a b r i c a t e d  i n  GE's shops. E l e c t r i c a l  components, such as t h e  system d i s p l a y  

module, s  i g n a l  c o n d i t  i on i ng  and emergency shutdown components would a l s o  be 

produced b y  GE. 

10.5 MATERIAL FLOW AND ASSEMBLY PLAN 

A sequence o f  manufac tu r ing  ope ra t i ons  was determined as p a r t  o f  t h e  manufac- 

t u r  i n g  p l a n n i n g  a c t i v i t y .  Manufac tu r ing  c o s t  es t imates  were generated f o r  

f a b r i c a t e d  p a r t s ,  t o  p r o v i d e  a  benchmark f o r  vendor ' s  quo ta t i ons ,  i d e n t i f y  

p r o d u c i b i l  i t y  improvements f o r  des ign  feedback, h igh1  i g h t  areas of h i g h  c o s t ,  

and p r o v i d e  c o s t s  i f  vendor ' s  quotes were n o t  a v a i l a b l e .  

Manufac tu r ing  c o s t  e s t i m a t e  d a t a  i s  summarized i n  each o f  t h e  f o l l o w i n g  

sec t i ons .  The da ta  inc ludes  t h e  drawing number, t i t l e ,  m a t e r i a l  types, 

weights ,  and m a t e r i a l  c o s t  and l a b o r  es t imates .  

The m a t e r i a l  we igh t  shown i s  t h e  es t ima ted  machined we igh t  o f  t h e  s t r u c t u r e ,  

p l u s  a  15% a l lowance f o r  waste and d r o p - o f f .  The m a t e r i a l  c o s t  was determined 

b y  m u l t i p l y i n g  t h e  m a t e r i a l  we igh t  b y  a  c o s t  p e r  pound f a c t o r .  The d i r e c t  

l a b o r  hours  a r e  an e s t i m a t e  o f  t h e  e f f a r t  r e q u i r e d  f o r  f a b r i c a t i o n  o r  

assembly. The i n d i r e c t  l a b o r  hours  a re  an es t ima te  o f  t h e  suppor t  e f f o r t  

r e q u i r e d  t o  accumulate, move, s t o r e ,  and p o s i t  i o n  raw m a t e r i a l  and f i n i s h e d  

components. The se t -up  hours  r ep resen t  t h e  t i m e  r e q u i r e d  t o  accumulate t o o l s ,  

f i x t u r e s ,  shop suppl  i e s  and t o  p repare  an arrangement t h a t  w i l l  f a c i l i t a t e  

manufactur  ing.  Sect  ions 10.5.1 th rough  10.5.3 c o n t a i n  t h e  manufac tu r ing  c o s t  

e s t i m a t e  forms f o r  t h e  yaw, n a c e l l e ,  and yoke assemblies. 

10.5.1 YAW FABRICATION 

The yaw subsystem f a b r i c a t i o n s  w i l l  be made b y  manufac tu r ing  methoas t h a t  a r e  

w e l l  w i t h i n  t h e  c u r r e n t  s t a t e  o f  t h e  a r t ,  and t h a t  a r e  s tandard  i n d u s t r y  

p r a c t i c e s .  

The manufac tu r ing  c o s t  es t imates  f o r  t h e  upper and lower  yaw s t r u c t u r e  

d e s c r i b e  d e t a i l e d  p a r t  f a b r i c a t i o n s .  T h i s  s t r u c t u r e  c o n s i s t s  o f  a  r o l l e d  and 

seam welded c y l i n d e r ,  bea r i ng  i n t e r f a c e  welded r i n g ,  f a b r i c a t e d  gussets  and 

gusse t  channel  subassemblies. The complete lower  yaw s t r u c t u r e  i s  f i t t e d ,  

welded t oge the r ,  i nspec ted  and f i n a l l y  machined. Other  hardware, such as t h e  



yaw suppor t  b racke ts ,  p l a t f o r m  f l o o r ,  arid suppor t  beams a r e  a l s o  r e q u i r e d  f o r  

t h e  assembly. 

The yaw f a b r i c a t i o n  p l a n  desc r i bes  a conven t iona l  approach towards e s t i m a t i n g  

t h e  c o s t  o f  t h e  accumulat ion, p repa ra t i on ,  we ld i ng  and machin ing o f  t h e  yaw 

s t r u c t u r e s .  Tab le  10-1 i s  a  summary o f  manufac tu r ing  c o s t  es t ima te  data.  

F i g u r e  10-2 i s  a  manufac tu r ing  c o s t  e s t i m a t e  sheet,  d e s c r i b i n g  t h e  process 

p l a n  f o r  t h e  upper and lower  yaw s t r u c t u r e s ,  w i t h  t h e  excep t i on  o f  t h e  yaw 

bear ing,  which was a ma jo r  purchase. The m a t e r i a l  code, weight ,  c o s t ,  

ope ra t  ions, t o o l  i ng  and e s t  imated l a b o r  hours r e q u i r e d  t o  produce each 

cornpcl!cn t was documented. 

10.5.2 NACELLE FABRICATION 

The n a c e l l e  subsystem f a b r i c a t i o n  c o n s i s t s  o f  t h e  bedpl  ate,  r o t o r  and gener- 

a t o r  adapters ,  s i d e  suppor ts  and t o p  covers.  The components a re  a l i g n e d  and 

b o l t e d  t oge the r .  

The n a c e l l e  bedp la te  s t r u c t u r e  suppor ts  t h e  r o t o r  assembly th rough t h e  gearbox 

s t r u c t u r e ,  genera to r  s t r u c t u r e ,  e l e c t r i c a l  c o n t r o l  cab ine t ,  l ube  s e r v i c e  

module and f a i r i n g .  The bedp la te  s t r u c t u r e  i n t e r f a c e s  w i t h  t h e  upper yaw 

s t r u c t u r e .  

The bedp la te  s t r u c t u r e  i s  532 i n .  long,  164 i n .  wide and 66 i n .  h igh .  When 

t h e  gearbox mount ing s t r u c t u r e  i s  i n s t a l l e d  on t o p  o f  t h e  bedplate,  t h e  

combined h e i g h t  i s  96. i n .  

The bedp la te  s t r u c t u r e  i s  a  conven t iona l  s t r u c t u r a l  s t e e l  weldment, made up o f  

A572  s t e e l .  The elements a r e  prepared b y  shza r i ng  t o  s i z e ,  c u t  w i t h  a  saw and 

oxy-burn ing t o  shape. The edges o f  p a r t s  t o  be welded a r e  prepared as 

r e q u i r e d .  Subassemblies a r e  f i r s t  inspected, f i t t e d ,  t h e n  welded. These 

assembl ies a r e  f i t t e d  and welded i n t o  t h e  bedp la te  assembly. 

The e n t i r e  bedp la te  s t r u c t u r e ,  a f t e r  i nspec t i on ,  i s  s t r e s s - r e l i e v e d  i n  a  l a r g e  

furnace. Scale generated by  t h i s  f u rnace  t r ea tmen t  i s  removed by s h o t b l a s t -  

ing. A t  t h i s  t i m e  welds may be inspec ted  i n  u l t r a s o n i c  o r  r a d i o g r a p h i c  



0'1 0.2 O ' t  Il3ON11A3 dO ON3 3N0 33\14 O S l  

5'0 5'0 0'1 UIVd3U 013R 133dSNI O t l  

5'0 0' 1 S O 0  HlOOWS ONIU9 ONV 013H MIVd3U O E l  

S 'O 0'1 5'0 093H 3A1133d30 ON1 19 021 

0 ' 1  0'1 (31~dVtj9010VH UO aNV ~ I N O S V M ~ ~ ~ )  N01133dSNI 01 1 

0'1 S'O (31311)~~d 3 1 1 3 ~ 9 1 ~ )  N01133dSNI 001 

S'O 5'0 ( 1VnsI A ) NO 1133dSN I 06 

0'1 S'O ( 1 ~ ~ 3 1 x 3  'O lVNM31NI ) HlOOWS S073R ON119 08 

S'O 0'1 0'1 SWV3S (2) 013H-3IlV 31flIS13WflllS OL 

0'1 O ' t  XId1301dS 0'1 (SU~NJJIIS AWW)dW31 lVNH3lNI OOV) M30NI113 df l- I IJ 09 

0' I O ' t .  &I31 d33HS 0'1 SlN3W93S 130N11A3 oO81 (2) 110U OE 
S'O O'tr S'O SM03 (E) d3tld 073H O t  

0'2 S'O H19N31 'A30 1 HlOIW 1 n O A V l  OZ 

0- z 0-2 5-0  q7-s 01 
3SN3dX3 'ON1 133UIO f IS3 H3WW $ IS3 3S30 1001 UH dn NOIldItj3S30 NOIlVM3dO ON 

'3SIW SdflOH SInOH dInb3 dIllb3 1001 13s NdO 





t e s t s .  D e f e c t i v e  welds a r e  ground, r epa i r ed ,  and blended. F i n a l l y  t h e  e n t i r e  

s t r u c t u r e  i s  f i n i s h e d  w i t h  pr ime p a i n t .  

The bedp la te  i s  machined and d r i l l e d  f o r  t h e  p r i n c i p a l  i n t e r f a c i n g  

components. The upper yaw f l a n g e  a rea  i s  f ~ c e - m i l l e d  on t h e  bot tom s i de ,  and 

b o l t  ho l es  a r e  d r i l l e d  and reamsd t o  s i ze .  The p a r t  i s  t u rned  over  and t h e  

gearbox mount ing r a i l s ,  r o t o r  adapter ,  genera to r  suppor t  areas a r e  a l l  f a c e  

m i l l e d  in  r e l a t i o n  t o  t h e  yaw f l ange  surface. Mount ing ho les  a r e  d r i l l e d  and 

reamed t o  s a t i s f y  t h e  drawing spec i f  i c a t i o n s .  

The machined sur faces  a r e  sho tb l as ted  and p r ime  pa in ted ,  then  t h e  gearbox and 

genera to r  mount ing s t r u c t u r e s  a r e  b o l t e d  i n  p lace .  Tapered l o c a t i n g  p i n s  a r e  

p l aced  i n  b o t h  s t r u c t u r e s .  The 7' i n c l i n e d  p l ane  i s  m i l l e d  on gearbox and 

genera to r  mourit i n g  s t r u c t u r e s ,  and mount ing ho les  a r e  d r i l l e d  and reamed i n  

b o t h  su r faces .  F i n a l l y ,  t h e  machined areas a r e  sho t  b l a s t e d  and primed. 

The r e s t  o f  t h e  n a c e l l e  components, c o n s i s t i n g  o f  t h e  r o t o r  adapter  s t r u c t u r e ,  

r o t o r  adapter  s i d e  suppor ts ,  t o p  s t r u c t u r e  forward sec t i on ,  t o p  s t r u c t u r e  a f t  

sec t i on ,  and t o p  s t r u c t u r e  c ross -sec t  i o n  a r e  a1 1  conven t i ona l  f a b r i c a t e d  

s t r u c t u r e s .  They a r e  c u t  t o  s  i ze ,  prepared f o r  we ld i ng  and f i t t i n g ,  welded, 

s t r e s s  r e l i e v e d ,  s h o t  b l as ted ,  p a i n t  f i n i s h e d ,  macl~ined, d r i l l e d  and reamed, 

and f i n a l  p a i n t  f i n i s h e d ,  i n  t h a t  o rde r .  

A manufac tu r ing  c o s t  es t ima te  summary i s  l i s t e d  i n  Table  10-2 f o r  each of  t h e  

n a c e l l e  f a b r i c a t i o n s .  

10.5.3 YOKE FABRICATION 
The yoke weldment i s  cons t ruc ted  i n  t h e  same manner as t h e  o t h e r  s t r u c t u r a l  

components, such as t h e  bedp la te  and n a c e l l e .  Wi th  t h e  excep t i on  o f  t h e  yoke 

c e n t e r  hub, which i s  a  machined f o r g i n g ,  t h e  p i eces  a r e  sheared, c u t  w i t h  a  

saw, o r  oxy-burned t o  shape, t h e  weld sur faces a r e  prepared, f i t t e d ,  j i g g e d ,  

and welded. The assembly i s  s t r e s s  r e l i e v e d ,  sho tb las ted ,  and welds a r e  

inspec ted  and r e p a i r e d ,  then  t h e  s t r u c t u r e  i s  p r ime pa in ted .  The two b e a r i n g  

caps a r e  a l s o  prepared i n  t h i s  way, then  machined and f i t t e d  t o  t h e  yoke 

sockets .  



Table 10-2 Nace l le  Subsystem F a b r i c a t i o n  Surnrnary 

I tem - 

Mater ia l  M a t e r i a l  Ma te r i a l  Too 1 
Weight U n i t  Cost Cost Labor Hours Cost Misc. 

Mater i a1 ( l b s . )  ( $ / ] b e )  $ m p  D i r e c t  I n d i r e c t  - $ - $ 

Bedplate S t ruc tu re  A572 (50)  108,000 .6 64,800 7 1 6 04 456 --- 7,000 

Weldment 

Bedpl a t e  Mach i n  i n g l  --- ---  - - 3 9 3 8 1 32 5,000 --- --- 
D r i l l  i n g  

Rotor  Adapter A572 (50) 65,300 .6 39,200 5 4 414 342 - -- 4, ZOO 

S t r u c t u r e  Weldment 

Rotor  Adapter --- 
S t r u c t u r e  

Mach in ing/Dr  ill ing  

Rotor  Adapter Side A572 (50) 
Support Weldrnent 

Rotor  Adapter S ide --- 
Support Mach i n i n g l  
D r i l l i n g  

Top S t ruc tu re  - A572 (50) 
Forward 

Top S t r u c t u r e  - 
Forward-Mach i n  i n g l  
D r i l l i n g  

Top S t r u c t u r e - A f t  A572 (50) 

Top St ruc tu re-Af  t- ---  
M a c h i n i n g I D r i l l  i ng  

Top Structure-Cross A572 (50) 



The yoke i s  assembled by  a1 i g n i n g  and b o l t i n g  t oge the r  two yoke  b e a r i n g  cap 

weldments and b o r i n g  t h e  i n s i d e  d iamete r  f o r  t h e  t e e t e r  b e a r i n g  hardware 

i n s t a l l a t i o n .  Next, t h e  i n s i d e  d iameter  o f  t h e  yoke c e n t e r  hub i s  machined t o  

accept  t h e  f o rwa rd  and a f t  r o t o r  bear ings .  Then t h e  t o rque  p l a t e  i s  a l i g n e d  

and clamped t o  t h e  yoke c e n t e r  hub face.  The e x i s t i n g  t o r q u e  p l a t e  ho les  a r e  

used as gu ides  and b o l t  ho l es  a r e  d r i l l e d  and reamed th rough  t h e  yoke c e n t e r  

hub face f lange .  Both r o t o r  bear ings  a r e  i n s t a l l e d  i n  t h e  yoke, and t h e  yoke 

i s  assembled on t h e  r o t o r  suppor t  sp i nd le .  The low speed s h a f t  and c o u p l i n g s  

a r e  p o s i t i o n e d  i n s i d e  t h e  r o t o r  suppor t  s p i n d l e  and t h e  f o rwa rd  c o u p l i n g ' s  

e x t e r n a l  s p l i n e s  a r e  engaged w i t h  t h e  t o r q u e  p l a t e ' s  i n t e r n a l  s p l i n e s .  A 

s p e c i a l  f i x t u r e  i s  t e m p o r a r i l y  a t tached  between t h e  s p i n d l e  and t h e  s h a f t  t o  

suppo r t  t h e  low speed s h a f t ,  u n t i l  t h e  a f t  c o u p l i n g  i s  connected t o  t h e  gear -  

box s p l i n e s ,  which i s  done i n  t h e  f i e l d .  

Table 10-3 i s  a  manufac tu r ing  c o s t  e s t i m a t e  summary f o r  t h e  yoke weldment. 

10.5.3.1 F a b r i c a t i o n  o f  Low Speed S h a f t  and Coupl ings 

The low speed s h a f t  i s  approx imate ly  180 i n .  l ong  and 35.5 i n .  i n  d iameter .  

I t  weighs 44,000 l b s .  a f t e r  machining. The f i r s t  o p e r a t i o n  i s  t o  bo re  a  h o l e  

10 in .  i n  d iameter  down t h e  cen te r .  Each end i s  faced  and chamfered. 

Approx imate ly  2.5 f t .  a t  each end i s  ground t o  a  s p e c i f i e d  t ape r .  The c e n t e r  

s e c t i o n  i s  machined t o  d iameter ,  then  each end r e c e i v e s  e i g h t  tapped ho les .  

The t ape red  ground su r f aces  a r e  sprayed w i t h  a  p r o t e c t i v e  c o a t i n g  and t h e  

c e n t e r  s e c t i o n  i s  p r ime  pa in ted .  

The coup1 i ng  hubs, f o r e  and a f t ,  a re  each machined i n  a  s i m i l a r  f ash ion .  

These p a r t s  a r e  about 5 f t .  i n  d iameter  b y  2.5 f t .  long. One end i s  faced,  

t h e  o u t s i d e  d iamete r  i s  turned,  t h e  oppos i t e  end i s  faced  t o  leng th ,  and 

chamfered. The i n s i d e  i s  rough-bored, t h e n  taper-ground t o  match t h e  s h a f t .  

The e x t e r n a l  s p l i n e  t e e t h  a r e  c u t ,  t hen  n i t r i d e d ,  and s c a l e  i s  removed. The 

p a r t  i s  washed, inspected,  and coated w i t h  p r ime r  p a i n t  o r  p r o t e c t i v e  coa t i ngs .  

Tab le  10-4 - i s  a  manufac tu r ing  c o s t  es t ima te  summary f o r  t h e  s h a f t  and hubs. 
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10.5.3.2 F a b r i c a t i o n  o f  Torque P l a t e  

The t o r q u e  p l a t e  i s  127 i n .  i n  d i a m e t e r  and i s  1  f t .  t h i c k .  I t s  raw w e i g h t  i s  

75,UOil l o s .  The p a r t  i s  f a b r i c a t e d  i n  one p i e c e  because o f  i t s  c r i t i c a l  

f u n c t i o n  i n  t r a n s m i t t i n g  b l a d e  power. 

The r o u g h  d i a m e t e r s  a r e  oxy-burned t o  shape. One s i d e  i s  f a c e d  and beve led ,  

and t h e  i n t e r n a l  s h o u l d e r  i s  t u r n e d .  Twen ty - fou r  h o l e s  a r e  d r i l l e d  and tapped.  

The p a r t  i s  i n v e r t e a ,  f a c e d  and b e v e l  t u r n e a  on t h e  second s i d e ,  and t h e  i n n e r  

a i a l r ~ e t e r  i s  borea.  Twen ty - fou r  h o l e s  a r e  d r i l l e a  and tapped.  The i n t e r n a l  

s p l i n e  t e e t h  a r e  c u t  t o  rnatch t h e  f o r b ~ a r d  hub. The r e m a i n i n g  122 h o l e s  a r e  

a r i l l e d  and reamed. 

The i n t e r n a l  t e e t h  a r e  n i t r i d e  hardened, s c a l e  i s  renoved,  and t h e  p a r t  i s  

p r i m e  p a i n t e d  and c o a t e d  as r e q u i r e d .  

T a o l e  10-5 i s  a  m a n u f a c t u r i n g  c o s t  e s t i m a t e .  

10.5.3.3 T e e t e r  Hardware F a b r i c a t i o n  

The t e e t e r  hardware c o n s i s t s  o f  a  t e e t e r  s h a f t ,  t w o  t e e t e r  b e a r i n g  assemb l ies ,  

two b o l s t e r  i n s e r t s ,  and f o u r  t e e t e r  r e s t r i c t o r  b r a k e  assemb l ies .  

A f t e r  i t  i s  machined and t h e  b e a r i n g  f i t  i s  checked,  t h e  t e e t e r  s h a f t  i s  s e n t  

t o  t h e   lade m a n u f a c t u r e r .  The c e n t e r  t e e t e r  s h a f t  i s  wrapped w i t n  g l a s s  

f i b e r  and bonded. The c e n t e r  b l a d e  f i t t i n g  i s  checked, t h e n  t h e  s h a f t  i s  

pacKdged f o r  ship l r ient  t o  t h e  f i e l d  s i t e ,  where t h e  t e e t e r  s h a f t  w i l l  De 

permanently Donded t o  t r i e  b  l ade. 

There  a r e  two ~ o l s t e r  i n s e r t s .  A f t e r  t h e y  a r e  machined and t h e  f i t t i n g  i s  

checked, t h e  i n s e r t s  a r e  s e n t  t o  t h e  f i e l d  s i t e .  

The t e e t e r  r e s t r i c t o r  b r a k e  h o u s i n g  f a b r i c a t i o n  c o n s i s t s  o f  a  l e f t  and r i g h t  

h o u s i n g  w a l l  and c o v e r p l a t e .  There  a r e  f o u r  u n i t s  b o l t e d  on t h e  y o k e  and 

p i n n e d  t o  t n e  b l a d e  and b o l s t e r  assembly. 

T a ~ l e  10-0 i s  a m a n u f a c t u r i n g  c o s t  e s t i m a t e .  
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10.5.4 TOWER FHBKICATION 
The towers w i l l  be f a b r i c a t e d  a t  C B I ' s  manufac tu r ing  p l a n t s .  CBI i s  equipped 

k o r  t h e  f a b r i c a t i n g ,  weld ing,  machining, and p a i n t i n g  ope ra t  i ons  r e q u i r e d  t o  

produce wind t u r b i n e  towers.  The p r o d u c t i o n  o f  t h i s  tower  i s  s i m i l a r  t o  t h e  

product; i o n  o f  s i t l g l e  pedes ta l  waterspheres,  which i s  one o f  C U I  ' s  p roduc t  

1 ines.  

10.5.4.1 F a b r i c a t i o n  o f  P a r t s  

Raw n ~ a t e r i a !  i s  s e n t  i n t o  t h e  f a b r i c a t i n g  shop as i t  i s  o rdered  f o r  t h e  f i r s t  

ope ra t i on .  I n  t h e  case o f  cone and she1 1  p l a t e s ,  t h e  f i r s t  o p e r a t i o n  i s  t h e  

computer r ~ u n ~ e r  i c d l  l y - c o n t r o l  l e d  burner .  The burner  c u t s  and beve l s  t h e  edges 

of  t h e  p l a t e s ,  t o  p repare  then1 f o r  we ld ing .  A f t e r  t h e  p i eces  a re  inspec ted  

f o r  r e q u i r e d  dimensions, t h e  p l a t e s  a r e  ben t  t o  t h e  p roper  c u r v a t u r e  by  t h e  

p l a t e  benaing r o l l .  Sma l le r  p a r t s ,  such as b e l l  door components, base p l a t e s ,  

anchor c h a i r s ,  l adders ,  p l a t f o r m s ,  and f l anges ,  a r e  processed s imu l t aneous l y  

w i t h  t h e  f a b r i c a t i o n  o f  t h e  l a r g e r  p l a t e s ,  such as cone and s h e l l  p l a t e s .  The 

p l a n t  p r o d u c t i o n  schedule  f o r  t h e  tower  components b r i n g s  a l l  o f  these  p a r t s  

t o g e t h e r  i n  t h e  weld shop f o r  f i t t i n g  and we ld i ng  t h e  components. 

10.5.4.2 Assembly and Welding 

F a b r i c a t e d  p a r t s  a r e  r o u t e d  t o  t h e  predetzrmined f i t t i n g  and we ld i ng  area, 

wh ich  i s  equipped w i t h  t h e  j i g s  and f i x t u r e s  t h a t  a r e  necessary  t o  a c c u r a t e l y  

l o c a t e  p i eces  i n  r e l a t i o n  t o  one another  and t o  r e s t r a i n  those  p i eces  d u r i n g  

t h e  au tomat i c  we ld i ng  o p e r a t i o n .  A n o n - d e s t r u c t i v e  examina t ion  i s  performed, 

ds  r e q u i r e d  by  t h e  drawings, and any r e p a i r s  i n d i c a t e d  by  t h e  examina t ion  w i l l  

be made. 

10.5.4.3 B l a s t i n g  and P a i n t i n g  

Components a r e  sen t  t o  t h e  b l a s t i n g  a rea  f r om t h e  f a b r i c a t i o n  and we ld i ng  

shops. I n  t h e  p roper  sequence, t h e  components a r e  c a r r i e d  t h rough  t h e  

au tomat i c  b l a s t i n g  c a b i n e t  where r u s t  and s c a l e  a r e  removed f r o m  t h e  s t e e l  and 

t h e  p roper  s u r f a c e  p r o f i l e  i s  a t t a i n e d  f o r  t h e  p r ime r  p a i n t .  As t h e  p a r t s  

t r a v e l  o u t  o f  t h e  b l a s t i n g  booth,  t h e  edges a re  masked. The p a r t s  t r a v e l  i n t o  

t h e  au tomat i c  p a i n t i n g  boo th  f o r  t h e  a p p l i c a t i o n  o f  p r ime r  p a i n t .  The 

p a i n t i n g  i s  inspec ted  immediately,  b e f o r e  t h e  p i eces  a r e  moved t o  t h e  p a i n t  



d r y i n g  area. Components a re  s t o r e d  i n  t h e  d r y i n g  area w h i l e  t h e  p r ime r  p a i n t  

i s  cured.  

10.5.4.4 Loading and Sh ipp ing  

The l o a d i n g  y a r d  crew s e l e c t s  t h e  components t o  be loaded on r a i l r o a d  c a r s  

f r om  t h e  p a i n t  area. A t y p i c a l  l o a d  would be a  m i x t u r e  o f  b e l l  p l a t e s ,  and a  

v a r i e t y  o f  sma l l e r  components, such as b e l l  doors,  base p l a t e s ,  anchor c h a i r s ,  

l adders  and p l a t f o rms .  Another t y p i c a l  l oad  would comprise seve ra l  

c y l i n d r i c a l  s h e l l  p l a t e s  and a  v a r i e t y  o f  sma l l  p a r t s .  A f t e r  a l l  p a r t s  a re  

loaded on t h e  r a i l r o a d  ca r ,  t h e  y a r d  crew would p r o t e c t  and secure t h e  

components. Each day, t h e  C B I  t r a f f i c  department would ar range f o r  t h e  

r a i l r o a d  company t o  send loaded r a i l r o a d  c a r s  t o  t h e  c o n s t r u c t i o n  s i t e .  

10.5.4.5 S t a n d a r d i z a t i o n  

C B I ' s  exper ience  w i t h  t h e i r  p roduc t  l i n e s  shows t h a t  h i g h  l a b o r  components 

t h a t  a re  used r e p e t i t i v e l y  a re  produced most economica l l y  i n  a  

we1 1-engineered, s p e c i a l  l y  equipped f a c i l  i t y .  Th i s  concept can be appl  i e d  t o  

t h e  b e l l  p l a t e s ,  b e l l  doors ,  b e l l  t o  c y l i n d e r  t r a n s i t i o n  knuck les,  and ladders .  

A component p r o d u c t i o n  f a c i l i t y  f o r  each o f  t hese  i tems w i l l  be s e t  up a t  one 

o f  CB I ' s  p l a n t s .  The p l a n t  w i l l  be s e l e c t e d  based on i t s  exper ience  w i t h  

s i m i l a r  components, c o s t  o f  f a b r i c a t i o n  and t r a n s p o r t a t i o n .  

10.5.4.6 D e t a i l e d  Manufac tu r ina  Sequence 

T y p i c a l  o p e r a t i o n  sequences a r e  l i s t e d :  

A. TOWER BASE PLATES 

1 .  Receive and i nspec t  p l a t e s ,  i d e n t i f y  m a t e r i a l  and c o l l e c t  

d  imens i on  d a t a  

2. S to re  m a t e r i a l s  i n  t h e  open y a r d  

3. Move m a t e r i a l  t o  t h e  f a b r i c a t i o n  shop 

4. Shape burn  t h e  p l a t e s  on t h e  computer n u m e r i c a l l y  c o n t r o l l e d  

bu rn i ng  machine 

5. I nspec t  t h e  qua1 i t y  o f  d imensions and edges 

6. D r i l l  ho l es  on computer n u m e r i c a l l y  c o n t r o l  l e d  machines 

7. I n s p e c t  h o l e  s i z e  and l o c a t i o n  

8. Move m a t e r i a l  t o  t h e  weld shop 



B. TOWER CONE (BELL)  PLATES 

1.  Receive and i nspec t  p l a t e s  

a. I d e n t i f y  M a t e r i a l  

b.  C o l l e c t  d imension d a t a  

2. S t o r e  m a t e r i a l  i n  t h e  open y a r d  

3. Move m a t e r i a l  t o  t h e  f a b r i c a t i o n  shop 

4. Shape bu rn  and beve l  on t h e  computer n u m e r i c a l l y  c o n t r o l l e d  

b u r n i n g  ~nach i n e  

5. I n s p e c t  t h e  q u a l i t y  o f  d imensions and edges 

6. Move m a t e r i a l  t o  t h e  f o rm ing  machine 

7. Form c u r v a t u r e  on p l a t e  bending r o l l  

8. I n s p e c t  f o r  u n i f o r m  c u r v a t u r e  

9. Move m a t e r i a l  t o  t h e  we ld  shop 

10. F i t  and t a c k  base p l a t e s  and anchor b o l t  c h a i r s  t o  conep la tes  

11. A u t o m a t i c a l l y  weld  p a r t s  t o  cone p l a t e s .  

12. Clean t h e  welds 

13. I nspec t ,  examine and r e p a i r  welds 

14. Move m a t e r i a l  t o  t h e  p a i n t  shop 

15. Auto b l a s t  and p a i n t  

16. S t o r e  d u r i n g  p a i n t  c u r i n g  

17. Load m a t e r i a l  on r a i l  c a r s  

18. Sh ip  t o  s i t e  

C. TOWER CONE (BELL) DOOR 

The cone p l a t e  comes f r om s t e p  9 o f  Tower Cone P la tes ,  and t h e  

d e t a i l e d  p a r t s  come f r o m  t h e  d e t a i l  shop. 

1  . Lay o u t  and bu rn  door opening i n  cone p l a t e  

2. I n s p e c t  t h e  l o c a t  i o n  and edge qua1 i t y  

3. Move t h e  cone p l a t e  t o  t h e  we ld i ng  f i x t u r e  

4. F i t  and t a c k  door  f r am ing  angles t o  t h e  i n s i d e  o f  t h e  cone p l a t e  

5. F i t  and t a c k  door jamb p l a t e s  i n t o  t h e  opening 

6. I n s p e c t  t h e  f i t t i n g  

7. A u t o m a t i c a l l y  weld  a l l  p a r t s  t o  t h e  cone p l a t e  

8. Clean t h e  welds 

9. I nspec t ,  examine and r e p a i r  welds 



10. Assemble t h e  door  t o  t h e  jamb 

11. Move t h e  cone p l a t e  t o  t h e  p a i n t  shop 

12. B l a s t  and p a i n t  

13. S t o r e  d u r i n g  p a i n t  c u r i n g  

14. Load on r a i l  c a r s  

15. Sh ip  t o  s i t e  

U. TOWER TRANSITION KNUCKLE 

1. Receive and i nspec t  p l a t e s ,  i d e n t i f y  m a t e r i a l s  and c o l l e c t  

d  imens i on  d a t a  

2. S t o r e  m a t e r i a l s  i n  t h e  open y a r d  

3. Piove m a t e r i a l s  t o  t h e  f a b r i c a t i o n  shop 

4. Shape bu rn  on t h e  computer n u m e r i c a l l y  c o n t r o l l e d  burner  

5 .  Move m a t e r i a l  t o  t h e  h y d r a u l i c  p ress  

6. D i e  f o r m  t h e  knuck le  (whether h o t  o r  c o l d  f o rm ing  w i l l  be used 

w ill be determined l a t e r )  

7 .  I n spec t  forming accuracy 

8. Move m a t e r i a l  t o  t h e  weld shop 

9. F i t  t h e  knuck le  t o  t h e  we ld ing  f i x t u r e  

10. A u t o m a t i c a l l y  weld  v e r t i c a l  seams 

11. Clean t h e  welds 

12. I nspec t ,  examine and r e p a i r  welds 

13. I n s p e c t  t h e  accuracy o f  t h e  assembly 

1 4 m  Move mate r ia !  t o  t h e  p a i n t  shop 

15. Auto b l a s t  and p a i n t  

16. S t o r e  d u r i n g  p a i n t  c u r i n g  

17. Load on r a i l  c a r s  

18. Sh ip  t o  s i t e  

E. TOWER CYLINDRICAL SHELL 

A l l  t hese  s teps  a r e  i d e n t i c a l  t o  Tower Cone P l a t e  Sequence except :  

4. Burn ing  w i l l  be done on a  CNC Gantry  Burner  

13. Ship t o  s i t e  



10.5.5 BLADE FABRICATION 

The a i s c u s s i o n  o f  t h e  b l a d e  f a b r i c a t i o n  i s  d i v i d e d  i n t o  t h e  f o l l o w i n g  

s e c t i o n s :  t h e  c e n t e r  b lade ,  i n n e r  b lade,  o u t e r  b lade ,  t i p  cap, f i n g e r  j o i n t  

o p e r a t  i o n  and su r f ace  f i n  i s h  i n g  ope ra t  ion.  The process development t a s k s  a r e  

covered i n  another  sec t ion . .  

10.5.5.1 Process Uevelopn~ent 

Tne wood Dlade f a b r i c a t i o n  process was based on GB I ' s  p r o p r i e t a r y  process used 

i n  f a b r i c a t i n g  sma l l  w ind  t u r b i n e  b lades.  The process r e q u i r e d  a d d i t i o n a l  

Uevelopment, t o  enab le  i t  t o  f a b r i c a t e  l a r g e  b lades .  T h i s  s e c t i o n  cove rs  t h e  

t h r e e  ma jo r  process development t asks :  t e s t  sample f a b r i c a t i o n ,  f i n g e r  j o i n t  

Uemonstrat  ion,  and c e n t e r  b l  ade demonstrat  ion.  Only  t h e  f i r s t  two t a s k s  were 

completea. 

T e s t  San~ple F a b r i c a t i o n  - Process development began w i t h  t h e  d e f i n i t i o n  and 

f a b r i c a t i o n  o f  t h e  samples r e q u i r e d  f o r  eva lua t i on .  The purpose of t h e  

program was t o  e s t a b l  i s h  t h e  optimum epoxy spread r a t e ,  wood veneer des ign  

con f  i g u r a t  i ons ,  and a r t  i c 1  e c o n s t r u c t  i o n  techn iques  . Many of  t h e  qua1 i t y  

techn iques  were developed d u r i n g  t h i s  p e r i o d .  The most s i g n i f i c a n t  process 

developlnents r e s u l t i n g  f r o m  t h i s  t e s t  work were: 

o Epoxy Spread Rate - 60 I b s .  pe r  1000 sq. f t .  o f  double  g l u e  l i n e  was 
s e l e c t e d  as t h e  spread r a t e .  

o Wood Veneer Over lap - 3 i n .  was s e l e c t e d  as t h e  wood veneer over lap .  

o S c a r f  J o i n t s  - Each veneer i s  sca r f ed  a t  a s l o p e  o f  12: 1 t o  o p t i m i z e  
s t r e n g t h .  

o Wood Veneer - I n s p e c t i o n  and g rad ing  techn iques  were developed. The 
q u a l i t y  process i s  shown i n  F i g u r e  10-3. 

o Epoxy - Q u a l i t y  techn iques  were developed and documented. The epoxy 
p rocess  f l o w  i s  shown i n  F i g u r e  10-4. 

o M o i s t u r e  C o n t r o l  - The b e s t  mo i s tu re  con ten t  o f  t h e  veneer was 
determined t o  be between 7% and 9 % 0 f  t h e  venee r ' s  we iah t .  T h i s  
s tandard  evo lved  f r om obse rva t i ons  made d u r i n g  t h e  sample f a b r i c a t i o n  
process. The r e s u l t s  o f  sample f a b r i c a t  i o n  development formed t h e  
b a s i s  f o r  t h e  process demonst ra t ion.  
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b )  F i n g e r  J o i n t  Process Demonstrat i o n  - The f i n g e r  j o i n t  process development 

u n i t ,  as shown i n  F i g u r e  10-5, developed and demonstrated t h e  f a b r i c a t i o n  

o f  l a r g e  lamina ted  wood panels ,  wood s e c t i o n  assembly techniques,  and 

f i n g e r  j o i n t  f o rm ing  techniques.  The development used two modules t h a t  

s in lu ld ted  t h e  f u l l  s c a l e  b l ade  s t r u c t u r e  i n  t h e  a rea  o f  t h e  f i n g e r  j o i n t .  

H a l f  o f  t h e  s e c t  ion  t o  be bonded was augmented w i t h  Kev l  a r  aramid f i b e r s  

and t h e  o t h e r  h a l f  was augmented w i t h  g l a s s  f i b e r .  These two m a t e r i a l s  

w2re eva lua ted  t o  aetermine which y i e l d e d  t h e  b e s t  r e s u l t s  i n  terms o f  

p r o a u c i b i l  i t y ,  s t a b i l  i z a t  i o n  and s t r eng th .  The assembly f l o w  diagram i s  

silown i n  F i g u r e  10-6. 

G E  machined t h e  f i n g e r  j o i n t s  i n t o  completed modules. The work was done 

a t  GE's Apparatus Se rv i ce  Shop i n  P i t t s b u r g h ,  PA. The machin ing was done 

w i t h  a  l a r g e  conven t i ona l  b o r i n g  m i l  1  u s i n g  a  s p e c i a l  saw b lade  developed 

b y  No r th  American Products  o f  Jasper, I N ,  and had t h e  f o l l o w i n g  

c h a r a c t e r i s t i c s :  

o  40 i n .  d iameter  saw b l ade  
o 3/16 i n .  k e r f  
o  32 c a r b i d e  t e e t h  
o  6 * ,  one way beve l  

The f i n g e r  j o i n t  process development u n i t  was f a b r i c a t e d ,  and j o i n e d  a t  

t h e  f i n g e r  j o i n t .  Test  specimens were eva lua ted .  The r e s u l t s ,  l i s t e d  i n  

s e c t i o n  8, Volume 11, i n d i c a t e d  t h a t  t h e  process was s a t i s f a c t o r y  f o r  

f abr i c a t  i n g  and j o i n  i n g  1  a rge  wooden sec t  ions.  

The f i n g e r  j o i n t  u n i t  c u t t i n g  o p e r a t i o n  uncovered seve ra l  problems. 

Other  methods f o r  machin ing t h e  f i n g e r  j o i n t ,  which m igh t  be l e s s  c o s t l y ,  

were i n v e s t i g a t e d .  For  example, t h e  saw b lade  worked s a t i s f a c t o r i l y ,  b u t  

r e q u i r e d  seve ra l  d i f f e r e n t  set-ups, which added s i g n i f i c a n t l y  t o  t h e  c o s t  

o f  t h e  ope ra t i on .  Alden Tool  Company o f  B e r l i n ,  CT developed a  tapered  

c u t t e r  s e t .  GE eva lua ted  t h i s  f o r m  c u t t e r  s e t  and determined t h a t  t h e  

machine t i m e  would be reduced f r om 123 t o  33 hours,  a  c o s t  r e d u c t i o n  o f  

$40,000 p e r  b lade.  
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The s  i g n i f  i c a n t  r e s u l t s  o f  t h e  f i n g e r  j o i n t  development were: 

o  Augmentation - Exper iments determined how t h e  dimensions of p l a i n  o r  

duglllented lamina ted  wood were a f f e c t e d  by  changes i n  hum id i t y .  The 

exper in lents  i n d i c a t e d  t h a t  t h e  laminae needed t o  be augmented. 

E i t h e r  g l a s s  f i b e r  o r  K e v l a r  would be s a t i s f a c t o r y ,  accord ing  t o  

t e s t s  desc r i bed  i n  s e c t i o n  8, Volume 11. 

0 Panel L i f t  Ciff - Du r i ng  t h e  f a b r i c a t i o n  o f  t h e  panels ,  each panel  - 
separated frorn t h e  mold a long  t h e  edges p a r a l l e l  t o  t h e  g r a i n  

d i r e c t  ion.  Exper imenta t ion  showed t h a t  t h e  sepa ra t i on  was caused by 

hea t ,  which b g i l t  up i n  t h i c k  s e c t i o n s  as t h e  epoxy gave o f f  hea t  

d u r i n g  t h e  c u r e  c y c l e .  T h i s  problem occur red  w i t h  a  s i n g l e  b u i l d - u p  

o f  4 i n .  o f  lorninae, b u t  d i d  n o t  occur  i n  a  s i n g l e  b u i l d - u p  o f  1  i n .  

F u t u r e  a p p l i c a t i o n s  must 1  i m i t  t h e  temperature r i s e  d u r i n g  t h e  cu re .  

o  E s t a ~ l  is r l l~ ient  o f  P r e l  im ina ry  Spec i f  i c a t  i ons  - The exper ience  o f  

f a b r i c a t i o n  r e s u l t e d  i n  t h e  f o l l o w i n g  p r e l  i ~ n i n a r y  s p e c i f i c a t i o n s :  

Veneer Spec i f  i c a t  i o n  GMS-00 1  

L o n g i t u d i n a l  Wedge Glue Gap: 0.01 i n .  t o  0.10 i n .  

L o n g i t u d i n a l  Gap i n  Laminae: 0.125 i n .  t o  0.5 i n .  

Veneer Over lap:  + / -  0.250 i n .  i n  up t o  5% o f  j o i n t s  

'Jacuum Gage Pressure:  20.0 t o  25.0 i n .  o f  Hg 

Epoxy Cure Pe r i od :  

Under Vacuum 8  hours  
Be fo re  Loading 24  hours  

L o n g i t u d i n a l  !.Jedge Cons t ruc t  i o n  : 

10" t h i c k  Douglas f i r  veneer i s  lamina ted  t o  a  t h i c kness  

e q u i v a l e n t  t o  t h e  t h i c k n e s s  o f  t h e  s k i n  t o  which i t  j o i n s ,  

u s i n g  s tandard  epoxy and bagging techn iques .  A f t e r  t h e  

cu re ,  t h e  wedge i s  c u t  t o  t h e  r e q u i r e d  wedge ang le  and t h e n  

s c a r f e d  t o  t n e  r e q u i r e d  l e n g t h  and a  s l ope  o f  1 2 : l .  



c )  Center B lade  Process Demonst ra t ion - The c e n t e r  b l ade  process development 

u n i t  i s  shown i n  F i g u r e  10-7. I t s  purpose was t o  develop and demonstrate 

t h e  a c t u a l  usage of  l a r g e  b l a d e  molds and equipment, r e f i n e  l a r g e  panel  

f a b r i c a t i o n  procedures and c o n s t r u c t  i on  techniques un ique t o  t h e  c e n t e r  

b l ade  sec t i on .  The development u n i t  des ign  i s  a  f u l l - s i z e  c u t - o u t  o f  t h e  

c e n t e r  b lade .  These processes would have been developed by  t h i s  

demonstrat i on :  

o  The techniques and procedures used t o  f a b r i c a t e  t h e  b o l s t e r  
assembl i e s :  

Douglas f i r  and wet g l ass  f i b e r  l a y e r i n g .  

I n s t a l  1a t  i o n  and a1 ignment o f  t e e t e r  bear ings  and b rake  
s n a f t  at tachments.  

I n s t a l l a t i o n  and a l ignment  o f  t h e  b o l s t e r  and t h e  c e n t e r  
b lade.  

o  Large panel  f a b r i c a t i o n  u s i n g  g a n t r i e s  and equipment designed 
f o r  l a r g e  blades. 

o  The techn iques  and procedures necessary t o  assemble t h e  c e n t e r  
b lade,  shear webs, b o l s t e r s ,  t e e t e r  s h a f t  and b l o c k i n g .  

The c e n t e r  b l ade  process development u n i t  d i d  n o t  p rogress  p a s t  t h e  p l a n n i g g  

stage. 

10.5.5.2 Center  B lade Sec t i on  

The b a s i c  process used i n  t h e  f a b r i c a t i o n  o f  t h e  b l ade  components i s  shown i n  

F i g u r e  10-8. The p a r t s  t h a t  f o rm  t h e  c e n t e r  b l ade  a r e  shown i n  F i g u r e  10-9. 

The l o n g i t u d i n a l  j o i n t s  were formed u s i n g  t h e  wedge j o i n t  c o n f i g u r a t i o n ,  shown 

i n  F i g u r e  10-10. These lamina ted  wedges f a c i l  i t a t e  t h e  l o n g i t u d i n a l  bond ing  

o f  t h e  ve r y  l o n g  panels .  The pane ls  a r e  l o c a t e d  i n  f i x t u r e s ,  secured and t hen  

bonded t o g e t h e r  w i t h  epoxy, u s i n g  t h e  wedges t o  ensure bonding a long  t h e  j o i n t  

1 ength.  

Subassemblies HA and HB a r e  i d e n t i c a l  and a r e  assembled f i r s t .  The shear 

webs, HC1 and H C Z ,  and misce l laneous  b l o c k i n g  around t h e  t e e t e r  a rea  a r e  

i n s t a l l e d  i n  these  subassemblies. The r e s u l t i n g  s e c t i o n s  a r e  j o i n e d  t o  f o rm  

t h e  c e n t e r  s e c t i o n .  Each end o f  t h i s  c e n t e r  s e c t i o n  i s  machined, u s i n g  t h e  

process developed b y  t h e  f i n g e r  j o i n t  process development u n i t ,  desc r ibed  i n  

10.5.5.1. 



F i g u r e  10-7 Center B lade Process Demonst ra t ion U n i t  

10-29 



BASE MOLD 

1. 

I N T E R I O R  F IBERGLASS PLACED ON 
ON VENEER PRIOR TO VACUUM 

EXTERIOR F IBERGLASS S K I N  WET-OUT 
I N  B A S I C  MOLD 

2. 

EPOXY I N  VARIOUS BLOCKING AFTER 
VACUUM BAG REMOVAL 

VENEER PLACED I N  MOLD 

3. 

I I 

SAW T R I M  M A T I N G  J O I N T S  AND 
REMOVE FROM MOLD 

F i g u r e  1 0 - 8  B a s i c  B l a d e  F a b r i c a t i o n  P r o c e s s  





TYPICAL LONGITUDI WAL WEDGE JOINT 

I 

0.10" DOUG W/WEST SYSTEr81 
FIR VENEERS \ E P O X Y  

HA1 

STANDARDIZATION OF LONGITUDINAL WEDGE 
ANGLE YIELDS SEVERAL P I E C E S  PER BILLET 

iA2 

. . . . .  . . . . . . . . .  . . \  

ANGLE 

SAW TRACK 

POWER SAW 

HB2 

- BILLET LAMINATION DETAILS - 

I S E E  DETAILS 

1 
BELOW FOR TYPICAL 

HB3 HA3 CONSTRUCTION 
w 

- WEDGE JOINT CUTTING DETAILS - 

F i g u r e  10-10 Center Blade Wedge J o i n t  C o n f i g u r a t i o n  and Typ i ca l  Cons t ruc t i on  



The two b o l s t e r s ,  B1 and B2, and t h e  two t r a i l i n g  edge f a i r i n g s  a r e  made as 

subassemblies and g i v e n  a  t r i a l  f i t t i n g  b e f o r e  t h e y  a r e  shipped. These i tems,  

ana t h e  bear ings  and t e e t e r  s h a f t  a r e  assembled i n  t h e  f i e l d .  

10.5.5.3 I n n e r  B lade Sec t i on  

The process used t o  f a b r i c a t e  and assemble t h e  i n n e r  b l a d e  assembly i s  

desc r i bed  i n  sec t  i o n  10.5.5.2. Two i d e n t i c a l  i n n e r  b lades  a re  f a b r i c a t e d .  

The p a r t s  t h a t  f o r m  t h e  i n n e r  b lades  a r e  shown i n  F i g u r e  10-11. The 

l o n g i t u d i n a l  j o i n t s  a r e  formed u s i n g  t h e  wedge j o i n t  c o n f i g u r a t i o n ,  shown i n  

F i g u r e  10-12. The FI1-A and MI-B subassemblies a r e  assembled f i r s t ,  and j o i n e d  

t o  form t h e  ib71 i n n e r  b lade .  Each end o f  t h e  i n n e r  b l a d e  i s  machined t o  f o r m  

t h e  f i n g e r  j o i n t s  t h a t  mate w i t h  match ing j o i n t s  o f  t h e  c e n t e r  b l ade  and o u t e r  

b lade.  The t r a i l i n g  edge assembl ies a r e  f a b r i c a t e d  s e p a r a t e l y  and g i v e n  a  

t r i a l  f i t t i n g  t o  t h e  i n n e r  b l a d e  b e f o r e  t h e y  a r e  shipped. These i tems, and 

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 r e  assembled i n  t h e  f i e l d .  

10.5.5.4 Oute r  B lade S e c t i o n  

The Process used i n  f a b r i c a t i n g  and assembl ing t h e  o u t e r  b l ade  assembly i s  

aesc r i bed  i n  s e c t i o n  10.5.5.2. Two i d e n t i c a l  o u t e r  b lades  a r e  f a b r i c a t e d .  

The p a r t s  t h a t  f o rm  t h e  o u t e r  b lades  a r e  shown i n  F i g u r e  10-13. The 

l o n g i t u d i n a l  j o i n t  c o n f i g u r a t i o n  i s  a l s o  shown i n  t h i s  figure. The o u t e r  

panels ,  TI-A1 and TI-AZ, and t h e  shear webs, TI-B1 and TI-B2, a r e  assembled 

u s i n g  t h e  o u t e r  pane l  mc ld  as an assembly f i x t u r e .  I n t e r n a l  b l o c k i n g  and 

chordwise sec t i ons ,  which accept  t h e  s t uds  f o r  t h e  a i l e r o n s ,  a r e  i n s t a l l e d .  

The r e a r  panels ,  TI-C1 and TI-C2, a r e  assembled u s i n g  t h e  l o n g i t u d i n a l  wedge 

j o i n t s .  The s t u d  h o l e s  a r e  a r i l l e d  and reamed, and t h e  f i n g e r  j o i n t s ,  which 

match t h e  o u t e r  b l ade  j o i n t s ,  a r e  c u t .  The s tuds  t h a t  h o l d  t h e  a i l e r o n s  a r e  

bonded i n  p l a c e  w i t h  epoxy. The i n n e r  b lade,  cap, and a i l e r o n  s e c t i o n s  a r e  

g i v e n  a  t r i a l  f i t t i n g .  F i n a l  f i n i s h i n g  i s  done b e f o r e  shipment. 

10.5.5.5 T i p  Cap F a b r i c a t i o n  

Three processes were eva lua ted  f o r  use i n  t h e  f a b r i c a t i o n  of t h e  t i p  cap. 

These processes were molded g l a s s  f i b e r ,  ca rved  wood w i t h  g l a s s  f i b e r  s k i n  and 

formed aluminum shee ts .  The molded g l a s s  f i b e r  process was s e l e c t e d  as t h e  

base1 i n e  on t h e  b a s i s  o f  c o s t  es t ima tes  and d i scuss ions  w i t h  s u p p l i e r s .  A 

s u p p l i e r  was n o t  se lec ted ,  b u t  one would have been s e l e c t e d  on a  c o m p e t i t i v e  









bas i s .  The p l a n  was t o  f a b r i c a t e  t h e  t i p ,  f i t  t h e  caps on t h e  o u t e r  b l ade  a t  

t h e  b l a d e  manufac tu r ing  f a c i l i t y ,  d isassemble t h e  caps and o u t e r  b lade,  and 

s h i p  thern t o  t h e  s i t e  f o r  a  f i e l d  assembly. The t r i a l  f i t t i n g  would assure a  

p rope r  f i t t i n g  a t  t h e  f i e i d  assembly. 

10.5.5.6 F i n g e r  J o i n t  F a b r i c a t i o n  

The wooden b l ade  c o n t a i n s  f o u r  f i n g e r  j o i n t s  t h a t  w i l l  be j o i n e d  d u r i n g  t h e  

f i e l d  assembly. The process o f  fo rm ing  and j o i n i n g  t hese  f i n g e r s  was 

developed and demonstrated w i t h  t h e  f i n g e r  j o i n t  process development u n i t ,  

aesc r i bed  i n  s e c t i o n  10.5.5.1. Th i s  techno logy  would be used t o  f o r m  and j o i n  

t h e  b 1 ade s e c t  ions.  

A p o r t a b l e  t r a v e l i n g  column m i l l ,  as shown i n  F i g u r e  10-14, would be used a t  

t n e  b l ade  manufac tu r ing  p l a n t .  T h i s  s p e c i a l l y  b u i l t  machine would be  p r o v i d e d  

b y  t n e  GE1s Apparatus Se rv i ce  Shop i n  D e t r o i t .  The development o f  t h e  machine 

used t h e  exper ience  ga ined  i n  c u t t i n g  t h e  f i n g e r  j o i n t  p rocess  development 

u n i t .  Each j o i n t  would be f u l l y  inspected, and a t r i a l  f i t t i n g  made b e f o r e  

sh ipp ing ,  so t h a t  t h e  j o i n t  would f i t  p r o p e r l y  i n  t h e  f i e l d  assembly. 

10.5.5.7 Sur face  F i n i s h i n g  

The process f o r  f o rm ing  t h e  wood b l ade  sec t i ons ,  wet l a y e r i n g  i n  female molds, 

r e s u l t s  i n  a  smooth s u r f a c e  w i t h  c l o s e  t o l e rances .  The pane ls  a r e  j o i n e d  a t  

l o n g i t u d i n a l  j o i n t s  t o  f o r m  t h e  main b l ade  sec t i ons .  Tne j o i n t s  a re  sanded 

and covered w i t h  g l a s s  f i b e r  t o  keep m o i s t u r e  ou t .  The j o i n t s  a r e  sanded 

aya in ,  and p a i n t e d  accord ing  t o  t h e  a p p l i c a b l e  drawing be fo re  shipment. 

10.5 .b FACTORY AREA COMPONENT ASSEMBLY 

Th i s  s e c t i o n  desc r i bes  t h e  sequence o f  t h e  f a c t o r y  and component assembly o f  

t h e  MOD-5A w ind  t u r b i n e  genera to r ,  as shown i n  F i g u r e  10-15. 

To ensure t h a t  key  components o f  t h e  nace l  l e  w ill f it and ope ra te  p r o p e r l y  a t  

t h e  f i e l d  s i t e ,  a  t r i a l  assembly o f  t h e  impor tan t  p a r t s  must be made i n  t h e  

f a c t o r y  as shown i n  F i g u r e  10-16. 

F i r s t ,  a  s u i t a b l e  f o u n d a t i o n  w i l l  be prepared on t h e  f a c t o r y  f l o o r ,  t o  suppor t  

t h e  assembly. If t h e  f l o o r  i s  adequate, t hen  a yaw f o u n d a t i o n  assembly r i n g  

may be b o l t e d  d i r e c t l y  t o  t h e  f l o o r  w i t h  anchor b o l t s  and g r o u t i n g .  The yaw 
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d r i v e  subsystem i s  assembled t o  t h e  f ounda t i on  r i n g .  The subsystem i nc l udes  

bear ings ,  ac tua to r s ,  t h e  b rake  c a l i p e r  system, s l i p  r i n g ,  h y d r a u l i c  components 

and t h e  upper and lower  s t r u c t u r e .  The bedp la te  s t r u c t u r e  i s  f i t t e d  t o  t h e  

t o p  o f  t h e  yaw subsystem and b o l t e d  down, t hen  t h e  r o t o r  adapter  and s i d e  

suppo r t  s t r u c t u r e s  a r e  mounted. 

h i t h  t hese  s t r u c t u r e s  assembled, t h e  gearbox and genera to r  a r e  l i f t e d  and 

a t t ached  t o  t h e i r  mount ings u s i n g  t h e  f a c t o r y ' s  crane. The yoke and s p i n d l e  

s h a f t  a r e  f i t t e d  w i t h  two r o t o r  bear ings,  r e t a i n e r s ,  sea l s ,  t o r q u e  p l a t e ,  l ow 

speed b rake  d i s c ,  and t h e  f o rwa rd  low speed s h a f t  coup l i ng ,  which engages t h e  

t o r q u e  p l a t e  s p l  ines.  T h i s  assembly i s  p o s i t i o n e d  so t h a t  t h e  a f t  low speed 

s h d f t  coup1 i n g  engages t h e  gearbox s p l  ines,  and i s  c a r e f u l l y  s l  i d  i n t o  

p o s i t i o n .  The f i x e d  s p i n d l e  i s  b o l t e d  t o  t h e  f a c e  p l a t e  o f  t h e  r o t o r  adapter  

s t r u c t u r e .  

The t e e t e r  bea r i ngs  a r e  preassembled t o  t h e  t e e t e r  s h a f t ,  wh ich  i s  r a i s e d  t o  

s i m u l d t e  c o n d i t i o n s  o f  t h e  i n s t a l l a t i o n  i n  t h e  f i e l d  and t o  t r y  s p e c i a l  

s ca f f o l d i ng .  A f t e r  t h e  bea r i ngs  a r e  i n s t a l l e d  i n  t h e  yoke c r a d l e ,  t h e  caps 

a re  p o s i t i o n e d  and b o l t e d  t o  t h e  yoke. 

The h i g h  speed s h a f t  i s  b o l t e d  t o  t h e  gearbox o u t p u t  sha f t ,  and secured. The 

genera to r  s h a f t  i s  a l i gned ,  shimmed, and fastened t o  t h e  h i g h  speed s h a f t  

coup l i ng .  The genera to r  base i s  b o l t e d  t o  t h e  suppor t  s t r u c t u r e .  

The l u b e  module i s  i n s t a l l e d  t o  t h e  bedp la te ,  w i t h  t h e  e l e c t r i c a l  equipment 

c a b i n e t s .  The e l e c t r i c a l  and h y d r a u l i c  1  ines  a r e  connected. The assembly i s  

inspec ted  and t h e  r o t o r  adap te r  t o p  covers ,  f a i r i n g  and p l a t f o r m s  a r e  

i n s t a l l e d .  The component assembly i s  ready  f o r  q u a l i t y  assurance and 

eng inee r i ng  t e s t s .  

Disassembly f o r  shipment r e q u i r e s  removal o f  t h e  f a i r i n g ,  genera to r ,  h i g h  

speed sha f t ,  t o p  cover ,  yoke s p i n d l e  assembly, gearbox, r o t o r  adapter ,  s i d e  

suppor ts ,  t e e t e r  s h a f t  assembly, e l e c t r i c a l  and hyd rau l  i c  equipment, and t h e  

bedp la te  and yaw subsystem. F i g u r e  10-17 c o n t a i n s  a  d isassembly  f l o w  diagram. 
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10.5.6.1 Yaw Subsystem Assembly 

The purpose o f  t h e  yaw subsystem i s  t o  p o s i t i o n  t h e  w ind  t u r b i n e  i n  azimuth, 

so t h a t  t h e  r o t o r  f a c e s  i n t o  t h e  wind. The subsystem, shown i n  F i g u r e  10-18, 

i n c l u d e s  t h e  h o r i z o n t a l  t h r u s t  bea r i ng  and t h e  h y d r a u l i c  d r i v e  p o s i t i o n i n g  

system, a l l  housed i n  a  c y l i n d r i c a l  s t r u c t u r e .  The subsystem i s  assembled i n  

t h e  f a c t o r y  and t e s t e d  b e f o r e  shipment accord ing  t o  t h e  f o l l o w i n g  p l a n :  

The upper r o t a t i n g  s t r u c t u r e  i s  a t tached  t o  t h e  bedp la te  i n  t h e  f i e l d ,  and t h e  

lower ,  f i x e d  s t r u c t u r e  i n t e r f a c e s  w i t h  t h e  tower .  These two  components a r e  

a t t ached  t h rough  t h e  three-row,  r o l l e r  yaw bear ing .  The yaw d r i v e  ac tua to r s ,  

b rake  c a l i p e r s ,  h y d r a u l i c  package and yaw s l i p  r i n g  a r e  housed i n  t h e  

assembly. The assembly i s  137 i n .  h igh ,  and 187 i n .  i n  d iameter .  It weighs 

54,400 IDS., e x c l u s i v e  o f  t h e  s l  i p  r i n g  f i x t u r e s .  

The yaw f o u n d a t i o n  assembly r i n g ,  a  f a c t o r y  f i x t u r e  shown i n  F i g u r e s  10-19 and 

10-20, i s  used t o  suppo r t  t h e  yaw subsystem d u r i n g  assembly. The r i n g  i s  

i n s t a l l e d  on a  s u i t a b l e  f a c t o r y  f l o o r .  The lower  yaw s t r u c t u r e  i s  p l aced  on  

t h e  prepared f ounda t  i o n  and secured w i t h  b o l t s  and gusse t  p l a t e s .  The yaw 

b e a r i n g  i s  unpacked, degreased, p l aced  on t h e  lower  yaw s t r u c t u r e ,  and a l i g n e d  

w i t h  gu ide  p i n s .  The b e a r i n g  i s  ad jus ted  f o r  p a r a l l e l  ism and b o l t e d  a t  72 

p o i n t s  acco rd i ng  t o  t h e  t o r q u e  s p e c i f i c a t i o n s .  

The upper yaw s t r u c t u r e  i s  prepared f o r  mount ing and t h e  s l  i p  r i n g  mount ing 

beam f l a n g e  i s  a t tached .  The e n t i r e  assembly i s  r a i s e d  on a  s l i n g  and t h e  

s l i p  r i n g  assembly i s  connected t o  t h e  mount ing f lange .  The subassembly i s  

r a i s e d ,  t h e n  lowered o n t o  t h e  yaw bear ing.  Tapered gu ide  p i n s  a r e  used t o  

a l i g n  t h e  components. The assembly i s  b o l t e d  and t ens ioned  t o  t h e  p roper  

p re load .  P a r a l l e l i s m  and a l ignment  a r e  checked. 

The d r i v e  subsystem components: t h e  a c t u a t o r  suppo r t  b racke ts ,  b rake  

suppor ts ,  b rake  u n i t s ,  gu i de  assembly, t r a c k  suppor ts ,  t r a c k ,  and r o l l e r  

suppo r t  b racke t s ,  a r e  i n s t a l l e d ,  f o l l o w e d  by  t h e  h y d r a u l i c  subsystem. T h i s  

subsystem c o n s i s t s  o f  a  h y d r a u l i c  module, v a l v e  b l ocks ,  a  s w i t c h  module, a  
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f i l t e r ,  accumu la to r  t a n k s  and b r a c k e t s ,  h y d r a u l  i c  1  i nes ,  e l e c t r i c a l  

c o n n e c t i o n s ,  a  p o s i t i o n  i n d i c a t o r ,  a  weather  s h i e l d ,  an acce le romete r ,  an 

e l e c t r i c a l  c o n s t r u c t i o n ,  a  s l i p  r i n g  s h i e l a ,  and o t h e r  hardware.  The yaw 

b e a r i n g  breakaway t o r q u e  i s  checked. The h y d r a u l i c  s y s t e r  i s  f l u s h e d  and 

t i l l e d ,  and t h e  yaw d r i v e  subsystern i s  f u n c t i o n a l l y  t e s t e d .  The s l  i p  r i n g  i s  

checkea f o r  c o n t i n u i t y .  The f i n a l  i n s p e c t i o n  i s  pe r fo rmed ,  and t h e  e n t i r e  

subasser i~a ly  i s  p r e p d r e d  f o r  s h i p p i n g  on a  r a i l  c a r  o r  s e m i t r a i l e r .  

10.5.6.2 I i a c e l l e  Suosystem Assembly 

The n a c e l l e  c o n s i s t s  o f  t h e  b e d p l a t e ,  r o t o r  adap te r ,  s i d e  s u p p o r t s  t o p  c o v e r s ,  

gearDox, g e n e r a t o r ,  and moun t ing  s t r u c t u r e s .  The f a i r i n g ,  l u b e  module and 

o t h e r  m i s c e l l a n e o u s  components a r e  i n c l u d e d  i n  t h e  n a c e l l e  w e i g h t ,  f o r  a  t o t a l  

o f  a p p r o x i m a t e l y  145 t o n s .  

The ;;10D-5k n a c e l l e  b e d p l a t e  s t r u c t u r e  s u p p o r t s  t h e  r o t o r  assembly t h r o u g h  t h e  

gearoox s t r u c t u r e ,  g e n e r a t o r  s t r u c t u r e ,  e l e c t r i c a l  c o n t r o l  c a b i n e t ,  l u b e  

s e r v i c e  module and f a i r i n g .  The b e d p l  a t e  s t r u c t u r e  i n t e r f a c e s  w i t h  t h e  upper  

yaw s t r u c t u r e .  S e c t i o n s  o f  t h e  i n t e g r a t e d  b e d p l a t e  and r o t o r  s u p p o r t  

s t r u c t u r e  a r e  shown i n  F i g u r e  19-21. 

Tne assembly i s  a e s c r i b e d  b r i e f l y  i n  t n e  f o l l o w i r i g  pa rag raphs .  The n a c e l l e  

coniponents a r e  accumula ted i n  one area,  r e a d y  f o r  i n s t a l l a t i o n .  The b e d p l a t e  

i s  l i f t e d ,  p o s i t i o n e d  and b o l t e d  t o  t h e  upper  yaw assembly. The r o t o r  a d a p t e r  

and g e n e r a t o r  s u p p o r t  s t r u c t u r e s  a r e  l i f t e d  and a t t a c h e d  i n  p l a c e  on t h e  

b e d p l  a t e .  

The b a s i c  s t r u c t u r e  i s  comp le ted  b y  b o l t i n g  t h e  r o t o r  a d a p t e r  and t h e  two s i a e  

s u p p o r t s  i n  p l a c e  on  t h e  b e d p l a t e ,  u s i n g  t o r q u e  c o n t r o l l e d  wrenches. The l u b e  

s e r v i c e  module i s  mounted i n  p l a c e  on t h e  b e d p l a t e .  The f l o o r i n g  ana t h r e e  

t r a p  doors  a r e  i n s t a l  l e u .  

The heavy mechan ica l  components, gearbox and g e n e r a t o r  a r e  lov iered i n t o  

p o s i t i o n  on t h e i r  r e s p e c t i v e  s u p p o r t  s t r u c t u r e s  and secured.  F i n a l l y ,  t h e  t o p  

c o v e r  a r e a  1s cornpletea b y  a t t a c h i n g  t h e  t o p  c o v e r  f o r w a r d  s t r u c t u r e ,  t h e  a f t  

s t r u c t u r e ,  and t o p  c o v e r  c r o s s - s e c t i o n  t o  t h e  r o t o r  a d a p t e r  s i d e  s u p p o r t s .  





10.5.0.3 Yoke and S p i n d l e  A s s e m j l y  

Tne y o k e  and s p i n d l e  assembly  s u p p o r t s  t h e  b l a d e  and t h e  s p i n d l e  s h a f t  i s  

b o l t e d  t o  t h e  r o t o r  a d a p t e r  s t r ~ c t u r e .  The a s s e m ~ l y  c o n s i s t s  o f  seven m a j o r  

components; t h e  yoke ,  i o r v i a r a  and a f t  r o t o r  b e a r i n g s ,  s p i n d l e  s h a f t ,  f o r w a r d  

b e a r i n g  r e t a i n e r ,  t o r q a e  p l a t e  and l ow  speed b r a k e  d i s c .  S e c t i o n s  o f  t h e  y o k e  

and s p i n d l e  dssembly a r e  snonn i n  F i g u r e  10-22. 

Tne yoice dna s p i n d l e  components a r e  c o l l e c t e d  i n  one area,  r e a d y  f o r  

i n s t a l l a t i o n .  The y o k e  s t r u c t u r e  i s  p o s i t i o n e d  and secu red  on  s u p p o r t s .  The 

t o r q u e  p l a t e  i s  o r i e n t e d ,  c lamped and matched d r i l l e d  on  t h e  y o k e  c e n t e r  hub 

f l a n g e .  A f t e r  d r i l l i n g ,  t h e  t o r q u e  p l a t e  i s  removed and t e m p o r a r i l y  s e t  

a s i a e .  The o u t e r  r a c e s  a r e  removed f r o m  t n e  f o r v i a r a  and a f t  r o t o r  b e a r i n g s  

l e a v i n g  t h e  r o l l e r  and cage w i t h  t h e  i n n e r  r a c e s .  The o u t e r  r a c e s  a r e  f i t t e d  

i n t o  i h e  y o k e  b o r e .  A f t e r  t h e  s e a l  r e t a i n e r  r i n g  i s  i n s t a l l e d  i n t o  t h e  y o k e  

t ious ing ,  t n e  i n n e r  r a c e  and r o l l e r  s e t  a r e  i n s t a l l e d  o n t o  t h e  s p i n d l e  s h a f t .  

The y o k e  assembly i s  1o;:ered o v e r  t h e  s p i n d l e  s h a f t  u n t i l  t h e  i n b o a r d  r o l l e r s  

a r e  i n  c o n t a c t  : ~ i t h  t n e  o u t e r  r a c e .  k i c n  t n e  s;,inale s n a f t  t e m p o r a r i l y  

c e n t e r e d  i n s i d e  t h e  j o k e ,  t h e  i n n e r  r a c e  and r o l l e r  a r e  p l a c e d  i n t o  t h e  y o % ?  

and s p i n d l e  a s s e n ~ l y  u n t i l  t h e  r o l l e r s  a r e  i n  c o n t a c t  x i t h  t h e  o u t e r  r a c e .  

Ti le f o r w a r d  o e a r i n g  r e t a i n e r  p l a t e  i s  i n s t a l l e d  on  t n e  s p i n d l e  s h a f t  f o r w a r d  

f l a n g e ,  and t h e  y o k e  assembly  i s  r o t a t e d  abou t  t h e  b e a r i n g  a x i s  and checked 

f o r  smooth r u n n i n g .  T t ~ e  s p l i n e a  t o r q u e  ? l a t e  i s  a l i g n e d  and b o l t e d  t o  t h e  

y o k e  c e n t e r  n u b  f l a n g e ,  and t h e  y o k e  and s p i n d l e  asSeEIbly a r e  t u r n e d  130" so 

t n a t  t h e  s p i n d l e  s h a f t  a f t  f l a n g e  i s  up  ana t h e  a s s m o l y  r e s t s  on  t h e  t o r q u e  

p l a t e .  Tne s e a t  r e t a i n e r  ~ v i t h  t h e  " 0 "  r i n g  i s  i n s t a l l e d  i n  t h e  L ,ea r ing  

n o u s i n g ,  t t i e  l o w  speed b r a k e  d i s c  i s  i n s t a l  l e a  on t n e  yol te t ious ing .  The 

f o r w a r a  and a f t  s e a t s  and r e t a i n e r s  a r e  i n s t a l l e d ,  t h e  b e a r i n g s  a r e  g reased  

and t h e  comp le ted  u n i t  i s  r e a d y  t o  be  l i f t e d  and b o l t e d  t o  t h e  n a c e l l e .  

10.5.6.4 E l e c t r i c a l  and E l e c t r o n i c  Components 

Tne c o n t r o l s  and e l e c t r o n i c s  c a b i n e t  c o n t a i n  a  c o n t r o l l e r  assembly,  emergency 

shutuown p a n e l  s i g n a l  c o n d i t i o n e r ,  \v ind  t r a n s l a t o r ,  s w i t c h  t e s t  e l e c t r o n i c s  

and an i c e  d e t e c t o r .  The c a b i n e t  i s  l o c a t e d  i1.1 t i l e  n a c e l l e  a l o n g  w i t h  a  h e a t  

excnanger  and a i r  d u c t  u n i t ,  as shown i n  F i g u r e  10-16. 





A f t e r  t h e  c o n t r o l s  e l e c t r o n i c s  c a b i n e t  i s  b o l t e d  t o  t h e  bedp la te ,  t h e  hea t  

exchanger u n i t  i s  a t t ached  t o  t h e  cab ine t .  The a i r  d u c t  u n i t  and enc losure,  

which v e n t i l a t e s  t h e  e l e c t r o n i c s  c a b i n e t ,  i s  connected t o  t h e  h e a t  exchanger 

and t h e  n a c e l l e  f a i r i n g  w a l l .  

The h i g h  v o l t a g e  cage c o n t a i n s  a  ground t r ans fo rmer ,  ground r e s i s t o r ,  c u r r e n t  

t r ans fo rmers ,  p o t e n t i a l  t r ans fo rmers ,  and assoc ia ted  bus b a r s  mounted i n  a  

p r o t e c t i v e  enc losure .  The h i g h  v o l t a g e  cage i s  1  i f t e d  and b o l t e d  o n t o  t h e  

n a c e l l e  bedp la te  s t r u c t u r e .  Power cab les  a r e  connected f r om t h e  genera to r  t o  

t h e  h i g h  v o l t a g e  cage i n p u t  j u n c t i o n  e l e c t r i c a l  i n t e r f a c e  and between t h e  h i g h  

v o l t a g e  e l e c t r i c a l  o u t p u t  j u n c t i o n s  and yaw s l i p  r i n g s .  

The v i d e o  u n i t ,  in tercom, m u l t i p l e x e r  and sensors a r e  a l s o  l o c a t e d  i n  t h e  

nace l l e .  The v i d e o  u n i t  assembly i s  mounted on t h e  n a c e l l e  f a i r i n g  i n s i d e  

w a l l  b racke t .  A s i m i l a r  i n s t a l l a t i o n  i n v o l v e s  an in te rcom u n i t ,  a l s o  mounted 

on t h e  n a c e l l e  f a i r i n g  i n s i d e  w a l l .  The n a c e l l e  m u l t i p l e x e r  c a b i n e t  i s  

assembled and inspected,  t h e n  l i f t e d  and b o l t e d  t o  t h e  n a c e l l e  bedp la te  

s t r u c t u r e .  Va r i ous  sensors  a r e  mounted th roughou t  t h e  n a c e l l e ,  r o t o r ,  yaw 

s t r u c t u r e s  and d r i v e  components. A f t e r  a l l  t h e  e l e c t r i c a l  and e l e c t r o n i c  

components a r e  i n s t a l l e d ,  t h e y  a r e  w i r e d  t o  t h e  j u n c t i o n  boxes and pane ls  and 

inspected.  

10.5.6.5 Other  Hardware F a c t o r y  Assembly 

T h i s  ca tego ry  i nc l udes :  connec t ing  t h e  d r i v e t r a i n ,  a t t a c h i n g  t h e  yoke 

h y d r a u l i c s ,  f i t t i n g  t h e  yoke  t e e t e r  r e s t r i c t i o n  assembl ies,  i n s t a l l i n g  t h e  

yoke  and s p i n d l e  s h a f t  assembly, mount ing t h e  low speed b rake  assembly, 

i n s p e c t i n g  t h e  f i t  o f  t h e  e las to rner i c  t e e t e r  s h a f t  bea r i ngs  and t h e  

i n s t a l l a t i o n  o f  t h e  f a i r i n g  and s e r v i c e  p l a t f o r m s  a t tached  t o  t h e  bedp la te  

s t r u c t u r e .  

The l ow  speed s h a f t  and coup l i ngs  a r e  engaged t o  t h e  t o r q u e  p l a t e  and gearbox 

s p l i n e s  t o  connect  t h e  d r i v e t r a i n .  The h i g h  speed s h a f t  coup l i ngs  connect  t h e  

gearbox t o  t h e  genera to r .  

The t e e t e r  s h a f t  bea r i ngs  a r e  b u i l t  up f r om  two e l a s t o m e r i c  b e a r i n g  

assembl ies.  A r a d i a l  bear ing ,  s l eeve  and t h r u s t  b e a r i n g  a r e  i n s e r t e d  i n t o  a  

hub. A bea r i ng  assembly i s  p l aced  on each end o f  t h e  t e e t e r  s h a f t .  



The sequence f o r  i n s t a l l  i n g  each o f  t h e  a u x i l i a r y  components f o l l o w s :  a f t e r  

accumulat ing t h e  low speed s h a f t  components, t h e  f o rwa rd  and a f t  s p l i n e d  

coup l i ngs  a r e  f i t t e d  t o  t h e  l ow  speed s h a f t .  The low speed s h a f t  assembly i s  

f i t t e d  t o  t h e  yoke  and s p i n d l e  t o r q u e  p l a t e  s p l  ines and secured. Temporary 

spacer ad jus taD le  suppor t  f i x t u r e s  a r e  a t t ached  between t h e  s p i n d l e  and low 

speed s h a f t .  Du r i ng  a  d i a l  i n d i c a t i n g  ope ra t i on ,  t h e  f i x t u r e s  a r e  ad jus ted  t o  

m a i n t a i n  a  c o r r e c t  t o l e r a n c e  between t h e  s p i n d l e  and low speed s h a f t  a f t  

coup l  ing.  

A f t e r  t h e  subassembly i s  complete, t h e  h y d r a u l i c  package, i s  i n s t a l l e d  on t h e  

yoke  and s p i n d l e  assembly. Four t e e t e r  r e s t r i c t o r  subassemblies a r e  completed 

and mounted on t h e  yoke. The yoke and s p i n d l e  assembly, w i t h  t h e  low speed 

s h a f t  c o u p l i n g  s e c u r e l y  engaging t h e  t o rque  s l o t  s p l i n e s ,  i s  l i f t e d  and t h e  

a f t  coup l  i n g  s p l i n e s  a r e  s t a r t e d  i n t o  t h e  gearbox s p l  ines. The gearbox 

s p l i n e s  a r e  r o t a t e d  t o  t h e  p roper  al ignlnent.  The low speed s h a f t  suppo r t  

f i x t u r e s  a r e  removed a f t e r  t h e  s p i n d l e  and r o t o r  adapter  at tachment s tuds  a re  

i n s t a l l e d .  

The low speed b rake  frame assembl ies a r e  mounted t o  t h e  r o t o r  adapter  

s t r u c t u r e  f a c e  p l a t e  and t h e  s t a t i o n a r y  brakes a r e  a l i g n e d  on t h e  r o t a t i n g  

yoke  c e n t e r  hub b rake  d i s c .  The h i g h  speed s h a f t  c o u p l i n g  i s  connected t o  t h e  

gearbox s t u b  s h a f t  coup l ing .  The genera to r  base p l a t e  i s  shimmed t o  a l i g n  t h e  

h i g h  speed s h a f t  and genera to r  s h a f t  coup l ings .  

The f a i r i n g  component base channels  a r e  clamped t o  t h e  bedp la te  s t r u c t u r e ,  

s i d e  suppor ts  and t o p  cover  a f t  s t r u c t u r e ,  and matched d r i l l e d .  A f t e r  t h e  

f a i r i n g  base channels  a r e  b o l t e d  t o  t h e  bedpla te ,  s i d e  suppor ts  and t o p  cover  

a f t  s t r u c t u r e s ,  t h e  rema in ing  f a i r i n g  pane ls  and suppor ts  a r e  assembled. 

L a t e r  t h e  f a S r i n g  s t r u c t u r e  pane ls  a r e  m o d i f i e d  t o  accept  t h e  exhaust  

ductwork.  Se rv i ce  p l a t f o r m s  and s a f e t y  t r a i l s  a r e  b o l t e d  t o  t h e  beap la te  

s t r u c t u r e  s i des  and f r o n t .  

Tee te r  b e a r i n g  assembl ies a r e  mounted on each end o f  t h e  t e e t e r  s h a f t s  and 

secured w i t h  a  r i n g - f e e d e r  clamp. The t e e t e r  s h a f t  assembly i s  r a i s e d  and 

p o s i t i o n e d  and t h e  yoke b e a r i n g  caps a r e  mounted t o  secure t h e  t e e t e r  sha f t  

a s s e m ~ l y  t o  t h e  yoke. The d r i v e t r a i n  i s  t e s t e d  b y  mo to r i ng  t h e  genera to r .  



10.6 SHIPPING PLAN 

The MOD-5A w ind  t u r b i n e  genera to r  subsystems, components, f i x t u r e s ,  and t o o l s ,  

w i l l  be sh ipped f r o m  GE o r  t h e  subcon t rac to r  t o  a  s i t e  near  Kahuku, Oahu, H I .  

T h i s  s i t e  was i d e n t i f i e d  f o r  t h e  f i r s t  MOD-5A i n s t a l l a t i o n .  The f o l l o w i n g  

p l a n  i s  s p e c i f i c a l l y  f o r  t h e  Kahuku s i t e ,  r a t h e r  t han  t h e  gene r i c  s i t e  i n  

C 1  eve1 and, OH. 

Most o f  t h e  subsystems and components w i l l  be sh ipped t o  an assembly a rea  near  

K i n g  o f  P russ i a ,  PA. There, subsystems and components w i l l  be f i t t e d ,  

assembled and t e s t e d .  The assembl ies w i l l  be d i v i d e d  i n t o  modules, which w i l l  

be sh ipped t o  a  s t a g i n g  a rea  on t h e  west coas t ,  i n  Po r t l and ,  OR o r  Oakland, 

CA. The modules w i l l  be loaded on ocean barges and sh ipped t o  Honolu lu ,  H I .  

Subsystelrls and components t h a t  a r e  n o t  a v a i l a b l e  o r  a r e  n o t  r e q u i r e d  f o r  

f i t t i n g ,  assembly, and t e s t i n g  i n  t h e  f a c t o r y  w i l l  be sh ipped t o  Hono lu lu ,  H I  

o r  t o  t h e  s t a g i n g  a rea  on t h e  west coas t .  A l l  shipments w i l l  be r e c e i v e d  a t  

Hono lu lu ,  and w i l l  be s t o r e d  i n  r e n t e d  space on t h e  docks o r  t r a n s p o r t e d  

immediate ly  t o  t h e  s i t e .  

The shipment o f  subsystems and components f r om  GE, o r  f r o m  a  subcon t rac to r ,  t o  

t h e  assembly p l a n t  i n  K i n g  o f  P r u s s i a  i s  t h e  s u p p l i e r ' s  r e s p o n s i b i l i t y .  If 

t h e  subsystems o r  components a r e  n o t  r e q u i r e d  f o r  f a c t o r y  f i t t i n g ,  assembly, 

and t e s t ,  t h e  s u p p l i e r  w i l l  s h i p  t h e  equipment t o  t h e  s t a g i n g  a rea  on t h e  west  

c o a s t  o r  t o  t h e  wind t u r b i n e  genera to r  s i t e .  Be fo re  shipment, t h e  s u p p l i e r ' s  

t r a n s p o r t a t i o n  p l a n  must be  submi t ted  t o  t h e  GE-AEPD T r a f f i c  o p e r a t i o n  f o r  

approva l .  Each p l a n  w i l l  be cons idered  and t h e  s h i p p i n g  method p r o v i d i n g  t h e  

b e s t  comb ina t ion  of c o s t ,  schedule,  and s a f e t y  w i l l  be se l ec ted .  

Three s h j p p i n g  modes t a k e  i n t o  account t h e  l o c a t i o n  o f  t h e  suppl  i e r  and t h e  

assembly l o c a t i o n ,  t h e  s i z e  and we igh t  o f  t h e  m a t e r i a l ,  t h e  t r a n s i t  t i m e  and 

t h e  s h i p p i n g  c o s t .  The modes a r e  t r u c k ,  r a i l ,  and ocean as f o l l o w s :  



Truck f o r  sh j pp i ng  between t h e :  
S u p p l i e r  and t h e  assembly p l a n t  
S u p p l i e r  and t h e  dock 
Assembly p l a n t  and t h e  r a i l r o a d  
Assembly p l a n t  and t h e  dock 
Dock and t h e  wind t u r b i n e  genera to r  s i t e  

R a i l  f o r  s h i p p i n g  between t h e :  
S u p p l i e r  and t h e  assembly p l a n t  
Suppl i e r  and t h e  dock 
Assembly p l a n t  and t h e  dock 

The c h a r a c t e r i s t i c s  o f  a  s tandard l o a d  f o r  each s h i p p i n g  mode a r e  1  i s t e d  below: 

Truck 
8 ft. wide, 13.5 f t .  h i gh ,  i n c l u d i n g  t r a i l e r  h e i g h t  
Standard f l a t  bed t r a i l e r  h e i g h t :  4  ft., 6  i n .  
Low boy t r a i l e r  h e i g h t :  1.5 ft, t o  3 f t .  
Net we5ght: 42,000 t o  45,000 I b s .  
Gross v e h i c l e  we igh t :  74,000 t o  77,000 l b s .  
T r a i l e r  l eng th :  40 f t .  t o  45 f t .  
Low boy t r a i l e r  w e l l :  22 f t. t o  28 ft. l o n g  

Raa'l 
12.5 f t .  w ide  a t  7  ft. above t h e  r a i l  (ATR) 
18 ft., 2 i n .  h i gh ,  i n c l u d i n g  t h e  r a i l  c a r  
40 ft. t o  89 f t .  l ong  s tandard cushioned f l a t  c a r  
200,000 Ibs. n e t  we igh t  
Standard r a i l  sh ipments genera l  l y  accommodate much 1  a rger  p i eces  
of  equipment than  t r u c k s  can accommodate 

Ocean 
A!: MOD-5 equipment can be t r a n s p o r t e d  v i a  s tandard ocean vesse ls  

The requ i rements  f o r  non-s tandard l oads  are:  

Truck l oads  r e q u i r i n g  pe rm i t s  and s p e c i a l  r o u t i n g :  
Width :  12 f t .  
He igh t :  13.5 f t .  t o  14 f t ,  2  in., i n c l u d i n g  t h e  t r a i l e r  
Length:  I 0 0  ft. 
Net we igh t :  70,000 t o  80,000 l b s .  

The c o s t  f o r  such a  l o a d  i s  50% t o  70% above t h e  c o s t  o f  a  s t anda rd  
load . 
Truck loads  r e q u i r i n g  esco r t s ,  p e r m i t s  and s p e c i a l  r o u t i n g :  

Width: 14 t o  18 ft. 
H e i g h t :  14 t o  16 ft., i n c l u d i n g  t h e  t r a i l e r  
Length:  over  100 ft., i n c l u d i n g  t h e  t r a c t o r  and t r a i l e r  
Weight: 200,000 1  bs. gross,  r e q u i r e s  e x t r a  wheels 



The c o s t  f o r  such a  l o a d  i s  200% t o  300% above t h e  c o s t  o f  a  s tandard  
1  oad . 
R a i l  l oads  r e q u i r i n g  s p e c i a l  r o u t i n g :  

Width:  12 t o  13 f t .  
H e i g h t :  18 f t ,  2 i n .  t o  19 f t .  above t h e  r a i l  
Length:  100 t o  125 f t .  

The c o s t s  f o r  such a  l o a d  a r e  25% t o  50% above t h e  s tandard  c o s t s  and 
t h e  t r a n s i t  t i m e  i s  approx imate ly  doubled. 

R a i l  loads r e q u i r i n g  s p e c i a l  t r a i n s  and r o u t i n g :  
Width:  13 t o  14 f t .  
Length:  19 t o  20 f t .  above t h e  r a i l  

The c o s t s  f o r  such a  l o a d  a r e  300% t o  500% above t h e  s tandard  cos t s .  

The approximate c o s t s  i n  1983 do1 l a r s  f o r  s tandard  shipments a r e  1 i s t e d  below: 
Truck:  14d p e r  t on ,  pe r  m i l e  
R a i l :  13 t  p e r  ton ,  pe r  m i l e ,  p l u s  t h e  l o a d i n g  s i t e  c o s t  
Ocean: 7d p e r  pound, between t h e  west  c o a s t  and Hawai i  

The component suppl  i e r ,  o r  a  f i x t u r e  vendor, p rov i des  f i x t u r e s  f o r  a l l  

s n i p p i n g  and hand l i ng .  B lade f i x t u r e s  a r e  used b o t h  f o r  h a n d l i n g  t h e  b l ade  i n  

t r a n s i t  and f o r  use a t  t h e  s i t e .  Yoke, gearbox, bedp la te  and genera to r  

f i x t u r e s  a r e  used f o r  s h i p p i n g  between t h e  assembly p l a n t  and t h e  s i t e .  

Tab le  10-7 l i s t s  t h e  s i z e s  and we igh ts  o f  t h e  major  components o f  t h e  wind 

t u r b i n e  genera to r .  The t a b l e  i n d i c a t e s  t h e  o r i g i n ,  d e s t i n a t i o n  and s h i p p i n g  

mode f o r  each subsystem o r  component. 



Table 10-7. Subsystem Sizes and Weights 

SUBSYSTEM 

YAW 

S I Z E  WEIGHT (LRS) FIXTURE WEIGHT 
-ST------ 

12'  h igh,  

16' across 

CIJSTOM (C) 
STANDARD (S) 

5 4,400 5,400 (S)  

BEDPLATE 44 '  x 14'  x 8 '  94,000 13,000 (C) 

ROTOR ADAPTER 

FRONT SUPPORT 

SIDE SUPPORT ( 2 )  

TOP COVERS ( 3 )  

14'  x 14'  x 4 ' 9 "  56,800 5,000 (S) 

16'6" x 14' x 9 '  20,470 each 3,250 (S) 

19 '7"  x 14' x 7 ' 7 "  18,870 1,000 (S )  

GEARBOX : 17 '  x 10'  x 12' 140,000 13,700 ( c )  

G ENEKATOR 14' x 8 ' 4 "  x 7 ' 4 "  46,000 4,600 (C) 

HIGH SPEED SHAFT & COUPLINGS 4 '  x 3 ' 4 "  diameter 3,000 300 (S) 

ROTOR SLIP R I N G  ASSEMBLY 5 '  x 1 '  x 2' 500 50 6 )  

HIGH VOLTAGE CAGE 3 '  x 9 '  x 2 '  2,000 200 (S) 

NOTES 

SEE END 
OF TABLE 

MODE - 

TRUCK - 3 AXLE 

- LOW BOY 

RAIL - GONDOLA 

RAIL - GONDOLA 

RAIL - GONDOLA 

RAIL - GONDOLA 

RAIL - WELLCAR 

TRUCK-AIR-RIDE 

-LOW BOY 

TRUCK-STAND. 

-AIR-RIDE 
'I I' 









SUBSYSTEM 

AUX. XFMR 

HARMON1 C F  I LTER 

POWER CABLING 

ELEVATOR STRUCTURE 

ELEVATOR 

Table 10-7. Subsystem Sizes and Weights 

S I Z E  - WEIGHT (LBS) FIXTURE WEIGHT NOTES - MODE 

8 '  x 7 '  x 6 '  5,000 500 ( S )  2, 4  TRUCK-STAND. 

6 '  x 5 '  x 9 '  6,000 600 ( S )  2, 4  I' I' 

63001, 350 MCM 10,000 500 (S)  1  ' I  I I 

3 0 '  x 5 '  x 5 '  12,000 1,000 (S)  2 ,  4  'I I' 

8 '  x 4 '  x 4 '  2,000 100 (S)  1  I I  I I 

The notes r e f e r  t o  t h e  f o l l o w i n g  sh ipp ing  p lans :  

1. Ship from t h e  s u p p l i e r  t o  t h e  s tag ing  area on t h e  west coast  o r  

Honolulu, HA. 

2. Ship f rom t h e  supp l i e r  t o  t h e  assembly p l a n t  i n  K ing  o f  Pruss ia,  PA, 

f o r  f i t t i n g ,  assembly, and t e s t i n g .  

3 .  Ship f rom t h e  supp l i e r  t o  Bay C i t y ,  M I  f o r  t h e  b lade assembly. 

4. Ship f rom t h e  assembly p l a n t  i n  K ing  o f  Prussia, P A  t o  t h e  s tag ing  

area on t h e  west coast  o r  Honolulu, HA. 

5. Ship f rom Bay City, M I  t o  t h e  wind t u r b i n e  generator  s i t e  i n  Hawaii. 



10.7 WIND TURBINE GENERATOR ASSEMBLY AT 'SITE 

T h i s  s e c t i o n  desc r i bes  t h e  assembly ope ra t i ons ,  which a r e  d iscussed f u r t h e r  i n  

s e c t i o n  11, S i t e  and E r e c t i o n .  

F o l l o w i n g  t h e  e r e c t i o n  o f  t h e  tower,  t h e  yaw subsystem i s  f u n c t i o n a l l y  

checked, r a i s e d ,  and welded t o  t h e  tower .  The bedp la te  subassembly i s  p l aced  

on c r i b b i n g  i n  t h e  c o r r e c t  p o s i t i o n  f o r  h o i s t i n g  and i n s t a l l a t i o n  on t h e  yaw 

subsystem and t h e  n a c e l l e  assembly i s  completed. When t h e  assembly i s  

complete, t h e  bedp la te  i s  l i f t e d  and b o l t e d  t o  t h e  yaw subsystem. The 

f o l l o w i n g  subsystems a r e  l i f t e d  and i n s t a l l e d ;  gearbox, yoke and s p i n d l e  s h a f t  

assembly w i t h  t h e  low speed s h a f t  engaged, t h e  r o t o r  adapter  t o p  covers ,  h i g h  

speed s h a f t ,  e l e c t r i c a l  cab ine t s ,  d u c t  work, f a i r i n g ,  maintenance c rane  and 

p l a t f o r m s .  The b l ade  w i l l  have a r r i v e d  a t  t h e  s i t e ,  a l ong  w i t h  t h e  t r a i l i n g  

edges, b o l s t e r s ,  t e e t e r  haraware, a i l e r o n s ,  f i x t u r e s  and supp l i es .  A f t e r  t h e  

n a c e l l e  i s  e rec ted ,  t h e  r o t o r  w i l l  be assembled on a  long,  f l a t ,  prepared a rea  

near  t h e  tower .  A f t e r  proof  t e s t i n g ,  t h e  r o t o r  i s  e r e c t e d  and i n s t a l l e d  t o  

t h e  yoke  t o  complete  t h e  assembly ope ra t i on .  

10.7.1 TOWER ERECTION 

Tower components a re  f a b r i c a t e d  i n  s e c t i o n s  and sh ipped t o  t h e  s i t e  as 

desc r i bed  i n  s e c t i o n  10.5.4. A t  t h e  s i t e ,  subassemblies a re  f i t t e d  and welded 

i n t o  f u l l  c i r c u l a r  s e c t i o n s  on t h e  ground. The base r i n g  i s  f i t t e d ,  welded, 

p o s i t i o n e d  and b o l t e d  t o  t h e  f ounda t i on .  The l o n g  t r a n s i t i o n  s e c t i o n s  a r e  

f i t t e d  t o  t h e  base r i n g  and t o  each o t h e r ,  welded t o g e t h e r  and inspected.  A 

knuck le  s e c t i o n  i s  f i t t e d  and welded t o  t h e  t o p  o f  t h e  t r a n s i t i o n  s e c t i o n ,  and 

t h e n  i t  i s  inspected.  The l o n g  c y l  i n d r i c a l  s e c t i o n s  o f  t h e  tower  a r e  f i t t e d ,  

welded and inspec ted  on t h e  ground, t h e n  h o i s t e d  and welded t o  t h e  t r a n s i t i o n  

s e c t i o n .  T h i s  o p e r a t i o n  i s  repea ted  u n t i l  a l l  s e c t i o n s  a r e  e rec ted .  

The e l e v a t o r  s t r u c t u r e  w i l l  be e r e c t e d  w i t h  t h e  tower .  P l a t f o r m s  w i l l  be  

i n s t a l l e d  a t  t h e  r e q u i r e d  l o c a t i o n s .  The e l e v a t o r  s t r u c t u r e  and p l a t f o r m s  

w i l l  s uppo r t  t h e  work p l a t f o r m s  r e q u i r e d  f o r  tower  and e l e v a t o r  s t r u c t u r e  

e r e c t i o n .  A f t e r  t h e  tower  and e l e v a t o r  s t r u c t u r e  a r e  e rec ted ,  t h e  e l e v a t o r  

w i l l  be  i n s t a l l e d  b y  t h e  e l e v a t o r  subcon t rac to r .  



10.7.2 BLADE ASSEMBLY AND ERECTION AT SITE 

The lamina ted  wood b l a d e  a r r i v e s  a t  t h e  s i t e  i n  f i v e  sec t i ons ,  a l ong  w i t h  t h e  

t r a i l  i n g  edges, b o l s t e r s ,  t e e t e r  s h a f t ,  bedr ings  and a i l e r o n s .  Besides t h e  

components o f  t h e  b l a d e  assembly, t h e r e  i s  an a r r a y  o f  f i x t u r e s ,  bunks, 

c r i b b i n g ,  t r a c k ,  epoxy m a t e r i a l s ,  suppl  ies ,  1  i f t  i n g  apparatus and a  r a i l -  

mounted, p o r t a b l e  b u i l d i n g  r e q u i r e d  t o  j o i n  t h e  b lade.  The s tages o f  b l a d e  

assembly a r e  shown i n  F i gu res  10-23 th rough  10-27. 

The sequence o f  ope ra t i ons  f o r  t h e  f i e l d  s i t e  b l ade  assembly i s  as f o l l o w s :  

The s  i t e  i s  1  eve led  and prepared w i t h  b l  aae-1 eve1 i n g  equipment, i n c l u d i n g  

bunks, f i x t u r e s ,  c r  i bb  i n g  m a t e r i a l  , p o r t a b l e  b u i l d i n g ,  and suppl  i e s .  

The c e n t e r  Dlade i s  secured by  two r o t a t i n g  r i n g  dev ices,  t h e n  leve led ,  u s i n g  

o p t i c a l  equipment, and f as tened  t o  bunk suppor ts .  The b o l s t e r s  a r e  a p p l i e d  on 

b o t h  s ides ,  r o t a t i n g  t h e  cen te r  b l ade  as r equ i r ed ,  t o  bond t h e  epoxy j o i n t s  i n  

t h e  c o n t r o l l e d  environment i n  t h e  ra i l -mounted  p o r t a b l e  b u i l d i n g .  The t e e t e r  

sha f t ,  and t e e t e r  b e a r i n g  caps a r e  assembled a t  t h e  same s t a t i o n ,  r o t a t i n g  t h e  

b l ade  t o  ensure p roper  d i s t r i b u t i o n  o f  t h e  epoxy i n  these j o i n t s .  The c e n t e r  

b l ade  i s  t hen  r o t a t e d  90°, so t h a t  t h e  t e e t e r  sha f t  i s  h o r i z o n t a l ,  i n  

p r e p a r a t i o n  f o r  t h e  f i n g e r  j o i n t  assembly o f  each inboard  b l ade  s e c t i o n .  

The p o r t a b l e  b u i l d i n g  i s  r e l o c a t e d  over  one o f  t h e  inboard  b l ade  f i n g e r  

j o i n t s .  The inboard  b l a d e  i s  l i f t e d  o n t o  bunks, l eve led ,  and a l i g n e d  

o p t i c a l l y  w i t h  t h e  c e n t e r  b lade .  The f i n g e r  j o i n t  p r o t e c t i v e  covers  a r e  

removed and a  t r i a l  d r y  f i t  i s  made. O p t i c a l  r e a l  ignment proceeds u n t i l  t h e  

f i t  i s  s a t i s f a c t o r y .  The epoxy i s  then  a p p l i e d  acco rd i ng  t o  process 

s p e c i f i c a t i o n s ,  and t h e  j o i n t s  squeezed and wrapped. The i n n e r  spar  shear  

p l a t e  r e i n fo r cemen ts  a r e  added. The 1  i g h t n i n g  p r o t e c t  i on  c i r c u i t ,  e l e c t r i c a l  

and hydrau 1 i c  1  ines , requ  i r e d  b a l l  a s t  ing,  and hardware a re  then  appl  ied.  The 

p o r t a b l e  b u i l d i n g  i s  r e l o c a t e d  t o  t h e  n e x t  inboard j o i n t  sec t i on ,  and t h e  same 

ope ra t i ons  repea ted  on t h i s  and t h e  ou tboard  blades, u n t i l  t h e  main b l a d e  

s t r u c t u r e  i s  comp le te l y  assembled. 

The b l ade  assembly i s  f i n i s h e d  b y  adding t h e  t r a i l i n g  edges, t h e  i c e  

de tec to r s ,  a i l e r o n s  ( i n c l u d i n g  f i t t i n g  and t e s t i n g  a r t i c u l a t i o n )  and 

connec t ing  t h e  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 .  The e x t e r i o r  b l ade  s u r f a c e  i s  
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Figure 10-27 Blade, Bolster, and Yoke Assembly 



f i n i s h e d  a t  t h e  j o i n t  areas w i t h  epoxy p a i n t .  The o u t e r  b lade  t i p s  a r e  

a t tached ,  and t h e  e n t i r e  b l ade  i s  balanced. 

When t h e  tower  s t r u c t u r e ,  yaw and n a c e l l e  assembly desc r i bed  l a t e r  i n  t h i s  

r e p o r t  a r e  completed, t h e  f o l  l ow ing  b l ade  e r e c t  i on  procedure w ill begin.  Tne 

b l aae  i s  l i f t e d  w i t h  a  t u rnove r  f i x t u r i n g  dev ice.  B lade d e f l e c t i o n  i s  

measured, t h e  e n t i r e  b l a d e  i s  r o t a t e d  180" and t h e  d e f l e c t i o n  i s  measured 

again.  The b e a r i n g  caps a r e  a p p l i e d  t o  t h e  t e e t e r  s h a f t .  

The b l ade  i s  then  r a i s e d  and t i l t e d  t o  83" ( t o  match t h e  7 "  yoke t i l t ) .  The 

t e e t e r  s h a f t  i s  p laced  i n  t h e  yoke  sockets ,  and t h e  yoke  b e a r i n g  caps a r e  

secured i n  p l ace .  The e l e c t r i c  and hyd rau l  i c  1  ines,  and r e s t r i c t o r  arms a re  

connected. The s a f e t y  p l a t f o r m s  and r i g g i n g  m a t e r i a l s  a r e  removed, and t h e  

b l a d e  r o t a t i o n  i s  t es ted .  

10.7.3 N a c e l l e  and Yaw F i e l d  Assembly 

The yaw subsystem assembly i s  prepared and h o i s t e d  as a  u n i t  t o  t h e  t o p  of  t h e  

tower s t r u c t u r e .  A r i g g i n g  coun te rwe igh t  f i x t u r e  w i l l  be u t i l i z e d  t o  keep t h e  

yaw u p r i g h t  d u r i n g  t h e  h o i s t  ope ra t i ons .  The yaw assembly i s  welded t o  t h e  

t o p  of  t h e  tower.  

The bedp la te  assembly i s  s e t  up on c r i b b i n g  a t  t h e  tower  base. The bedp la te  

i s  secured t o  t h e  c r i b s i n g  i n  t h e  c o r r e c t  a t t i t u d e  f o r  e r e c t i o n  and assembly 

t o  t h e  yaw subsystem, and t h e  r o t o r  adapter  and s i d e  suppor ts  a r e  i n s t a l l e d  on 

t h e  bedp la te .  The genera to r  i s  i n s t a l  l e d  on t h e  mount ing s t r u c t u r e  and t h e  

l u b r i c a t i o n  module i s  a t tached  on t h e  unders ide  o f  t h e  bedp la te .  The l i f t  

b a r s  a r e  a t t ached  t o  t h e  bedp la te  and t h e  spreader  f rame i s  hooked on t h e  

c rane  and 1  i f t  bars .  The n a c e l l e  assembly, as shown i n  F i g u r e  10-28, w i t h o u t  

t h e  gearbox, i s  l i f t e d  and b o l t e d  t o  t h e  yaw s t r u c t u r e .  

10.7.4 Yoke and Gearbox Assembly 

n f t e r  t h e  n a c e l l e  i s  1 i f t e d  and b o l t e d  t o  t h e  yaw s t r u c t u r e ,  t h e  gearbox i s  

r a i s e d  and i n s t a l l e d  t o  t h e  gearbox mount ing s t r u c t u r e .  Next, t h r e e  t o p  

covers ,  t h e  forward and a f t  s e c t i o n s  and t h e  c r o s s - s e c t i o n  a r e  h o i s t e d  and 

f as tened  t o  t h e  r o t o r  adapter  s t r u c t u r e  and s i d e  suppor ts .  The p l a t f o r m s ,  

walkways and l adde rs  a r e  l i f t e d  t o  t h e  bedp la te  s t r u c t u r e  and i n s t a l l e d .  The 

yoke, s p i n d l e  and t o r q u e  p l a t e  assembly w i t h  t h e  low speed s h a f t  c o u p l i n g  





s p l i n e s  engaged, cen te red  and secured i n s i d e  t h e  s p i n d l e  s h a f t ,  a r e  h o i s t e d  a t  

t h e  7' t i l t  angle.  The s tuds  t h a t  a t t a c h  t h e  s p i n d l e  t o  t h e  r o t o r  adap te r  a r e  

i n s t a l  l e d  and tens ioned.  F i n a l l y ,  t h e  a d j u s t a b l e  suppor t  f i x t u r e s  a re  removed 

from t h e  low speed s h a f t .  The f i n a l  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  10-29. 

10.7.5 Other  Component F i e l d  Assembly 

In t h i s  p a r t  o f  t h e  f i e l d  assembly t h e  i n s t a l l a t i o n  o f  t h e  low speed b rake  

system i s  completed, t h e  h i g h  speed s h a f t  assembly between t h e  gearbox and 

genera to r  i s  a l i g n e d  and connected, and t h e  f a i r i n g  i s  a t t ached  t o  t h e  

bedp la te ,  r o t o r  adapter ,  s i d e  suppor ts  and t o p  cover .  When these  components 

a r e  secured, t h e  h y d r a u l i c  coup l i ngs  a r e  connected. 

The low speed brakes a r e  i n s t a l l e d  on t h e  s p i n d l e  s h a f t  b rake  d i s c  and secured 

t o  t h e  segmented r o t o r  adapter  s t r u c t u r e  b racke ts .  The h i g h  speed s h a f t  i s  

l i f t e d  and i n s t a l l e d ,  connec t ing  t h e  coupl  i n g  end t o  t h e  gearbox s t u b  s h a f t  

coup l i ng .  The genera to r  base s t r u c t u r e  i s  shimmed t o  a l i g n  t h e  genera to r  s t u b  

s h a f t  coupl  i n g  w i t h  t h e  h i g h  speed s h a f t  coup l i ng .  The genera to r  base 

s t r u c t u r e  i s  secured t o  t h e  suppor t  s t r u c t u r e .  

The f a i r i n g  i s  1 i f t e d ,  p o s i t i o n e d  and secured t o  t h e  bedp la te ,  s i d e  suppo r t s  

and t o p  cover  a f t  s t r u c t u r e .  F i n a l l y ,  a l l  h y d r a u l i c  coup l i ngs  a re  connected. 

10.7.6 E l e c t r i c a l  Component Assembly 

A f t e r  t h e  e l e c t r i c a l  equipment b u i l d i n g  i s  cons t ruc ted ,  and t h e  c a b l e  t renches  

between t h e  tower  and t h e  e l e c t r i c a l  equipment b u i l d i n g  a r e  covered w i t h  

g r a t i n g s ,  t h e  c o n t r o l s  e l e c t r o n i c s  c a b i n e t  i s  1  i f t e d  and secured t o  t h e  

bedpla te .  The h e a t  exchanger, a i r  d u c t  and enc losure  a r e  i n s t a l l e d .  The 

h i gh - vo l t age  cage i s  h o i s t e d  and b o l t e d  t o  t h e  bedpla te ,  and power cab les  a r e  

connected between t h e  genera to r ,  h i g h  v o l t a g e  cage and yaw s l i p r i n g s .  The 

f a i r i n g  i s  i n s t a l l e d ,  and t h e  v ideo  u n i t  and in te rcom a r e  mounted on t h e  

n a c e l l e  f a i r a ' n g  w a l l .  The n a c e l l e  m u l t i p l e x e r  i s  r a i s e d  and f as tened  t o  t h e  

bedp la te ,  and a l l  e l e c t r i c a l  t e r m i n a l s  and j u n c t i o n s  a r e  connected. 





When t h e  e l e c t r i c a l  components a r e  i n s t a l l e d  and connected i n  t h e  n a c e l l e ,  t h e  

c y c l o c o n v e r t e r  i s  i n s t a l l e d  i n  t h e  e l e c t r i c a l  equipment b u i l d i n g ,  shown i n  

F i g u r e  10-30. Then t h e  i s o l a t i o n  t rans fo rmer ,  power f a c t o r  capac i t o r s ,  

harmonic f i l t e r s  and sw i tchgear  1  ine-up a r e  i n s t a l  led.  Yext t h e  s t a t i o n  

b a t t e r y ,  t h e  u n i n t e r r u p t i b l e  power supp ly  f o r  t h e  c o n t r o l  system, t h e  30  kVA 

t rans fo rmer ,  e l e c t r o n i c s  and i n t e r f a c e  c a b i n e t  a r e  i n s t a l l e d .  The system 

d  i sp l ay ,  o p e r a t o r  t e r m i n a l ,  c o n t r o l  da ta  system and ground mu1 t i p l e x e r  a r e  

a l s o  i n s t a l  l ed .  

A f t e r  t h e  e r e c t o r s  mount t h e  tower  c a b l e  suppor t  b racke ts ,  t h e  power c o n t r o l ,  

and s e r v i c e  and sensor c a b l e  assembl i e s  a r e  connected a t  t h e  yaw s l  i p r i n g s ,  

and r u n  th rough  t h e  tower  and f ounda t i on  i n t o  t h e  e l e c t r i c a l  equipment 

b u i l d i n g .  
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11.0 SITE AND E R E C T I O N  





11.0 SITE & ERECTION 

11.1 GENERAL REQUIREMENTS 

The s i t e  s h a l l  p r o v i d e  a  l e v e l  area f o r  t h e  c o n s t r u c t i o n  and e r e c t i o n  of t h e  

wind t u r b i n e  generator .  The t e r r a i n  w i l l  be g e n e r a l l y  f l a t ,  w i t h  no 

s  i g n i f  i c a n t  o b s t r u c t  ions t o  a i r f l o w  i n  t h e  upwind d i r e c t i o n .  Any o b s t r u c t  ions 

o r  l o c a l  increases i n  ground e l e v a t i o n  w i t h i n  a  r a d i u s  o f  4,000 f t .  o f  t h e  

tower, s h a l l  be l i m i t e d  t o  30 f t .  above t h e  ground e l e v a t i o n  a t  t h e  tower.  

Good d ra inage  and n e a r l y  con t inuous  access f o r  ope ra t i on  and maintenance a r e  

requ i red .  The s i t e  s h a l l  be access ib l e  t o  conven t iona l  r a i l  o r  t r u c k  o r  bo th  

types  o f  t r a n s p o r t a t i o n  and s h a l l  p r o v i d e  a p p r o p r i a t e  i n t e r f a c e s  w i t h  t h e  

u t i l i t y  power g r i d  and t h e  u t i l i t y  power d i spa t ch  c o n t r o l .  

11.1.1 AREA 

The minimum area r e q u i r e d  f o r  c o n s t r u c t i o n  and e r e c t i o n  o f  t h e  wind t u r b i n e  

generator  i s  480 by  200 ft. An a d d i t i o n a l  temporary area, 480 by 200 ft., i s  

r e q u i r e d  f o r  s t a g i n g  and tower f a b r i c a t i o n .  T h i s  temporary area may a d j o i n  

t h e  s i t e  o r  be w i t h i n  one m i l e  o f  it. Both areas s h a l l  be graded t o  a  maximum 

s lope  of 1%. The use o f  l and  d u r i n g  ope ra t i on  may be 1  i m i t e d  t o  100 by 300 

ft. w i t h  l i m i t e d  a i r  r i g h t s  and access f o r  maintenance equipment on ad jacen t  

land.  A b u f f e r  zone, w i t h  a  5,000-f t .  r a d i u s  f rom t h e  tower, w i t h  l i m i t e d  

p u b l i c  access, i s  d e s i r a b l e  f o r  s a f e t y  cons idera t ions .  

11.1.2 ACCESS 

An access road  s h a l l  be p rov ided  f r om t h e  neares t  p u b l i c  r oad  t o  t h e  s i t e .  I t 

must have t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

a )  The a l l -wea the r  roadbed must be e i t h e r  24 ft. wide o r  18 ft. wide w i t h  
t u r n - o f f s .  The r o a d  must have a  one-t ime maximum load  c a p a b i l  i t y  of  
300,000 l b s .  gross weight,  and a  normal maximum load  c a p a b i l i t y  o f  
180,000 1  bs. gross we igh t  and 4,000 1  b. per  wheel. 

b )  Right-of-way around corners  must accommodate a  l oad  t h a t  i s  100 ft. 
long, w i t h  70 f t .  between ax les,  and 16 f t .  wide. 

c )  The maximum grade i s  11%, and maximum supe re leva t i on  i s  2%. 



d )  The minimuni overhead c learance  i s  20 ft. 

e )  The minimum t u r n  r a d i u s  i s  75 ft., measured t o  t h e  i n s i d e  o f  t h e  
roadbed. 

If t h e  temporary area f o r  s t a g i n g  and tower  f a b r i c a t i o n  does n o t  a d j o i n  t h e  

wina t u r b i n e  genera to r  s i t e ,  a  r o a d  w i t h  s i m i l a r  c h a r a c t e r i s t i c s  s h a l l  be 

p rov i ded  between t h e  temporary area and t h e  s i t e .  

11.1.3 GEOTECHNICAL REQUIKEIYENTS 

The geo techn ica l  requ i rements  f o r  t h e  wind t u r b i n e  genera to r  s i t e  des ign  

a re :  

a )  Seismic c o n d i t i o n s  no worse than  those  s p e c i f i e d  i n  t h e  U n i f i e d  
Bc l i l d i ng  Code f o r  Seismic C l a s s i f i c a t i o n  Zone 3. 

b )  S o i l  t o  a  minimum aepth o f  15 ft. f r om t h e  sur face .  

c )  S p l i t  spoon p e n e t r a t i o n s  o f  20 t o  60 blows per  f o o t  and i n c r e a s i n g  
w i t h  depth.  

d )  Design bea r i ng  p ressure  o f  4,000 lbs /sq.  f t .  

e )  Homogeneous s o i l  and rock  c o n d i t i o n s  t o  a  minimum depth o f  150 f t .  
w i t h  no s  ign  i f  i c a n t  vo ids.  

11.1.4 ENVIRONMENTAL CONDITIONS 
Tne s i t e  env i ronmenta l  c o n d i t i o n s  s h a l l  be: 

a)  Piaximum Wind Speed a t  
t h e  hub h e i g h t  58.8m/ s  

(110 mph) 

b )  Temperature 

c )  P r e c i p i t a t i o n  and Humid i t y  
Rain  --- 4 in. /hour 
Hai !  --- 1  in .  i n  d iameter ,  50 l b / c u  f t . ,  

66.6 f t / s e c  impact v e l o c i t y  on 
h o r i z o n t a l  and v e r t i c a l  su r faces .  

Hum id i t y  --- Exposure e q u i v a l e n t  t o  MIL S t d  2108 

11.1.5 ELECTRICAL UTILITY NETWORK INTERFACE 

Tne wind t u r b i n e  w i l l  f eed  i t s  ou tpu t  o f  up t o  7300 kW i n t o  a  60Hz, 3-phase 

u t i l i t y  network.  The connec t ion  t o  t h e  u t i l i t y  network i s  a t  t h e  t e r m i n a l s  o f  

a f used  d isconnec t  s w i t c h  a t  t h e  h i g h  v o l t a g e  s i d e  o f  t h e  s i t e  step-up 



t ransformer.  The u t i l i t y  1  i n e  s h a l l  p rov ide  between 0.05 and 0.45 per  u n i t  

impedance per  phase t o  an i n f i n i t e  bus equ iva len t  on a  4.16 kV, 7.5 MVA base. 

I t  s h a l l  operate a t  no l e s s  than 11 kV and no more than 80 kV l i n e  t o  l i n e .  

When t h e  wind t u r b i n e  i s  n o t  operat ing,  a u x i l i a r y  power s h a l l  be  plied from 

t h e  u t i l i t y  g r i d  as f o l l o w s :  

a )  80 kVA, 0.8 power f a c t o r ,  60 Hz + 1% f o r  cont inuous consumption w h i l e  
t h e  wind t u r b i n e  i s  n o t  g e n e r a i n g .  Th i s  inc ludes  power f o r  t h e  
mob i le  da ta  a c q u i s i t i o n  system. 

b )  1OOO kVA, 0.9 power f ac to r ,  60 Hz + 1% f o r  per iods  o f  up t o  5 minutes 
f o r  s ta r t -up ,  a u x i l  i a r  ies,  and un1;aded generator motor ing  d u r i n g  low 
wind cond i t i ons .  

11.1.6 COMNUNICATION AND CONTROL INTERFACE 

A min irnum of two dedicated, vo i ce  grade, unsw i t ched  telephone c i r c u  i t s  s h a l l  

be p rov ided between t h e  wind t u r b i n e  generator s i t e  and t h e  u t i l i t y ' s  remote 

opera tor  o r  d ispa tcher  l o c a t  ion.  

11.2 S I T E  ENGINEERING, OAHU, H A W A I I  

S i t e  engineer ing inc ludes t h e  f o l  lowing tasks:  determin ing t h e  su i t a b i l  i t y  of 

s i t e s  f o r  t h e  wind t u r b i n e  generator,  d e f i n i n g  t h e  s i t e  development 

requirements, subsurface i nves t i ga t i ons ,  s o i l s  repo r t s ,  foundat ion  design 

recommendations, o b t a i n i n g  permi ts  and e s t a b l i s h i n g  t h e  s i t e  p l o t  p lan .  

H s i t e  near Kahuku Po in t ,  Oahu, Hawaii was i d e n t i f i e d  f o r  a  MOD-5A wind 

t u r b i n e  generator  i n s t a l l a t i o n .  The s i t e  engineer ing work t h a t  was completed 

and t h e  work planned f o r  t h i s  s i t e  are repo r ted  i n  t h i s  sec t ion .  

11.2.1 SITE SURVEY 

A s i t e  survey was conducted by t h e  Hawaiian E l e c t r i c  Company (HECO) C i v i l  

Engineering Department. Contour maps of t h e  s i t e  were prepared. Reference 

monuments t h a t  p rov ide  l o c a t i o n s  r e f e r r i n g  t o  t h e  Hawaiian P lan  Coordinate 

System Zone 3 were es tab l i shed  . The r e s u l t s  o f  t h i s  survey are documented on 

HECO drawings 27596 and 27597. 



11.2.2 AREA MAP AND PLOT PLAN 

A genera l  s i t e  l o c a t i o n  p l a n  and a  p r e l  im ina ry  p l o t  p l a n  were prepared f o r  t h e  

Kahuku s i t e .  The p l o t  p l a n  p rov i des  an area, separated f r om t h e  main tower  

and an e r e c t i o n  area f o r  t h e  f i n a l  assembly o f  t h e  b lade.  Th i s  area p e r m i t s  

assembly and e r e c t i o n  t o  be c a r r i e d  o u t  s imu l taneous ly .  An access road,  

which has been r o u t e d  f o r  a  minimum g r a d i e n t  between t h e  M i l i t a r y  Access Road 

" C "  and t h e  s i t e ,  i s  a l s o  prov ided.  A separa te  s t a g i n g  and tower  f a b r i c a t i o n  

a rea  i s  l o c a t e d  about . 5  m i l e s  n o r t h e a s t  o f  t h e  wind t u r b i n e  genera to r  s i t e .  

The p l o t  p l a n  can be f i n a l i z e d  when an accep tab le  s o i l s  i n v e s t i g a t i o n  and 

founda t ion  des ign  recomrr~endations r e p o r t  a r e  rece ived .  

11.2.3 SUBSUKFACE INVESTIGATION 

A subsur face i n v e s t i g a t i o n  s h a l l  be conducted a t  t h e  s i t e  t o  v e r i f y  t h a t  

subsur face c o n d i t i o n s  a re  compat ib le  w i t h  t h e  founda t  i o n  s t a b i l  i t y  

requ i rements  and t o  e s t a b l i s h  t h e  des ign  c r i t e r i a  f o r  t h e  founda t ions .  I t  i s  

es t imated  t n a t  t h r e e  bo r i ngs ,  90 t o  120 f t .  deep, w i l l  be r e q u i r e d  t o  

determine t h e  subsur face cond i t i ons .  The v o i d  r a t i o  and dynamic shear modulus 

must be determined, u s i n g  an accep tab le  se ismic  method. The se ismic  

p r o p e r t i e s  o f  t h e  s i t e ,  u s i n g  t h e  Un i fo rm B u i l d i n g  Code, must be e s t a b l  ished. 

The key f a c t o r s  i n  t h e  f ounda t i on  des ign  requi rements  a re :  

o  Se t t lement  - - T o t a l  1.0 i n .  

D i f f e r e n t i a l  T i l t  1  :250 

o  Rocking Mot ion  -- Zero t o  Peak Amp1 i t u d e  r a d i a n s  f o r  

(Rated va lue :  see s e c t i o n  7.4.1) 
8 4x10 c y c l e s  o f  t h e  

mean average base 

r i n g  moment 

o Seismic C l a s s i f i c a t i o n  UBC Zone 3 

A model s p e c i f i c a t i o n  f o r  S o i l s  and Foundat ion I n v e s t i g a t i o n ,  and a  

p r e l i m i n a r y  f ounda t i on  des ign  c r i t e r i a  r e p o r t  a r e  p rov i ded  i n  t h e  appendix t o  

t h i s  r e p o r t .  



11.3 SITE OPERATIONS PLAN 

11.3.1 ORGANIZATION 

A GE team w i l l  be es tab l i shed  on t h e  j ob  s i t e  t o  d i r e c t  t h e  work and t o  ensure 

t h a t  t h e  work compl i e s  w i t h  t h e  t e c h n i c a l  s p e c i f i c a t i o n s ,  t h e  con t rac t ,  and 

a l l  app l i cab le  regu la t i ons .  

The GE team w i l l  a l s o  p rov ide  t h e  pr imary working i n t e r f a c e  w i t h  t he  customer, 

p rov ide  hands-on t r a i n i n g  o f  customer personnel, perform checks and s t a r t i n g  

operat ions,  and per form t h e  p r e l i m i n a r y  opera t ion  o f  t h e  MOD-5A wind t u r b i n e  

generator.  

A p r e l  iminary o rgan i za t i on  c h a r t  f o r  t h e  Kahuku, Oahu, Hawai i i n s t a l  1 a t  i on  i s  

shown i n  F igu re  11-1 

11.3.2 WORK PLANNING, AUTHORIZATION AND CONTROL 

The bas i c  t o o l  f o r  work p lanning,  a u t h o r i z a t i o n  and c o n t r o l  w i l l  be t h e  task  

package. The elements o f  t h e  task  package are: 

o  A d e s c r i p t i o n  o f  t h e  work t o  be performed. 

o  A d e t a i l e d  schedule f o r  t h e  performance o f  t h e  work. 

o  A l i s t  o f  t h e  pa r t s ,  components and o the r  m a t e r i a l s  r e q u i r e d  t o  
complete t h e  work. 

o  Process p lans  and procedures con ta in ing  d e t a i l e d  i n s t r u c t i o n s  f o r  t h e  
performance o f  t h e  work. 

o  A l i s t  o f  a l l  t oo l s ,  f i x t u r e s ,  spec ia l  equipment and suppor t  r e q u i r e d  
f o r  t h e  performance o f  t h e  work. 

o  Personnel requirements. 

o  I nspec t i on  requirements, check l i s t s  and c e r t i f i c a t e s  of complet ion, 
which w i l l  c o n t a i n  s i g n - o f f  boxes f o r  Q u a l i t y  Assurance, I n s t a l l a t i o n  
Engineer ing and Customer representa t i ves .  (Th i s  c e r t i f i c a t e  can be 
t h e  bas i s  f o r  r e l e a s i n g  an element o f  t h e  wind t u r b i n e  generator,  
from t h e  c o n s t r u c t i o n  con t rac to r  t o  GE f o r  t e s t i n g .  The forrn cou ld  
a l s o  be t h e  bas i s  f o r  an incremental  payment schedule.) 

o  An engineer ing documentation package t h a t  def ines t h e  pa r t s ,  
components o r  m a t e r i a l  t o  be i n s t a l l e d .  The package inc ludes  a  1  i s t  
o f  t h e  a p p l i c a b l e  codes and standards. 
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11.3.2.1 P r e p a r a t i o n  

Each t ask  package w i l l  be prepared by  t h e  r e s p o n s i b l e  i n s t a l l a t i o n  engineer  

w i t h  ass i s t ance  f r o m  des ign  eng ineer ing ,  qua1 i t y  eng ineer ing ,  manufac tu r ing  

eng ineer  ir ig and t h e  c o n s t r u c t  i o n  and i n s t a l  1 a t  i o n  c o n t r a c t o r ,  as app rop r i a t e .  

Each t ask  package w i l l  be rev iewed and approved b y  Qua1 i t y  Assurance and 

Safety,  t h e  I n s t a l  1  a t  i o n  and Tes t  Operat ions Manager, and Engineer ing.  

11.3.2.2 Readiness Review 

Before a u t h o r i z a t i o n  i s  g ran ted  t o  proceed w i t h  t h e  work d e f i n e d  i n  t h e  task  

package, a  read iness  r e v i e w  s h a l l  be conducted b y  t h e  I n s t a l l a t i o n  and Tes t  

Opera t ions  Manager o r  a  des igna ted  r e p r e s e n t a t i v e .  At tendees o f  t h e  read iness  

rev iews  s h a l l  i n c l ude :  

o  Respons ib le  I n s t a l l a t i o n  Engineer 

o  Q u a l i t y I S a f e t y  Engineer 

o  I n s t a l l a t i o n  and Tes t  Opera t ions  Manager 

o  Construction/Installation Con t rac to r  Rep resen ta t i ve  

o Customer Represen ta t i ve  

The read iness  rev i ew  w i l l  v e r i f y  t h a t  a l l  p l ann ing  i s  complete, t h a t  a l l  

m a t e r i a l ,  equipment and o t h e r  s u p p o r t i n g  requ i rements  a r e  a v a i l a b l e ,  and t h a t  

adequate p repa ra t i on ,  i n c l u d i n g  s a f e t y  checks, personnel  b r i e f i n g ,  a  d r y - run  

o f  the  procedure,  e tc . ,  have been performed. 

11.3.2.3 Task Packase Breakdown 

The t a s k  packages f o r  t h e  wind t u r b i n e  genera to r  i n s t a l l a t i o n  a re  l i s t e d  below: 

Foundat ion 

E l e c t r i c a l  Equipment B u i l d i n g  

Tower and E l e v a t o r  

Ground Equipment I n s t a l l a t i o n  

Yaw Assembly 

Nace l l e  Assembly 

B lade Assembly 

Rotor  Assernbly 

I n t e r c o n n e c t i n g  Cables 



11.3.3 LIFTING EQUIPMENT 

The d e f i n i t i o n  o f  t h e  components t o  be handled d u r i n g  s i t e  assembly and 

e r e c t i o n  ope ra t i ons  i s  con ta i ned  i n  t h e  Statement o f  Work f o r  E r e c t i o n  o f  t h e  

MOD-5A Wind Turb i n e  Generator document number SOW-MOD-5A-WTG-33. Th i s  

document i s  i nc l uded  i n  t h e  appendix t o  t h i s  r e p o r t .  The h e a v i e s t  l oad  t o  be  

1  i f t e d  i s  t h e  r o t o r  assembly, which weighs 300,000 pounds. A l l o w i n g  50,000 

pounds f o r  f i x t u r e s ,  s l i n g s ,  and a spreader bar ,  t h e  maximum hook l oad  i s  

350,000 pounds. 

The l i f t i n g  equipment cons idered f o r  t h e  e r e c t i o n  inc lude :  

o  #4b00 R inger  Crane 
o  H igh  L i f t  C o n f i g u r a t i o n  Mob i l e  Crane 

(American Super Skyhorse o r  DeMag) 
o  Tower Mounted Twin Booms 

A v a i l a b i l i t y  and c o s t  were t h e  major  c o n s i d e r a t i o n s  i n  s e l e c t i n g  t h e  l i f t i n g  

equipment. The a v a i l a b i l i t y  o f  t h e  equipment on a  s h o r t  l ead  t i m e  f o r  t h e  

e r e c t i o n ,  maintenance and r e p a i r  ope ra t i ons  i s  a  key  f a c t o r .  Cost es t imates  

f o r  t h e  equipment a re  g i ven  i n  Table  11-1. Note t h a t  sh ipp ing ,  se t -up  and 

d i s m a n t l i n g  a r e  t h e  ma jo r  c o s t  elements. 

I n  v iew o f  t h e  h i g h  c o s t  and l i m i t e d  a v a i l a b i l i t y  o f  impor ted 1  i f t i n g  

equipment, t h e  e r e c t i o n  p l a n  f o r  Hawai i  was based on t h e  use o f  l o c a l l y  

a v a i l a b l e  equipment and t h e  t w i n  booms. There a r e  two 200-ton c l a s s  m o b i l e  

cranes a v a i l a b l e  on Oahu, HA, each w i t h  a  boom l e n g t h  o f  up t o  270 ft. One o f  

these  cranes i s  r e q u i r e d  on t h e  s i t e  f o r  t h e  d u r a t i o n  o f  t h e  tower e r e c t i o n ,  

assembly and i n s t a l l a t i o n  ope ra t  ions.  The o t h e r  crane i s  r e q u i r e d  d u r i n g  t h e  

set -up and removal o f  t h e  t w i n  booms, which r e q u i r e s  two cranes. The t w i n  

boom and assoc ia ted  winches, sheaves and b l ocks  a re  con ta ined  i n  t h e  i n v e n t o r y  

o f  t h e  tower  f a b r i c a t o r .  These i tems a re  a v a i l a b l e  on s h o r t  n o t i c e  and a r e  

e a s i l y  shipped. 

S ince  t h e  t w i n  boorn l i f t i n g  c o n f i g u r a t i o n  l i m i t s  t h e  load  hook p o s i t i o n  

r e l a t i v e  t o  t h e  tower  c e n t e r l i n e ,  t h e  use o f  counterweighted f i x t u r e s  w i l l  be  

necessary f o r  t h e  i n s t a l l a t i o n  o f  c e r t a i n  components. Also,  t o  accommodate 

t h e  t w i n  booms, m o d i f i c a t i o n s  a re  r e q u i r e d  on t h e  tower  t o  p r o v i d e  t h e  

s t r u c t u r a l  i n t e r f a c e s .  These i tems w i l l  i n c u r  a d d i t i o n a l  cos ts ,  e s t  imated a t  

$100,000. 



Table 11-1 L i f t i n g  Equipment Cost Est imates 

#4600 Ringer 

Shipping, set -up and d  ismantl  i ng  

Kenta l  f o r  16 weeks 

( inc.  opera tor  and o  i 1 e r  ) 

To ta l  

S u ~ e r  Skvhorse 

Sh ipp ing,  set-up and d  ismant l  ing  

Rental  f o r  16 weeks 

( i n c .  opera tor  and o i l e r )  

To ta l  

Tw  i n  Boorns 

L ink  Be1 t TC258 

Set-up and d ismant le  

Rental  f o r  16 weeks 

( inc.  opera tor  and o i l e r )  

Crane #2 

Set-up and d ismant le  ( x 2 )  

Rental  f o r  6 days 

Twin Booms 

Shipping, set -up and d ismant le  

Kenta l  f o r  8  weeks 

T o t a l  

Note: These est imates i nc lude  tower e r e c t i o n  and t h e  assembly and 

i n s t a l l a t i o n  o f  t h e  wind t u r b i n e  generator.  



11.3.4 OUTLINE ASSEMBLY AND ERECTION PROCEDURES 

Th i s  s e c t i o n  o u t l i n e s  t h e  ope ra t i ons  t h a t  must be performed on t h e  s i t e  t o  

e r e c t  t h e  wind t u r b i n e  genera to r .  Each o p e r a t i o n  r e q u i r e s  a  d e t a i l e d  

d e f i n i t i o n ,  as p a r t  o f  t h e  task  package p r e p a r a t i o n  d iscussed i n  s e c t i o n  

11.3.2. 

The e x t e n t  o f  t h e  s  i t e  assembly work depends on t h e  f i n a l  sh i pp ing  p lan ,  which 

has n o t  been prepared. The s h i p p i n g  p l a n  determines how t h e  subsystems a r e  

disassembled a f t e r  t h e y  a r e  assembled and checked i n  t h e  f a c t o r y .  

Sketches i l l u s t r a t e  t h e  concepts developed f o r  t h e  e r e c t i o n  o f  t h e  wind 

t u r b i n e  generator .  These sketches may be r e v i s e d  d u r i n g  t h e  d e t a i l e d  

de f  i n  i t i o n  o f  t h e  e r e c t  i o n  procedures.  

The p r e r e q u i s i t e s  f o r  t h e  s t a r t  o f  yaw and n a c e l l e  assembly and e r e c t i o n  are:  

o  Completed tower  e r e c t i o n .  

G Completed e l e v a t o r  i n s t a l l a t i o n ;  e l e v a t o r  i n  se r v i ce ,  u s i n g  temporary  
power hook-up. 

o  Work p l a t f o r m s  a t  t h e  t o p  o f  tower i n  p lace.  

o Twin booms and h o i s t i n g  equipment i n s t a l l e d ,  p r o o f  loaded and ready  
f o r  ope ra t i on .  

o  A u x i l i a r y  h o i s t  equipment (deadman, b locks ,  tuggers,  t a g  1  ines, e t c . )  
i n s t a l l e d  and ready f o r  ope ra t i on .  

o F i n a l  assembly and e r e c t i o n  procedures rev iewed and approved. 

o  Check l i s t s  o f  a l l  t o o l s ,  f i x t u r e s  and assembly and e r e c t i o n  a i d s  
completed. 

o  L i n k  b e l t  TC 258 ( o r  e q u i v a l e n t )  c rane  w i t h  50 ft. boom a v a i l a b l e  t o  
suppor t  assembly and e r e c t i o n .  (The c r a n e ' s  c a p a c i t y  a t  a  2 0 - f t .  
r a d i u s  should  be  250K l bs .  over  r e a r  - 220K IDS. over  s ide . )  

o  10- ton mob i l e  c rane  and f o r k  l i f t  t r u c k  a v a i l a b l e  t o  suppor t  assembly 
and e r e c t  ion.  



11.3.4.1 Yaw Assernbly 
o L i t t  t h e  assembly f rom t h e  t r a n s p o r t e r  and boom i n t o  p o s i t i o n  a t  t he  

base o f  t h e  tower. 

o A t tach  t h e  counterweighted l i f t i n g  f i x t u r e .  

o Prepare t h e  t w i n  booms and h o i s t i n g  equipment f o r  t h e  yaw l i f t .  

o Complete t h e  readiness review. 

o L i f t  t h e  yaw assembly i n t o  f i n a l  p o s i t  ion  and a1 i g n  i t  w i t h  t h e  tower. 

o G i r t h  weld t h e  yaw t o  t h e  tower. 

o Change t h e  hook p o s i t i o n  on t h e  counterweighted l i f t i n g  f i x t u r e ,  and 
re lease  t h e  f i x t u r e  f rom t h e  yaw assembly. Lower i t  t o  t h e  ground. 

o Clear  t h e  ground area f o r  t h e  nex t  operat ion.  

Th i s  sequence i s  i l l u s t r a t e d  i n  F igures  11-2 through 11-6. 
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Figure 11-2. Yak Erect  i on  
Module Weight w i t h  L i f t i n g  F i x t u r e  = 75,000 Lbs.  





11.3.4.2 Bedplate Assembly 

o  Unload t h e  bedp la te  f rom t h e  t r a n s p o r t e r  and boom i n t o  p o s i t i o n  a t  
t h e  base o f  t h e  tower. 
Note: The crane c a p a c i t y  may be marg ina l  f o r  t h i s  booming . I t  

may be necessary t o  s k i d  f rom t h e  maximum crane r a d i u s  (30  
f t . )  t o  t h e  base o f  tower. The weight  o f  t h e  bedplate,  
spreader b a r  and s l i n g s  i s  160,000 lbs .  

o  Unload t h e  r o t o r  adaptor,  boom i n t o  p o s i t i o n  on t h e  bedp la te  (70,000 
1  bs . w i t h  spreaaer ba r  and s l  ings. ) 

o  Assemble t h e  r o t o r  suppor t  s t r u c t u r e  and o t h e r  p l a t f o r l ns  and walkways. 

o  Unload and i n s t a l l  t h e  l u b r i c a t i o n  p l a t f o r m  and c o o l e r .  

o  Unload t h e  generator ,  boom i n t o  p o s i t i o n  on bedp la te  (60,000 lbs .  
w i t h  spreader b a r  and s l  ings. ) 

o I n s t a l l  t h e  generator  and a u x i l i a r i e s .  

o  Prepare t h e  t w i n  booms and h o i s t i n g  equipment. R i g  f o r  t h e  bedp la te  
l i f t  and i n s t a l l  counterweight .  

o  Complete t h e  read iness  rev iew.  

o  L i f t  t h e  bedp la te  assembly t o  t h e  f i n a l  p o s i t i o n  on yaw. 

o  Assemble t h e  bedp la te  t o  t h e  yaw, and hook up a1 1  w i r i n g  and t u b i n g  
t o  t h e  bedp la te  and yaw. 

o  Remove t h e  counterweight .  

0 I n s t a l l  temporary power and c o n t r o l s  t o  yaw d r i v e  subsystem and check 
t h e  yaw d r i v e .  

o  I n s t a l l  temporary sk id ,  come-alongs and o the r  a u x i l  i a r y  dev ices i n  
p r e p a r a t i o n  f o r  t h e  gearbox i n s t a l l a t i o n .  

o  C lear  t n e  ground area f o r  t h e  n e x t  opera t ion .  

Tn i s  sequence i s  i l l u s t r a t e d  i n  F igu res  11-7 through 11 -11. 
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Figure 11 -7  Bedplate Erect ion Module 
Weiqht w i t h  Spreader Bar, S l ings  and Counterweight = 300,OOCJ I b s .  
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11.3.4.3 Gearbox 

o Unload t h e  gearbox and boom i n t o  p o s i t i o n  a t  t h e  base o f  t h e  tower 
(160,000 l b s .  w i t h  spreader b a r  and s l i n g s ) .  

o Prepare t h e  t w i n  booms and h o i s t i n g  equipment, r i g  f o r  gearbox l i f t .  

o Complete t h e  read iness  rev iew.  

0 L i f t  t h e  gearbox i n t o  t h e  i n t e r i m  p o s i t i o n  (sw ing  i n  over  genera to r  
and l a n d  on temporary s k i d ) .  

o Lower t h e  t w i n  booms t o  a h o r i z o n t a l  p o s i t i o n .  

o Us ing  t h e  yaw d r i v e  and temporary e l e c t r i c a l  hookup, yaw t h rough  
180". (Generator  i s  now l o c a t e d  on t h e  same s i d e  o f  tower as t h e  
t w i n  boom sea t s  and t h e  bedp la te  i s  ready  t o  r e c e i v e  t h e  yoke) .  

o C lea r  t h e  ground area f o r  t h e  n e x t  ope ra t i on .  

The gearbox i s  shown i n  F i g u r e  11-12. 



Figure 1 1-12. Gearbox Erect ion Module 
160,000 I b s .  w i t h  Spreader Bar and Sl ings 



11.3.4.4 Yoke Assembly 

o  Unload t h e  yoke assembly and p lace  a t  t h e  base o f  t h e  tower (230,000 
lbs .  w i t h  spreader ba r  and s l i n g s )  w i t h  t h e  t e e t e r  caps o f f  and ears  
p o i n t i n g  down w i t h  to rque p l a t e  assembled t o  yoke. 

o  Unload t h e  low speed s h a f t .  Lower t h e  s h a f t  i n t o  t h e  yoke and engage 
t h e  sp l i ne .  

o  Assemble t h e  to rque  p l a t e  f langes,  coup l i ng  seals  and low speed s h a f t  
p o s i t i o n i n g  f i x t u r e .  

o  Prepare t h e  t w i n  booms, h o i s t i n g  equipment and pos i tu rns .  R ig  f o r  
yoke e rec t i on .  

0 I n s t a l l  temporary work p la t f o rms  i n  t h e  r o t o r  support  area. I n s t a l l  
temporary power and c o n t r o l  hook-up f o r  t u r n i n g  gear motor. 

o  Complete t h e  readiness review. 

o  Using t h e  t w i n  boom w i t h  spreader bar  and p o s i t u r n s  and t h e  crane, 
l i f t  and r o t a t e  yoke assembly t o  g e t  t h e  low speed s h a f t  7 "  down f rom 
n o r i z o n t a l .  A t tach  s t a b i l i z i n g  s l i n g .  

o  L i f t  t h e  yoke assembly and land end o f  low speed s h a f t  on t h e  suppor t  
f i x t u r e  i n s i d e  r o t o r  adaptor. 

o  Remove t h e  s t a b i l i z i n g  s l  i n g  on t h e  low speed shaf t .  

o  Maneuver t h e  yoke i n t o  t h e  f i n a l  p o s i t i o n  on t h e  r o t o r  adaptor. 

o  With t h e  low speed s n a f t  supported by a  suppor t  o r  j ack ing  f i x t u r e  i n  
t h e  r o t o r  adaptor, remove t h e  low speed s h a f t  p o s i t i o n i n g  f i x t u r e  
f rom t h e  sp ind le .  

o  Assemble t h e  sp ind le  t o  t h e  r o t o r  adaptor. 

o  Removethe p o s i t u r n  s l i n g s .  

0 Sk id  t h e  gearbox i n t o  i t s  f i n a l  l oca t i on ,  us ing  t h e  support  o r  
j a c k i n g  f i x t u r e  and t u r n i n g  t h e  gear t o  a l i g n  t h e  s p l i n e s  on t h e  
coup1 ing  . 

o  Assemble t h e  gearbox t o  t h e  bedplate, i n s t a l l  w i r i n g  i n  t h e  yoke. 

o  Remove temporary supports from t h e  low speed s h a f t ,  sk ids,  e t c .  

o  C lear  t h e  ground area f o r  t h e  nex t  operat ion.  

The l i f t i n g  p a r t  of t h i s  sequence i s  shown i n  F igures  11-13 through 11-18. 



YOKE STRUCTURE 

LOW SPEED SHAFT 

P O S I T I O N I N G  FIXTURE 

F i g u r e  11 -13  Yoke E r e c t i o n  Module 
320,000 l b s .  w i t h  S p r e a d e r  Bar, S l i n g s  and  P o s i t u r n s  



YOKE E R E C T I O N  

Figure  11-16. R o t a t e  and L i f t  

F igure  11-15. Assembly 

Land End o f  LOW Speed Shaf t  on P o s i t  
and R ~ o v e  S t a b i l i z i n g  S l i n g  

F i g u r e  11-17. 

ion ins F i x t u r e  

F igure  11-18. Maneuver i n t o  F i n a l  Locatlm on Rotor Support Structure  



11.3.4.5 Nace l l e  Assembly 

o Lower t h e  t w i n  boom t o  a h o r i z o n t a l  p o s i t i o n  

Us ing  t h e  yaw d r i v e  and temporary  e l e c t r i c a l  hookup, yaw th rough  180°. 

Unload t h e  h i g h  speed sha f t  assembly, r o t o r  s l i p r i n g  assembly, and 
f a i r i n g  assembly, and p o s i t i o n  them a t  t h e  base o f  t h e  tower.  

Prepare t h e  t w i n  booms and h o i s t i n g  equipment. R i g  f o r  n a c e l l e  
assembly. 

Complete t h e  read iness  rev iew.  

L i f t  t h e  h i g h  speed s h a f t  assembly t o  i t s  f i n a l  p o s i t i o n .  Assemble 
t h e  s h a f t  assembly t o  t h e  gearbox and generator .  

L i f t  t h e  r o t o r  s l i p r i n g  t o  f i n a l  p o s i t i o n .  Assemble t h e  s l i p r i n g  t o  
t h e  gearbox. 

L i f t  t h e  f a i r i n g  t o  f i n a l  p o s i t i o n .  Assembly t h e  f a i r i n g  t o  t h e  
bedp la te .  

Unload t h e  t o p  p l a t e  and p o s i t i o n  i t  a t  t h e  base o f  t h e  tower.  

L i f t  t h e  t o p  p l a t e  t o  i t s  f i n a l  p o s i t i o n .  Assemble t h e  t o p  p l a t e  t o  
t h e  s i d e  p l a t e s .  

Hook up a l l  n a c e l l e  w i r i n g  and plumbing. 



11.3.4.6 Ro to r  

o  Assernble t h e  r o t o r  a t  t h e  s i t e  assembly a rea  and pe r f o rm  ground l e v e l  
i n spec t i ons  and checks i n  accoraance w i t h  a  d e t a i l e d  procedure 
( l a t e r ) .  

o  Prepare sk ids ,  t ugge r  and tow ing  cab les .  R i g  i n  p r e p a r a t i o n  t o  move 
r o t o r .  

o  Sk id  t h e  r o t o r  assembly i n t o  p o s i t i o n  a t  t h e  base o f  t h e  tower .  

o  Prepare t w i n  booms, h o i s t i n g  equipment and p o s i t u r n s .  R i g  f o r  r o t o r  
e r e c t  i on .  

0 Complete t h e  read iness  rev iew.  

o i i f t  t h e  r o t o r  f r om  t h e  bunks. Using t h e  p o s i t u r n s ,  r o t a t e  t h e  r o t o r  
and p o s i t i o n  i t  w i t h  t h e  t e e t e r  s h a f t  7 "  f r om  v e r t i c a l .  

o  Ka ise  t h e  r o t o r  and maneuver t h e  t e e t e r  s h a f t  i n t o  t h e  yoke. A t t ach  
t h e  t e e t e r  b e a r i n g  caps. 

o  Remove t h e  p o s i t u r n  s l i n g s  from r o t o r .  

o  I n s t a l  1  t h e  r e s t  of t h e  hyd rau l  i c  p lumbing and w i r i n g .  

o  Remove t h e  r e s t  o f  t h e  1  i f t i n g  f i x t u r e s  and r i g g i n g .  

o  C lea r  t h e  ground area f o r  t h e  n e x t  ope ra t i on .  

o  Ro ta te  r o t o r  i n t o  v e r t i c a l  p o s i t i o n  u s i n g  t u r n i n g  gear motor. 

o  Complete t e e t e r  b e a r i n g  p r e l o a d i n g  

T h i s  procedure i s  i l l u s t r a t e d  i n  F i gu res  11-19 th rough  11-22. 

11.3.5 SCHEDULES 

Schedules f o r  t h e  p r e p a r a t i o n  o f  t h e  s i t e ,  t h e  c o n s t r u c t i o n  and e r e c t i o n  of 

t h e  wind t u r b i n e  and t h e  p o s t - i n s t a l l a t i o n  t e s t i n g  a r e  shown i n  F i gu res  11-23 

t h rough  11-25. These p l ans  schedule work t o  be performed by  GE, NASA, and t h e  

U t i l i t y  (HECO i n  t h i s  case) .  



TEETER ERG. CAPS \711 
R O T A T I N G  8 L I F T  

F I X T U R E S  7 

CENTER BLADE s E c T 1 w  

OUTBOARD BLADE SECTION 

F i g u r e  11-19 R o t o r  E r e c t i o n  Module 
Weight w i t h  L i f t i n g  F i x t u r e s :  530,000 I b s .  

11 -24 
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12.0 QUALITY ASSURANCE AND SAFETY 

12.1 INTRODUCTION 

T h i s  s e c t i o n  d e f i n e s  Qua1 i t y  Assurance and Sa fe t y  p l a n s  and p r o v i s i o n s  f o r  use 

au r i r i g  t h e  f a b r i c a t i o n  and e r e c t i o n  o f  t h e  MOD-5A w ind  t u r b i n e  genera to r .  A 

s e c t i o n  i s  a l s o  p rov i ded  t o  i d e n t i f y  des ign  marg ins as a  r e s u l t  o f  s t r e s s  

ana l ys i s .  

12.2 GENERAL 

12.2.1 QUALITY ASSURANCE PLAN 

The f i n a l  v e r s i o n  o f  t h e  MOD-5A Product  Assurance Program P l a n  i s  GE document 

47A380018, Rev. U. The document was rev iewed and approved by NASA. Th i s  

document i s  i nc l uded  i n  t h e  appendix o f  t h i s  volume. 

12.2.2 SAFETY PLAN 

The f i n a l  v e r s i o n  of t h e  MOD-5A System Sa fe t y  P l a n  i s  GE document 47A380019, 

Rev. B. Tile document was rev iewed and approved by NASA. T h i s  document i s  

i nc l uded  i n  t h e  appendix t o  t h i s  volume. 

12.2.3 CONFIGURATION CONTROL PLAN 

The c o n f i g u r a t i o n  c o n t r o l  p l a n  i s  i nc l uded  i n  t h e  Appendix t o  t h i s  volume. 

12.2.4 TEST HARDWARE INSPECTION REPORTS 

I n s p e c t  i o n  r e p o r t s  document t h e  d i sc repanc ies  between spec i f  i c a t i o n s  and t h e  

development t e s t  hardware t h a t  was d e l i v e r e d  f o r  development t e s t s .  The 

r e p o r t s  a l s o  document how t h e  d i s c r e p a n t  hardware was d i s p o s i t i o n e d .  I n  a l l  

cases except  one, t h e  d i sc repanc ies  were minor  and t h e  hardware was used i n  

t e s t s .  I n  one case, however, t h e  d i sc repanc ies  on t h e  threaded s tuds  would 

have b iased  f a t i g u e  t e s t  r e s u l t s .  For t h i s  reason t h e  s tuds  were n o t  accepted 

f o r  f a t i g u e  t e s t s .  E igh teen  u n i t s  were used f o r  s t a t i c  t e s t s ,  t h e  o t h e r s  were 

rep laced .  The s u p p l i e r  r ep laced  t h e  u n i t s  w i t h  p a r t s  t h a t  s a t i s f i e a  d r a w i n g ' s  

requi rements .  I n  a  few o f  t h e  d isc repanc ies ,  because o f  t h e  s i z e  and c o s t  o f  

t h e  i tems, t h e r e  was no a l t e r n a t i v e  b u t  t o  accept  t h e  m a t e r i a l  and t a k e  t h e  

d i sc repanc ies  i n t o  cons i d e r a t i o n  when t h e  t e s t  r e s u l t s  were eva lua ted .  Note, 

t h a t  a l l  hardware desc r i bed  i n  these  d e f e c t  r e p o r t s  i s  development t e s t  

hardware; none of  t h e  i tems were p lanned f o r  a p p l i c a t i o n  on t h e  o p e r a t i n g  wind 



t u r b i n e .  Copies o f  t h e s e  d e f e c t  r e p o r t s  a r e  i n c l u d e d  i n  t h e  Appendix t o  t h i s  

volume. 

12.2.5 FACTORY INSPECTION AND TEST EQUIPMENT 

T h i s  1 i s t  i s  an e s t i m a t e  o f  t h e  t e s t  equipment r e q u i r e d  f o r  i n s p e c t i o n s  and 

t e s t s  i n  t h e  f a c t o r y .  The q u a n t i t i e s  and t h e  c o s t ,  as o f  t h e  f o u r t h  q u a r t e r  

o f  1983, o f  each i t e m  a r e  l i s t e d .  I n  most cases t h e s e  a r e  c a t a l o g  c o s t s  o r  

v e r b a l  q u o t a t i o n s .  I n  a  few cases t h e  c o s t s  a r e  es t ima ted .  

I T E M  AND QUANTITY INVESTMENT EXPENSE TOTAL COST 

1 .  Osc i 1  1  oscope System 
T e k t r o n  i x  Mod. 7854 
1 a t  $19,530 19,530 - 19,530 

2. D i g i t a l  M u l t i m e t e r  
F l u k e  8600 A-01 
4 a t  $1,120 4,480 

3. lin i v e r s a l  Counter /T imer  
F l u k e  7261A 
1  a t  $1,455 1,455 

4. F u n c t i o n  Generator  
Hp MOD 3312A 
1  a t  $1 125 1,125 

5. I n s u l a t i o n  R e s i s t a n c e  Tes te r  
(0-2.5 kVdc) 
H i p o t r o n  i c s  HV-2.5 
1 a t  $1,320 

6. D i e l e c t r i c  S t r e n g t h  T e s t e r  
(0-20kVdc) 
H i p o t r o n  i c s  MOD 720-5 
3 a t  $1,430 

7 .  Phasemeter 
1 a t  $200 ( e s t i m a t e d )  

b .  Relay  Test  Se t  
Mu 1  t i-Amp SR-76A 
1  a t  $7,945 

9. D i g i t a l  T / C  Readout 
Omega 2 168A-03 
2 a t  $1,005 



ITEM AND QUANTITY INVESTMENT EXPENSE TOTAL COST 

10. D i g i t a l  T/C Readout 
Omega 2 166A-03 
2 a t  $875 1,750 

11. M u l t i p o i n t  T/C Recorder 
Omega OM-271 
2 a t  $4,100 8,200 

12. M u l t i p o i n t  MV Recorder 
L&N Speedomax 250 
2 a t  $3,564 7,128 

13. S t r a i n  Gage Readout . .. 
lVleas. Group-Inc. P-3500 
2 a t  $985 1,970 

14. S t r a i n  Gage Sel .  Sw (10 pos) 
Meas. Group Inc .  SB-1K 
2 a t  $875 1,750 

15. Power Suppl i e s  
Lambda LA-300 
4 a t  $300 
Lambda LA-350 
4 a t  $300 

16. Po r tab le  VOM 
F luke 8020B 
2 a t  $194 

17. Ammeter, Clamp-on 
bleston MOD 633-Type VA-1 
1 a t  $446 446 

18. Realt ime Theodo l i te  System $59,400 
K&E - A I M S  
Inc ludes : 

2 - DT-1 D i g i t a l  Theodol i tes 
2 - RS232 In te r faces  
1 - M u l t i .  U n i t  
1 - 802 C o n t r o l l e r  
1 - P r i n t e r  

19. Inst rument  Stands-Heavy Duty 
K&E 71-5025 
2 a t  $1520 3,040 

Laser Target System 
K&E - A I M S  

21. Cont ro l  Data System 50,000 
o Processor 



ITEM & QUANTITY 

o  CR Terminal  
o  P r i n t e r  
o  MAG Recorder 
o  S t r i p  Char t  Recorder 

(Eng ineer ing  t o  s p e c i f y  
and s e l e c t  system components) 

INVESTMENT EXPENSE TOTAL COST 

22. Misce l laneous Tools 5,000 
o  Torque Wrenches 
o  E l e c t r i c a l  Tool K i t  
o  E l e c t r o n i c  Tool K i t  
o  M ic rometers  
o  Cal i p e r s  
o Gages 

Note: Th i s  es t ima te  assumes 
a v a i l a b i l  i t y  o f  NASA-PI V VAN 
f o r  da ta  r e d u c t i o n  

12.3 D E S I G N  MARGINS SUMMARY 

P o s i t i v e  margins o f  sa fe t y  were found f o r  a l l  elements o f  t h e  s t r u c t u r a l  

system o f  t h e  MOD-5A wind t u r b i n e .  The margins a r e  o f t e n  c l o s e  t o  ze ro  a t  

l o c a t i o n s  i n  a subs t ruc tu re .  Marg in  o f  s a f e t y  (MS) t o  t h e  a l l owab le  s t r e s s  i s  

de f i ned  i n  Volume 11, s e c t i o n  9. A ze ro  MS u s u a l l y  means t h a t  t h e  p r e d i c t e d  

maximum s t r e s s  i s  l e s s  than  67% o f  t h e  s t r e s s  t h a t  would cause permanent 

de fo rmat ion  o r  f r a c t u r e  o r  i n s t a b i l i t y .  I n  t h e  case o f  f a t i g u e ,  a  zero  M S  

u s u a l l y  means t h e  p r e d i c t e d  c y c l i c  s t r e s s  i s  below 67% o f  t h e  c y c l i c  s t r e s s  

t h a t  c o u l d  i n i t i a t e  v i s i b l e  damage i n  39 years.  

A  thorough a n a l y s i s  o f  t h e  system's dynamic responses was d iscussed i n  volume 

11, s e c t i o n  7.0. The a n a l y s i s  p r e d i c t e d  maximum loads  and h is tograms o f  

f a t i g u e  loads.  The S t r u c t u r a l  Design C r i t e r i a ,  Volume 11, s e c t i o n  9, r e q u i r e d  

t h a t  des ign  loads  be ad jus ted  upward f r om t h e  p r e d i c t e d  loads, based on 

compar ison of  p r e d i c t  ions w i t h  measurements o f  loads  on p rev ious  wind t u r b i n e s  

and des ign m a t u r i t y .  The a n a l y t i c a l  s t r e s s  l e v e l s  were based on loads t h a t  

were so ad jus ted  and a r e  compared t o  a l l o w a b l e  s t resses  which a r e  d e f i n e d  i n  

t h e  S t r u c t u r a l  Design C r i t e r i a  ( G E  Spec 47A380002B). 

The minimum margins o f  sa fe t y  f o r  comparing des ign s t resses  t o  a l l o w a b l e  

s t r esses  a r e  l i s t e d  i n  Table 12-1. The " re fe rence"  column i n d i c a t e s  t h e  

Volume 111 s e c t i o n  o f  t h i s  r e p o r t  t h a t  con ta ins  a  d i scuss ion  o f  t h e  ana l ys i s .  



Table 12-1. Minimum Marg ins o f  S a f e t y  

Design S t r e s s  
( PS i 

Vol . I I I Sec t i on  
Reference Component Cond i t  i o n  Marg in  

Outer  B lade 

Spar Shear 
S k i n  
Spar Shear 

L i m i t  
Buckl  i n g  
F a t i g u e  

A i l e r o n  Attachment 

S tud  Force 
Stud Force 

L i m i t  
F a t i g u e  

A i l e r o n  

L i m i t  
Buckl  i n g  
F a t i g u e  

I n n e r  B l  ade 

S k i n  0.3 X / R ,  0.5C 4 560 
0.3C Spar Shear 182 
S k i n  0.3 X / R  0.6C 1200 - + 1100 

L i m i t  
Buckl  i n g  
F a t i g u e  

Center Blade 

A t  B o l s t e r  T i p  3300 
A t  B o l s t e r  T i p  1405 - + 1320 

L i m i t  
F a t i g u e  

B o l s t e r  

Cross Gain a t  Tee te r  Cup 286 
Cross Gain a t  Brake - +23 5 

L i m i t  
Fa t i gue  

Yoke 

Fwd Sheet Elbow 6000 
Fwd Sheet Elbow -4000 - + 5400 

L i m i t  
F a t i g u e  

Tee te r  Brake L i n k  

E u l e r  Column 1 1900 
Bear ing  Housing Max Sr 36000 

S t a b i l  i t y  
F a t i g u e  

Low Speed Coup1 i n g  and Shaf t  

F r i c t i o n  Capac i t y  ( F t - l b )  6.54 X l o 6  
S h a f t  F i l l e t ,  mean + rmc 5649 + 7 7 7  - - 

L i m i t  
F a t i g u e  



Table 12-1. Minimum Margins o f  Sa fe t y  (Cont ' d )  

Design S t ress  
Component ( p s i )  

Vol .  I11 Sec t i on  
Reference Cond i t i on  Marg in  

Gearbox D r  i v e t r a i n  

L i m i t  
Fa t i gue  

Gearbox Hous i n g  

L i m i t  
F a t i g u e  

Ko to r  Support Bear ings 

Re ta ine r  89385 
Reta iner  Max S t ress  Range 542 

L i m i t  
Fa t i gue  

Roto r  Support  Sp ind le  

B o l t s  t o  Adapter 6582 1 
Flange F i l l e t  158 

L i m i t  
F a t i g u e  

Ro to r  Support  Adapter 

B o l t s  t o  Bedpl ate,  shear 38719 
Rad ia l  R ibs  2 2 3  

L i m i t  
F a t i g u e  

Low Speed Brake Support  

B o l t  Shear, No P re load  3  1 3 8 8  
Outer Web, max Sr 11894 

L i m i t  
Fa t i gue  

Gearbox Mount 

Gearbox F o o t i n g  B o l t  33900 
Weld mean + rrnc - 12900 + 521 - 

L i m i t  
F a t i g u e  

Bedpl a t e  

kebs,  fwd Sec t i on  26210 L i m i t  0.14 6.1.4 
Web mean + rrnc - 10200 + 667 F a t i g u e  - 0.05 

Yaw Hous i n g  (Upper) 

Emergency Load 50000 L i m i t  0  
Ribs, Max S t ress  Range 840 0 Fa t i gue  0  

Yaw Bear ing  

Support  Row H e r t z  S t ress  398000 L i m i t  0.45 7 . 5 . 2  
Nose Ring, rmc + 2 7 1 1  F a t i g u e  0.75 7.5.2 - 



Table 12-1. Minimum Marg ins o f  Sa fe t y  ( C o n t ' d )  

Component 
Design S t ress  Vol . I I I Sect  i on  

( p s i )  C o n d i t i o n  Marg in  Reference 

Yaw Housing (Lower) 

She1 1 30000 L i m i t  0 7.5.1 
Ribs,  lvlax S t r e s s  Range 9200 Fa t i gue  0 .OY 

Tower 

Searn a t  627, Nax S t a r t / S t o p  13108 Buck 1 i n g  2.44 
Seam a t  627, 50% Overspeed 32770 Buck1 i n g  0.38 
Seam a t  627, RMC S t r e s s  + 1433 - F a t i g u e  0.12 

Tower Ooor Region 

Seam a t  137, 50% Overspeed 24426 Buck1 i n g  0.53 
Top of S i de  Post,  RMC + 1060 - Fa t i gue  0.06 

Foundat ion Attachment a o l t s  

Extreme N ind  
RMC S t ress  

Foundat ion ( P r e l  i n l i na ry )  

58500 L i m i t  0.2 
+ 221 - Fa t i gue  1 .71 

Concrete  Shear, E x t r  i i n d  116 L i m i t  0.02 
R e i n f o r c i n g  Bar, Sr 20700 Fa t i gue  0.13 
R e i n f o r c i n g  bar  Welds TED F a t i g u e  TED 



-Itre 111att.r i d1  i n  t l r c  f o l  l ow ing  s u b s e c t i o n s  d e s c r i b e s  t h e  qua1 i t y  assurance 

il ledsures, ir lspec t i o n s  dnd r l o n - d e s t r u c t  i v e  e v a l u a t i o n s ;  wh i c t l  w i  1  1 he perforrned 

or1 t i l e  irlajor- assel~lb l i c s  o f  t h e  w ind  t u r l j i n e  system t o  assurance t h e  i n t e g r i t y  

o f  t h e s e  dsse~r~b  1 i e s  I j e t o r e  t h e y  d r e  de l i v e r e d  t o  t h e  dssC!rflb l y  s i t e .  

IL.4. I I O W t l {  

T t ~ c  rr ldtcr i d  l i n  t h e  t o  1 l o w i r ~ y  s e c t  ior ls i s  d \urcarrary o f  t h e  qua l i t y  dssurance 

requirerr ier i ts  t o r  t t ~ c  MOD-SH tower .  It1e.y a r e  drdwn frorrr s p e c i f - i c a t i o n s  arid 

p r u c ~ ~ r e r r ~ e ~ i t  ducurr~er~ts w f i  i c t i  hdve l ~ e c n  pul) l is f led  arid r e v  iewed w i t 1 1  t h e  proposed 

supp l l e r s .  

12.4.1.1 I(aw M a t e r i d l  C o n t r o l  

I l l e  s u b c o r ~ t r a c t o r  w i  l l ensu re  t h a t  a1 1 raw rnater i a l  used i n  t h e  f a b r  i c d t  i o n  o f  

t l re tower  i s  i d e r ~ t i f i e d  a p p r o p r i d t e l y ,  b y  t ype ,  l o t  number, h e a t  nurnber o r  

h e r  i d 1  rlunrber. 1 he s u b c o n t r a c t o r  w i l l  comply w i t t i  a1 1 drawings,  

spec i f  i c d t  i ons ,  procurerr~err t  aocumer~ts and Staterrrents o f  Work p e r t a i n i n g  t o  t h e  

w i n d  t u r b  ir le g e n e r a t o r .  

The s u b c o r l t r a c t o r  w i 11 o b t a i n  c e r t  i f  i c a t  i ons  o f  chemica l  and phys i c a l  

p r o p e r t i e s  o f  a17 raw m a t e r i a l s  purchased f r o m  t h e i r  s u p p l i e r s  f o r  use on t h e  

tower .  These c e r t i f i c a t i o n s  must  be a v a i l a b l e  f o r  t h e  customer t o  r e v i e w  a t  

t h e i r  conven ience.  

r 4 a t e r i a l  purchased and approved f o r  use on t h e  tower  w i l l  be s t o r e d  i n  a 

s e p a r a t e  s t o c k  d r e a  and must  b e  c o n t r o l l e d  c a r e f u l l y .  O n l y  m a t e r i a l  purchased 

and dpproved f o r  use on t h e  w ind  t u r b i n e  g e n e r a t o r  may be used i n  t h e  tower .  

M a t e r i a l  t h a t  i s  n o t  approved must  be p l a c e d  i n  a q u a r a n t i n e  a r e a  and t h e  

cus tomer  must  d i s p o s e  o f  it. The use o f  unapprovea m a t e r i a l  o r  m a t e r i a l  n o t  

purcnased s p e c i f i c a l l y  f o r  t h e  w ind  t u r b i n e  g e n e r a t o r  must  be approved b y  t h e  

cus tomer  b e f o r e  i t  can  b e  used i n  t h e  tower .  

The s u b c o n t r a c t o r  w i l l  p r o v i d e  w r i t t e n  c e r t i f i c a t i o n  t h a t  a l l  m a t e r i a l  used i n  

t h e  tower  conforms t o  s p e c i f i c a t i o n s  and t h a t  o n l y  m a t e r i a l  approved f o r  i t s  

use has Peen used i n  t h e  tower .  



12.4.1.2 C e r t i f i c a t i o n s  and Repor t  Requ irernents 

The subcon t rac to r  w i l l  p rov ide ,  a t  t h e  l e a s t ,  t h e  f o l l o w i n g  c e r t i f i c a t i o n s  and 

r e p o r t s :  

1. W r i t t e n  c e r t i f i c a t i o n s  o f  a1 1  t h e  p h y s i c a l  and chemical  p r o p e r t i e s  o f  
a1 1  raw m a t e r i a l s  used i n  t h e  tower.  These may be m i l l  t e s t  r e p o r t s  
o r  t e s t  r e p o r t s  on samples o f  t h e  m a t e r i a l  by  an independent 
l a b o r a t o r y  approved b y  t h e  customer. 

2.  A l l  we ld i ng  w i l l  be done accord ing  t o  w r i t t e n  weld procedures t h a t  
adhere, i n  a1 1  respec ts ,  t o  t h e  requ i rements  o f  ANSI/AWS D l .  1-82 and 
GE S p e c i f i c a t i o n  47A380054. Copies o f  a l l  procedures and t h e  
appl  i c a b l e  qual  i f  i c a t i o n  d a t a  w i l l  be suppl  i e d  t o  t h e  customer. The 
subcon t rac to r  w i l l  pay p a r t i c u l a r  a t t e n t i o n  t o  t h e  requ i rements  i n  
S e c t i o n  3  of GE S p e c i f i c a t i o n  47A380054. 

3. A l l  we la i ng  i s  t o  be done b y  welders  who a re  qua l  i f i e d  accord ing  t o  
t n e  requ i rements  o f  ANSIIAWS D l .  1-82. The subcon t rac to r  must 
r r ~ a i n t a i n  r eco rds  o f  t h e  q u a l i f i c a t i o n s  and c e r t i f i c a t i o n s  o f  each 
welder  and rnust p r o v i d e  cop ies  o f  t nese  reco rds  t o  t h e  customer a t  
t h e  cus tomer ' s  reques t .  Each welder must have a  stamp o r  another  
means o f  i d e n t i f y i n g  h i s  work. 

4. The subcon t rac to r  must m a i n t a i n  f i l e s  o f  a l l  r ad i og raph i c ,  
u l  t r a s o n  i c y  magnet ic  p a r t i c l e  and a1 1  o t h e r  i nspec t  i ons  and t e s t  d a t a  
p e r t a i n i n g  t o  t h e  tower  and i t s  m a t e r i a l s .  These f i l e s  must be 
a v a i l  a b l e  f o r  t h e  customer '  s  r e v i e w  and approva l .  Repor ts  
summarizing t h i s  d a t a  must be submi t ted  t o  t h e  customer every  month. 

Hardware t h a t  does n o t  conform t o  s p e c i f i c a t i o n s ,  o r  hardware t h a t  has been 

reworked, w i l l  n o t  be accepted w i t h o u t  t h e  cus tomer ' s  p r i o r  approva l .  

D isc repanc ies  between s p e c i f i c a t i o n s  and m a t e r i a l  o r  workmanship must be 

documented and r e p o r t e e  t o  t h e  customer immediately.  The customer w i l l  

de termine how t o  d ispose  of  t h e  m a t e r i a l .  Repor ts  o f  a1 1  d i sc repanc ies  and 

t h e  d i sposa l  o f  t h e  m a t e r i a l s  must be submi t ted  t o  t h e  customer every  month. 

12.4.1.3 F a c t o r y  and F i e l d  I n s p e c t i o n  Requirements 

12.4.1.3.1 Welding I n s p e c t o r  

The i nspec to r  w ill be r e s p o n s i b l e  f o r  v e r i f y i n g  a1 1 m a t t e r s  p e r t a i n i n g  t o  

i n s p e c t i o n  and qua l  i t y .  They w i l l  be  c e r t i f i e d  accord ing  t o  AWS-QC1 i f  t h i s  

requ i rement  i s  s p e c i f i e d  i n  t h e  c o n t r a c t .  T h e i r  d u t i e s  w i l l  i nc lude ,  b u t  a re  

n o t  l i m i t e d  t o ,  t h e  i tems i n  t h e  f o l l o w i n g  l i s t .  

A.  V e r i f i c a t i o n  t h a t  a l l  m a t e r i a l s  used i n  t h e  tower  s a t i s f y  a l l  
c o n t r a c t  requ i rements .  



13. V e r i f i c a t i o n  t h a t  a1 1 we ld i ng  and j o i n i n g  processes a r e  p r o p e r l y  
q u a l i f i e d  accord ing  t o  AWS 01.1-82. 

C. V e r i f i c a t i o n  t h a t  a l l  we lders  and we ld i ng  ope ra to r s  a r e  d u l y  
c e r t i f i e d  t o  accord ing  AWS requi rements .  

U. V e r i f i c a t i o n  t h a t  a l l  e l ec t r odes  and f i l l e r  m a t e r i a l s  meet t h e  
spec i f  i c a t  ions.  

E .  V e r i f i c a t i o n  t h a t  t h e  s i ze ,  l e n g t h  and l o c a t i o n  o f  a l l  welds a re  as 
shown on d e t a i l  drawings. 

F .  To make su re  t h a t  a l l  welds a r e  examined f o r  s i ze ,  contour ,  qua1 i t y  
and workmanship. 

G .  Ver i f  i c a t  i on  t h a t  welds c o n f o r ~ n  t o  spec i f  i c a t  i ons  r ega rd i ng  p rehea t  
arid i n t e rpass  temperatures,  we ld ing  c o n t i n u i t y ,  edge p repa ra t i on ,  
d e b u r r i n g  and s t r e s s  r e l i e f  requ i rements .  

H. V e r i f i c a t i o n  t h a t  a1 1 personnel  pe r f o rm ing  non-des t ruc t  i v e  t e s t i n g  
a r e  q u a l i f i e d  accord ing  t o  SNT-TC1A and t h e  c o n t r a c t  requ i rements .  

I .  V e r i f i c a t i o n  t h a t  any rework i s  done accord ing  t o  a  q u a l i f i e d  rework 
procedure t h a t  i s  approved by  t h e  customer. 

12.4.1.3.2 E x t e n t  of I n s p e c t i o n  o r  Tes t  

The e x t e n t  o f  i n s p e c t i o n  w i l l  be s p e c i f i e d  i n  t h e  c o n t r a c t  and t h e  c o n t r a c t o r  

w i l l  be r e q u i r e d  t o  pe r f o rm  these  tasks :  

A. The e n t i r e  l e n g t h  o f  a l l  welas w i l l  be v i s u a l l y  inspected. Good 
l i g h t i n g  and m a g n i f i e r s  must be used f o r  t h e  inspec t ion .  

B. Magnet ic p a r t i c l e  t e s t i n g  w i l l  be performed on t h e  e n t i r e  l e n g t h  o f  
t h e  f o l l o w i n g  welds: 

7 .  F i l l e t  welds used t o  permanent ly a t t a c h  f i x t u r e s ,  b racke ts ,  e t c .  
t o  any p o r t  i o n  o f  t h e  tower .  

2. The a f f e c t e d  area f r om which temporary at tachment welds haye 
been removed. 

3. Arc s t r i k e s  on areas t h a t  a r e  n o t  covered b y  weld meta l .  

C .  Radiographic  t e s t s  w i l l  be performed on a l l  l o n g i t u d i n a l  and 
c i r c u m f e r e n t i a l  welds on t h e  tower.  Radiographic  t e s t s  w i l l  be 
performed on t h e  e n t i r e  l e n g t h  o f  a1 1 c  i r cumfe ren t  i a l  welds. 
Radiographs w i l l  be i d e n t i f i e d  and k e p t  on f i l e  f o r  t h e  cus tomer ' s  
r e v  iew. 

L o n g i t u d i n a l  welds w i l l  be sub jec ted  t o  spo t  r a d i o g r a p h i c  t e s t i n g  a t  
a1 1 i n t e r s e c t i o n s  w i t h  c i r c u m f e r e n t i a l  welds, f o r  a  minimum o f  12 i n .  
on each s i d e  o f  t h e  i n t e r s e c t i o n .  I f  any o f  these t e s t s  show an 
unacceptab le  a i s c o n t i n u i t y ,  two a d d i t i o n a l  t e s t s ,  a t  l e a s t  4 i n .  



l ong ,  w i l l  be per formed on t h e  weld. I f  e i t h e r  o f  these  t e s t s  show 
an unacceptab le  d i s c o n t i n u i t y ,  t h e  e n t i r e  l e n g t h  o f  t h e  l o n g i t u d i n a l  
we ld  i n  quest  i o n  w i l l  be t e s t e d  r a d i o g r a p h i c a l l y .  D isc repanc ies  
between t h e  workmanship and t h e  s p e c i f i c a t i o n s  w ill be documented. 
These documents, and t h e  rad iographs ,  w i l l  be f i l e d  and made 
a v a i l a b l e  t o  t h e  customer t o  r e v i e w  and approve. 

U. U l t r a s o n i c  t e s t i n g  may n o t  be used w i t h o u t  p r i o r  w r i t t e n  approva l  
f r o m  t h e  c u s t o r ~ ~ e r .  

12.4.1.4 Non-Destruct  i v e  T e s t i n g  Acceptance and R e j e c t  i on  C r i t e r i a  

Nun -des t ruc t i ve  t e s t i n g  on t h e  tower  w i l l  c o n s i s t  o f  v i s u a l ,  r a d i o g r a p h i c  and 

n ~ a y n e t i c  p a r t i c l e  t e s t s .  The t ypes  o f  n o n - d e s t r u c t i v e  t e s t i n g  t o  be used 011 

t i l e  v d r i o u s  t ypes  o f  welds have been d e f i n e d  i n  a p rev i ous  paragraph. 

T t ~ e  l i m i t s  on d i sc repanc ies  between s p e c i f i c a t i o n s  and work and on 
d i s c o n t i n u i t i e s  found i n  v i s u a l  i n spec t i ons  are:  

UISCKEPANCY OR UISCONTINUITY LIMITS 

Undercut  o f  p a r e n t  meta l  Weld t r a n s v e r s e  t o  s t r e s s  - .010 in . ,  max 
ad jacen t  t o  t h e  weld,  Weld p a r a l l e l  t o  s t r e s s  - .031 in . ,  max 

Sc ra t ch  o r  b u r n  marks 5% maximum r e d u c t  i on  i n  pa ren t  
r e s u l t i n g  f r om  s t r i k i n g  a r c  meta l  t h i c kness  

Cracks i n  we ld  o r  i n  base None a l lowed 
meta l  

Sur face  p o r o s i t y  Dimension o f  g r e a t e s t  
d i s c o n t i n u i t y :  1/8 i n .  

D i s c o n t i n u i t y  n o t  l e s s  t han  3  t imes  t h e  
g r e a t e s t  d imension o f  t h e  d e f e c t  f r om  end 
o f  we1 d 

The space between two ad jacen t  
d i s c o n t i n u i t i e s  must be g r e a t e r  t han  3  
t i~nes  t h e  g r e a t e s t  d imension of  t h e  
1  a rge r  d i s c o n t i n u i t y  

I n  a  we ld  l e n g t h  equal  t o  6 t imes  t h e  
we ld  s i z e ,  t h e  sum o f  t h e  g r e a t e s t  
d imensions o f  a l l  v o i d s  must be l e s s  t han  
t h e  we ld  s i ze .  I n  a we ld  l e n g t h  l e s s  
t han  6 t imes  t h e  we ld  s i ze ,  t h e  sum must 
be p r o p o r t i o n a l l y  l e s s  



DISCREPANCY OR DISCONTINUITY LIMITS 

Re in forcement  Reinforcement o f  b u t t  j o i n t s  must n o t  
exceed 1 /8  in .  

Over 1 ap None a1 lowed 

Convex i ty  o f  f i l l e t  welds Convex i ty  may n o t  exceed .07 t imes t h e  
f a c e  w i d t h  o f  t h e  weld, p l u s  .06 i n .  

The l i m i t s  f o r  d isc repanc ies  between s p e c i f i c a t i o n s  and work and on 

d i s c o n t i n u i t i e s  found d u r i n g  rad iog raph i c  o r  magnet ic p a r t i c l e  t e s t i n g  w i l l  be 

t h e  same as those  f o r  v i s u a l  inspec t ion ,  w i t h  these  a d d i t i o n s :  

DISCREPANCY OR DISCONTINUITY LIMITS 

Sub-surf  ace poros i t y  D imens i o n  o f  g r e a t e s t  
d i s c o n t i n u i t y :  1 /8  in. 

Other c r i t e r i a  a re  t h e  same as f o r  
su r f ace  p o r o s i t y  

12.4.2 NACELLE AND BEDPLATE 

12.4.2.1 Vendor S e l e c t i o n  Requirements 

A f t e r  p r e l  im inary  b i d s  a r e  rece ived ,  Procurement prepares a 1 i s t  o f  p o t e n t i a l  

supp l i e r s .  Procurement checks t h e  t h e  cus tomer 's  records  f o r  a  s u p p l i e r ' s  

performance r e c o r d  o r  qua l  i t y  h i s t o r y .  I f  no records  ex i s t ,  r e p r e s e n t a t i v e s  

f r om Procurement, Manufac tu r ing  and Qua1 i t y  Assurance per fo rm a pre-award o r  

s e l e c t i o n  survey  o f  t h e  s u p p l i e r ' s  p l a n t  and q u a l i t y  system. 

Procurement i s  concerned w i t h  t h e  s u p p l i e r ' s  f i n a n c i a l  s t a tus ,  comparat ive 

p r i c e s  and d e l  i v e r y  record .  Manufac tu r ing  r e v  iews t h e  suppl  i e r  ' s  f a c  il i t  ies,  

equipment, eng ineer ing  and p roduc t i on  capab i l  i t y  and exper ience w i t h  s i m i l a r  

products .  Q u a l i t y  Assurance a u d i t s  t h e  s u p p l i e r ' s  q u a l i t y  system, and 

observes t h e  qua l  i t y  o f  work i n  progress,  and t h e  e x t e n t  and e f f e c t i v e n e s s  o f  

process c o n t r o l s  . Th i s  survey no rma l l y  uses a prepared check l i s t .  The 

elements covered by  t h e  check l i s t  i nc lude :  

o  Procurement Con t ro l s  
o  Rece iv ing  I nspec t  i o n  
o Raw M a t e r i a l s  Con t ro l  
o  Stock Room Con t ro l s  
o  I n s p e c t i o n  
o Nonconforming M a t e r i a l  Con t ro l  



o  Cal i b r a t  i o n  System 
o  Drawing and Change C o n t r o l  
o  T r a i n i n g  and Ce r t  i f  i c a t  i c n  
o  P a c k a g i n g a n d S h i p p i n g  
o  I n s p e c t i o n  Stamps 
o  Spec ia l  Processes 
o  Non-Destruct  i v e  T e s t i n g  

The check 1 i s t  r e q u i r e s  d e t a i l s  o f  each o f  t hese  elements and y i e l d s  v a l u a b l e  

i n f o r m a t  i o n  on t h e  suppl  i e r  ' s  qua l  i t y  system and i t s  e f f e c t i v e n e s s .  Based on 

t h e  r e s u l t s  o f  t h e  survey, t h e  s u p p l i e r  may be r a t e d  as q u a l i f i e d  o r  

u n q u a l i f i e d .  The s u p p l i e r  may a l s o  be g i v e n  a  c o n d i t i o n a l l y  q u a l i f i e d  r a t i n g ,  

wh ich  r e q u i r e s  c o r r e c t i v e  a c t i o n  t h a t  w i l l  upgrade t h e  qua l  i t y  system. If t h e  

c o r r e c t i v e  a c t i o n  i s  ex tens i ve ,  another  su rvey  may be r e q u i r e d  when i t  i s  

completed. 

The s e l e c t i o n  and approva l  o f  t h e  s u p p l i e r  i s  t h e  f i r s t  s t e p  i n  c o n t r o l l i n g  

t n e  q u a l i t y  o f  t h e  products .  GE's vendor q u a l i t y  assurance r e p r e s e n t a t i v e s  

p e r i o d i c a l l y  v i s i t  t h e  p l a n t  t o  mon i t o r  and a u d i t  t h e  vendo r ' s  conformance t o  

t h e  q u a l i t y  system. Checkpoin ts  a r e  e s t a b l i s h e d  th roughou t  t h e  p r o d u c t i o n  

c y c l e  f o r  GE1s i n s p e c t o r s  t o  w i t ness  t h e  performance o f  i n s p e c t i o n s  and 

t e s t s .  Performance and p roduc t  q u a l i t y  a re  mon i to red  c l o s e l y  and t h e  s u p p l i e r  

i s  r a t e d  r e l a t i v e  t o  o t h e r  s u p p l i e r s .  

12.4.2.2 Process C o n t r o l s  and I n s t r u c t i o n s  

The subcon t rac to r  w i 11 p repare  w r i t t e n  spec if i c a t  ions f o r  t h e  f a b r i c a t i o n  

process procedures.  These s p e c i f i c a t i o n s  must c o n t a i n  s u f f i c i e n t l y  d e t a i l e d  

i n s t r u c t i o n s  t o  ensure t h e  p roper  perforrnance o f  each procedure,  and t o  

e s t a b l i s h  t h e  c o n t r o l s  necessary  t o  ensure t h e  q u a l i t y  o f  t h e  p roduc t .  A 

p r o d u c t i o n  f l ow  c h a r t ,  and a  procedure s p e c i f i c a t i o n  f o r  each c r i t i c a l  e lement 

i n  t h e  p r o d u c t i o n  f l o w  w i l l  be submi t ted  t o  GE f o r  r e v i e w  and approva l .  A t  

t h i s  t ime ,  GE w i l l  i n d i c a t e  t h e  t e s t  o r  i n s p e c t i o n  p o i n t s  i n  t h e  f l ow  p l a n  

t h a t  w i l l  be wi tnessed.  

On ly  m a t e r i a l s  s p e c i f i e d  on GE drawings w i l l  be used t o  f a b r i c a t e  t h e  bedp la te  

and t h e  suppo r t  s t r u c t u r e  elements. The m a t e r i a l  requ i rements  a r e  i d e n t i f i e d  

i n  t h e  GE s p e c i f i c a t i o r . .  T h i s  s p e c i f i c a t i o n  r e f e r s  t o  t h e  a p p r o p r i a t e  ASTM 



s p e c i f i c a t i o n s  f o r  p h y s i c a l  and chemica l  p r o p e r t i e s ,  t e s t s ,  t e s t  d a t a  and m i l l  

t e s t  r e p o r t s ,  and c e r t i f i c a t i o n s  t h a t  t h e  subcon t rac to r  must o b t a i n  and 

m a i n t a i n  on f i l e .  

The subcon t rac to r  w ill p r o v i d e  documents o f  t h e  f o l  lowing:  

o  The m a t e r i a l s  o raered  and r e c e i v e d  a re  c o r r e c t  and s a t i s f y  GE 
requi rements ,  

o  App rop r i a t e  m i l l  t e s t  r e p o r t s  and c e r t i f i c a t i o n s  o f  p h y s i c a l  and 
chemical  p r o p e r t i e s  have been r e c e i v e d  and f i l e d ,  

o  M a t e r i a l s  a r e  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 ,  hea t ,  s l a b  and 
s e r i a l  numbers, 

o  Records o f  h e a t  t r ea tmen t  t imes  and tempera.tures, 

o  Records o f  u l t r a s o n i c  i nspec t  ion,  accord ing  t o  GE spec i f  i c a t  i ons  and 
ASTM A578 have been rece i ved  and f i l e d .  

o  Resu l t s  o f  impact t e s t i n g  f o r  a l l  temperature l e v e l s  s p e c i f i e d  i n  t h e  
GE s p e c i f i c a t i o n  and i n  r e fe rences  t o  ASTM A673. 

,411 we ld i ng  w i l l  be  done t o  w r i t t e n  we ld i ng  procedure s p e c i f i c a t i o n s .  A l l  

we ld i ng  must be  done by welders  c e r t i f i e d  t o  pe r f o rm  t h a t  t y p e  o f  weld ing.  

Weld procedure s p e c i f i c a t i o n s  must p r o v i d e  d e t a i l e d  i n s t r u c t i o n s  on a1 1  o f  t h e  

f o l l o w i n g :  

Base me ta l  
F i l l e r  o r  e l e c t r o d e  meta l  
Type and p o l a r i t y  o f  c u r r e n t  
Back i n g  m a t e r i a l  , if requ  i r e d  
F lux ,  i f  r e q u i r e d  
S h i e l d i n g  gas, i f  r e q u i r e d  
M a t e r i a l  t h i c k n e s s  range 
We1 d  pos i t ions 
Prehea t  temperature requ i rements  
I n t e r p a s s  temperature requ i rements  
Pos t  we ld  hea t  t r ea tmen t  requ i rements  
Ambient temperature 1  i m i t a t i o n s  
P r e p a r a t i o n  o f  edges o f  base m a t e r i a l  
Technique t o  be  used 
Nurnber o f  passes r e q u i r e d  
Appearance of  we ld i ng  1  ayers  
C lean ing  between passes and o f  f i n i s h e d  we ld  
Procedure and performance q u a l i f i c a t i o n  r eco rds  
Operator  q u a l i f i c a t i o n s .  
C e r t i f i c a t i o n  records .  



12.4.2.3 Non-destructive Test and Inspection Requirements 

Non-destructive t e s t i n g  of t h e  bedplate and other major s t ruc tu ra l  components 

wi l l  cons i s t  of v i sua l ,  dye penetrant ,  magnetic pa r t i c l e ,  radiographic and 

ul t rasonic  t e s t s .  The t e s t s  a r e  defined as :  

o Visual - All welds wi l l  be inspected v i sua l ly  over 100% of t h e  
length. Good l igh t ing  and t he  use of magnifiers a re  recommended. 

o Dye penetrant - Dye penetrant inspection i s  not mandatory, b u t  i t  may 
be used t o  improve t he  effect iveness  of visual inspection,  
pa r t i cu l a r l y  when the  pos s ib i l i t y  of microscopic surface  cracks 
ex ' s t s .  

o Magnetic p a r t i c l e  - All welds m u s t  be inspected by the  dry powder 
magnetic p a r t i c l e  method, over 100% of the  length,  according t o  
Section 6.7.5 of ANSI/AWS Dl.1-82. 

o Radiographic and ul t rasonic  - All f u l l  penetrat ion welds, unless 
otherwise noted on a G E  drawing, wi l l  be inspected radiographically 
or  ul t rason i c a l l  y over 100% of the  length. Radiographic inspect ions 
[nust be performed according t o  ANSI/AWS D1.1-82, Par t  B of Section 
6. Ultrasonic inspections must be performed according t o  ANSI/AWS 
D1.l-82, Par t  C ,  of Section 6.  Radiographic inspection i s  preferred.  

The acceptance or re jec t ion  c r i t e r i a  f o r  non-destruction t e s t i ng  are :  

12.4.2.3.1 Visual and Dye Penetrant Inspection 

CRITEKIA LIMITS 

Maximum undercut of parent metal Weld transverse t o  s t r e s s :  .010 in . ,  max 
adjacent  t o  t he  weld Weld para l l e l  t o  s t r e s s :  .031 in . ,  max 

Scratch or b u r n  marks Maximum of 5% reduction in parent 
(Resulting from s t r i k i n g  a r c )  metal thickness 

Cracks in weld or in base 
met a 1 

Surface porosity 

None allowed 

Dimension of t he  l a rges t  
d iscont inui ty :  3/32 in. 

Discontinuity not l e s s  than 3 times the  
l a rge s t  dimension from the  end of t h e  
we1 d 



C R I T E R I A  LIMITS 

Re inforcement 

Space between two ad jacen t  
d i s c o n t i n u i t i e s  n o t  l e s s  than  3  t imes  
t h e  l a r g e s t  dimension o f  t h e  l a r g e r  one 

I n  a  weld l e n g t h  equal t o  6 t imes  t h e  
weld s i ze ,  t h e  sum o f  t h e  l a r g e s t  
dimensions o f  a1 1  vo ids  w i l l  be l e s s  
than  t h e  weld s ize .  I n  a  weld l e n g t h  
l e s s  than 6 t imes weld s i ze ,  t h e  sum 
w i l l  be p r o p o r t i o n a l l y  l ess .  

Fo r  d  i s con t  i n u  it ies  whose g r e a t e s t  
dimension i s  l e s s  than  3/32 in., t h e  sum 
o f  t h e i r  g r e a t e s t  dimensions may n o t  
exceed .25 i n .  i n  any 1  i nea r  i n c h  o f  
weld.  

Reinforcement o f  b u t t  j o i n t s  w i l l  n o t  
exceed 1/8 i n .  

Over 1 ap None a l l owed  

Convex i ty  o f  f i 1  l e t  welds W i l l  n o t  exceed .07 t imes t h e  a c t u a l  
f a c e  w i d t h  o f  weld, p l u s  .06 i n .  

12.4.2.3.2 Magnet ic P a r t i c l e  o r  Radiographic  I n s p e c t i o n  

The acceptance o r  r e j e c t  i on  c r i t e r i a  f o r  r ad iog raph i c  o r  magnet ic p a r t i c l e  

t e s t i n g  a r e  t h e  same as those f o r  v i s u a l  i n s p e c t i o n  w i t h  t h e  a d d i t i o n s :  

CRITERIA LIMITS 

Sub-surface p o r o s i t y  Dimension o f  t h e  l a r g e s t  d i s c o n t i n u i t y  - 
3/32 in .  

12.4.2.3.3 U l t r a s o n i c  I n s p e c t i o n  

The acceptance and r e j e c t i o n  c r i t e r i a  f o r  u l t r a s o n i c  t e s t i n g  w i l l  be i n  

accordance w i t h  ANSI /AWS D l .  1-82, Sect i o n  9.25.3, Table 9.25.3 f o r  t e n s i o n  

welds. Non- fa t igue c r i t i c a l  welds may be inspected i n  accordance w i t h  

ANSI/AWS 01.1-82, Sec t i on  8.15.3, i f  t h i s  i s  a l lowed b y  t h e  GE drawing. 

12.4.2.4 Data Requirements 

12.4.2.4.1 Raw M a t e r i a l s  Data 

The f o l l o w i n g  d a t a  and c e r t i f i c a t i o n s  must be suppl  i e d  f o r  a1 1  m a t e r i a l s  used 

i n  t h e  bedp la te  and ma jo r  s t r u c t u r e s :  



ASTM A572, Grade 42 o r  Grade 50 

o  M i l l  t e s t  r e p o r t s  l i s t i n g  p h y s i c a l  and chemical  p r o p e r t i e s  o f  t h e  
m a t e r i a l .  M a t e r i a l s  a re  t o  be i d e n t i f i e d  by  l o t  o r  hea t  numbers and 
s l a b  o r  s e r i a l  numbers so t h a t  t h e  m a t e r i a l s  can he c o r r e l a t e d  w i t h  
t h e  t e s t  da ta  supp l i ed  by  t h e  m i l l .  Independent l a b o r a t o r y  analyses 
may be used i ns tead  o f  m i l l  t e s t  r e p o r t s ,  p rov ided  t h e  GE has 
approved o f  t h e  independent l abo ra to r y .  

0 Reports o f  u l t r a s o n i c  t e s t i n g  o f  p l a t e  m a t e r i a l  per  ASTM A578. 

o Impact t e s t  da ta  a t  +lO°F and a t  -40°F p e r  ASTM A673. 

o Resu l ts  o f  impact and t e n s i l e  t e s t i n g  a t  70°F on coupons t h a t  were 
p r e v i o u s l y  h e a t - t r e a t e d  a t  1150°F f o r  12 hour5. 

o Copies o f  a l l  f u rnace  tapes i n d i c a t i n g  temperatures and t imes  f o r  a l l  
normal i z  i n g  and hea t  t r e a t i n g  spec i f  i e d  by t h e  GE must be suppl ied .  

ASTM A633, Grade C 

0 N i l 1  t e s t  r e p o r t s ,  1  i s t i n g  t h e  chemical  and phys i ca l  p r o p e r t i e s  of  
t h e  m a t e r i a l .  The m a t e r i a l  must be i d e n t i f i e d  so t h a t  i t  can be 
t r a c e d  t o  t h e  a p p r o p r i a t e  m i l  1  t e s t  r e p o r t .  Independent 1  abora to ry  
analyses o f  coupons o r  samples may be s u b s t i t u t e d  f o r  m i l l  t e s t  
r e p o r t s ,  p rov ided  t h e  GE has approved o f  t h e  independent l a b o r a t o r y .  

o  Resu l t s  o f  impact t e s t i n g  i n  b o t h  t h e  l o n g i t u d i n a l  and t r ansve rse  
d i r e c t i o n s  a t  +40°F on m a t e r i a l  normal ized pe r  ASTM A673. 

o  Resu l t s  of  u l t r a s o n i c  t e s t i n g  o f  p l a t e  m a t e r i a l  per  ASTM A578, 
i n c l u d i n g  S 2 .  

0 Impact t e s t  data,  e s t a b l i s h i n g  a  temperature-absorbed energy curve.  
The range o f  t e s t  temperatures must be wide enough t o  e s t a b l i s h  t h e  
upper and lower  s h e l f  energ ies.  The t e s t i n g  a t  i n t e rmed ia te  
temperatures must p e r m i t  a  reasonably  smooth cu rve  t o  be p l o t t e d .  

12.4.2.4.2 W e l d i n g P r o c e d u r e Q u a l i f i c a t i o n D a t a  

Copies of we la ing  procedure q u a l i f i c a t i o n  records ,  i n d i c a t i n g  process type ,  

m a t e r i a l  type,  t h i ckness  range q u a l i f i e d ,  f i l l e r  meta l  type,  c u r r e n t  type,  

e l ec t rode ,  e t c .  must be supp l i ed  t o  GE. The r e c o r d  must i nc l ude  t e n s i l e  and 

bend t e s t  d e s c r i p t i o n s  and aata,  and must 1 i s t  t h e  complete impact t e s t  da ta  

f o r  a1 1  impact spec imens. 

12.4.2.4.3 Welder o r  Operator Q u a l i f i c a t i o n  Data 

The d a t a  r e q u i r e d  f o r  t h e  procedure qua l  i f  i c a t i o n  i s  a l s o  r e q u i r e d  f o r  t h e  

welder  qual  i f  i c a t i o n .  The r e c o r d  must i d e n t i f y  t h e  procedure, m a t e r i a l ,  



t h i c k n e s s  range, f i l l e r  meta l ,  e t c .  The r e c o r d  must a l s o  i d e n t i f y  t h e  welder  

who prepared t h e  t e s t  sa~rlples f o r  qual  i f  i c a t  ion.  A qua l  i f  i c a t  i o n  r e c o r d  i s  

r e q u i r e d  f o r  each welder  and f o r  each process. 

12.4.2.4.4 Non-Dest ruct ive Test Data 

Non -des t ruc t i ve  t e s t  aa ta  s p e c i f i e d  i n  GE drawings and s p e c i f i c a t i o n s  must be 

supp l i ed  t o  GE. I n  a d d i t i o n ,  q u a l i f i c a t i o n  r eco rds  o f  workers and supe rv i so r s  

pe r f o rm ing  non-des t ruc t  i v e  t e s t s  must be suppl  ied.  

12.4.3 GENERATOR AND MAJOR ELECTRICAL C014PONENTS 

12.4.3.1 Generator Subsystem I n s p e c t i o n  and Acceptance P l a n  

The genera to r  subsystem i s  a  7,500 kVA v a r i a b l e  speed power gene ra t i ng  

subsystem, c o n s i s t i n g  o f  a  wound r o t o r  generator ,  a  cyc l oconve r t e r ,  a  

c y c l  oconver te r  c o n t r o l  u n i t ,  an i s01  a t  i on  t r ans fo rmer  and accessor ies .  Each 

element o f  t h e  subsystem must s a t i s f y  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  and 

conform t o  t h e  mechanical  and e l e c t r i c a l  i n t e r f a c e s  s p e c i f i e d  i n  GE draw ing  

4714380094 and a p p l i c a b l e  drawings. 

The s u p p l i e r  w i l l  p r o v i d e  GE w i t h  t h e  d a t a  r e q u i r e d  b y  t h e  t a b l e s  i n  d raw ing  

47A380094, which 1  i s t  t h e  parameters f o r  each subsystem element, w i t h i n  t e n  

weeKs a f t e r  t h e  o rde r  i s  r ece i ved .  The s u p p l i e r  w i l l  submit, a t  t h e  same 

t ime,  a  design, manufac tu r ing  and t e s t  f l o w  p l a n  i n d i c a t i n g  t h e  b a s i c  des ign  

o p e r a t  ions,  manufac tu r ing  ope ra t  ions,  rev iews  and p roduc t  i o n  t e s t s  and 

i nspec t i ons  t o  be performed on each element.  GE w i l l  e s t a b l i s h  f r om  t i l e  f l o w  

p l a n  t h e  t e s t s  and i nspec t i ons  t h a t  a  r e p r e s e n t a t i v e  w i l l  r e v i ew  and wi tness.  

The s u p p l i e r  must n o t i f y  GE a t  l e a s t  48 hours  b e f o r e  t h e  t e s t s  o r  i n s p e c t i o n s  

a r e  t o  be conducted. A l l  t e s t i n g  must be performed t o  d e t a i l e d ,  w r i t t e n  t e s t  

procedures prepared by  t h e  s u p p l i e r  and submi t ted  t o  GE f o r  approva l .  T e s t i n g  

may n o t  commence u n t i l  t h e  procedures have been approved. 

The components o f  t h e  subsystem w i l l  be sub jec ted  t o  a t  l e a s t  t h e  f o l l o w i n g  

p r o d u c t i o n  t e s t s  and inspec t ions :  

12.4.3.1.1 Generator 

o  sigh p o t e n t i a l  t e s t  
o  I n s u l a t i o n  r e s i s t a n c e  t e s t  
o  140 l o a d  l o s s  measurement (motor  c o n d i t i o n s )  



o Phase sequence 
o W i r i n g  c o n t i n u i t y  
o h i r i n g  conformance t o  diagrams 
o Dimensional  checks 
o V i s u a l  checks f o r  f i n i s h ,  workrnanship, e t c  . 

12.4.3.1.2 Cyc loconver te r  
o W i r i n g  i n s u l a t i o n  r e s i s t a n c e  t e s t s  
o W i r i n g  c o n t i n u i t y  
o W i r i n g  conformance t o  diagrams 
o C o n t r o l  f u n c t i o n a l  checks 
o Oimens i o n a l  checks 
o V i s u a l  checks f o r  f i n i s h ,  workmanship, completeness, e t c .  

12.4.3.1.3 I s o l a t i o n  Transformer 
o H igh  p o t e n t i a l  t e s t  
o I n s u l a t i o n  r e s i s t a n c e  t e s t  
o R a t i o  checks 
o Connect i o n  c o n t i n u i t y  
o W i r i n g  conformance t o  diagrams 
o V i s u a l  checks f o r  f i n i s h ,  workmanship, completeness, e t c  . 

12.4.3.2 T e s t  P l a n  

f\ subsystem t e s t  w i l l  be performed on t h e  f i r s t  hardware a t  t h e  suppl  i e r ' s  

p l a n t  t h a t  s a t i s f i e s  requi rements .  The t e s t  w i l l  o b t a i n  d a t a  on t h e  

subsystem's ope ra t i on ,  c a l i b r a t e  sensors and i d e n t i f y  any p o t e n t i a l  problems 

t h a t  would r e q u i r e  t h a t  t h e  u n i t  be mod i f i ed  and ad jus ted .  The subsystem w i l l  

be  ins t rumented  t o  sense and r e c o r d  performance parameters.  

A d e t a i l e d ,  w r i t t e n  t e s t  p l a n  and schedule  w i l l  be prepared b y  t h e  s u p p l i e r  

and dpproved b y  GE be fo re  t h e  t e s t s  begin .  Th i s  p l a n  w i l l  cover  t h e  f o l l o w i n g  

f u n c t i o n s ,  a t  l e a s t :  

Mo to r i ng  mode 
Synch ron i za t i on  a t  v a r i o u s  a c c e l e r a t i o n s  and speeds. 

. 

Torque r e g u l a t i o n  a t  v a r i o u s  a c c e l e r a t i o n s  and speeds. 
VAK r e g u l a t i o n  a t  v a r i o u s  a c c e l e r a t i o n s  and speeds. 
C a l i b r a t i o n  o f  t ransducers  
Generator b e a r i n g  o p e r a t  i on  a t  7 "  i n c l  ine.  
Harntonic c u r r e n t  measurement a t  v a r i o u s  speeds and conve r t e r  power 
1 eve1 s. 
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.  
Shutdown on l o s s  o f  power. 

12.4.4 GEARBOX 

12.4.4.1 O e s c r i p t i o n  

The speed i nc rease r  gearbox i s  a th ree-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 a p a r a l l e l  s h a f t  t h i r d  stage. The i n p u t  t o  t h e  gearbox f r o m  



t h e  r o t o r  w i l l  be  i n  t h e  range of 12 t o  17 rpm w i t h  13.7 and 16.8 rpm 

cons idered  as t h e  r a t e d  i n p u t  speeds. The ou tpu t  o f  t h e  gearbox d r i v e s  t h e  

v a r i a b l e  speed genera to r  subsystem. The gearbox must s a t i s f y  a l l  t h e  

requ i rements  o f  GE s p e c i f i c a t i o n  47A380083 and a p p l i c a b l e  GE drawings. 

12.4.4.2 Documentation 

The suppl  i e r  w ill p r o v i d e  GE w i t h  a  manufac tu r ing  and t e s t  f l o w  p l a n  showing 

t h e  bas i c  manufactur i n g  opera t  ions,  rev iews,  s p e c i a l  processes and p roduc t  i o n  

i n s p e c t i o n s  and t e s t s .  GE w i l l  e s t a b l i s h  f r om  t h i s  f l ow  p l a n  t h e  t e s t s  and 

inspec t  i ons  t h a t  a  r e p r e s e n t a t i v e  w i l l  r e v i e w  and wi tness.  The suppl  i e r  must 

n o t i f y  GE a t  l e a s t  48 hours  be fo re  these  t e s t s  o r  i nspec t i ons  a r e  t o  be 

conducted. 

12.4.4.3 Tes ts  

The completed gearbox w i l l  be  sub jec ted  t o  a  s e r i e s  o f  f u n c t i o n a l  and 

o p e r a t i o n a l  t e s t s  a t  t h e  s u p p l i e r ' s  p l a n t  t o  show t h a t  t h e  u n i t  s a t i s f i e s  

s p e c i f i c a t i o n s  and t o  i d e n t i f y  p o t e n t i a l  problems t h a t  may r e q u i r e  t h a t  t h e  

u n i t  be mod i f ied  and ad jus ted .  These t e s t s  inc lude ,  b u t  a r e  n o t  l i m i t e d  t o :  

o  a  four -hour ,  no- load,  r u n - i n  t e s t  a t  r a t e d  speed, 
o  measurement o f  breakaway torque,  and 
o  no-1 oad 1  oss measurement. 

The s u p p l i e r  w i l l  p r epa re  a  d e t a i l e d ,  w r i t t e n  t e s t  p l a n  d e s c r i b i n g  t h e  t e s t s  

t o  be performed. The p l a n  must be submi t ted  t o  GE f o r  approva l .  T e s t i n g  may 

n o t  commence u n t i l  6E has approved t h e  t e s t  p lan .  The s u p p l i e r  w i l l  r e c o r d  

a l l  o p e r a t i n g  t e s t  t imes  and c o n d i t i o n s  o f  opera t ion ,  such as speed and load.  

12.4.4.4 T e s t  P lans  and Test  Oata 

The s u p p l i e r  w i l l  submi t  a l l  o p e r a t i n g  t e s t  d a t a  t o  GE f o r  r e v i e w  and 

approva l .  The s u p p l i e r  w i l l  a l s o  supp l y  cop ies  o f  a l l  da ta  and c e r t i f i c a t i o n s  

p e r t a i n i n g  t o  m a t e r i a l s  used i n  t h e  p r o d u c t i o n  o f  t h e  gearbox. M i l l  t e s t  

r e p o r t s ,  p h y s i c a l  and chernical d a t a  records ,  f u rnace  tapes  showing t imes  and 

temperatures f o r  a1 1  hea t  t r e a t i n g  and s t r e s s  r e 1  i ev  i n g  o p e r a t  ions.  

Non -des t ruc t i ve  t e s t  r e p o r t s  and any s i m i l a r  da ta  must be s u p p l i e d  t o  GE. 



12.4.5 BLADE 

12.4.5.1 Vendor Manufactur ing Cont ro ls  and Surve i l lance I n s t r u c t i o n s ,  Blade 

The requirements t o  be used by  t h e  s u p p l i e r  t o  c o n t r o l  raw ma te r ia l s  and t o  

c o n t r o l  t h e  b lade f a b r i c a t i o n  process a re  d e t a i l e d  i n  GE document 47,4380074. 

A copy o f  t h i s  document i s  inc luded i n  t h e  appendix o f  t h i s  volume. The 

s u p p l i e r  needs t o  incorpora te  these requirements i n t o  the  process 

s p e c i f i c a t i o n s  and i n s t r u c t i o n s .  A f t e r  t h e  i n s t r u c t i o n s  have been reviewed 

dnd approved, Q u a l i t y  Assurance representa t ives  w i l l  make p e r i o d i c  v i s i t s  t o  

t h e  s u p p l i e r ' s  p l a n t  t o  v e r i f y  t h a t  t h e  c o n t r o l s  are implemented, a re  

fo l lowed,  and t h a t  t h e  des i red  r e s u l t s  a r e  achieved. 

12.5 FINGER JOINT PROCESS DEVELOPMENT U N I T  

12.5.1 FINGER JOINT PROCESS DEVELOPMENT U N I T  (FJPDU) I N S P E C T I O N  REPORT. 

The f i n g e r  j o i n t  process development u n i t  i s  descr ibed i n  sec t i on  8.2.1 i n  

Volume I 1  of t h i s  r e p o r t .  I t  i s  a  f u l l  s i ze ,  s h o r t  center  blade s e c t i o n  made 

i n  two pieces w i t h  machined f i nge r  j o i n t s  and p a r t i a l  r e i n f o r c e d  wood. 

Uur ing t h e  machining o f  Module 2-M, t h e  f i n g e r  l oca t i ons  were s h i f t e d  by 1.218 

i n .  f rom t h e i r  t r u e  l oca t i on ,  because o f  a  discrepancy i n  t h e  machine set-up. 

To compensate f o r  t h i s  s h i f t ,  and t o  insure  proper f i t ,  an equ iva len t  s h i f t  

was made du r ing  t h e  machining o f  Module 1-M. I n  a d d i t i o n  t o  t h e  s h i f t ,  t he re  

were a d d i t i o n a l  e r r o r s ,  rang ing  f rom .011 i n .  t o  . I61  in .  on c e r t a i n  f i n g e r s  

o f  Module 2-M, and f rom .011 i n .  t o  . I02 i n .  on f i n g e r s  o f  ~ o d u l e  1-M. As a  

r e s u l t ,  t o o t h  misal ignment between Modules 1-M and 2M ranged f rom .004 in.  t o  

.066 in .  These d iscrepancies were documented i n  NCR AE-1099. The r e s u l t  w i l l  

be t h a t  t h e  w id th  o f  t h e  bond gap w i l l  n o t  be un i fo rm when t h e  modules are  

bonded together .  

A f t e r  t h e  modules were shipped t o  Gougeon Brothers, I n c .  ( G B I ) ,  a  t r i a l  

f i t t i n g  was performed. One-eighth i n .  t h i c k  shims were placed between t h e  

f i n g e r s  a t  each end a t  t h e  top  and bottom o f  t h e  module. Previous experience 

w i t h  sample p ieces showed t h a t  when p ieces are  mated, even when they  are  d ry ,  

,. i t  i s  very  d i f f i c u l t  t o  separate them again. A f t e r  c l o s i n g  up t i g h t  t o  t he  

shims, t h e  bonds were examined f o r  any obvious i n te r fe rence  between f i n g e r s .  

Some o f  t h e  bond gaps were n o t  uniform, b u t  t he re  were no obvious 

in te r fe rences,  con f i rm ing  t h i s  data. So long as c o n t r o l l i n g  bond gaps are  

greater  than about .070 in., t h e r e  should n o t  be any in te r fe rence i n  t h e  f i t .  



The u n i t s  were mated and bonded February  22, 1984. Observers f r o m  G B I ,  GE and 

NASA were p resen t .  GBI made many t r i a l  and t r a i n i n g  runs  w i t h  t h e  modules and 

w i t h  f i x t u r e s  t h a t  s  imu la ted  t h e  f i n g e r  j o i n t s .  The a c t u a l  bonding progressed 

smoothly,  and was completed i n  j u s t  under two hours .  Some minor  problems were 

encountered w i t h  t h e  wands used t o  spread t h e  th ickened  epoxy, b u t  those  would 

be c o r r e c t e d  p r i o r  t o  b l a d e  f a b r i c a t i o n .  

Some misa l ignment  was observed a f t e r  t h e  mat ing.  One s i d e  was approx imate ly  

.080 i n .  f a r t h e r  f r om  f u l l  mat ing  t han  t h e  o t h e r  s ide .  At tempts  t o  p u l l  t h i s  

end i n  c l o s e r ,  u s i n g  come-alongs, were n o t  successfu l ,  because t h e  epoxy had 

begun t o  se t .  The f o l l o w i n g  day, t h e  excess epoxy was c l e a r e d  f r om a  few 

sma l l  areas t o  examine t h e  bond gaps. There was a  l o t  o f  v a r i a t i o n  i n  t h e  

bond gaps, and i n  some areas t h e  gaps were l a r g e r  t han  des ign  values. 

GBI was i n s t r u c t e d  t o  c l ean  excess epoxy f r om t h e  e n t i r e  j o i n t  and t o  

photogrdph t h e  bond gaps a t  i n t e r v a l s .  

When t h e  t e s t  samples a r e  c u t  f r o m  t h e  modules, t h e  bond gaps can be 

measured. The e f f e c t  o f  gap s i z e  on t e s t  r e s u l t s  can be eva lua ted  f r o m  these  

measurements. 

12.5.2 NON-DESTRUCTIVE TESTS FOR VERIFYING FINGER JOINT INTEGRITY 

Bonding t h e  b l a d e  s e c t i o n s  i s  one o f  t h e  most impor tan t  ope ra t i ons  i n  t h e  

f a b r i c a t i o n  o f  t h e  wind t u r b i n e  genera to r .  These bonds a re  c a l l e d  f i n g e r  

j o i n t s  because o f  t h e i r  appearance and t h e  way t h e y  f i t  t oge the r .  The en-ds o f  

t h e  b l ade  s e c t i o n s  must be a c c u r a t e l y  machined so t h a t  t h e y  f i t  toge the r  

p rope r l y .  The b l a d e  sec t i ons  must be p r o p e r l y  a l i g n e d  as t h e y  a r e  bonded. 

The bond gap must be u n i f o r m  around t h e  j o i n t .  The r e s i n  and hardener must be 

mixed t o  e x a c t  s p e c i f i c a t i o n s .  The mixed bonding agent must be  a p p l i e d  

u n i f o r m l y  t o  t h e  f aces  o f  a l l  t h e  f i n g e r s .  The f i n g e r s  must be  p r o p e r l y  

c leaned so t h a t  t h e r e  a r e  no contaminates i n  t h e  epoxy t o  cause d e f e c t s  i n  t h e  

bond. Above a l l ,  v o i d s  causea b y  t r apped  a i r  must be min imized.  Most o f  

these p o t e n t i a l  problems can be e l i m i n a t e d  b y  s t r i c t  process c o n t r o l .  Because 

t hese  j o i n t s  a r e  so impor tan t  t o  t h e  success o f  t h e  wind t u r b i n e ,  some method 

o f  check ing  t h e  f i n i s h e d  j o i n t  f o r  v o i d s  i n  t h e  bond gap i s  r equ i r ed .  



A rev iew  o f  c u r r e n t  non-des t ruc t  i v e  t e s t i n g  techn iques  i n d i c a t e s  t h a t  

r a d i o g r a p h i c  and u l t r a s o n i c  t e s t i n g  a r e  t h e  most s u i t a b l e  techniques f o r  t h i s  

a p p l i c a t i o n .  Both methods have been used w i t h  some success i n  d e t e c t i n g  f l a w s  

i n  f i b e r - r e i n f o r c e d  composites and l aminae. Both methods have 1 ocated and 

i d e n t i f i e d  v o i d s  and i nc l us i ons .  U l t r a s o n i c  t e s t s  d e t e c t  f i b e r  breaks and 

uncured r e s i n s ,  b u t  do n o t  d i s t i n g u i s h  sma l l  d e l  aminat ions, vo ids  and r e s i n  

cracks.  Radiographic  t e s t s  d e t e c t  d e l  aminat i ons  eas i ly. Therefore,  b o t h  

methods shou ld  be used. Together,  t h e  t e s t s  p rov ide  an accura te  i n d i c a t i o n  of 

t h e  qua1 i t y  o f  t h e  f i n g e r  j o i n t s .  S ince v e r y  1  i t t l e  da ta  i s  a v a i l a b l e  on t h e  

use of  t hese  methods w i t h  lamina ted  wood and epoxy, some exper imenta l  work 

would be necessary t o  b u i l d  up a d a t a  base f o r  t h e  e v a l u a t i o n  of t h e  t e s t  

r e s u l t s .  

12.5.3 INSPECTION AND TEST PROCEDURES FOR LOCATING V O I D S ,  FLAWS AND 

DELAMINATIONS I N  BLADE SECTIONS 

12.5.3.1 General  D e s c r i p t i o n  

The i n s p e c t i o n  and t e s t  methods f o r  l o c a t i n g  vo ids,  f l aws ,  de lamina t ions  and 

o t h e r  d e f e c t s  i n  b l ade  sec t i ons  a r e  d iscussed i n  t h i s  sec t i on .  

When composite m a t e r i a l s  were f i r s t  in t roduced,  non -des t ruc t i ve  t e s t i n g  

technology was n o t  prepared t o  handle many o f  t h e  problems presented by  

composite m a t e r i a l s .  R e l a t i v e  d e n s i t i e s  o f  rnater i a l s ,  t h e  use of 

non-conduct i v e  rnater i a l  s  , mater i a l  t h  icknesses and o t h e r  cons i d e r a t  ions  tended 

t o  make convent iona l  non-des t ruc t  i v e  t e s t s ,  such as X-ray, magnet ic methods 

and u l t r a s o n i c s ,  r e l a t i v e l y  use less.  Now equipment and methods a r e  a v a i l a b l e  
f o r  1  oca t  i n g  and e v a l u a t i n g  vo ids,  d e l  aminat ions,  i nc l us i ons ,  i n c o r r e c t  

l a y e r i n g  and o t h e r  de fec t s .  Most o f  these  methods, however, a r e  v e r y  

expensive and, i n  most cases, a  combinat ion o f  techniques i s  r e q u i r e d  t o  

i d e n t i f y  and assess t h e  d e f e c t s  p rope r l y .  The e x t e n t  o f  t e s t i n g ,  t h ~ r e f o r e ,  

i s  a f f e c t e d  by  a v a i l a b l e  techno log ies ,  and b y  i t s  impact on t h e  c o s t  o f  t h e  

f i n i s h e d  p roduc t .  

The t h r e e  most u s e f u l  techniques f o r  non -des t ruc t i ve  t e s t i n g  o f  composites o r  

laminae, a r e  rad iography ,  u l t r a s o n i c s  and acous t i c  emission. A b r i e f  

d i scuss ion  o f  t h e  advantages and disadvantages o f  each method f o l l o w s .  The 



o p i n i o n  o f  t h e  i n d u s t r y  i s  t h a t  no  one techn ique  adequate ly  d e t e c t s  and 

eva lua tes  f l a w s  i n  composite m a t e r i a l s .  

12.5.3.2 Radiography 

I n  t h i s  technique, p e n e t r a t i n g  r a d i a t i o n  i s  used t o  examine t h e  m a t e r i a l  o r  

o b j e c t .  R e l a t i v e  t ransmiss ion  o r  a t t e n u a t i o n  o f  t h e  r a d i a t i o n  i s  used t o  

eva lua te  t h e  i n t e r n a l  s t r u c t u r e  o f  t h e  o b j e c t .  Radiography r e q u i r e s  access t o  

b o t h  s i des  o f  t h e  o b j e c t .  S e n s i t i v e  f i l m  i s  exposed t o  t h e  r a d i a t i o n  as i t  

Passes through t h e  o b j e c t .  The degree o f  exposure i s  a  f u n c t i o n  o f  how much 

a t t e n u a t i o n  has taken  p l a c e  w i t h  i n  t h e  o b j e c t .  Success i v e  exposures from 

d i f f e r e n t  angles p r o v i d e  enough in fo r ina t  ion  t o  e s t  imate t h e  s  i z e  and 1 oca t  i on  

o f  de fec ts ,  such as cracks,  p o r o s i t y ,  vo ids  and i nc l us i ons .  Genera l l y ,  

d i s c o n t i n u i t i e s  w i t h  dimensions equal  t o  2% o f  t h e  o b j e c t ' s  t h i ckness  can be 

de tec ted  r e l i a b l y .  Cracks must be p a r a l l e l  t o  t h e  r a d i a t i o n  beam t o  be 

detected.  

There a r e  two types  o f  beams used i n  rad iography,  X-ray and gamma-ray beams. 

Each has advantages and disadvantages. Gamma-rays pene t ra te  much deeper t han  

X-rays. X-ray equipment i s  g e n e r a l l y  bu lky ,  n o t  movable and v e r y  expensive, 

b u t  gamma-ray equipment, i s  general  l y  sma l l  and po r tab le .  Vol tage, exposure 

t i m e  and f o c a l  p o i n t  s i z e  a r e  v e r y  impor tan t  f o r  X-ray t e s t s .  Hand1 i n g  and 

l o c a t i n g  t h e  r a d i o a c t i v e  i so tope  source t h a t  suppl  i e s  t h e  gamma-rays 

f r e q u e n t l y  p resen ts  problems. Both methods pose p o t e n t i a l l y  se r i ous  h e a l t h  

hazards t o  t h e  operators .  To be r e l i a b l e ,  a  d a t a  base on t r ansm iss ion  and 

a t t e n u a t i o n  c h a r a c t e r i s t i c s  o f  t h e  m a t e r i a l s  must be generated. A c e r t a i n  

amount o f  development t e s t i n g  would be r e q u i r e d  b e f o r e  these methods c o u l d  b e  

used i n  p roduc t i on .  

12.5.3.3 U l t r a s o n i c s  

There a r e  two methods g e n e r a l l y  used i n  u l t r a s o n i c  t e s t i n g ,  t h e  p u l s e  echo 

techn ique  and t h e  through t ransmiss ion  technique.  I n  t h e  pu l se  echo method, 

sound energy i s  r e f l e c t e d  f r om f l a w s  and f r om t h e  back o f  t h e  m a t e r i a l .  The 

echos a r e  de tec ted  on t h e  same s i d e  o f  t h e  o b j e c t  as t h e  energy source. I n  

t h e  th rough method, sound energy i s  de tec ted  on t h e  s i d e  o f  t h e  o b j e c t  

oppos i t e  t h e  source, so access t o  b o t h  s i des  o f  t h e  o b j e c t  i s  r equ i red .  Bo th  

methods use sound waves i n  t h e  range o f  20,000 t o  20,000,000 Hz .  The waves 



are  generated by piezoelectric transducers. The best resu l t s  are obtained 

when some type of couplafit, usually a  f l u i d ,  t ransfers  energy from the 

transducer to  the object.  Ultrasonic signals suffer very l i t t l e  attenuation 

in passing through the t e s t  object, therefore, they can penetrate very thick 
objects. The signals,  unlike X-rays, pose no health hazard t o  operators. 

The wave motion induced in the t e s t  object by the transducer may be e i ther  
longitudinal or transverse. Longitudinal or compression waves induce 

osc i l l  a t  ion para1 le l  t o  the d i rect  ion of the wave propagat ion. Long i t u d  ina 1 

waves travel a t  high veloci t ies  and can be focused in narrow beams. Narrow 

beams can locate and determine t h ?  s ize  of a  defect precisely. Transverse or  

shear waves induce osci l la t ion perpendicular t o  the d i rec t  ion of wave 

propagation. Transverse waves travel a t  lower speeds than longitudinal waves 
and are  more easi ly  scattered. The lower speed makes the wave more sensi t ive 

t o  small defects. 

The sens i t iv i ty  of ultrasonics and radiography are comparable. Ultrasonic 

equipment i s  portable and can be automated. Good, permanent records are hard 
t o  keep. Traces may be photographed, or the e lec t r ica l  impulses may be 

recorded on magnetic tape or on  s t r i p  chart  recorders. Correlating these 

records w i t h  the tested area i s  a  problem. Ultrasonic t e s t s  require reference 

standards and a  we1 1-trained, ski1 led operator for  a  re1 iable interpretation 

of tne s igeals .  Ultrasonic t e s t s  are d i f f i c u l t  on thin or complex parts ,  and 

erroneous indications are  l ikely on coarsely grained materials. Ultrasonic 

tes t ing also requires development tes t ing t o  develop a  data base for  the 
materials under t e s t .  

12.5.3.4 Acoustic Emission 
In t h i s  method, a  load of some type i s  appl ied t o  the object under t e s t .  

Elast ic  s t r e s s  waves are produced by flaws in the loaded object. Each flaw 

produces a  unique s t r e s s  wave. In composites, s t r e s s  waves are generated by 

broken f ibe r s ,  cracks i n  the bonding material or matrix, separation of f ibe r s  

from the matrix, poor bonding between laminae, and improperly cured bonding 

materials. Transducers mounted a t  s t ra teg ic  locations on the object permit 
monitoring from a remote location. An incipient f a i lu re  may be detected by 



n i o n i t o r i n g  t h e  s t r e s s  waves produced by a  growing d e f e c t .  The techn ique  i s  

r e l a t i v e l y  s imp le  t o  implement and t h e  equipment r e q u i r e d  i s  n o t  expens ive.  

The a r t i c l e  i s  loaded i n i t i a l l y  t o  e s t a b l i s h  a  calibration p o i n t  o r  

benchmark. Some development t e s t i n g  would be r e q u i r e d  t o  e s t a b l i s h  t h e  

emiss ion c h a r a c t e r i s t i c s  f o r  v a r i o u s  t ypes  o f  f l a w s  i n  t h e  m a t e r i a l s  used i n  

t h e  blades. Acous t i c  emiss ion would p robab l y  be  t h e  b e s t  t e s t  method, s i n c e  

i t  w ~ i l l d  p r o v i d e  use fu l  da ta  n o t  o n l y  d u r i n g  mariufactur ing and t e s t i n g ,  b u t  

f o r  t h e  e n t i r e  l i f e  o f  t h e  b lades.  
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13 .U F ~ l E t i ,  RAM, AND IIIUI NTENHNCE 

13.1 INTdOUUCTIOli AhD SUMi*?HdY 

As a  t h i r d - g e n e r d t i u n  des ign  f u r  a p p l i c a t i o n  i n  t i l e  u t i l i t y  power i n d u s t r y ,  

t n e  ;'*1OU-3A wind t u r b i n e  genera to r  i s  expected t o  have t h e  m a t u r i t y  o f  des ign  

t i i a t  p rov ides  a  s i g n i f i c a n t  growth i n  r e 1  i a o i l  i t y  over  t n a t  o f  i t s  f i r s t  and 

secona generat  i o n  predecessors,  t h e  1-NU-OA, 1400-1, MOD-2. o p e r a t i o n a l  

exper ience  was f a c t o r e d  i n t o  t h e  MOD-5A design, t o  improve t h e  r e l i a b i l i t y ,  

d v a i l d b i l  i t y ,  and m a i n t a i n a b i l  i t y  (RAM). The RAM a n a l y s i s  focused on r e c e n t  

des ign  changes and p rov i ded  documented assurance t h a t  t h e  I-;OD-5A i s  a  mature 

des ign .  

I n  terlns o f  r e 1  iab il i t y ,  exper ience  guided t i l e  t4J100-5A des ign  toward changes 

t h a t  p rov iaea  rnore accep tab le  r i s k s .  C r i t i c a l  and p o t e n t i a l l y  c a t a s t r o p n i c  

f a i l u r e s  t h a t  c o u l d  be a t t r i b u t e d  t o  des igc  d e f i c i e n c i e s  and human e r r o r s  i n  

n~anu fac tu r  i n g  , i nspec t  ion ,  ana t h e  n~a i r l tenance o f  components were observed on 

o p e r a t i o ~ ~ a l  yrino t u r ~ i ~ i e s .  Components must be designed and b u i l t  t o  l a s t  t h e  

l i t e  o f  t n e  system. 9bse rva t i ons  o f  f a i l u r e s  on o t h e r  wind t u r b i n e s  a l s o  

suggest t h a t  a p p r o p r i a t e  c o n t r o l  and p r o t e c t  i on  requi rements  deal  i ng  w i t h  t h e  

e x t e r n a l  arla o p e r a t i o n a l  s t r e s s  environlnents may be  more complex t han  was 

dssumea i n  e a r l i e r  designs. These conc lus ions  i n d i c a t e  t h a t  i n n o v a t i v e  o r  

reaunaant des igns o f  s t r u c t u r a l  components, and an e f f e c t i v e  S a f e t y  and 

c o n t r o l  Systen; t h a t  reduces t h e  tec i ln  i c a l  r i s k s  and increases t h e  o p e r a t i o n a l  

r e 1  i a o i l  i t y  and a v a i l a b i l i t y  a re  r equ i r ed .  

Tne purpose o f  t h e  documentat ion o f  t h e  f a i l ~ r e  modes and e f f e c t s  a n a l y s i s  

jF:.IE&) i s  t o  demonstrate t h a t  a l l  p o t e n t i a l  f a i l u r e  rnodes and e f f e c t s  were 

i d e n t i f i e d  and t h a t  des ign  and maintenance p r o v i s i o n s  s a t i s f i e d  t h e  sa fe t y ,  

r!~a intenance, ana o p e r a t i o n a l  requ i rements  o f  t h e  C1'3D-5A wind t u r b i n e .  Ues i g n  

engineers  con t i nue  t o  update t h e  FMEA, t o  guarantee t h a t  a l l  p a r t s  o f  t h e  

des ign  were cons idered  and t h a t  t h e  e f f e c t s  o f  des ign  changes a re  p r o p e r l y  

eva luated,  t o  m in im i ze  r i s k  and increase r e 1  i a b i l  i t y .  

Trle major  aes ign  changes and in r lova t ions  i n  t h e  f i n a l  !/IUD-5A des ign,  model 

3 3 4 . 2 ,  i n c l ude :  

o k M u l t i p l e - S e c t i o n  A i l e r o n  Con t ro l  System: t o  a l l e v i a t e  c r i t i c a l  
b l aae  des ign  loads and we igh ts  assoc ia ted  w i t h  a  p a r t i a l  span c o n t r o l  
system. 



o  A  Non - ro ta t i ng  Ro to r  Suppor t  S h a f t :  t o  e l i m i n a t e  r e v e r s e  bend ing  
f a t i g u e ,  t o  reduce t h e  des ign  requi rements ,  and t o  p r o v i d e  redundant 
l oad  pa tns  f o r  ma jo r  r o t o r  suppor t  and t o r q u e  s t r u c t u r e s  ( t h e  low 
speed s h a f t ,  yoke and main bea r i ng ) .  

o  A V a r i a b l e  Speed Generator:  t o  reduce t h e  des ign  loads  and 
d r i v e t r a i n  requi rements ,  t o  p r o v i d e  g r e a t e r  o p e r a t i o n a l  f l e x  i b i l  i ty ,  
and t o  p r o v i d e  c o n t r o l l e d  d r i v e t r a i n  so f t ness  and damping. 

o  A Redesign i n  t h e  Blade Planform:  t o  accommodate rnore conse rva t i ve  
des ign  a1 Iowables f o r  t h e  b l ade  m a t e r i a l  w i t h o u t  penal  i z  i n g  t h e  
performance. 

0 A More E f f e c t i v e  Sa fe t y  and Con t ro l  System Design: t o  d i s c r i m i n a t e  
between c r i t i c a l  and n o n - c r i t  i c a l  f a i l u r e s  and min im ize  unnecessary 
Shutdowns, t o  improve d i a g n o s t i c s  and m a i n t a i n a b i l  i ty ,  and t o  
i nc rease  o p e r a t i o n a l  a v a i l a b i l  i t y  and sa fe t y .  

Each o f  these  changes were p a r t  o f  t h e  e f f o r t  t o  m in im ize  t e c h n i c a l  r i s k  and 

t o  itrrprove t h e  r e 1  i a b i l  i ty ,  sa fe t y ,  and m a i n t a i n a b i l  i t y  o f  components. 

Subsystem t r a d e - o f f s  between complex and s imp le  des igns and between 

r e l i a b i l i t y  and n ~ a i n t a i n a b i l  i t y  were eva lua ted  i n  t h e  RAM s tudy,  t o  f i n d  

des igns  w i t h  h i g h  a v a i l a b i l  i t y  and low r i s k .  The r e s u l t s  o f  t h e  RAM analyses, 

shown i n  Table  13-1, p r o j e c t  t h e  f o l l o w i n g :  

1  . Inc reases  i n  key  subsystem r e 1  iab il i ty ,  w i t h  a  co r respond ing  decrease 
i n  t h e  p r e d i c t a b l e  f a i l u r e  r a t e s .  

2. A r e d u c t i o n  i n  t h e  t e c h n i c a l  r i s k s  assoc ia ted  w i t h  u n p r e d i c t a b l e  
s t r u c t u r a l  f a i l u r e s ,  based on o p e r a t i o n a l  exper ience  w i t h  f i r s t  and 
second gene ra t i on  wind t u r b i n e s .  

3. Inc reased  r e 1  i a b i l  i t y ,  as a  r e s u l t  o f  improved des igns  o f  c r i t i c a l  
o p e r a t i o n a l  f u n c t i o n s .  

4 .  A decrease i n  t h e  system's mean t ime  t o  r e p a i r  (MTTR), as a  r e s u l t  o f  
cnanges t h a t  inc rease  equipment m a i n t a i n a b i l i t y  and t h e  wind 
t u r b i n e ' s  a v a i l a b i l i t y .  

5. The use o f  a  complex des ign f o r  t h e  power generat ion,  and c o n t r o l  and 
i ns t r umen ta t  i o n  systems, t o  improve performance, f a i l u r e  d i a g n o s t i c s ,  
and s a f e t y  p r o v i s i o n s  and t o  reduce t h e  MTTR and average annual 
outage (AAO) t ime. 

The o p e r a t i o n a l  c h a r a c t e r i s t i c s  and des ign requi rements  f o r  t h e  c o n t r o l  o f  a 

wind t u r b i n e  genera to r  d i c t a t e  a  1  eve1 o f  soph i s t  i c a t  i o n  i n  power generat  i o n  

and c o n t r o l  systems t h a t  a re  n o t  no rma l l y  encountered i n  mature u t  il i t y  power 

systems. Complex i ty  i s  a  p o s i t i v e  a t t r i b u t e  i f  i t  c h a r a c t e r i z e s  a  system o r  



Table 13-1 

MOD-5A RAM Update and Summary 

Yoke 

A i l e r o n  Con t ro l  

B  1 ades 

D r i v e t r a i n  

Hydraul  i c s  

Yaw Mechanism 

Tower/Nacel 1  e  

Con t ro l s  

Power Generator 

SYSTEM TOTALS 

1982 ESTIMATES FINAL ESTIMATES 

FPY MTBF MTTR AAO FPY MTBF MTTR AAO - - - - - 
COMMENTS 

(Major  C o n t r i b u t o r s )  

o  Design change inc ludes  r o t o r  
bea r i ngs / t ee te r  rnech. 

o  A i l e rons ,  Bearings, Hinges 

o  P r i m a r i l y  Fa t i gue  cracks 

o  Simpler  system, Gearbox 

o  A i l e rons ,  Teeter,  Yaw Systems 

o  Yaw Bear ing/Dr i v e  Mech. 

o  Non-cr it i c a l  f a i l u r e s  excluded 

o  Wi th  shutdown d i s c r i m i n a t i o n  
and increased complex i t y  

o  Change t o  v a r i a b l e  speed 
(mainta inab il i t y )  

AVAILABILITY .972 .978-------- A = 
8760 - AAO 

(w/o SM) 8 /60 

AVAILABILITY .962 . 9 6 8 - - - - - - - - - -  A = 
8760 - AAO - SM 

(W/SM = 90 HRS) 8760 



subsystem des ign  t h a t  f a i l s  i n  a  safe,  benign manner, w i t h  a p p r o p r i a t e  

d  iagnost  i c s  t h a t  min irnize t h e  mean t ime  t o  r e p a i r  and average outage t ime.  

U t  il it i e s  increased t h e i r  emphas i s  on r e 1  i a b i l  i t y  and o p e r a t i o n a l  a v a i l a b i l  i t y  

o f  power generat  i on  equipment a t  a11 l e v e l s ,  because o f  t h e  e f f e c t s  o f  f o r c e d  

outages on l o s t  revenue. A t h i r d  genera t ion  wind t u r b i n e  des ign  must address 

t h e  issue o f  p o t e n t i a l  outage t ime  t o  be acceptable t o  t h e  u t i l i t y  i ndus t r y .  

T h i s  RAM s tudy  and t h e  des ign changes i n  t h e  MOD-5A wind t u r b i n e  i n d i c a t e  an 

improvement i n  t h e  r e l i a b i l i t y  o f  c r i t i c a l  components and i n  t h e  p r e d i c t e d  

fo rced  outage t ime,  over  t h e  p r e l i m i n a r y  MOD-5A and t h e  f i r s t  and second 

generat  ion  wind t u r b  ines. 

13.2 FAILURE MOUE AND EFFECTS ANALYSIS (FMEA)  

13.2.1 INTRODUCTION 

13.2.1.1 Purpose 

The purpose o f  t h e  FMEA i s  t o  i d e n t i f y  t h e  p o t e n t i a l  f a i l u r e  modes t h a t  cou ld  

l ead  t o  a  c a t a s t r o p h i c  f a i l u r e  i f  uncon t ro l l ed ,  undetected, o r  uncorrected.  A 

c a t a s t r o p h i c  f a i l u r e  i s  one t h a t  r e s u l t s  i n  a  se r i ous  i n j u r y  o r  t h e  l o s s  o f  a  

major  wind t u r b i n e  component. Th i s  a n a l y s i s  i d e n t i f i e s  a1 1  t h e  p l a u s i b l e  

f a i l u r e  modes and t h e i r  e f f e c t s  and p rov ides  means o f  avo id i ng  them through 

app rop r i a te  des igns and maintenance p rov i s i ons .  The i d e n t i f i c a t i o n  and 

documentation o f  a  f a i l u r e  mode and i t s  e f f e c t s  i n d i c a t e s  d e f i c i e n c i e s  i n  t h e  

des ign  o f  a component o r  subassembly. C o r r e c t i v e  a c t i o n  i s  r equ i red .  

13.2.1.2 Scope 

The FMEA a n a l y s i s  covers each system, subsystem, subassembly and component o f  

t h e  MOD-SA wind t u r b i n e .  I t  inc ludes  a1 1  c r e d i b l e  s i n g l e  p o i n t  f a i l u r e  modes 

and t h e  e f f e c t s  on t h e  opera t ion ,  maintenance, and s a f e t y  o f  t h e  machine. 

Th i s  FMEA does n o t  cons ider  mu1 t i p l e  o r  c o n t r i b u t i n g  f a i l u r e  modes, because 

t h e y  were accounted f o r  b y  des ign engineers who s tud ied  t h e  nex t  l e v e l  of 

e f f e c t s  and requi rements assoc ia ted  w i t h  f a i l s a f e  e l e c t r o n i c s ,  redundant and 

f d i l s a f e  shutdown modes, redundant s t r u c t u r e s  and load  paths, redundant 

e l e c t r i c a l  power systems and p r o t e c t i o n  dev ices,  and redundant c o n t r o l  sensors.  

The FMEA emphasized des ign  cons ide ra t i ons  f o r  automatic and manual f a i l s a f e  

ope ra t i on  i n  a l l  modes, l ong  t e rm  aging, d u r a b i l  i t y ,  and c o r r o s i o n  e f f e c t s  on 



component r e l i a b i l i t y ,  and a p p r o p r i a t e  economic, maintenance, and s a f e t y  

des ign  requi rements .  

13.2.1.3 Background 

Con t rac tua l  des ign  requ i rements  and s p e c i f i c a t i o n s  f r om NASA and DOE i n  t h e  

development o f  t h e  MOD-5A w ind  t u r b i n e  genera to r  a r e  d e t a i l e d  i n  t h e  Statement 

of Work, DEN 3-153, da ted  A p r i l  2, 1982. The s ta tement  o f  work c a l l s  f o r  

"unattended, f u l l y  automat i c ,  f a i l s a f e  FIOD-5A ope ra t  i on "  and f o r  t h e  

requ i rement  t h a t  "any one f a i l u r e  o r  m a l f u n c t i o n  s h a l l  n o t  c r e a t e  a  hazardous 

o r  c a t a s t r o p h i c  c o n d i t i o n  f o r  MOD-5A equipment o r  personnel " .  

I n  a d d i t i o n  t o  t h e  o p e r a t i o n a l  c o n t r o l  and s a f e t y  requ i rements  on t h e  wind 

t u r b i n e ' s  r e 1  i a b i l  i t y ,  t h e  econornic g o a l s  o r  requ i rements  f o r  o p e r a t i o n a l  

a v a i l a b i l  i t y ,  r e 1  i a b i l  i t y ,  and maintenance o f  hardware must a l s o  be met. An 

e f f e c t i v e  o p e r a t i o n a l  c o n t r o l  and s a f e t y  system c o u l d  s i g n i f i c a n t l y  l i m i t  t h e  

w ind  t u r b i n e ' s  ope ra t i on ,  energy p roduc t  ion,  and c o s t  e f f e c t i v e n e s s .  The 

i d e a l  des ign  i s  a  compromise between t h e  o p e r a t i o n a l  c o n t r o l  and s a f e t y  

requi rements ,  and t h e  maxirnum opera t  i o a a l  a v a i l a b  il i ty,  which 1  i m i t s  

unnecessary shutdowns, l ockou t s ,  and maintenance. 

13.2.2 FMEA TASK APPROACH AND PROCEDURES 

13.2.2.1 Task Approach 

Each component must be eva lua ted  f o r  any s i n g l e  p o i n t  f a i l u r e  modes. A l l  

coniponents and subassemblies, were 1 i s t e d  by  f u n c t i o n ,  t o  i d e n t i f y  t h e  

p o t e n t i a l  f a i l u r e  modes and e f f e c t s .  Th i s  1  i s t  was updated th roughou t  each 

des ign  phase t o  e l i m i n a t e  o r  reduce any c a t a s t r o p h i c  s i n g l e  p o i n t  f a i l u r e s .  

Beg inn ing  w i t h  t o p - l e v e l  hazards a n a l y s i s  i n  conceptua l  design, t h e  FMEA grew 

and extended t o  t h e  l owes t  l e v e l  of system d e f i n i t i o n .  

13.2.2.2 D e f i n i t i o n  o f  Terms 

System - The ma jo r  f u n c t i o n a l  d i v i s i o n s  o f  MOD-5A components and subassemblies 

a re  g e n e r a l l y  t h e  l e v e l  o f  r e s p o n s i b i l i t y  o f  des i gn  engineers .  

Subsystem - The f i r s t  s u b d i v i s i o n  i n  an i n d i v i d u a l  system, r e l a t i n g  t o  t h e  

f u n c t i o n a l  i n t e r f a c e  and assembly o f  components. 



Component - The lowes t  l e v e l  o f  a  system f o r  which t h e  f a i l u r e  modes and 

e f f e c t s  a r e  i d e n t i f i e d  and eva luated.  An FMEA worksheet i s  ass igned t o  each 

component and i s  i d e n t i f i a b l e  b y  an a p p l i c a b l e  drawing number and FMEA number. 

FMEA Number - A number assigned t o  t h e  worksheet t h a t  i d e n t i f i e d  t h e  system, 

subsysteni, and f u n c t i o n a l  sequence o f  t h e  component. 

Func t i on  o f  Component - A  s ta tement  o f  t h e  p r ima ry  f u n c t i o n  o f  t h e  component. 

F a i l u r e  Modes and E f f e c t s  - I d e n t i f i c a t i o n  o f  a1 1  component f a i l u r e  modes and 

e f f e c t s  i n  o r d e r  o f  s e v e r i t y ,  and depending on t h e  o p e r a t i o n a l  mode. 

Hppl icaD1 e Uperat  i n g  iblodes - 
A. Generat ing 
B.  S t a r t - u p  
C. Normal Snutdown 
U. Emergency Shutdown 
E .  Lockout  
F.  Stand-by - E n a ~ l e / O p e r a t i o n a l  
G. Stand-by - I nh ib i t /Ma in tenance  

S e v e r i t y  o f  F a i l u r e  Modes - The f o u r  c a t e g o r i e s  o f  s e v e r i t y  a re  d e f i n e d  as 

f o l l o w s :  

Ca tas t r oph i c  - a  f a i l u r e  r e s u l t i n g  i n  s e r i o u s  i n j u r y  t o  o r  death o f  

workers, o r  t h a t  r e q u i r e s  t h e  replacement o f  a  ma jo r  component t h a t  c o s t s  

ove r  20% o f  t h e  MOD-5A's c a p i t a l  cos t .  

C r i t i c a l  - a  f a i l u r e  t h a t  c o u l d  l ead  t o  s e r i o u s  i n j u r y  o r  a  c a t a s t r o p h i c  

f d i l u r e .  

Marg ina l  - a  f a i l u r e  t h a t  r e s u l t s  i n  shutdown, lockou t ,  o r  t h a t  i n h i b i t s  

s t a r t - u p ,  and t h a t  c o u l d  cause minor  i n j u r y  o r  m inor  damage t o  t h e  system 

o r  u t i l i t y .  

M in ima l  - a  f a i l u r e  n o t  se r i ous  enough t o  cause i n j u r y ,  damage p r o p e r t y  o r  

t n e  system, and t h a t  c o u l d  be  r e p a i r e d  when conven ien t  o r  d u r i n g  scheduled 

maintenance. 



F a i l u r e  D e t e c t i o n  Methods - The means b y  which a f a i l u r e  mode i s  a u t o m a t i c a l l y  

de tec ted  I n  unattended, f a i l s a f e  ope ra t i on .  

F a i l u r e  Cause and Compensating P r o v i s i o n s  - F o r  each f a i l u r e  mode, t h e r e  i s  a  

cause o r  combinat ion of causes r e l a t i n g  t o  env i ronmenta l  c o n d i t i o n s ,  load ing ,  

f a t i g u e ,  wear, co r ros ion ,  e t c .  The d e f i n i t i o n  o f  p robab le  causes leads t o  t h e  

d e s c r i p t i o n  of  compensating des ign  and maintenance p r o v i s i o n s  t h a t  may reduce 

t.he c r i t i c a l i t y  ana p r o b a b i l i t y  o f  f a i l u r e .  

13.2.2.3 FMEA Procedures 

The FMEA worksheets a re  prepared i n  design, and c o n t i n u a l l y  updated by des ign 

engineer: w i t h  des ign changes, t e s t  r e s u l t s ,  and o p e r a t i o n a l  exper ience. Each 

component f a i l u r e  i s  cons idered t h e  o n l y  f a i l u r e  i n  t h e  system when e v a l u a t i n g  

t h e  e f f e c t s  and causes o f  t h e  f a i l u r e .  When t h e  f a i l u r e  mode i s  cons idered  t o  

be non-detectab le ,  t h e  e v a l u a t i o n  i s  extended t o  determine t h e  e f f e c t s  o f  a  

second o r  h i g h e r  l e v e l  f a i l u r e  w i t h  t h e  wors t  e f f e c t .  For  example, undetected 

f a t i g u e  cracks, as a s t r u c t u r a l  f a i i u r e ,  c o u l d  r e s u l t  i n  t h e  eventual  l o s s  o f  

t h e  component, w i t h  p o t e n t i a l l y  c a t a s t r o p h i c  e f f e c t s .  The requi rements f o r  

d e t e c t  ion  metr~ods and f o r  p r o v i s i o n s  t o  compensate f o r  t h e  des ign d e f i c i e n c y  

d r e  determiped w i t h  t h e  i d e n t i f i c a t i o n  o f  a f a i l u r e  mode and t h e  e v a l u a t i o n  of  

i t s  e f f e c t s  and causes. 

The procedure f o r  upda t i ng  t h e  worksheets aims t o  e l i m i n a t e  a l l  s i n g l e  p o i n t  

f a i l u r e  modes t h a t  c o u l d  l ead  t o  a  c r i t i c a l  o r  c a t a s t r o p h i c  f a i l u r e .  Any 

in format ion,  such as t e s t  r e s u l t s ,  t h a t  c o u l d  suppor t  t h a t  conc lus ion  i s  

l i s t e d  i n  t n e  FMEA worksheets. Undetected s t r u c t u r a l  f a i l u r e s  remain t h e  most 

obv ious and p o t e n t i a l l y  most c a t a s t r o p h i c  o f  a l l  t h e  f a i l u r e  modes. I n  most 

cases o f  s t r u c t u r a l  f a i l u r e s ,  t h e r e  a r e  no f u l l y  automat ic  means t o  d e t e c t  

f a u l t s ,  o t h e r  than  v i b r a t i o n  sensors. Therefore,  a l l  t h e  dynamic l oad  

p r o f i l e s  must be t ho rough l y  eva lua ted  and t e s t e d  and adequate a l l owab le  

s t r esses  ana s a f e t y  marg ins must be def ined i n  design, t o  min imize p o t e n t i a l  

f a i l u r e s .  Also, p e r i o d i c  i nspec t  i o n  must be cons idered  f o r  a v o i d i n g  

catast rophSc s t r u c t u r a l  f a i l u r e s ,  b u t  by d e f i n i t i o n  t h e  method o f  d e t e c t i n g  

f a u l t s  cannot be cons idered  automatic.  

Comments and remarks a re  inc luded  i n  t h e  FMEA worksheet, so t h e  des ign  

engineer  can p r o v i d e  i n f o r m a t i o n  t h a t  c o u l d  suppor t  t h e  conc lus ions  about t h e  

r e 1  i a b i l  i ty ,  s a f e t y  and m a i n t a i n a b i l  i t y  o f  t h e  con~ponent o r  subassembly. 



13.2.3 RESULTS AND CONCLUSIONS 

The FMEA i n d i c a t e s  t h a t  t h e  e f f o r t  t o  e s t a b l i s h  h i g h  r e l i a b i l i t y  and s a f e t y  

standards f o r  t h e  MOD-SA des ign was a p p r o p r i a t e l y  addressed i n  t h e  f i n a l  

des ign  phase. The r e s u l t s  and conc lus ions  o f  t h e  a n a l y s i s  i nc l ude  t h e  

f o l l o w i n g :  

1. The FPIEA i d e n t i f i e d  a l l  p l a u s i b l e  f a i l u r e  modes, e f f e c t s ,  and causes 
and d e f i n e d  t h e  d e t e c t i o n  methods and adequate p r o v i s i o n s  f o r  a v o i d i n g  
ca tas t ropn i c ,  s i n g l e  p o i n t  f a i l u r e s .  

2. The FMEA addressed a l l  wind t u r b i n e  o p e r a t i n g  modes t o  assure t h a t  no  
f a i l u r e  cou ld  go uncon t ro l l ed ,  undetected, o r  uncorrected.  

3. The FMEA addressed t h e  exper ience ga ined f rom t h e  f a i l u r e  modes o f  
f i r s t  and second genera t ion  wind t u r b i n e s  i n  t h e  des ign  o f  t h e  MOD-5A. 

4. The FMEA was extended t o  t h e  lowes t  l e v e l  o f  t h e  system o f  b o t h  t h e  
f unc t  i ona l  and phys i c a l  aspects o f  se r  ies-connected components and 
su~assemb l i es ,  i n c l u d i n g  i n t e r f a c e  f a i l u r e s .  

5. Requirements f o r  f u n c t i o n a l  and hardware redundancy a t  a l l  i nden tu red  
l e v e l s  of  systems and subsystems were i d e n t i f i e d  and implemented t o  
p r o t e c t  major  components and subsystems. 

6. P r o v i s i o n s  t o  e l  im ina te  hazards t o  t h e  s a f e t y  o f  t h e  pub1 i c  and 
i n s t a l l a t i o n  and maintenance personnel were addressed t o  t h e  component 
f a i l u r e  l e v e l .  

Examples o f  t h e  p r o v i s i o n s  t h a t  avoid,  o r  compensate f o r  f a i l u r e s  a r i s i n g  f r om 

t h e  FMEA and implemented b y  t h e  des ign engineers i nc l ude  t h e  f o l l o w i n g :  

1  . Requ i rements f o r  f a i l u r e  d e t e c t  ion: sensors, alarms, automat ic  
shutdown l o g i c  and response. 

2. Requirements f o r  p e r i o d i c  o r  immediate i nspec t i on  and maintenance. 

3. Requirements f o r  redundant components, s t r u c t u r a l  l oad  pa ths ,  
c o n t r o l s ,  and shutdown modes. 

4. Requirements t o  p r o t e c t  aga ins t  t h e  e f f e c t s  o f  t h e  environment, such 
as i c i n g ,  co r ros ion ,  temperature,  and mois ture.  

5. Requirernents f o r  p r o t e c t i o n  aga ins t  hazards t o  t h e  s a f e t y  o f  t h e  
workers and t h e  p u b l i c .  

6. Requirements f o r  component t e s t s  t h a t  v e r i f y  des ign c r i t e r i a  and 
m a t e r i a l  and component s p e c i f i c a t i o n s .  

7. The e l i m i n a t i o n  o f  e l e c t r i c a l  and c o n t r o l  system i n t e r f a c e  des ign  
d e f i c i e n c i e s  t h a t  induced emergency shutdown when normal shutdowns o r  
warnings were adequate. 



13.2.4 SAMPLE FMEA WORKSHEETS 

The FMEA i s  comp le te ly  documented i n  GE Cont. Doc. No. 47A380049, Rev. F. I t 

covers  t h e  major  subsystems, assembl ies ,  34 subsystecns, and 306 f u n c t i o n a l  

components. An FMEA worksheet i s  p rov i ded  f o r  each component by  t h e  systems 

engineers.  The worksheets a re  o rgan ized  s y s t e m a t i c a l l y  depending on t h e  

f u n c t i o n a l  r e 1  a t  i onsh ip  and, more impo r tan t l y ,  t h e  areas o f  des ign  

r e s p o n s i h i l  i t y .  T y p i c a l  FIvlEA worksheets- a r e  shown i n  F i g u r e s  13-1 and 13-2. 

13.3 RELIABILITY ANALYSIS 

13.3.1 INTKOOUCTION 

The RAM analyses a re  p r e d i c t i o n s ,  based on s t a t i s t i c a l  data ,  used f o r  

e v a l u a t i n g  t h e  des ign  and t h e  o p e r a t i o n a l  requ i rements  and c o s t  e f f e c t i v e n e s s  

o f  t h e  MOD-5A, as a  commerc ia l l y  f e a s i b l e  power gene ra t i on  system. The 

documentat ion o f  t h e .  MOD-5A RAM analyses i s  s i g n i f i c a n t  f r om  t h r e e  

s tandpo in t s .  I t focuses a t t e n t i o n  on t h e  des ign  requ i rement  t o  meet s h o r t  and 

long- te rm goa ls .  I t  shows t h e  g rowth  o f  m a t u r i t y  compared w i t h  f i r s t  and 

second genera t  i o n  machines. Most impo r tan t l y ,  i t  e s t a b l  ishes t h e  c r e d i b i l  i t y  

o f  t h e  MOD-5A des ign.  

The development o f  l a r g e  c t i l i t y - c l a s s  wind t u r b i n e s  has been a c t i v e l y  pursued 

i n  t h e  l a s t  t e n  y e a r s  i n  t h e  Un i t ed  S ta tes .  F e a s i b i l i t y  and demons t ra t ion  

p r o j e c t s  sponsored by  DOE and NASA showed t h a t  wind t u r b i n e s  a r e  f e a s i b l e ,  t o  

t h e  e x t e n t  o f  a t t r a c t i n g  . a  s i g n i f i c a n t  amount o f  i n t e r e s t  and ven tu re  c a p i t a l  

f rom u t  il i t  i es .  The p r o j e c t e d  economic goa l s  and performance p r e d i c t  ions a r e  

impor tan t  t o  t h e  development and commerc i a l i za t i on  o f  l a r g e  w ind  t u r b i n e s .  

The RAM analyses on t h e  MOD-5A and comparable wind t u r b i n e s  i s  handicapped by  

t h e  l a c k  o f  r e l i a b i l i t y  d a t a  f o r  v a r i o u s  components. A n a l y s i s  o f  some 

components, such as e l e c t r i c a l  and e l e c t r o n i c  equipment, h y d r a u l i c  equipment, 

and c o n t r o l  system equipment and sensors a r e  a p p l i c a b l e  i n  s i m i l a r  o p e r a t i o n a l  

and s t r e s s  environments.  Others  must be e x t r a p o l a t e d  t o  p r o v i d e  p r e d i c t  ions 

o f  1  i f e ,  f a i l u r e  r a t e s ,  dependabi 1  i t y ,  and r e p a i r a b i l  i t y .  
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13.3.2 APPLICABLE DOCUMENTS AND REFERENCES 

The documents a p p l i c a b l e  t o  t h e  r e l i a b i l i t y  a n a l y s i s  inc lude:  

1. GE Cont. Doc. 47A380020, "MOD-5A wind Turb ine  Generator :  
Ke l  i ab  il i t y / A v a i l a b i l  i t y / M a i n t a i n a b i l  i t y  and F a i l u r e  Mode and E f f e c t s  
Ana l ys i s  Plan," Rev. B, Jan. 1982. 

2. R. Lyne t te ,  "P re l  im inary  Report  - MOD-SAY A v a i l  ab il i t y  Operat ions and 
Maintenance and L o g i s t i c s  Support," L e t t e r  r e p o r t ,  Feb. 1981. 

3. M i l  i t a r y  Handbook, MIL-HDBK-217D, "Re1 i a b i l  i t y  P r e d i c t  i o n  o f  E l e c t r i c  
Equipment," Jan. 1982. 

4. R.G. Arno, "Non -e lec t r i c  P a r t s  R e l i a b i l i t y  Data," RADC-NPRD-2, 1981. 

5. NASA-WTDB, "MOD-OA Discrepancy Repor ts  Summary, " unpubl ished, 1982. 

6. NASA CR No. 168007, "MOD-2 Wind Turb ine System Development F i n a l  
Report," Vol .  11, Sept. 1982. 

7. NASA-Uripubl ished Report, " F a i l u r e  o f  Low Speed Shaf ts  i n  DOE/NASA 
MOD-2 Wind Turb ine  Generators - Repor t  o f  Government Review Team," 
Jan. 1983. 

8. W.E. K l e i n ,  "MOD-OA WTG Mean Time Between F a i l u r e s  (MTBF)," 
NASA-WEPO, P I R  192, A p r i l ,  1982. 

9. NASA-TM, Unpubl ished P r e l i m i n a r y  D r a f t ,  "MOD-2 Wind Turb ine A s - b u i l t  
Government Rev iew, " Apr i 1 1983. 

13.3.3 RELIABILITY 

Re1 i a b i l  i t y  i s  d e f i n e d  as t h e  p r o b a b i l i t y  t h a t  a component o r  subsystem w i l l  

pe r fo rm i t s  r e q u i r e d  f u n c t i o n  under spec i f  i c  c o n d i t i o n s  f o r  a spec i f  i c  p e r i o d  

o f  t irne. The mean t ime  between f a i l u r e s  (MTBF) and t h e  f a i l u r e  r a t e ,  equal  t o  

l/MTBF, q u a n t i f y  t h e  r e 1  i a b i l  i t y  o f  a component. A f a i l u r e  i s  d e f i n e d  as t h e  

t e r m i n a t i o n  o f  t h e  a b i l i t y  o f  a component t o  per fo rm i t s  r e q u i r e d  f u n c t i o n s .  

However, as i t  a p p l i e s  t o  t h e  MOD-SA, a component f a i l u r e  may o r  may n o t  

r e s u l t  i n  a system's  f a i l u r e  t o  per fo rm i t s  f u n c t i o n .  Therefore,  component 

f a i l u r e s  and f a i l u r e  r a t e s  a r e  c l assed  as c r i t i c a l  o r  n o n - c r i t  i c a l .  C r i t i c a l  

f a i l u r e s  i n t e r r u p t  systern ope ra t i on  f o r  t h e  t ime  r e q u i r e d  t o  r e p a i r  o r  r e p l a c e  

a component. N o n - c r i t i c a l  f a i l u r e s  o n l y  a f f e c t  scheduled o r  unscheduled 

maintenance requi rements a t  t h e  system l e v e l .  

The r e l i a b i l i t y  a n a l y s i s  f o r  t h e  MOD-5A assumes t h a t  f a i l u r e  r a t e s  f o r  

s tandard mechan i c a l  , e l e c t r i c a l  , and e l e c t r o n i c  components can be p red  i c t ed ,  



based on e s t a b l  i shed  da ta  t aken  i n  s i m i l a r  environments.  For  s t r u c t u r a l  

components, t h e  r e 1  i a b i l  i t y  i s  based on e x i s t i n g  wind t u r b i n e  exper ience  and 

FMEA's. The r e 1  i a b i l  i t y  o f  a  s t r u c t u r a l  component, b y  design, i s  h i g h e r  than  

t h a t  o f  t h e  more p r e d i c t a b l e  mechanical ,  e l e c t r i c a l ,  e l e c t r o n i c  components. 

However, exper ience  shows t h a t  more conse rva t i ve  s t r u c t u r a l  des igns a re  

r e q u i r e d  t o  cope w i t h  t h e  dynamic l o a d  c o m p l e x i t i e s  o f  l a r g e  w ind  t u r b i n e s  and 

t h e i r  e f f e c t s  on mechanica; and e l e c t r i c a l  components. 

I n  t h e  process of  changing t h e  des ign  t o  reduce t h e  r i s k  o f  a  s t r u c t u r a l  

f a i l u r e ,  t h e  comp lex i t y  of t h e  des ign  can inc rease  and produce a  n e t  decrease 

i n  t h e  system's  r e l i a b i l i t y .  T h i s  decrease i n  r e l i a b i l i t y  can be s h i f t e d  f r o m  

c r i t i c a l  t o  n o n - c r i t i c a l  components. 

The u l t i m a t e  des ign  goa l s  a r e  t o  o p t i ~ i ~ i z e  r e l i a b i l i t y  and m a i n t a i n a b i l i t y  f o r  

rr~axirnuin a v a i l a b i l  i t y .  I n  many cases, t h e  c o s t  o f  increased r e 1  i a b i l  i t y  can b e  

j u s t i f i e d .  Fo r  t h e  same reasons, t h e  economic t r a d e - o f f s  between r e 1  i a b i l  i t y  

ana m a i n t a i n a b i l  i t y  a lmost  always f a v o r  r n a i n t a i n a ~ i l  i t y .  Decreas ing t h e  mean 

t ime r e q u i r e d  t o  r e p a i r  o r  rep1 ace a  component, and p r e v e n t a t i v e  maintenance 

can e a s i l y  o f f s e t  any decreases i n  r e l i a b i l i t y  i n c u r r e d  b y  i n c r e a s i n g  t h e  

d e s i g n ' s  comp lex i t y .  Th i s  concept of i n c reas ing  m a i n t a i n a b i l  i t y  t o  inc rease  

r e l i a b i l i t y  i s  used th roughou t  t h i s  RAM s tudy .  

The r e l i a b i l i t y  s cena r i o  accomplishes t h e  f o l l o w i n g  o b j e c t i v e s :  

1. M in im izes  t h e  r i s k  o f  c r i t i c a l  s t r u c t u r a l  f a i l u r e s .  

2 .  Inc reases  r e 1  i a b i l  i t y  and decreases f o r c e d  outages by  s h i f t i n g  
f a i l u r e s  froir l  c r i t i c a l  t o  n o n - c r i t  i c a l  components o r  b y  u s i n g  
redundancy. 

3. O f f s e t s  increased f a i l u r e  r a t e s  caused by  comp lex i t y  by  des ign ing  f o r  
m a i n t a i n a b i l  i t y ,  d i a g n o s t i c s ,  i n t e r changeab i l  i ty ,  and maximum 
o p e r a t i o n a l  a v a i l a b i l  i t y .  

4. P rov ides  a  S a f e t y  and C o n t r o l  System t h a t  can d i s c r i m i n a t e  between 
c r i t i c a l  and non-cr i t  i c a l  f a i l u r e s ,  can p r o v i d e  unat tended f a i l s a f  e  
ope ra t i on ,  and can d e t e c t  and communicate maintenance requi rements .  

The c o n t r o l  systern i nc l udes  a warn ing  f o r  benign f a i l u r e s  o r  f o r  f a i l u r e s  i n  

redundant subsystems and components, t o  avo id  unnecessary shutdowns o r  f o r c e d  

outages. I t  p rov i des  redundant  i n s t r u m e n t a t i o n  t o  p reven t  f a l s e  shutdowns. 



The increased comp lex i t y  o f  t h e  c o n t r o l  system and power gene ra t i on  system i s  

o f f se t  b y  t h e  increased r e l i a b i l i t y  o f  o t h e r  subsystems and by  reduc t i ons  i n  

t h e  MMTR. The f a i l s a f e  e l e c t r o n i c s  a r e  independent o f  t h e  c o n t r o l  system and 

enharice p r o t e c t i o n  b y  u s i n g  redundant i ns t rumen ta t i on  t o  p r o t e c t  t h e  system 

f rom c o n t r o l  system o r  sensor ma l func t ions .  

13.3.4 RELIABILITY ANALYSIS METHODOLOGY 

The r e l i a b i l i t y  a n a l y s i s  de f i nes  t h e  p a r t s  o f  a  des ign and t h e  o p e r a t i o n a l  o r  

env i ronmenta l  s t resses  f rom des ign s p e c i f i c a t i o n s .  Re1 i a b i l  i t y  data, i n  t h e  

fo rm o f  r e p r e s e n t a t i v e  average f a i l u r e  r a t e s  were ob ta ined  f rom r e f s .  13.3-2 

t t ~ r o u g h  13.3-6, and summed, w i t h  app rop r i a te  d u t y  c y c l e  mod if i c a t  ions.  

Once t h e  p a r t s  were de f ined  i n  terms of f a i l u r e  r a t e s ,  t h e  number o f  f a i l u r e s  

p e r  yea r  and t h e  mean t i m e  between f a i l u r e s  (MTBF) were determined. These 

numbers a r e  t h e  p o r t i o n  o f  t h e  system's  r e l i a b i l i t y  t h a t  can be p r e d i c t e d .  

P d r t s  o f  t h e  des ign f o r  which r e 1  i a b i l  i t y  cannot be p red i c ted ,  f o r  example, 

s t r u c t u r a l  members, a r e  d e f i n e d  "no t  t o  f a i l "  o r  t o  have a  n e g l i g i b l e  number 

o f  f a i l u r e s  p e r  year .  I n  s t r u c t u r a l  f a t i g u e  a p p l i c a t i o n s ,  a  f a i l u r e  r a t e  o r  

MTBF can be d e r i v e d  f r om des ign c r i t e r i a  f o r  t h e  number o f  cyc les  t o  f a i l u r e ,  

b u t  des ign s p e c i f i c a t i o n s  f o r  MOD-5A make these  numbers very  smal l  compared 

w i t h  t h e  p r e d i c t a b l e  f a i l u r e  r a t e s  o f  r e p a i r a b l e  o r  r ep laceab le  components. 

H f a i l u r e  r a t e  i s  assoc ia ted  w i t h  a  MTTR. Al though r e l i a b i l i t y  i s  a  d e s i r a b l e  

des ign c h a r a c t e r i s t i c  a t  a l l  l e v e l s ,  i t  depends on t h e  m a i n t a i n a b i l i t y  and 

a v a i l a b i l i t y  requi rements a t  t h e  t o t a l  system l e v e l ,  us i ng  MTTK data.  

A p p l i c a b l e  f a i l u r e  r a t e  da ta  i s  g i ven  i n  s e c t i o n  13.3.8 and i s  summarized i n  

Tab le  13-2. 

13.3.5 RELIABILITY - WIND TURBINE EXPERIENCE 

The s t a t i s t i c a l  p r e d i c t a b i l i t y  o f  a  wind t u r b i n e ' s  r e l i a b i l i t y  i s  based on t h e  

a n a l y s i s  and summation o f  f a i l u r e  r a t e  da ta  f o r  s i m i l a r  standard, commerc ia l ly  

a v a i l a b l e  components. The wind t u r b i n e  system i s  composed o f  such a  l a r g e  

number o f  these  components t h a t  t h e  p r e d i c t a b i l i t y  o f  a  system's r e l i a b i l i t y  

depends on t h e  number o f  components, r a t h e r  than  t h e  accuracy o f  t h e  numbers. 



The way i n  which t h e  con~ponents a r e  assembled and t h e  o p e r a t i o n a l  s t r e s s  

environment and response o f  t h e  components a l s o  a f f e c t s  t h e  r e 1  i a b i l i t y  o f  t h e  

system. Exper ience i s  an impo r tan t  i n g r e d i e n t  t h a t  h e l p s  t o  d e f i n e  t h e  

d e s i g n ' s  r e 1  i a b i l  i t y .  

Exper ience w i t h  u t i l i t y - s c a l e  wind t u r b i n e  genera to r  systems t h a t  d e l i v e r  more 

than  1 MW, and t h a t  a r e  designed f o r  au tomat i c  f a i l s a f e  ope ra t i on ,  cannot  

p r o v i d e  s t a t i s t i c a l l y  meaningfu l  data.  The f o u r  MOD-OA machines, r a t e d  a t  200 

kW, dccumulated over  36,000 hours  o f  o p e r a t i n g  t i m e  and had 179 documented 

component f a i l u r e s  between 1977 and 1982. The r e l i a b i l i t y  da ta  accumulated i n  

t h i s  p e r i o d  was beg inn ing  t o  p r o v i d e  some meaningful  d a t a  a t  t h e  system 

l e v e l .  I n t e r p r e t a t i o n  o f  t h e  MOD-OA d isc repancy  r e p o r t s  p r o v i d e  some va luab le  

i n s i g h t  i n t o  t h e  common causes o f  system f a i l u r e s  and t h e  r e l a t i v e  f a i l u r e  

r d t e s  o f  rnajor subsystems, as shown i n  Tab le  13-3. 

A l though a s i g n i f i c a n t  amount o f  i n f o r m a t i o n  on system f a i l u r e s  i s  a v a i l a b l e  

on MOD-2, i n  r e fe rences  13.3-6, 7, 9, t h e  t h r e e  machines a t  Goldendale, 

Nashington accumulated o n l y  3700 hours  o f  o p e r a t i n g  t ime,  which i s  n o t  enough 

o p e r a t i n g  t i m e  t o  p r o v i d e  any meaningful  s t a t i s t i c a l  data .  The f a i l u r e  

mechan isms observed on MOD-2 s i g n  i f  i c a n t  l y  i n f l uenced  t h e  des i g n  o f  t h e  MOD-5A 

wind t u r b i n e ,  e s p e c i a l l y  w i t h  r ega rd  t o  t h e  increased s i z e  and power r a t i n g .  

The des ign  o f  t h e  MOD-5H focused on t h e  p o t e n t i a l  f a i l u r e s  observed and t h e  

concerns expressed i n  r e f .  13.3-9 as a r e s u l t  o f  t h e  MOD-2's o p e r a t i o n a l  

h i s t o r y .  

The MOD-OA f a i l u r e s  1 i s t e d  i n  Tab le  13-3 can be averaged t o  i n d i c a t e  t r ends .  

The f i r s t  two machines, a t  C lay ton  and Block I s l a n d ,  accumulated more 

o p e r a t i o n a l  t i m e  and f a i l u r e s  than  t h e  u n i t s  a t  Culebra and Kahuku. The l a s t  

two machines were up-graded i n  des ign,  and were a l s o  i n  a more f avo rab le ,  

s t eaay -s ta te  o p e r a t i o n a l  environment.  



Table 13-2 MOD-5A R e l i a b i l i t y  Data f o r  Model 304.2 

UVG. NO 
FAILURES 
PER YK. 

AVG. NO. OF 
MAINTENANCE 
EVENTS MTBF 
PER YR. (HOURS ) 

Major  C o n t r i b u t o r s  

1. Rotor  System 
- A i l e r o n  Subsystem (bear  ings /sea ls )  .60 
- Blade subsyste~i is .07 
-Yoke subsystems ( r o t o r  bear ings)  .12 

( t e e t e r  mechan ism) .34 
17.3- 

2 .  D r i v e t r a i n  System 
- Low speed s h a f t  subsystem 
- Gearbox subsystem .16 
- High speed s h a f t  subsystem .32 
- ~ u b e  (LSM) subsystem - .13 

.66 

3. Hydraul  i c  Systems 
- Yoke subsystem ( p i t c h / t e e t e r )  1.37 
- PSC subsystem (ou tboard)  .68 3.38 12.882 
- Yaw d r i ve /b rake  subsystem .80 2.35 - 10,950 

2 x 5  8.66 T J J E  

4. E l e c t .  Power Generat i o n  System - Generator subsystem 1.17 
- Power gen. p r o t e c t i o n  subsystem .4 7 

(shutdowns) 
- IJlisc. HV equip.  subsystem .76 
- Aux. power subsystem .34 

2 n  

5. Con t ro l  and I ns t rumen ta t i on  System 
- Con t ro l  equip.  subsystem 2.55 
- Oper. i n s t r .  subsystem .5 7 
- Oper. c o n t r o l  sensor subsystems 

(warn ings ) - 
( shutdowns 1 1.15 

- F a i l s a f e  e l e c t .  sensor subsystem .17 
4m 

Nacel le ,  Tower, and S i t e  Systems 
# - Yaw subsystem (bea r~ng /yaw  d r l v e  

mech .) .09 
- L i g h t i n g ,  env i ron ,  c o n t r o l  - 

subsystems 
- Access, safety ,  & s e c u r i t y  - .05 

subsystems 

TOTAL 



Tab le  13-3 
MOD-OA Discrepancy Repor ts  ( 1977-1982 ) 

Common Causes o f  ~ ' a i l u r e s  k e s u l  t i n g  i n  shutdowns 
36,750 Opera t inq  hours - 4 Machines 

152 ~ u t d m a t i c ' ~ h u t d o w n s  - 27 Manual Shutdowns 
(136 F a i l u r e s ,  6 Safety ,  10 F a l s e  F a i l u r e s )  

SUBSYSTEM/COMPONENT SOURCE 

C o n t r o l  System 
- Sensors 
- Cal  i b r a t  i o n  E r r o r s  
- Switches 
- Re1 ays 
- Power Suppl i e s  

- Con t ro l  l e r / C  i r c u i  t 
Boards 

- W i r i n g  

Hydraul  i c  Systerns 
- Pum~s/Motors  

FAILURES COMMENTS 

Over 50% o f  au to  shutdowns 
10 Wind sensor f a i l u r e s  

0 t he rs :  
Thermocouples 
I c e  d e t e c t o r s  
Pressure sw i tches  
RPM-MAG p ickup  
Meters 

Mos t l y  c i r c u i t  boards 

Shor ts  - open c i r c u i t s  

- sea i s  13 Leaks-1 o press.  shutdowr s 
- Hydraul  i c  Coup1 ings 13 Deubl ing coup l i ng -sea l s  
- Valves, Cy l i nde rs  5 

Lube System 
- Seals 
- F i l t e r  

11 
10 Lo p ressure- leaks  

1 Cor ros ion  

E l e c t r i c a l  System 15 
- Generator 3 S t a t o r  problems 
- Relays, Switchgear 5 One b reaker  f a  i 1 ure,  r e 1  ays 
- S l  i p r i n g s  6 Broken w i res-brushes 
- W i r i ng  1 Shorts/open c i r c u i t s  

D r i v e t r a i n  System 2 3 
- Coup1 ings 6 Mos t l y  broken b o l t s  
- Brake 11 6 mechanical /5 hydrau l  i c  
- LS Shaf t /Bear ings 2 
- HS Shaft /Bear ings  4 

Roto r  System 
- R i ve t s /Bo l  t s  
- Cracks 
- Shins, e t c .  

Yaw System 
- Mechanical 

9 
4 M o s t l y  inspec t  i o n  
2 Observat ions w i t h  
3 Maintenance r e p a i r s  

- Brakes 1 

(Note: The causes of  many f a i l u r e s  a r e  s u b j e c t  t o  i n t e r p r e t a t i o n )  



The average amount o f  o p e r a t i n g  t i m e  p e r  MOD-OA machine i s  about 9200 hours,  

o r  1.31 years,  a t  an 80% d u t y  cyc le .  Therefore,  t h e  da ta  i n  Table 13-3 can be 

annua l i zed  as f o l l o w s :  

AVERAGE AVERAGE % OF 
FAILURES NUMBER OF TOTAL 
PER FAILURES FA1 LURES/ MTBF 
MACHINE PER YEAR YEAR (HOURS ) 

Ro to r  Sys tem 2.25 1.7 5 % 5 150 

U r i v e t r a i n  System 8.50 6.5 19% 1350 

Yaw System 1.50 1.1 3% 7960 

Hydraul  i c  Systern 8.50 6.5 19% 1350 

Con t ro l  System 20.25 15.4 45% 5 70 

Power Gen. System 3.75 2.9 9 % 3020 

MOD-OA Sys. T o t a l s  44.15 34.1 m% 257 

Th i s  da ta  i n d i c a t e s  h i g h  f a i l u r e  r a t e s  assoc ia ted  w i t h  t h e  c o n t r o l  system, t h e  

h y d r a u l i c  system, and t h e  d r i v e t r a i n  system. Comparing t h e  f a i l u r e  r a t e s  of  

these systems u s i n g  MOD-OA da ta  and MOD-5A p r e d i c t  ions, i n d i c a t e s  s i r n i l a r  

t rends,  b u t  shows s i g n  i f  i c a n t  improvements on t h e  MOD-5A. The c o n t r o l  system 

f a i l u r e  r a t e  i s  reduced by  a f a c t o r  o f  3.50, t h e  h y d r a u l i c  system b y  a f a c t o r  

g rea te r  than  2, and t h e  d r i v e t r a i n  system by a f a c t o r  g r e a t e r  than  9. The 

p r o j e c t e d  f a i l u r e  r a t e  i s  reduced by a f a c t o r  o f  2.8. 

Ana l ys i s  of t h e  MOD-1, MOD-2, MOD-SAY and MOD-5B aes igns i n d i c a t e  10-12 

f a i l u r e s  p e r  year .  Th i s  va lue  r e s u l t s  i n  a system MTBF of 700 t o  900 hours, 

which i s  s i m i l a r  t o  o t h e r  mature u t  i 1 i t y  power gene ra t i ng  systems. Reference 

3-8 d iscusses MOD-OA MTBF da ta  and shows t h a t  w i t h  t h e  upgraded des ign  and 

i d e a l  o p e r a t i n g  cond i t i ons ,  t h e  MTBF approached above 600 hours f o r  t h e  l a s t  

two mach ines. Th i s  exper ience con f i rms  t h e  pred i c t a b  i 1 i t y  o f  component and 

system r e l i a b i l i t y  and e s t a b l i s h e s  t h e  c r e d i b i l i t y  o f  t h e  MOD-5A ana l ys i s .  

13.3.6 RELIABILITY - AFFECT OF DESIGN CHANGES 

I n  a d d i t i o n  t o  t h e  e f f e c t  o f  des ign changes on t h e  r e 1  i a b i l  i t y  o f  s t r u c t u r a l  

components, which may n o t  be apparent i n  t h e  f a i l u r e  r a t e  c r i t e r i a ,  t h e  

f a i l u r e  r a t e s  and MTBF o f  t h e  a p p l i c a b l e  components change w i t h  t h e  degree o f  



c o n ~ p l e x i t y  and w i t h  changes i n  o p e r a t i o n a l  s t r e s s  f a c t o r s .  The r e l i a b i l i t y  

burden can be s h i f t e d  between subsystems. For  example, t h e  main r o t o r  b e a r i n g  

now i n t e r f a c e s  w i t h  t h e  yoke subsystem and t h e  n a c e l l e  subsystem i ns tead  of  

b e i n g  a  p a r t  o f  t h e  d r i v e t r a i n  subsystem. Component r e l i a b i l i t i e s  change w i t h  

t h e  r e v i s e d  o p e r a t i o n a l  s t r e s s  f a c t o r s  o f  new designs. A b r i e f  d e s c r i p t i o n  o f  

t h e  e f f e c t  o f  s p e c i f i c  des ign  changes on t h e  f a i l u r e  r a t e s  o f  t h e  systems and 

subsystems, as shown i n  Tab le  13-2, f o l l o w s .  

Yoke: The impor tan t  c o n s i d e r a t i o n s  i n  t h e  r e v i s i o n  o f  t h e  yoke des ign  were t o  - 
p r o v i d e  s t r u c t u r a l  redundancy, minimum r i s k ,  and benign f a i l u r e  modes. The 

new yoke subsystem des ign  accommodated t h e  n o n - r o t a t i n g  r o t o r  suppor t  s h a f t .  

The suppor t  and t o r q u e  t r a n s m i t t i n g  f u n c t i o n s  a re  separated. The t e e t e r  

system and main r o t o r  b e a r i n g  assembly a re  inc luded  i n  t h e  yoke subsystem as 

major  r o t o r  suppor t  f u n c t i o n a l  i n t e r f a c e s  i n  t h e  o p e r a t i o n a l  s t r e s s  

environment.  The t e e t e r  bea r i ng  and sea l s  can be rep laced  w i t h o u t  removing 

t h e  r o t o r .  

A i  l e rons :  The use o f  a i l e r o n s  removed t h e  aerodynamic c o n t r o l  mechanism f r om 

t n e  p r ima ry  b l a d e  l o a d  p a t h  and d i s t r i b u t e d  i t  as a  secondary l o a d  a l ong  t h e  

60% b lade  spar .  As a  r e s u l t ,  t h e  we igh t  o f  each b lade  was reduced 35,000 

l bs .  The comp lex i t y  o f  m u l t i p l e  a i l e r o n  s t r u c t u r e s  and a c t u a t o r s  was ba lanced 

b y  t h e  inc rease  o f  t h e  s t r u c t u r a l  r e l i a b i l i t y  o f  t h e  b l ade  subsystems, w i t h o u t  

comprom i s  i n g  performance. 

Blades: The b l a d e  span was n o t  changed d u r i n g  t h e  program, b u t  t h e  p l an fo rm  

and t h i c k n e s s  changed s i g n i f i c a n t l y .  As t h e  l o a d  was r e f i n e d ,  t h e  mass and 

s t i f f n e s s  were ma jo r  sources o f  change. Resu l t s  o f  development t e s t i n g  o f  t h e  

lamina ted  wood s t r u c t u r e s  and a  g r e a t e r  knowledge o f  wood f a i l u r e  phenomena 

d rove  t h e  des ign  i n t o  a  c l a s s i c a l  we igh t  and s t i f f n e s s  i t e r a t i o n  mode. The 

b l ade  chord  l e n g t h  and t h i c k n e s s  were changed t o  ach ieve accep tab le  s t r e n g t h  

and s t i f f n e s s  c h a r a c t e r i s t i c s ,  i nc rease  con f idence  i n  t h e  design, and reduce 

t h e  r i s k  o f  f a i l u r e .  The change f r om t h e  p a r t i a l  span c o n t r o l  t o  a i l e r o n  

c o n t r o l  g r e a t l y  enhanced t h e  b l a d e ' s  s t r u c t u r a l  r e l i a b i l i t y .  D e t e r i o r a t i o n  

caused by  t r a n s i e n t  s t r e s s  and f a t i g u e  were t h e  ma jo r  mechanisms o f  f a i l u r e .  

The r e l i a b i l i t y  o f  t h e  b l ade  subsystem was e f f e c t i v e l y  unchanged, b u t  t h e  

changes shou ld  inc rease  con f idence  i n  t h e  des ign  and reduce t h e  r i s k  o f  

f a i l u r e .  



D r i v e t r a i n :  The p r e d i c t a b l e  f a i l u r e  r a t e s  and r i s k  o f  unp red i c tab le  f a i l u r e s ,  

were lowered b y  t h e  changes t o  t h e  des ign o f  t h e  d r i v e t r a i n  system. The 

n o n - r o t a t i n g  r o t o r  suppor t  s h a f t  e l i m i n a t e d  bending f a t i g u e  as a  cause o f  

f a i l u r e s  i n  t h e  main r o t o r  bear ing,  t h e  low speed s h a f t  and t h e  gearbox and 

i n te rmed ia te  coupl ings.  The v a r i a b l e  speed generator  reduced o r  e l i m i n a t e d  

des ign loads and d r i v e t r a i n  requ  irernents f c r  components such as t h e  gearbox, 

coup1 ings, brake, and s l  i p  c l u t c h .  The removal o f  mechanical components 

assoc ia ted  w i t h  d r i v e t r a i n  s t i f f n e s s ,  damping c o n t r o l  and t h e  speed changer 

enhance t h e  r e l i a b i l i t y  o f  t h e  d r i v e t r a i n .  F a i l u r e  r a t e  c r i t e r i a  f o r  t h e  

a r  i v e t r a i n  a l s o  i nc l ude  t h e  requi rements f o r  t he  r e 1  i a b i l  i t y  o f  t h e  

l u b r i c a t i o n  s e r v i c e  module. Minor  des ign  changes, i n c l u d i n g  f a i l u r e  d e t e c t i o n  

and d i a g n o s t i c s  i n  t h e  l u b r i c a t i o n  system sensors, were incorporated.  

Hydrau l i cs :  F a i l u r e  r a t e s  i n  h y d r a u l i c  systems were a lmost  always a t t r i b u t e d  

t o  leakage i n  valves, hoses, f i t t i n g s ,  pumps, ac tua to rs ,  and accumulators. 

Therefore,  components w i t h  h i g h  r e 1  i a b i l  i t y  a re  t h e  f i r s t  cons ide ra t i on .  

P a r a l l e l  redundancy o f  check va lves  i s  used i n  t h e  MOD-5A h y d r a u l i c  systems t o  

i s o l a t e  p o t e n t i a l  f a i l u r e s .  F a i l - s a f e  o p e r a t i o n  i s  used i n  a l l  h y d r a u l i c  

systems t o  p r o v i d e  automat ic  shutdown d e s p i t e  t h e  l o s s  o f  a  c r i t i c a l  h y d r a u l i c  

f u n c t i o n .  Redundancy a l s o  p r o t e c t s  aga ins t  t h e  l o s s  of a  c r i t i c a l  f u n c t i o n  

and can min im ize  unnecessary shutdowns caused by  an i n d i c a t e d  o r  ac tua l  

p ressure  o r  f l u i d  l oss .  

Yaw Mechanism: Design changes d i d  n o t  a f f e c t  t h e  r e l i a b i l i t y  of  t h e  yaw 

mechanism. The a p p l i c a b l e  f a i l u r e  r a t e  c r i t e r i a  i s  r e l a t e d  t o  t h e  yaw b e a r i n g  

and sea l s  and t h e  yaw d r i v e  and brake assembly. 

Tower ana Nacel l e :  Fred i c t a b l e  subsystem f a i l u r e s  were s h i f t e d  t o  non- 

c r i t i c a l  maintenance items, t o  increase r e 1  i a b i l  i t y  a t  t h e  system l e v e l .  The 

r e 1  i a b i l  i t y  o f  t h e  tower s t r u c t u r e  was increased by  u s i n g  an exper ienced 

vendor t o  p r o v i d e  a  s t r u c t u r a l  des ign w i t h  a  minimum r i s k .  The f a i l u r e  r a t e  

c r i t e r i a  p e r t a i n s  p r i m a r i l y  t o  l i g h t i n g  and env i ronmenta l  c o n t r o l  systems, and 

t o  access sa fe t y ,  and s e c u r i t y  systems. Most o f  these  f a i l u r e s  a re  cons idered 

t o  be n o n - c r i t i c a l .  

Power Generat ion Equipment: The e f f e c t  o f  a  v a r i a b l e  speed generator  on 

r e 1  i a b i l  i t y  and m a i n t a i n a b i l  i t y  was s i g n i f i c a n t .  The unp red i c tab le  e f f e c t s  o f  



o p e r a t i o n a l  f l e x i b i l  i t y  and l o a d  a1 l e v i a t i o n  enhanced t h e  r e 1  i a b i l  i t y  o f  a1 1  

components and subsystems. The change makes t h e  d r i v e t r a i n  subsystem much 

s  imp le r ,  w i t h  no speed changer requi rements ,  no conlplex gearbox mount ing 

requi rements ,  and fewer  c o n s t r a i n t s  on t h e  gearbox, b rake  system, s l i p  c l u t c h ,  

coup l i ngs  and s h a f t s .  A l though  f a i l u r e  r a t e s  a re  much h i g h e r  f o r  t h e  more 

corrlplex power gene ra t i on  subsystem, t h e  f a i l u r e s  a f f e c t  t h e  average annual 

outage t i m e  ve ry  l i t t l e .  

Con t ro l s :  The changes t o  t h e  c o n t r o l  system increaseo t i l e  comp lex i t y  o f  t h e  

system, b u t  p rov i ded  i n  t h e  a d d i t i o n a l  redundancy and a i a g n o s t i c s  r e q u i r e d  f o r  

dna g r e a t e r  m a i n t a i n a b i l  i t y .  The v a r i a b l e  speed subsystem had a r e l a t i v e l y  

cornpizx c o n t r o l  f o r  t h e  s o l i d - s t a t e  power convers ion  equipment. R e l i a b i l i t y  

d a t a  f o r  t h i s  subsystem was i nc l uded  i n  t h e  power gene ra t i on  equipment data.  

Changes t o  t h i s  system d u r i n g  t h e  f i n a l  des ign  phase p rov i ded  a d d i t i o n a l  

p r o t e c t i o n ,  reduced t h e  r i s k  o f  u n p r e d i c t a b l e  f a i l u r e s ,  and increased t n e  

sys ten~ '  s  rna in ta inab il i t y  and a v a i l a b  il i t y .  

13.3.7 RESULTS HND CONCLUSIOkS 

The r e s u l t s  o f  t h e  r e l i a b i l i t y  a n a l y s i s  f o r  t h e  MOD-SA model 304.2 i n d i c a t e  

t h a t  t h e  system has t h r e e  aisadvantages: unusua l l y  l a r g e  r o t a t i n g  components, 

an ex t reme ly  severe dynamic environment,  and t h e  requi rement  f o r  autonomous, 

f a i l s a f e  ope ra t i on .  R e l i a b i l i t y  p r o j e c t i o n s  a re  ~ a s e d  on o p e r a t i o n a l  

exper ience  w i t h  s i m i l a r  subsystems, b u t  w i t h o u t  much meaningfu l  da ta .  The 

1900-5A's r e l i a b i l i t y  c h a r a c t e r i s t i c s  a re  c o n s i s t e n t  d i t h  i t s  predecessors ,  

even w i t h  t h e  major  ~ n o d i f i c a t i o n s  t h a t  m in im ize  r i s k  and o p t i m i z e  

performance. I n  conc lus i on ,  c u r r e n t  es t ima tes  o f  r e l i a b i l i t y ,  i n c l u d i n g  

f a i l u r e  r a t e s ,  and MTBF's, f o r  l a rge ,  u t i l i t y - c l a s s  wind t u r b i n e s  a re  p robab l y  

r e a l  i s t  i c  f o r  o p e r a t i o n a l l y  mature systems, b u t  need t o  be v e r i f i e d  by  f i e l d  

exper ience.  

These p r e d i c t i o n s  must have c r e d i b i l i t y  f o r  t h e  u t i l i t i e s  t o  accept t h e  

PIOD-SA. Irnpruvements t o  t h e  des ign  do n o t  n e c e s s a r i l y  i nc rease  r e l i a b i l i t y  o r  

a v a i l a b i l i t y ;  t h e y  may improve p r e d i c t a b i l i t y  and t h e  d e s i g n ' s  c r e d i b i l i t y  

ins tead.  T n i s  a n a l y s i s  eva lua ted  t h e  e f f e c t  o f  r e c e n t  des ign  changes on t hese  

p r e d i c t  ions,  ana t h e  t h e  r e s u l t s  i n d i c a t e  t h a t  r e 1  i a b i l  i t y  improved. Vore 

impo r tan t l y ,  t h e  a n a l y s i s  e s t a b l i s h e d  c r e d i b i l i t y  i n  t h e  MOD-5A des ign.  



13.3.8 RELIABILITY - -  MOD-5A PRED1CTABL.E FAILURE RATE DATA 

MAINTENANCE 

EVENTS 

MTTR 

(HRS FPY - 

1.0 Ro to r  System 

- A i l e r o n  Subsystems 

1. A i l e r o n  Jou rna l  Rad ia l  Bear ings 
2. Bear ing  Seals  and L u b r i c a t i o n  

One Blade T o t a l  
Two Blade T o t a l  

- Yoke Subsystem 

1. Ma i n  r o t o r  Bear ing  (3-bear i n g  s e t )  
2 .  Main r o t o r  Bea r i ng  Seals  
3. Tee te r  Bear ings (4 -e l as tomer i c )  
4. Tee te r  Bear ing  Seals 

(weather  guard)  
5. Tee te r  Snubbers, Brakes, Stops 

TOTAL 

- Blade Subsystem 

SYSTEM TOTAL 

2.0 D r i v e t r a i n  System 

- Low Speed Shaft  Subsystem 

1. One p a i r  o f  1/2 coup1 ings 

- Gearbox Subsystem 

- H igh  Speed S h a f t  Subsystem 

1. Coup1 ings  ( 2 )  
2. Ro to r  H o l d i n g  Brake 
3. S l i p  C l u t c h  

- Lube (LSM) Subsystem 

1. AC Pump and Motor (Redundant) 
2. S h a f t  Pump (Redundant) 
3. Accumulator 
4. Rese rvo i r  Sump ( t a n k )  
5. Rese rvo i r  Heater  
6. Heat  Exchanger 
7 .  F i l t e r  

SYSTEM TOTAL 
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3.0 Hydraul i c  Systems 

- Yoke Subsystems ( P  i t ch /Tee te r  Systems) 

1. Reservoi r  Tank 
2. Hydrau l i c  Tubing and F i t t i n g s  
3. Motor and Pump 
4. Accurnul a t o r s  ( 4 )  
5. Check Valves ( 2 )  
6. Back Pressure Valves (2 )  
7. Feather Valve A 
8. Feather Valve B 
9. Teeter System Con t ro l  Valves 

SUBSYSTEM TOTAL 1.37 

- A i l e r o n  (Outboard) Subsystem 

1. P i t c h  Ac tua tor  .08 
2. Feather La tch  Ac tua tor  .08 
3. Hyd rau l i c  T u b i n g / F i t t i n g s / F i l t e r  .04 
4. Servo Valve .07 
5. Servo Block Valve .03 
6 .  Bypass Valve .04 

1. SUBSYSTEM TOTAL .34 

2. SUBSYSTEM TOTAL .6 8  

- Yaw Drive/Brake Subsystem 

1. Reservoi r  
2 .  Hydrau l i c  T u b i n g I F i t t i n g s l F i l t e r  
3. Motor/Pump 
4. Accuniul a t o r s  ( 2  ) 
5. Mot ive  Brake Cont ro l  Valve 
6. Hold ing Brake Cont ro l  Valve 
7. Actuators ( 8 )  (Redundant) 
8. Check Valves ( 2 )  

SUBSYSTEM TOTAL .80 
SYSTEM TOTAL 2.85 

4.0 E l e c t r i c a l  Power Generat ion System 

- Generator Subsystem (Va r iab le  Speed Package) 

1. Generator . I00 
2. Cyc loconver ter /Contro l  E l e c t r o n i c s  .915 
3. Swi tch Gear . I 01  
4. I so la t ion /Step-up  Transformers .030 
5. Accessories .014 

11170 



4.0 E l e c t r i c a l  Power Generat i o n  System ( c o n t ' d )  

- Power Gen. P r o t e c t  i on  Subsystem (Breaker T r i p )  

1. Main Breaker 
2. Generator Ground F a u l t  Relay 
3. Generator Over -cur ren t  Relay 
4. Generator Phase Con t ro l  Unbalance 
5. High D i f f e r e n t i a l  Cur ren t  Relay 
6. Transformer Secondary F a u l t  Relay 
7. Over-vo l tage Relay 
8. Over/Under Frequency Relay 
9. Improper Phase Sequence Relay 

10. Step-up Transformer Over-temp. 
11. Step-up Transformer L i q u i d  Leve l  
12. T o t a l  Over-current  Relay 

- Pi iscel laneous High Vol tage Equipment Subsystem 

1. Cables and Condui t  .O 1 
2 .  L i g h t n i n g  Arrestor /Ground .05 
3. Yaw/Rotor S l i p r i n g s  - .70 

- A u x i l a r y  Power Subsystem 

1. B a t t e r i e s  .10 
2 .  B a t t e r y  Charger .02 
3. Hux il a r y  Power Transformers (2 )  .02 
4. 120V I n v e r t e r  .20 

.34 - 
SYSTEM TOTALS 2.74 

5.0 C o n t r o l s  and I ns t rumen ta t i on  Systern 

- Con t ro l  Equip. Subsystem 

1 . Con t ro l  l e r  (Nacel l e )  2.25 
2. Intercom/Remote TV - 
3. Telephone Modem/Keyboard/Displ ay - 
4. Connectors, Re1 ays, W i r i ng  .30 

7 3 5  

- Opera t iona l  I ns t rumen ta t i on  Sensor Subsystem 

1. Wind Sensors ( 2 )  .40 
2. Rotor/Generator Speed Sensors ( 2 )  .14 
3. Ambient Temp. Sensor - 
4. Generator Vol tage Meter - 
5. Generator Power Meter (kW) .03 
6. Generator Power Meter (kVAR) - 
7. K i l owa t t - hou r  Meter (kW-HRS. ) - - 

.57 



5.0 Controls and Instrumentat ion System , ( c o n t l d )  

- Operational Control Sensor Subsystem 

1. Tip Posit ion Sensors ( 2 )  -13 
2 .  Vibration Sensors .10 
3 .  Intrusion Sensors (mag. r e l ay )  .05 
4. Blade S t ra in  "High 'qage  ( 2 )  .02 
5. Pi tch  Hydraulic Accumulator "Lo" .12 

Pressure ( 2 )  
6. Teeter Brake Sta tus  Fault  Sensors .13 
7 .  P i tch  Hydraul i c  "High" F i l t e r  P ( 3 )  .18 
8. Speed Sensor-High Limit Switch .14 
9. Lube Lo Supply Pressure (Redundant) - 

10. Lube Temperature Sensors (Redundant) - 
11. Generator Lube Pressure "Lo" -06 
12. Generator Bearing/Winding .02 

Temperature "HI" 
13. Yaw Error lo0 Sensor ( 5  minute) .03 
14. Yaw Holding Brake Sta tus  Sensor .13 
15. Lockout Relays .01 

7TT5 

- Fai l sa fe  Electronics Subsystem 

1.  G-switches - Emergency Feather ( 2 )  .12 
2 .  Emergency Stop Switches .O 1 
3. Controller  Output Fault Check .01 
4. Generator Over-current Relay .03 

.17 

6.0 Tower, Nacelle, and S i t e  Systems 

- Yaw Subsystem 

1 . Yaw Bear ing/Weather Shield .O1 
2 .  Yaw ~ r i v e / ~ r a k e  Mechanism 

- Lighting, Environ. Control Subsystems 

1 .  A / C  Warning L ights/Strobes - 
2 .  hacel le  Environ. Control Sys. - 
3 .  G C E  Environ. Control System - 
4. Nacelle/GCE/Tower Lighting and - - 

Outlets  - 

- Access, Safety,  and Securi ty Subsystems 

1. L i f t ,  Hoist Assemblies - 
2 .  Fi r e  Protection Subsystem - 
3. Doors, Ladders, Rail ings - 
4. Intrusion Alarm Subsystem -05 

-35 

SYSTEM TOTALS .I4 

13-25 



13.4 AVAILABILITY ANALYSIS 

13.4.1 INTRODUCTION 

The a v a i l a b i l i t y  a n a l y s i s  takes i n t o  account f o r ced  and planned maintenance 

outayes. One goa l  o f  a  wind t u r b i n e  des ign  i s  t o  m in im ize  outages. The RAM 

p r o j e c t  ions v a r y  w i t h  s i t e s  and users.  The a v a i l a b i l  i t y  p r e d i c t  ions a r e  based 

on t h e  r e 1  i a b i l  i t y  and m a i n t a i n a b i l  i t y  o f  an o p e r a t i o n a l l y  mature system. The 

e v a l u a t i o n  o f  a v a i l a b i l  i t y  f o r  any s i t e  i s  a  measure o f  t h e  wind t u r b i n e ' s  

performance and w i l l  be moni tored by  t h e  u t i l i t i e s  and compared w i t h  t h e  

a v a i l a b i l i t y  o f  o t h e r  power genera t ion  systems. 

13.4.2 APPLICABLE DOCUMENTS AND REFERENCES 

The documents a p p l i c a b l e  t o  t h e  a v a i l a b i l i t y  a n a l y s i s  i nc l ude  t h e  f o l l o w i n g :  

1. GE Cont. Doc. 47A380020, "MOD-5A Wind Turb ine  Generator:  
Ke l  i a b i l  i t y l A v a i l a b i 1  i t y / M a i n t a i n a b i l  i t y  and F a i l u r e  Mode and E f f e c t s  
Ana l ys i s  Plan,"  Rev. B, Jan. 1982. 

2. E E ?  Pub. No. 77-64, "Report on Equipment A v a i l a b i l i t y  f o r  t h e  Per iod ,  
1967-1976," Dec. 1977 (A los  NERC 1970-1979 "Report  on Equipment 
A v a i l a b i l i t y " ) .  

3. EPRI P-2410SR, "Technica l  Assessment Guide," May 1982. 

4. E.S. I D A ,  "Redundancy Used i n  F a i l - S a f e  Alarm Design," pg. 89 C o n t r o l  
Engineer ing,  Feb. 1983. 

13.4.3 AVAILABILITY 

A v a i l a b i l i t y  i s  de f i ned  as t h e  p r o b a b i l i t y  t h a t  a  system i s  capable of 

opera t ing ,  b u t  n o t  n e c e s s a r i l y  i n  se rv ice .  Fo r  components o r  major  subsystems 

t h e  a v a i l a b i l i t y  i s  based on t h e  mean t ime  between f a i l u r e s  (MTBF) and t h e  

mean t i m e  t o  r e p a i r  (MTTR), as f o l l o w s :  

A = MTBF = Time A v a i l a b l e  
IVTBF + MTTR T o t a l  Time 

The MTBF o f  components i s  based on o p e r a t i n g  t ime. I t  i s  conver ted  t o  

ca lender  t ime  by  d i v i d i n g  by t h e  component's d u t y  c y c l e  i n  percen t  o f  t o t a l  

t ime,  g e n e r a l l y  8760 hours per  year.  Tne d u t y  c y c l e  accounts f o r  t h e  

a v a i l a b i l i t y  o f  t h e  equipment, i n c l u d i n g  t i m e  o u t  o f  s e r v i c e  because o f  low 

winds. The MTTR i s  based on t h e  m a i n t a i n a b i l  i t y  o f  t h e  equipment and on t h e  

ope ra t i on  and maintenance of  t h e  wind t u r b i n e  generator  system. 



The a v a i l a b i l i t y  o f  systems i s  based on calender t ime, on p r e d i c t a b l e  forced 

outages, and on opera t ing  and maintenance. It i s  ca l cu la ted  annual ly  

according t o  t h e  f o l l o w i n g  equations: 

AH = PH - AAO - SM , where A=, 
P H PH 

PH = Per iod  hours ly r .  (8760 hours)  

AH = Number o f  hou rs l y r .  t h a t  t h e  system i s  a v a i l a b l e  f o r  operat ion, 
whether o r  n o t  it i s  a c t u a l l y  i n  serv ice.  

AAO = Average annual outage t ime caused by  a c r i t i c a l  component f a i l u r e  

(Note: Unscheduled maintenance i s  n o t  p a r t  o f  t h e  AAO, and i s  - 
considered t o  be p a r t  o f  O&M). 

SM = Scneduled o r  planned maintenance. 

Uperat ing  and maintenance w ill s ign i f  i c a n t l y  a f f e c t  t h e  p r e d i c t  ion  o f  t he  wind 
t u r b i n e ' s  a v a i l a b i l i t y ,  represented by  t h e  average annual outage and t h e  
scheduled maintenance time. 

13.4.4 OPERATION AND MAINTENANCE ( O & M )  

The O&M p lan  t h a t  supported the  a v a i l a b i l  i t y  ana lys is  inc ludes t h e  fo7lowing 

assumptions: 

1. Ava i l ab le  t ime  i s  equal t o  t he  per iod  t ime, l ess  the  average annual 
outage t ime  and t h e  t ime  f o r  any scheduled maintenance t h a t  cannot be 
performed du r ing  low wind. This  equat ion assumes t h a t  !n a 
commercial app l i ca t i on ,  t h e  u t i l i t y  w i l l  use wind t u r b i n e  power when 
i t  i s  a v a i l a b l e  and t h a t  the  wind t u r b i n e  w i l l  n o t  be removed f rom 
s e r v i c e  f o r  any reason when the re  i s  s t a t i s t i c a l  p r o b a b i l i t y  o f  winds 
above t h e  c u t - i c  speed. 

2.  The AAO and SM t ime w i l l  va ry  w i t h  O&M and t h e  opera t iona l  m a t u r i t y  
o f  t h e  wind tu rb ine .  AAO and SM w i l l  approach t h e  p ro jec ted  goals as 
the  design matures. 

3. The AAO and SM p r e d i c t i o n s  are from the  optimum O&M schedule f o r  
maxinlurn opera t iona l  a v a i l a b i l  i t y ,  i nc lud ing  t h e  appropr ia te  use of  
low wind t ime  f o r  scheduled and unscheduled maintenance. 

4. Any non-commercial a c t i v i t i e s ,  such as research and development 
t e s t i n g ,  i s  a l l o c a t e d  t o  the  a v a i l a b l e  t ime. 

5. The MTTR depends on t h e  s k i l l s  o f  t h e  maintenance workers, 
opera t iona l  attendance and d ispatch  schedules, a v a i l a b i l  i t y  and 
de l  i v e r y  t ime f o r  spare p a r t s  and maintenance equipment, and most 
impor tan t ly ,  adequate redundancy, and d iagnost ics  f o r  c r i t i c a l  and 
n o n - c r i t i c a l  f a i l u r e s .  



6. The MTTR and t h e  AAO ao n o t  i n c l u d e  cases i n  which maintenance i s  
repeated because t h e  i n  i t  i a l  d iagnos is  o r  maintenance was inade- 
quate. These c a l c u l a t i o n s  assume t h a t  t h e  maintenance s t a f f  i s  
exper ienced. 

The des ign  spec i f  i c a t  i o n  f o r  t h e  wind t u r b i n e ' s  ope ra t i ona l  a v a i l a b i l  i t y  c a l l s  

f o r  a  "minimum a v a i l a b i l i t y  o f  91% when t h e  wind i s  between c u t - i n  and c u t - o u t  

speeds." The scenar ios a l s o  assume t h a t  t h e  s p e c i f i c a t i o n  a p p l i e s  t o  t h e  most 

1  i m i t e d  O&M f o r  a  s i n g l e  u n i t  w i t h  f u l l y  automat ic ,  unattended, f a i l - s a f e  

opera t ion .  A c l u s t e r  w i t h  a  ded ica ted  maintenance s t a f f  would have lower  

r e p a i r  t imes.  

13.4.5 AVAILABILITY ANALYSIS AND METHODOLOGY 

As d iscussed i n  Sec t ions  13.4.3 and 13.4.4, a v a i l a b i l i t y  i s  depends on t h e  

i n n e r e n t  r e 1  i a b i l  i t y  o f  t h e  des ign and on t h e -  ope ra t i ng  and maintenance p lan .  

The MTTR o f  components i s  used t o  es t ima te  outage t imes. A l l  equipment 

down-time, i n c l u d i n g  r e p a i r s ,  inspec t ions ,  overhauls,  and genera l  maintenance, 

i s  summed t o  determine t h e  system's  a v a i l a b i l  i ty.  

Genera l ly ,  a  des ign  change increases r e 1  i a b i l  i ty, b u t  decreased r e l . i a b i 1  i t y  

can be acceptable i f  t h e  o b j e c t i v e  i s  t o  reduce t h e  p r o b a b i l i t y  o f  c r i t i c a l  

f a i l u r e s ,  t o  reduce r e p a i r  t imes, t o  . increase m a i n t a i n a b i l  i t y  o r  t o  increase 

o p e r a t i o n a l  a v a i l a b i l i t y .  These o b j e c t i v e s  have been s a t i s f i e d  i n  a  few cases 

b y  e l  im ina t  i n g  unnecessary shutdowns, and by  u s i n g  a  more complex, s o p h i s t  i ca -  

t e d  s a f e t y  and c o n t r o l  system. I n  most cases, p a r a l l e l  redundancy i n  t h e  i n -  

s t r umen ta t i on  and f a i l - s a f e  c o n t r o l  dev ices increase r e l i a b i l i t y ,  e s p e c i a l l y  

w i t h  r ega rd  t o  100s i n g  p r o t e c t  i o n  and avo id i ng  unnecessary shutdowns, as 

descr ibed  i n  r e fe rence  13.4-4. However, t h e  t r a d e - o f f s  between r e 1  i a b  il ity,  

sa fe t y ,  and m a i n t a i n a b i l  i ty,  and a v a i l a b i l  i t y  were addressed i n  each 

appl  i c a t  ion. 

Avoid i n g  unnecessary shutdowns and d i s c r i m i n a t i n g  between c r i t i c a l  and 

n o n - c r i t i c a l  f a i l u r e s  increased t h e  r e l i a b i l i t y  o f  t h e  equipment and decreased 

t h e  AAO t i m e  o f  t h e  system. The des ign must i nc l ude  a  f a i l u r e  d e t e c t  i on  and 

warning system. The s a f e t y  and c o n t r o l  system i s  t h e  l a r g e s t  c o n t r i b u t o r  t o  

wind t u r b i n e  f a i l u r e s  and maintenance outages, as i n d i c a t e d  i n  References 

13.3-1, -5, and -6. The h y d r a u l i c  system i s  a l s o  a  l a r g e  c o n t r i b u t o r .  Changes 

were made t o  p rov ide  b o t h  systems w i t h  redundant f ea tu res ,  t o  improve 

o p e r a t i o n a l  a v a i l a b i l i t y  and sa fe t y .  The a v a i l a b i l i t y  o f  subsystems, systems, 

and t h e  e n t i r e  wind t u r b i n e  a r e  shown i n  Table 13-4. 



Table 13-4 
MOD-5A A v a i l a b i l i t y  Ana l ys i s  f o r  Model 304.2 

FPY - MTBF 
(HRS.) 

MTTR AAO AVAIL 
(HRS.) (HRS.) 

1.0 Roto r  System 
- A i l e r o n  Subsystem (bear ings  and .60 

sea l s )  
- Blade Subsystem .07 
- Yoke Subsystem (Ro to r  bear . / sea l )  .12 

[ Teeter Mechan i sm)  .34 
777 

2.0 U r i v e t r a i n  System 
- Low Speed Sha f t  Subsystem .05 
- Gearbox Subsystem -16  
- H igh  Speed Shaf t  Subsystem .32 
- Lube (LSM) Subsystem - .13 

.66 

3.0 ~ ~ d r a u l i c  Systems 
- Yaw Subsystem 1.37 6,394 12 16.4 .9981 
- A i l e r o n  Subsystem .68 12,880 2 4 16.3 .9981 
- Yaw D r  ive/Brake Subsystem .80 10,950 13 10.4 .9988 

2.85 

4.0 E l e c t .  Power Gen. System -e 1.17 
- Power Gen. P r o t e c t i o n  Subsys. .47 
- Misc.  HV Equip.  Subsystem .76 
- Aux. Power Subsystem .34 - 

2.74 

5.0 Con t ro l  and I ns t rumen ta t i on  System 
- Con t ro l  Equip. Subsystem 2.55 
- Oper. Zns t r .  Subsystem .57 
- Oper. Con t ro l  Sensor Subsystem 1.15 
- F a i l s a f e  E l e c t .  Sensor Subsys. .17 

4.44 

6.0 Nacel le ,  Tower and S i t e  Systems 
- Paw Subsys. (Bear i n g  and Yaw .09 

Dr i v e  Mechan isin) 
- L i g h t i n g ,  Env i ron.  Con t ro l  Subsys - 
- Access, Safety  & S e c u r i t y  Subsys - .05 

.14 

TOTALS 11.96 732 16 189.0 .9784 



Tne wind t u r b i n e ' s  a v a i l a b i l i t y  i s  p r e d i c t e d  t o  eva lua te  t h e  e f f e c t s  o f  

outages on revenue and maintenance, as r e f l e c t e d  i n  Table 13-4. The 

a v a i l a b i l  i t y  parameters f o r  s p e c i f i c  s i t e s  should n o t  i nc l ude  values f o r  

scheduled o r  unscheduled maintenance. The system's a v a i l a b i l i t y  depends on 

t h e  O&M p l a n  f o r  scheduled and unscheduled maintenance, on t h e  environment, 

and on t h e  ope ra t i ona l  m a t u r i t y  o f  t h e  wind t u rb i ne .  The 0&14 p l a n  and 

o p e r a t i o n a l  m a t u r i t y  o f  t h e  wind t u r b i n e  do a f f e c t  t h e  c o s t  o f  energy and 

maintenance cos ts .  The base annual average outage t imes shown i n  Table 13-4 

a r e  c a l c u l a t e d  f o r  a c l u s t e r ,  an exper ienced ded ica ted  crew, and a mature 

aes ign. 

13.4.6 RESULTS AND CONCLUSIONS 

Tne s t a t i s t i c a l  r e s u l t s  o f  t h e  a v a i l a b i l i t y  a n a l y s i s  a re  shown i n  Table 13-4. 

They show average f a i l u r e  r a t e s  and m a i n t a i n a b i l  i t y  o f  t h e  equipment over  a 

30-year l i f e  under normal ope ra t i ng  cond i t i ons .  They assume m a t u r i t y  i n  

design, i n  o p e r a t i o n  and maintenance procedures, and i n  power systems 

~~ianagement. Tnese goa ls  w i l l  n o t  be achieved by t h e  f i r s t  wind t u r b i n e ,  o r  

w i t h i n  t h e  f i r s t  f i v e  years  of  commercial o p e r a t i o n  o f  any u n i t  o r  c l u s t e r .  

The r e s u l t s  i n d i c a t e  t h a t  t h e r e  i s  a cons iderab le  marg in  t o  account f o r  

pe r i ods  o f  excess ive  outage d u r i n g  t h e  e a r l y  years  o f  opera t ion .  iJlinirnum 

a v a i l a b i l i t y  goa ls  f o r  t h e  i n i t i a l  wind t u r b i n e  a re  shown i n  Table 13-5, 

showing t h e  expected increase i n  a v a i l a b i l i t y  and p r o j e c t e d  maintenance 

requi rements f o r  t h e  f i r s t  f i v e  years  o f  opera t ion .  These goa ls  a re  a more 

r e a l  i s t  i c  i n t e r p r e t a t  i o n  o f  a v a i l a b i l  i t y ,  appl  i e d  t o  opera t  i o n  and maintenance 

requirements,  and o f  how t h e  des ign s p e c i f i c a t i o n s  can be met d u r i n g  t h e  1 i f e  

o f  t h e  machine. 

F u l l y  a t tended opera t ion ,  i n  two o r  t h r e e  s h i f t s ,  i s  r e q u i r e d  i n  t h e  f i r s t  

year .  Attendance decreases t o  unat tended ope ra t i on  a f t e r  f i v e  years.  The 

r e s u l t i n g  O&M p l a n  i s  shown i n  t h e  t a b l e .  



Table 13-5 

INCREASE I N  AVAILABILITY FOR THE INITIAL UNIT 
MINIMUM AVAILABILITY TARGETS - 60% TO 90% OVER 5 YEARS 

A1 l oca ted  
Scheduled A1 l oca ted  A1 l o c a t e d  

A1 1 ocated T o t a l  Maintenance Unscheduled Average Crew A1 l oca ted  Labor 
Year A v a i l a b i l i t y  - Down Time Hours Outage Hours S i z e  Labor Hours Labor Years 

The average crew s k i l l s  a r e  assumed t o  be: 10% superv is ion ,  50% e l e c t r i c a l  and e l e c t r o n i c ,  and 40"/,echanical 

and h y d r a u l i c .  



To e s t a b l  i s h  t h e  c r e d i b i l  i t y  o f  t h e  a v a i l a b i l  i t y  ana l ys i s ,  t h e  wind t u r b i n e ' s  

a v a i l a b i l  i t y  was compared w i t h  a c t u a l  a v a i l a b i l  i t ies  o f  o t h e r  power gene ra t i ng  

systems, as shown i n  Table 13-6. The d a t a  f r om Kef .  13.4-2 i s  a broad sample 

of  power genera t ing  equipment i n  t h e  Un i t ed  S ta tes  and Canada. Because bo th  

machines depend on a renewable and v a r y i n g  energy source, low head hydro  was 

s e l e c t e d  by  t h e  user  rev iew board f o r  these comparisons. As a conse rva t i ve  

comparison, t h e  a v d i l a b i l  i t y  p r o j e c t  ions f o r  t h e  i n i t i a l ,  s i n g l e  machine i n  

i t s  f i f t h  year  of ope ra t i on  was used. Compared w i t h  t h e  a v a i l a b i l i t y  a n a l y s i s  

i n  Tab le  13-4, t h e  obv ious d i f f e rences ,  o t h e r  than  t h e  a l l o c a t e d  a v a i l a b i l i t y ,  

d r e  t h e  annual unscheduled outage t ime and t h e  average MTTR. Both o f  these 

parameters change s i g n i f i c a n t l y  f r om s i n g l e  t o  c l u s t e r  a p p l i c a t i o n s ,  because a 

c l u s t e r  has a ded ica ted  maintenance crew and spare p a r t s .  The a v a i l a b i l i t y  

comparisons, espec ia l  l y  w i t h  systems o t h e r  than hydro, suppor t  t hese  

p r o j e c t i o n s .  The wind t u r b i n e ' s  average annual outage t ime i s  much h i g h e r  

than  t h a t  o f  a hydro  system because o f  t h e  number o f  f o r ced  outages. I t  i s  

Inore comparable t o  s i n g l e  u n i t  f o s s i l ,  d i e s e l ,  and gas t u r b i n e  equipment. 

Also, i t shou ld  be no ted  i n  these  comparisons t h a t  t h e  MOD-5A i s  designed t o  

d e t e c t  f a u l t s  q u i c k l y ,  so t h a t  f a u l t s  may be r e p a i r e d  e a s i l y .  

13.5 MAINTAINABILITY ANALYSIS 

13.5.1 INTRODUCTION 

M a i n t a i n a b i l  i ty ,  i n  c o n t r a s t  t o  maintenance, i s  c h a r a c t e r i s t i c  o f  t h e  design. 

Equipment m a i n t a i n a b i l  i t y  i s  measured b y  t h e  t ime  r e q u i r e d  t o  r e p a i r  o r  

r ep lace  an item. I t  genera l  l y  e s t a b l  ishes t h e  maintenance requ  irements. 

M a i n t a i n a b i l i t y  depends on t h e  r e l i a b i l i t y  o f  t h e  equipment i n  terms o f  t h e  

p r o j e c t e d  f a i l u r e  r a t e s  and t h e  es t imated  unscheduled maintenance events  per  

year .  The des ign  determines t h e  planned o r  scheduled maintenance requi rements 

b y  des i g n i n g  procedures t h a t  w ill preven t  f a i l u r e s ,  such as inspec t  ions, and 

overhead. The MTTR f o r  scheduled and unscheduled events  and t h e  average crew 

s i z e  b o t h  depend on t h e  des ign and desc r i be  t h e  m a i n t a i n a b i l  i t y  o f  components 

and subsystems. 

13.5.2 APPLICABLE DOCUMENTS AND REFERENCES 

1. R. Lyne t te ,  "P re l  im inary  Repor t  - MOD-SA, Ava i l ab  i 1 i ty ,  Operat i o n  and 
Maintenance and L o g i s t i c s  Support," L e t t e r  Report ,  Feb. 1981. 

2. "MOD-2 Wind Turb ine  System Development F i n a l  Report," NASA Cr. No. 
168006, Sept. 1982. 





13.5.3 MAINTAINABILITY 

Dur ing  t h e  des ign and development o f  t h e  wind t u r b i n e ,  r e 1  i a b i l i t y  was 

emphasized because t h e  a c t u a l  r e l i a b i l i t y  cannot be b e t t e r  than  t h e  designed 

r e l i a b i l i t y .  The o p e r a t i o n a l  r e l i a b i l i t y  i s  t y p i c a l l y  lower than t h e  des ign ' s  

capab i l  i t y '  and w i l l  depend on t h e  ~ n a i n t a i n a b i l  i t y  o f  t h e  equipment and on t h e  

ope ra t  i on  and maintenance p lan .  

M a i n t a i n a b i l  i t y  i n  des ign must assure t h a t  t he  equipment can be r e p a i r e d  and 

rep laced  conven i e n t l y .  The r~taintenance process w i l l  i n v o l v e  t h e  O&M p l a n  f o r  

nidintenance persot lnel ,  sk ill mix and t r a i n i n g ,  spare p a r t s  and d e l  i v e r y  t irnes, 

arid con t rac ted  maintenance se rv i ces  and equipment. Design f e a t u r e s  min irnize 

t h e  t i t t le r e q u i r e d  t o  diagnose equipment f a i l u r e s  and g e n e r a l l y  reduce 

opera t  i o n  and maintenance cos ts .  The major  d e t r a c t o r s  f rom r e 1  i a b i l  i t y  were 

i d e n t i f i e d .  Design e f f o r t s  concentrated on these component, e s p e c i a l l y  i n  t h e  

c o n t r o l  and ins t rumenta t ion ,  and h y d r a u l i c  and l u b r i c a t i o n  subsystems. These 

subsystems cause over  70% o f  a l l  p r o j e c t e d  f a i l u r e s .  The forced outage tirnes 

a re  decreased b y  avo id i ng  c r i t i c a l  f a i l u r e s  and b y  reduc ing  t h e  MTTR. 

Ttie forced outage t ime  and MTTR depend on maintenance l abo r ,  spare p a r t s  

inven to ry ,  and maintenance equ ipment resources and serv ices .  The assumptions 

f o r  o p t i m i z i n g  t h e  O&M p l a n  f o r  minimum c o s t  and l o s t  revenue are:  

1. Forced outages and t h e  average annual outage t ime  o n l y  r e f l e c t  t ime  
l o s t  as a  r e s u l t  o f  c r i t i c a l  equipment f a i l u r e s  t h a t  produce an 
automat ic  shutdown. The t i m e  r e q u i r e d  t o  r e s t o r e  t h e  equipment t o  
ope ra t  ion31 s ta tus ,  i n c l u d i n y  f a i l u r e  d i agnos t i cs  and de l  i v e r y  t ime  
f o r  spare p a r t s  i s  included. 

2 .  Outages f o r  unscheduled maintenance a r e  n o t  cons idered f o r c e d  
outages. They a re  non-cr i t  i c a l  f a i l u r e s  w i t h  d i a g n o s t i c s  and 
warnings t h a t  a l e r t  mon i t o r s  t o  t h e  maintenance requi rements.  
Unscheduled maintenance can be performed d u r i n g  pe r i ods  o f  low wind, 
fo rced  outages, and scheduled o r  planned outages. 

3. Ope ra t i ona l  a v a i l a b i l  i t y  and m a i n t a i n a b i l i t y  i n  t h e  e a r l y  yea rs  w i l l  
oe lower than  those p r e d i c t e d  f o r  an o p e r a t i o n a l l y  mature u n i t .  
Ava i l ab  il i t y  w i l l  increase w i t h  exper ience. T h i s  a n a l y s i s  assumes 
o p e r a t i o n a l  m a t u r i t y .  

4. Scheduled o r  planned maintenance outages a re  assumed f o r  a  mature 
design. I n  t h e  e a r l y  years  outages w i l l  be more f r equen t  and more 
ex tens i ve .  



5. Scheduled maintenance can be performed du r i ng  wind outages, t o  
min imize t h e  e f f e c t  o f  f a i l u r e s  on a v a i l a b i l  i t y  and revenue. 
Decis ions n o t  t o  shutdown f o r  planned maintenance w h i l e  wind i s  
a v a i l a b l e  are as important  as t h e  a l l o c a t i o n  o f  maintenance workers 
and spare par ts .  

6. Maintenance l abo r  requirements meet o n l y  t h e  bas ic ,  equipment- re lated 
maintenance and s e r v i c e  spec i f  i c a t  ions. They do n o t  i nc lude  t i ~ n e  
w a i t i n g  f o r  p a r t s  o r  serv ices  o r  t he  t r a v e l  t ime  o f  maintenance 
workers. They do n o t  t ake  i n t o  account t ime-shar ing i n  c l u s t e r s ,  b u t  
do take  i n t o  account t ime-shar ing  t h e  u t i l i t y ' s  maintenance workers. 

7. The recommended spare p a r t s  a re  assumed t o  be ava i l ab le .  The 
inventory  i s  based on p red i c ted  component f a i l u r e  ra tes .  
S i t e - s p e c i f i c  O&M p lans  and cos t -e f f ec t i veness  s tud ies  on t h e  
i nven to ry  and a v a ' l a b i l i t y  o f  spare p a r t s  vary  f o r  each a p p l i c a t i o n .  

The m a i n t a i n a b i l i t y  scenar io  i n  t h i s  ana l ys i s  at tempts t o  separate t h e  bas i c  

equipment requirements f rom t h e  s  i t e - s p e c i f  i c  requirements, which may no t  be 

known u n t i l  t h e  wind t u r b i n e  i s  opera t ing .  The numbers a re  f o r  an mature wind 

tc lrb ine system and mature components. I nadequate maintenance, and i n s t a l  l a- 

t i o n  and design d e f i c i e n c i e s ,  should be expected i n i t i a l l y ,  b u t  they  are  n o t  

p ro jec ted  i n  t h i s  ana lys is .  These d e f i c i e n c i e s  w i l l  be e l  irninated as t h e  wind 

t u r b i n e  matures. 

13.5.4 MAINTAINABILITY ANALYSIS AND METHODOLOGY 

The p ro jec ted  m a i n t a i n a b i l  i t y  and maintenance requirements a re  shown i n  Tables 

13-7, 8 and 9. The !naintenance requirements f o r  c r i t i c a l  fo rced outages and 

f o r  unscneduled maintenance events a re  der ived  from t h e  r e l i a b i l i t y  and 

a v a i l a b i l i t y  sec t i ons  o f  t h i s  ana lys is .  They use t h e  f a i l u r e  r a t e s  and MTTR's 

o f  i n d i v i d u a l  components, subsystems, and systems o f  t h e  wind t u r b i n e ,  as 

descr ibed i n  Sect i o n  13.3.8. Maintenance 1  abor i s  a1 loca ted  t o  each subsystem 

i n  e f f i c i e n t  O&M p lans,  a  proper combinat ion o f  s k i l l s ,  and c h a r a c t e r i s t i c  

equipment designs. The average maintenance requirements are then summed t o  

c a l c u l a t e  t h e  wind t u r b i n e  system's requirements f o r  unscheduled maintenance 

events i n  Table 13-7 and f o r  scheduled maintenance events i n  Table 13-8. 

Unscneduled and scheduled maintenance are performed concur ren t ly ,  n o t  

sequen t i a l l y .  Therefore, t h e  e f f e c t  o f  m a i n t a i n a b i l i t y  on outage t ime and 

ope ra t i ona l  a v a i l a b i l i t y  o f  t h e  equipment depends on t h e  O&M p lans.  Wi th 

e f f e c t i v e  use o f  wind outages, t h e  e f f e c t  o f  downtime on ope ra t i ona l  



Table 13-7 
MOD-5A M a i n t a i n a b i l i t y  and Unscheduled Maintenance Events 

UNSCHLD 
MAINT. 
EVENTS 

AVERAGE 
APPLIED 

MTTR MTTR 
(HRS) (HOURS) 

TOTAL 
MA1 NT. 
LABOR - 
HOURS 

AVERAGE 
MA1 NT. 
LABOR-HRS 
PER YEAR 

AVG . 
CREW 
SIZE PER YR. 

1.0 Rotor  Svstem 
- A i l e r o n  i u b s ~ s t e r n  Bearings .60 
- Blade Subsystem .13 
- Yoke Subsystem 

( Rotor  Bear iny/Sea 1 s .34 
(Tee te r  Mechan ism) .40 

1;47 

2.0 D r i v e t r a i n  System 
- Low Speed Sha f t  Subsys .05 12 8 
- Gearbox Subsystem .20 120 16 
- High Speed Shaft  Subsys. .39 11 8 
- Lube (LSM) Subsystem .72 13 8 rn - - 

3.0 Hydraul  i c  Systerns 
- Yoke Subsystem ( P i t c h /  2.93 12 8 

Tee te r )  
- A i l e r o n  Subsys. (Outboard) 3.38 24 2 0 
- Yaw Dr i ve lB rake  Subsys. 2.35 13 8 

Tnx - - 

4.0 E lec t .  Power Generat ion System 
- Generator Subsystem 1.17 14 8 
- Power Gen. P r o t .  Subsys. .47 7 4 
- Misc. HV Equip Subsys. 1.05 8 4 
- Aux. Power Subsystem .34 - 6 2 

-333 
- 

5.0 C o n t r o l  and I ns t rumen ta t i on  System 
- Con t ro l  Equip. Subsystem 3 .OO 8 2 
- Oper. I n s t r .  Subsystem .68 8 2 
- Oper C o n t r o l  Sensor 10.91 8 2 

Subsystem ( 2 )  
- F a i l s a f e  E l e c t r o n i c  .4 1 8 2 

Sensor Subsystem 
J3-T - - 

6.0 luacelle, Tower, and S i t e  Systerns 
- Yaw Subsys. (Bearing/Yaw .09 177 2 0 

Or ive  Mech.) 
- L i g h t  ing, Env i r on .  7 .OO 4 2 

Con t ro l  Subsys. 
- Access, Safety ,  and .90 4 2 

S e c u r i t y  Subsys. 
- - 

7.9 - 
T 0 TAL 37.51 



Table 13-8 
MOD-5A Ma i n t a i n a b  il i t y  and Scheduled Maintenance 

ALLOCATED 
FREQUENCY ALLOTTED AVG. 

PER YK. AVG. TIME CREW LABOR-HRS 
INSPECT SERVICE PER EVENT S I Z E  PER YEAR 

1.0 Ko to r  System 
- A i l e r o n  Subsyste~n (Bear ing /  2 1 8 

Seals)  
- Blade Subsystem 2 0 8 
- Yoke Subsystem (Ro to r  Bear /Seals)  6 1 4 

(Tee te r  Mechanism) 6 0 4 

2.0 D r i v e t r a i n  System 
- Low Speed Sha f t  Subsystem 
- Gearbox Subsystem 2 0 4 
- High Speed Shaf t  Subsystem 6 2 4 
- Lube (LSM) Subsystem 6 6 4 

3.0 Hydraul  i c  Subsysten~ 
- Yoke Subsyste~n ( P  i t c h / T e e t e r )  6 
- A i l e r o n  ~ u ~ s ~ s t i m  ( [ j u t boa rd )  ' 2 1 8 
- Yaw D r  ive /Brake Subsystem 6 6 4 

4.0 E l e c t .  Power Generat i o n  Sys tern 
- Generator Subsystem 6 2 8 
- Power Gen. P r o t e c t i o n  Subsys. 6 2 4 
- Misc.  HV Equ ip  Subsystem 2 0 Z 
- Aux. Power Subsystenl 6 2 2 

5.0 C o n t r o l  and I n s t r u m e n t a t i o n  System 
- C o n t r o l  Equip.  Subsystem 0 
- Oper. I n s t r .  Subsystem 6 2 4 
- Oper. C o n t r o l  Sensor Subsystern ti 2 8 
- F a i l s a f e  E l e c t r o n i c s  Subsystem 6 2 2 

6.0 Nace l le ,  Tower, and S i t e  Systems 
- Yaw Subsystem (Beariny/Yaw 2 

D r i v e  Mech.) 
- L i g h t i n g  , Env i ronmenta l ,  6 6 2 

C o n t r o l  Subsystems 
- Access, Sa fe ty ,  and 6 2 4 

Secur i t y  Subsystems 

TOTAL 
- 
b c T3.8 



Tab le  13-9 
MOD-5A Base l i ne  Maintenance and Labor Requirements 

T o t a l s  f o r  an O p e r a t i o n a l l y  Mature System 

A. P r e d i c t e d  Avg. Annual Outage Hrs .  (AAO) 189 hour s / y r  . 
A v a i l a b l e  Maintenance Hrs.  a t  1  S h i f t l D a y  63 hou rs / y r .  

a t  1.5 Sh i f t s lDay  95 hours /y r .  
a t  2.0 Shi f ts /Day 126 hou rs / y r  . 

Avg. Number o f  F a i l u r e s  (shutdowns) per  y r :  11.96 
MTTR p e r  F a i l u r e :  16 hours  ( t o t a l  downtime) 
A v a i l a b l e  Maintenance T ime/Fa i lu re  ( 1  s h i f t ) :  63/11.96 = 5.3 h r s .  
Average Crew Requi red f o r  Forced Outages: 2 
Average Labo r -h r s l yea r  f o r  Forced Outages: 127.8 L a b o r - h r s l y r .  

B .  P r e d i c t e d  Number o f  Unscheduled Maintenance Events:  37.51 Even ts /y r .  
Average Maintenance Labor-hrs /year :  293.3 Labo r -h r s / y r .  
Average Maintenance Labor-hrs/Event:  7.8 Labor-hrs /Event  

C. P r e d i c t e d  System Scheduled Maintenance Events :  6  pe r  yr. 
Average T o t a l  Scheduled Hrs/Yr.: 82.7 h r s l y r ;  
Average Scheduled Maintenance Crew: 6  

1  E l e c t r o n i c s  Technic ian:  88 Labor -h rs /y r  
1 C o n t r o l s  Tech.: 88 L a b o r - h r s l y r  
1  H y d r a u l i c s  and Lube Technic ian:  88 Labor -h rs /y r  
3  Mechanical /Electromech. Technic ians:  232 Labor -h rs /y r  

Average T o t a l  Scheduled Labor-hrs:  496 L a b o r - h r s l y r  
Note: P a i n t i n g  i s  n o t  inc luded.  P a i n t i n g  would be con t rac ted .  

D.  T o t a l  Es t imated  Annual Average Labor Requirements 
Forced Outages: 127.8 Labo r -h r s / y r  
Unscheduled Maintenance 293.3 L a b o r - h r s l v r  
Scheduled Maintenance 

TOTAL 

E. T o t a l  Es t imated  Average Downtime Per  Year 
Forced Outage Time: 189 Hrs/Yr.  
Scheduled Outage Time: 83 Hrs /Yr .  
Wind Outage Time: 1752 Hrs /Yr .  
Us ing NASA's Design Wind C h a r a c t e r i s t i c s  



a v a i l a b i l  i t y  and revenue can be minimized. The r e l a t i o n s h i p s  between t h e  

base l  ine  maintenance requirements, a v a i l a b l e  maintenance t ime, and a1 l o c a t  i on  

of maintenance workers i s  shown i n  Table 13-9. 

The ana l ys i s  assumes t h a t  i n  most cases ex te rna l  maintenance a l o f t  w i l l  no t  be 

a l lowed wnen wind speeds a re  above t h e  c u t - i n  speed, s i nce  i t  i s  unsafe, even 

f o r  c r i t i c a l  f a i l u r e s  t h a t  i n i t i a t e  automatic shutdowns o r  prevent  s ta r t -ups .  

However t h e  f o r c e d  outage t ime  and MTTR should r e f l e c t  t h e  f a c t  t h a t  t h e  

machine i s  n o t  a v a i l a b l e  f o r  maintenance o r  f o r  opera t ion  du r i ng  these 

per iods.  For  t h i s  reason, t h e  p ro jec ted  MTTR f o r  c e r t a i n  subsystems w i l l  he 

low f o r  env i ronn~ents t h a t  have long per iods  o f  wind above t h e  c u t - i n  speed. 

Therefore, t h e  maintenance p l a n  shown i n  Table 13-9 may vary, e s p e c i a l l y  t h e  

number o f  s h i f t s  a v a i l a b l e  f o r  maintenance, t h e  MTTK per  f a i l u r e ,  and t h e  

est imated maintenance l abo r  hours p e r  year.  The ana l ys i s  assumes t h a t  t h e r e  

w i l l  be enough per iods  o f  low wind t o  per form scheduled and unscheduled 

maintenance. The number o f  s h i f t s  a v a i l a b l e  f o r  maintenance i s  s i t e - s p e c i f i c ,  

b u t  one s h i f t  per  day appears t o  be adequate f o r  most s i t u a t i o n s .  

13.5.5 RESULTS AND CONCLUSIONS 

Tne maintenance requirements f o r  an o p e r a t i o n a l l y  mature system are  summarized 

i n  T a ~ l e  13-9. The requirements a re  c o n s i s t e n t  w i t h  r e a l i s t i c  O&M p lans .  

P rov i s i ons  f o r  m a i n t a i n a b i l i t y  were p a r t  o f  t h e  design process and were an 

important  cons ide ra t i on  i n  some of t h e  f i n a l  des ign changes. For  example, t h e  

r o t o r  suppor t  was redesigned t o  a l l o w  t h e  t e e t e r  mechanism components and main 

r o t o r  bear ing  sea l s  t o  be rep laced w i t h o u t  removing t h e  r o t o r .  The MTTR f o r  

t h e  e l e c t r i c a l  power generat ion system was reduced when t h e  v a r i a b l e  speed 

generator and e l e c t r o n i c  power c o n d i t i c n i n g  and r e g u l a t i o n  were in t roduced.  

Improved f a i l u r e  d iagnos t i cs  and d i s c r i m i n a t i o n  used i n  t h e  c o n t r o l  system 

reduce t h e  MTTR o f  many o t h e r  components and subsystems and reduce t h e  number 

of unnecessary shutdowns. 

The maintenance requirements de r i ved  f rom t h i s  ana l ys i s  w i l l  change as t h e  O&M 

p l a n  changes. A more conserva t ive  approach i s  g e n e r a l l y  r e q u i r e d  f o r  s p e c i f i c  

app l i ca t i ons ,  as shown i n  t h e  maintenance p lan  presented i n  s e c t i o n  13.6. 



13.6 MAINTENANCE PLAN 

13.6.1 INTRODUCTION 

To ensure s a f e  and e f f i c i e n t  opera t ion ,  maintenance must be c a r r i e d  o u t  

accord ing  t o  schedule,  beg i n n i n g  w i t h  t h e  i n i t i a l  ope ra t  ions.  The i n t e r v a l s  

f o r  some procedures w i 11 be extended as o p e r a t i n g  exper ience  i s  accurnul ated. 

Both scheduled and unscheduled maintenance requi rements  w i l l  p r obab l y  be  

g r e a t e r  i n  t h e  e a r l y  years .  D e t a i l e d  o p e r a t i o n  and maintenance manuals w i l l  

be prepared f o r  each i n s t a l l a t i o n  and updated p e r i o d i c a l l y  t o  accommodate 

changes i n  t h e  des ign  and O&M p lan .  The maintenance p l a n  i s  p resen ted  i n  two 

p a r t s :  t h e  l a b o r  and s e r v i c e  requ i rements  t h a t  i n c l u d e  b o t h  t h e  i n i t i a l  

p e r i o d s  o f  ope ra t  i o n  and o p e r a t i o n a l  m a t u r i t y ,  and genera l  o p e r a t i n g  and 

p r e v e n t a t i v e  maintenance requi rements .  

The maintenance p l a n  i s  t h e  b a s i c  i n g r e d i e n t  o f  t h e  O&M manuals. It evo lves  

d i r e c t l y  f rorn t h e  r e 1  i a b i l  i t y ,  a v a i l a b i l  i t y ,  and m a i n t a i n a b i l i t y  a n a l y s i s .  

The requi rements  a re  genera l  l y  f o r  a  s  i n g l e - u n i t  i n s t a l  1  a t  ion,  b u t  some 

a v a i l a b i l  i t y  and m a i n t a i n a b i l  i t y  goa ls  a r e  based on' c l u s t e r s .  The recommended 

spare p a r t s  1  i s t  i s  an ex tens i ve  inven to ry ,  more c h a r a c t e r i s t i c  o f  e a r l y  

s  i n g l e - u n i t  i n s t a l l a t i o n s  . S i t e - s p e c i f  i c  O&M p lans  and c o s t  e f f e c t i v e n e s s  

s t u d i e s  de te rmine  t h e  a p p r o p r i a t e  i n v e n t o r y  f o r  each a p p l i c a t i o n .  

13.6.2 LABOR AND SERVICE REQUIREMENTS 

The maintenance requ i rements  f o r  an o p e r a t i o n a l l y  mature system were p resen ted  

i n  s e c t i o n  13.5 and a r e  summarized i n  Table  13-10. The r e s u l t s  o f  t h e  

m a i n t a i n a b i l  i t y  a n a l y s i s  i n d i c a t e  t h a t  t h e  s i z e  and comb i n a t  i o n  o f  sk i l l s  o f  

qua1 i f  ied,  t r a i n e d  personnel  f o r  a  s i n g l e - u n i t  i n s t a l  l a t i o n  shou ld  i n c l u d e  

t h r e e  mechanical ,  one e l e c t r i c a l ,  one c o n t r o l s ,  and one h y d r a u l i c s  and 

l u b r i c a t i n g  t e c h n i c i a n ,  a  t o t a l  o f  s i x  t echn i c i ans .  These t e c h n i c i a n s  w i l l  be  

scheduled as f o l l o w s :  two t e c h n i c i a n s  on one s h i f t  38 t imes  a  yea r  f o r  

unscheduled maintenance, and a l l  6 t e c h n i c i a n s  on one s h i f t  6  t imes  a  yea r  f o r  

scheduled maintenance. A t o t a l  annual l a b o r  requ i rement  i s  es t ima ted  a t  917 

labor-hours ,  which i n d i c a t e s  t h a t  t ime -sha r i ng  maintenance workers  w i t h  o t h e r  

w ind  t u r b i n e s  o r  power generat  i o n  systems i s  f e a s i b l e .  Other maintenance 

suppor t  se r v i ces ,  such as p a i n t i n g  and heavy d u t y  cranes, a r e  r e q u i r e d  

p e r i o d i c a l l y  and a r e  con t rac ted .  



Table 13-10 

LABOR AND S E R V I C E  REQUIREMENTS 

A l l oca ted  A l l oca ted  
Unscheduled Scheduled 

Year - T irne T irne 
To ta l  
Hours 

Average Average 
Crew A1 1 ocated Labor 
Size Labor-Hours Labor-Years 

( 1 )  Attended opera t  i on  (2-3 s h i f t s )  

( 2 )  Unattended ope ra t i on  ( 1  s h i f t )  



M d i l l t e n a n ~ e  requ i rements  d u r i n g  t h e  f i r s t  f i v e  yea rs  o f  o p e r a t i o n  o f  t h e  

p r o t o t y p e  were p r o j e c t e d  i n  s e c t i o n  13.5 t o  account f o r  increased a v a i l a b i l i t y  

w i t h  increased o p e r a t i o n a l  exper ience.  Outage t i m e  i s  expected t o  decrease as 

o p e r a t i o n a l  exper ience  increases d u r i n g  t h e  f i r s t  f i v e  years .  A l though t h e  

a n t i c i p a t e d  crew s i z e  and combinat ion o f  s k i l l s  a re  comparable t o  an 

ope ra t  i o n a l  l y  mature,  unat tended systern, t h e  appl  i e d  1  abor-hours and downt ime 

w i 1  i be much g r e a t e r .  

Hrl t i c  i pa ted  suppo r t  s e r v i c e s  and maintenance equ ipment t h a t  may be r e q u i r e d  

p e r i o d i c a l  l y  i nc l ude :  p a i n t i n g ,  cranes, c ! i e r r y  p i c k e r ,  genera to r  se r v i ce ,  

e l e v a t o r  se r v i ce ,  mechanical  r e p a i r  se r v i ce ,  and systems eng inee r i ng  

ana l ys i s .  A l though  rriany o f  t h e  s e r v i c e s  may be r o u t i n e ,  such as e l e v a t o r  

i n s p e c t i o n  and se rv i ce ,  p a i n t i n g  o r  o i l  ana l ys i s ,  o t h e r s  w i l l  be c o n t r a c t e d  

when requ i r ed ,  and cannot  be f a c t o r e d  i n t o  a  maintenance p l a n  un less  t h e  

u t i l i t y ' s  maintenance o r g a n i z a t i o n  can pe r f o rm  t h e  t a s k .  

13.6.3 GENERAL OPERATING AND PREVENTATIVE MAINTENANCE 

General  o p e r a t i n g  and p r e v e n t a t i v e  maintenance c o n s i s t s  o f  monthly,  q u a r t e r l y ,  

semi-annual, and annual i n spec t i on ,  l u b r i c a t i o n ,  and rep lacement  o f  expendable 

p a r t s .  Du r i ng  t h e  e a r l y  yea rs  o f  opera t ion ,  i t  a l s o  i nc l udes  a  thorough 

i n s p e c t i o n  w i t h  f u n c t i o n a l  checks f o l l o w i n g  t h e  f i r s t  100, 500, 1,000, 2,500, 

and 5,000 hours  o f  ope ra t i on .  I n  t h e  inspec t ions ,  loose  p a r t s ,  l oose  b o l t s  o r  

nu ts ,  f r a y e d  w i r e s  and cables,  f l u i d  leaks ,  p e c u l i a r  no ises ,  a r c i ng ,  p a i n t  

ch i ps ,  and r u s t  w i l l  be examined. 

A r o u t i n e  q u a r t e r l y  i nspec t  i on  i s  r e q u i r e d  f o r  key s t r u c t u r a l  components, 

i n c l u d i n g  t h e  yoke and t e e t e r  mechanism, s p i n d l e  and r o t o r  suppo r t  s t r u c t u r e s ,  

and t h e  upper and lower  yaw s t r u c t u r e s  and b e a r i n g  assembly. The p r ima ry  

s t r u c t u r a l  l oad  pa ths  t h a t  a r e  sub jec ted  t o  f a t i g u e  l o a d i n g  a r e  i d e n t i f i e d  f o r  

p e r i o d i c  i n s p e c t i o n  f o r  f a t i g u e  cracks,  and p a i n t  ch ips ,  which may i d e n t i f y  

p o t e n t i a l  s t r u c t u r a l  f a i l u r e s .  Rou t i ne  q u a r t e r l y  i n s p e c t i o n s  w i l l  i n c l u d e  a  

check of t h e  l u b r i c a t i n g  and h y d r a u l i c  system, and i ns t r umen ta t i on  and c o n t r o l  

system sensors. 

The p r ima ry  p lanned maintenance schedule i s  based on a  6-month i n t e r v a l  and i s  



out1  ined i n  Table 13-1 1. D e t a i l e d  maintenance procedures, recommended by  

vendors, w i l l  be g iven i n  t h e  opera t ions  and maintenance manuals and may n o t  

be i d e n t i f i e d  i n  t h i s  maintenance p lan.  A l l  o f  t h e  major maintenance items 

are inc luded i n  Tables 13-11, 12, and 13. The maintenance schedule f o r  t h e  

a i l e r o n  and t e e t e r  h y d r a u l i c  c o n t r o l  system i s  shown i n  Table 13-12 and 

i nd i ca tes  an annual maintenance i n t e r v a l  a f t e r  t h e  f i r s t  year.  A t y p i c a l  yaw 

system maintenance schedule i s  shown i n  Table 13-13, which a l s o  shows t h e  

v a r i a t i o n  i n  t h e  frequency of s e r v i c e  f o r  var ious  components. The consumables 

a re  l i s t e d  i n  Table 13-14. 

13.6.4 RECOMMENDED SPARE PARTS 

The spare p a r t s  l i s t  recommended f o r  l o c a l  i nven to ry  i s  i n  Table 13-15. The 

1  i s t  i s  an ex tens ive  inventory  f o r  t h e  e a r l y  MOD-5A app l i ca t i ons .  U n t i l  

adequate experience i s  achieved, t h i s  inventory  should be mainta ined t o  ensure 

the  wind t u r b i n e ' s  maintainab il i ty .  The s i t e - s p e c i f  i c  O&M p lan  and c o s t  

e f f e c t i v e n e s s  s tud ies  determined t h e  i nven to ry  o f  spare p a r t s  f o r  o ther  

app l i ca t i ons .  Renewal p a r t s  can be stocked i n  va r i ous  reg ions  when t h e r e  a re  

enough wind t u r b i n e s  t o  make t h i s  p lan  f e a s i b l e .  Stock w i l l  i nc lude l a r g e  

items, such as gearboxes and generators.  



Tab le  13-11 

Planned Maintenance Schedule ( 6  Month I n t e r v a l  s )  

Subsystem 6 Month Maintenance 

Blade I nspec t  s t r u c t u r e / a i l e r o n  h inges /bear ings  
Inspec t  t r a i l i n g  edge assembly 
I n s p e c t  t i p  assembly /ba l las t  a d j u s t  
Tes t  r e l i e f  va lves,  h y d r a u l i c  f u n c t i o n s  

D r i v e t r a i n  L u b r i c a t e  low speed s h a f t  coup l i ngs  
Analyze 1  ubr  i c a t  i on  o  i 1 
Clean l uhe  o i l  f i l t e r  
Clean magnet ic p l u g  
L u b r i c a t e  bear ings  o f  l ube  pump Motor  
I n s p e c t  l ube  hea te r  o p e r a t i o n  
L u b r i c a t e  h i g h  speed s h a f t  coup1 i ngs  
I n s p e c t  t o rque  p l a t e  

S t e e l  S t r u c t u r e  (Yoke, Spind le ,  Inspec t  f o r  f a t i g u e  c racks  and damage 
Bedplate, Yaw S t ruc tu re ,  and 
Tower) 

L i f t  Device ( E l e v a t o r )  I nspec t  w i r e  ropes 
Check over load  sw i t ch  ad justment  
I n s p e c t  automat ic  b rake  
Check l ube  o i l  l e v e l  
Change l ube  o i l  (seasonal ) 
L u b r i c a t e  w i r e  rope  

Roto r  Yoke/Spindle Grease b lade  r e t e n t i o n  bear ings  
Grease main b e a r i n g  sea l s  
T igh ten  b l a d e  r e t e n t i o n  n u t s  
T igh ten  main b e a r i n g  n u t s  
I n s p e c t  magnet ic p l u g  
I n s p e c t  t e e t e r  mechanism 
I n s p e c t  low speed b rake  assembly 

Nacel l e / E l e c t r  i c a l  Test f i r e  p r o t e c t i o n  system 
Inspec t  v e n t i l a t i o n  systems 
Check generator  i n s u l a t i o n  r e s i s t  
Check genera to r  lube /coo l  i n g  
I n s p e c t  s l  i p r i n g  assembl i e s  
I n s p e c t  r e 1  ays/breaker/XFMRS 



Table 13-12 

AILERON CONTROL & TEETER CONTROL HYDRAULIC SYSTEMS 
MAINTENANCE SCHEDULE 

Flaintenance Func t i on  S e r v i c e  Frequency 

1. Change Hydrau l  i c  F l u i d  

(Uexron 11) 

2 .  Change F il t e r  Element 

3. Check Accumulator 

P re-Cnarge 

4. Check f o r  Leakage 

5. Check F l u i d  Leve l  

6. Check f o r  i n d i c a t i o n  o f  

A c t u a t o r  Rod Wear 

7 .  Check - Charge and Slew 

Pump Uischar.ge 

Pressures  

F i r s t  change a f t e r  s i x  months o f  

ope ra t i on ,  every  2 yea rs  t h e r e a f t e r .  

F i r s t  change a f t e r  s i x  months o f  

ope ra t i on ,  once eve ry  yea r  t h e r e a f t e r .  

F i r s t  check a f t e r  3 months o f  

opera t ion ,  once every  yea r  t h e r e a f t e r .  

A t  l e a s t  once every  3 months.* 

A t  l e a s t  once every  3 months.* 

A t  l e a s t  once eve ry  3 months.* 

A t  l e a s t  once eve ry  3 months." 



Table 13-13 

YAW S Y S T t M  MAINTENANCE SCHEOULE 

Serv ice  Frequency 
- - - - - - - - - - - - - - ~ - 

1 )  Change H y d r a u l i c  F l u i d  
(Uexron I I )  

2 )  Change F i l t e r  Element 

3 )  Check Accurrlul a t o r  Pre-Chdt-ge 

4 )  Checking f o r  Leakage 

5 )  Check F l u i d  Leve l  

6 )  Checking Pump Upe ra t i on  

7 )  Check D r i v e  Motor Gearbox 
O i  1  Leve l  (Add as needed - 
SHE 90) 

8 )  L u b r i c a t e  Yaw Bear ing  
(Bel-Kay 126EP2) 

9 )  L u b r i c a t e  P i n  i on  Re ta i ne r  
Bear ings (be l -Kay 126EP2) 

10)  L u b r i c a t e  P i n  i on  Re ta i ne r  
Gear Teeth (TENAC M)  

11)  Change Yaw Motor 
Gearbox O i l  
(Mob i l e  HP90 o r  equal  ) 

12 ) L u b r i c a t e  P i n  ion- to-Motor  
Coup1 i n g  

F i r s t  change a f t e r  s i x  months, 
eve ry  2 years  t h e r e a f t e r .  

F i r s t  change a f t e r  s i x  months 
of ope ra t i on .  Every  yea r  
t h e r e a f t e r .  

F i r s t  check a f t e r  3 months o f  
opera t ion ,  once eve ry  yea r  
t h e r e a f t e r .  

Once eve ry  3 months.* 

Once every  3 months.* 

Once every  3 months.* 

Once every  3 months.* 

Once eve ry  2 years .  

Once every  2 years .  

Once every  year .  

Once every  f o u r  years .  

Once every  year .  

- - - 

* F i r s t  yea r  o f  o p e r a t i o n  on ly ;  y e a r l y  t h e r e a f t e r .  



Tab le  13-14 

SUMMARY OF REQUIRED CONSUMABLES 

Des i gnat  i o n  Source 
Q u a n t i t y  Required 

t o  F i l l  

Aeroshe l l  22 S h e l l  O i l  Co. B 1 ade r e t e n  t ion  bear ings 
U i s t r  i b u t o r s  and main bea r i ng  sea l s :  

25 I b .  

Turbo 32 S h e l l  O i l  Co. Generator bear ings :  1  ga l .  
D i s t r i b u t o r s  

Mob i l  SHC 629 Mob i l  O i l  Corp. Gearbox: 110 ga l .  
D i s t r i b u t o r s  

Dexron I 1  Convoy O i l  Corp. Yaw Hyd rau l i c s :  40 ga l .  
1410 N. F r o n t  S t .  Yoke Hydrau l i cs :  150 g a l .  
Ph i la . ,  Pa. and 
o t h e r  d i s t r i b u t o r s  

Moly lube 126 EP2 Bel-Ray Co., I n c .  Yaw Bear ing:  300 l b .  
P.O. Box 526 LS Coup1 ings :  22 1b. 
Farmingdale, N.J. HS Coup1 ings:  4 l b .  
17727 Yaw Coupl ing:  10 l b .  

Mob i l  C y l i n d e r  O i l  Mob i l  O i l  Corp. L i f t  Device: 2 q t .  
600 W D i s t r i b u t o r s  
Mob i l e  Lube 
HD85W140 

S i 1 icone W i r e  Loca l  Suppl i e r s  L i f t  Device Wire 
Rope Aerosol  Spray Rope: 16 oz. 

(Sprayon No. 201 
o r  equ i va len t  ) 

Tenac M E. F. Houghton & Co. Yaw d r i v e  gear and 
303 West Leh igh  Hve. p i n i o n :  10 l b .  
Ph i la . ,  Pa. 19133 

MOBIL HP90 Mob i l  O i l  Corp. Yaw motors:  4  ga l .  
(SAW 90 gear o i 1 ) D i s t r i b u t o r s  



Table 13- 15 Recommerlded Spare P a r t s  L  i s t  

ITEM - 

Subsys tern: C o n t r o l  Sensors 

I c e  De tec to r  
t j ldde Temp. 
T i p  P o s i t  i on  
Pressure Switches 
Ternp. Switches 
L i r r l i t  Switches 
Flow Switches 
Accelerometer 
Magnet ic Switches 
P o s i t  i on  Switches 
I? VO T  
LVT 
PT1s 
CT1s 
Generator KW 
Gen. Overcur ren t  
Accelerometer 
" G "  Swi tch 
Re 1 ays 
Wind Speed & D i r e c t i o n  

Subsystem: Rotor  S/S 

DESCRIPTION 

PSC Ac tua to r  
PSC Bear ings 
PSC Servo Block Va lve  
PSC Bypass Valve 
PSC Re1 i e f  Va lve 
PSC Ac t .  Seals 
PSC Ac t  Rod End 

Bear ings 
PSC F l e x  Hoses 
PSC F i t t i n g s  
PSC P i p i n g  
PSC f i l t e r s  
PSC Pump Seals 
Gaskets 
Hydraul  i c  F l u i d  

( 5 5  ga l .  drums) 
Tee te r  Brake Assy 
Teeter  Brake F i t t i n g s  

and Pads 
PSC Servo Valve 
PSC Fea ther  Valve 
Valves 
Gauges, Press 

1 
1 s e t  
1  
1  
1 
2 
2 

Misc . 
Misc.  
Misc.  
2 
Misc.  
Misc.  
3 

4 
4 se t s  

1  
1 
Misc . 
Misc. 



Table 13-15 Recommended Spare P a r t s  L i s t  (Cont ' d )  

Subsystem: Ins t rument  and Con t ro l  S /S  

ITEM - 

ITEM - 
1 

ITEM - 

DESCRIPTION 

C o n t r o l l e r  Cards 
Con t ro l  l e r  I 1 0  

Modules 
Con t ro l  1  e r  Power 

Supply 
Mux Cards 
Mux P w r  Supply 
Fa i 1 s a f e  Card 
F a i l s a f e  Card 

Components 
I n t e r f a c e  Cards 
Misc. P w r  Suppl i e s  
Panel Meters 
Blower Motor 

Subsystem: U r  i v e t r a i n  

UESCKIPTION 

Gearbox O i l  
( 5 5  ga l  . drurns) 

Grease 
Rotor  Brake Pads 
S l  i p  C l u t c h  F r i c t i o n  

P 1  a t e  
Rotor  S / R  Brushes 
Roto r  Brake Assy. 

Subsystem: Yaw S / S  

DESCRIPTION 

Yaw Brake Assembly 
Yaw Brake F i t t i n g s  

and Pads 
Hydraul  i c  F l u  i d  

( 5 5  ga l  drums) 
Yaw Ac tua to r  
Yaw Act.  Seals ( s e t s )  
Yaw S I R  Brushes 

6 
2 
1  
Misc.  

1 s e t  
1  

4 
4 s e t s  

2 
3 
1  s e t  



Table 13-15 Recommended Spare P a r t s  L i s t  ( ~ o n t ' d )  

Subsystem: Power Gen. S/S 

ITEM 

ITEM - 
1 
2 
3 
4 
5 
6 
7 
8 

ITEM - 

DESCRIPTION 

Generator F l u i d  
(55 ga l .  drums) 

C i r c u i t  Breakers 
Con t rac to r s  
He 1 ays 

Subs.vsten: Tower S/S 

DESCRIPTION 

E l e v a t o r  Cables 
E 1  eva to r  Gu ides 
Elev.  D r i v e  Motor 
Brake D isc  
I n t e r l o c k  Swi tch 
Con tac to r  
Motor S t a r t e r  
L i m i t  Switches 

Subsystem: M isce l laneous  

DESCRIPTION 

O i l - D r  i Absorbent 
(508 bags) 

Dess i c a n t  
Freon (55 ga l .  drum) 
L i g h t  Bulbs 
Fuses 
Nuts, B o l t s ,  Screws 

Washers 
St robe L i g h t s  

1000 f t .  
6 
1  
1  
1  
1  
1  
1 
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Nr B A L e % n r ~ t h ,  Jr 
Advanced Enorgy Progrm~ D@paztm@nt 
Poet BPfies Bo% 5 2 9  
Ring of Pruosia, Fean~yXv&si& 89406 

Dear M r  L ~ f n r ~ t k i  

TASK % REPORT - 
POUNDATION DESBGN CRITERIA 
WIND TURBINE GENEMTBR 
DIBIGW lREVPm 
GEMEWE ELECTRIC 

SUBCORTMCT J19-GE9529 
E3RAUFl PROJECT 6556-N 

This Better, with attachments, constitutes our report 
on Tamk 1, which d% dofined in Section 2.1 of your statement of 
wurk, SO8 No. HOD5W-Q2%, revieion A,  dated July 20, and the 

:Scope of Work metion  of our proposal dated June 2 4 .  

We have e ~ a % a $ l i g h ~ d  generic aukqrade and foundation 
deaign critsris, and bQsnti%isd geotechnieaf data needs to permit 
development sf iurthe~, site-specific design requdrements. 

Xn suimaryo a s  %owidation mat and tower bare anchor 
bolts shall be awe%yzod and designed t o  remain stable and 
undamaged whiBs eu@tain%nq the atreme hurricane or normal wind 
fatigue loada. Xn Q P ~ O P  to achieve thie, hurricane Paduced 
stre8area shall be % h A $ &  by appropriately factored AXSC and 
ACX 3x8 alIowab$eo. 

To minimima Petigue effects the wzere-to-peak" amplitude 
of the f$und~tlen roskiag BC~PCR s h a l l  bO limited to 1 0 ~ ~  radian. 
f ~ r  4x10 c e l m  of maan average base ring mornrent of 
(24424)  10-3 i t - k i p s .  The Icng t an .  differential settlement ahall 
be limited to 6 glop@ 02 Io25O. Total settlement shall be lwm 
% b n  one inch .  %ha geoteehnicek engineer shall select the 
allowable 8 s i . P  o t a t i c  and dymmbe praeeurea, embedment depth 
and other pertinent paxmat@re to ,meat the ~ b o v e  critgrda for a 
oarat sf shut "8 ffg Bw dimatoz=. The geotechical engineer may 
aleo us@ MPneres mBe ~ $ e h  t h e  Hoeding kistogram~ shown in PIR 280 
in his rkeslogieaf atubPe@. 5% have a180 provided detail-ed  oil^ 
investigation .rsguizasent.a for h i @  guidance end use. Pleaae eee 
Bram specif iceitSon 310-Bp attached. 



C F BR AUN & eo Engiwaing mM bnrtruction Subsidiary of Santp Fe lntrmstimol hrpomtign 

Project 6 5 5 6 4  

The design criteria for the anchor bolt and foundation 
mat design, ehape selection and lead documentation are covered 
in more detail i n  the attached writing titled MOD-SA WTG 
Foundation Deoigw Criteria. In summary, here are ths key 
provieione, 

Anchor bolte shell be sized to sustain hurricane loads 
without damage. ft appears from preliminary calculations that the 
cross-eectional area of bolts will be governed by the hurricane. 
For fatigue loading, the bolt ahall be preloaded to eliminate any 
rignificant range sf @trees, and thus insure against bolt failure. 

Reinforced concrete design shall be based on ACI-215R,; 
the Portland Cement Assoeiatiom RD059.018, and ACI-318. The mat 
shall be sized first for stability and strength under hurricane 
load in accordance with ACI-318 strength method. The fatigue 
coneiderations shall be based on the first two standards, and the 
working etress method shall be used in checking allowable stresees. 

SeisrnicaPBy, the design contractor shall use the UBC 
method for a zone 3 s i te .  Our conceptual deaign will be verified 
using a simplified dynmfe analysis with an acceleration reeponse 
spectrum. 

Fourzdetfon configuration was investigated by considering 
four suitable s h a p e  from the viewpoint of conntructibility, 
mataria1 quantities and equipment needs. The circular, octagonal, 
adonut" and rquare ehaper were reviewed. In conclueion, m e  beet 
ahape is the circleb w i t h  the octagon a close second. 

The principal  reagows for selecting the circular shape 
are simplicity o f  forwork and smalleet potential for reinforce- 
ment congestion, Furthe re, the ~fmplest arrangement of rebar 
can be achfeved-a%1 radials are identical in each layer, and 
pedestal vefticaBa can mesh with the mat rebar in a repetitive 
pattern. 

1003 So. F r m n t  Aw. 0 Nhambra, California 91802 a (213) 570-1000 Telex 67-4888 



C F BRA U N 6r CO Enginawing and Conatnrction Subsidiary of Spntr FI lnrrrnrtionrl Corporation 

Project 6556-N 

E A Leinroth, Jr Page 3 October 7, 1983 

For detailed load documentation pleaae refer to Section 
7.0 of the Foundation Design Criteria attachment. Our 
preliminary fatigue calculations are based on document 4, the 
average mean loading. 

Sincerely yours 

JAR SG J A Raulinaitis 
Power Engineering 

E A Leinroth, Jr - original and two copies of letter, 
mpecification 310-0, and criteria 
attachment 

C 2 @ P V  
1000 So. Framonl Am. - Alhameta. Caliiomia 91802 (21 3) S7Gl WO * Telex 67-4888 
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Project 6556-N SPECIFICATION 

~ustomer General Electric 310-0 

Location King of Prussia DateSept  16, 1983 

I 
I 

MOD-5A WIND TURBINE GENERATOR 
SOILS AND FOUNDATION 

INVESTIGATION 
This page is a record of all revisions of the specification. Each time the specification i s  changed, only the new or 
revised pages are issued. 

1 For convenience, the nature of the revision is  briefly noted under remarks. But these remarks are not a part of the 
specification. The revised pages are a part of the specification and shall be complied with in their entirety. 



C F BRAUN b CO Page 2 
Project 6556-N Specification . 

General Electric MOD-5A WIND TURBINE GENERATOR 310-0 
SOILS AND FOUNDATION September 16, 1983 

Xing of Prussia, Pa. INVESTIGATION 

1 SCOPE This specification establishes the geotechnical data 
needs for the generic wind turbine generator foundation design 
criteria for three types of subgrade - granular, cohesive and hard 
rock, A subsurface investigation shall be conducted by a qualified 
consulting soils and foundation engineering firm for any one of the 
t h e e  generic sites. The consultant shall supply all professional 
services, labor, tools, and equipment to perform the field and 
laboratory work required for a complete subsurface investigation 
and report. Thre investigation and report shall include the 
determinatien of the strength and other physical properties of the 
subgrade at a specific site and shall provide recommendatjons for 
the design of foundations. 

2 REFERENCES AND SUBMITTALS Paragraph 3 on Project Data lists 
the drawings and data that will be furnished the Consultant by 
General Electric, hereafter referred to as GE. The next paragraph, 
titled Report, describes the report that the Consultant shall 
prepare and deliver to General Electric. The report is due XX 
weeks after GE's release to proceed with the work. Send NN copies 
of the report to GE. 

3 PROJECT DATA GE will furnish the consultant the drawings 
listed below which describe the proposed structure and its loads, 
load characterieties, and settlement sensitivity. Contact GE at 
King of Prussia, Pa. for any clarification. 

1 Plot Plan and Locations Drawing Number 
I I 

i 
Technical Load Data 

Drawing Number 

Drawing Number 

4 REPORT ah@ report shall describe the site conditions, the 
nature of the soil deposits, including rock, the general geology of 
the area, and recent history of excavation, fill, flooding and the 
like. It shall include the information and recommendations listed 
under Report Contents, plus such other data and recommendations as 
are deemed pertinent by the consultant. All recommended allowable 
soil bearing or load capacity values shall be given for working or 
service loads. In each instance, the factor of safety used in 
determining these reconmended values shall be stated in the 
report. 811 design values and measurements shall be reported in 
customary English units. 



Paqe 3 
MOD-5A WIND TURBINE GENERATOR 

SOILS AND FOUNDATION 
INVESTIGATION 

5 SITE EXPLORATION A site exploration shall be made to 
determine the surface and the subsurface soil conditions and to 
o9tain the data required in this specification. Sufficient 
borin9eo test pits or trenches shall be made to give a reliable 
picture of the subsurface conditions. The depth and number of bore 
holes required shall be determined from the site conditions, the 
method of proposed cozstruztion, and the data required. GE 
estimates that 3 borings (2-90 ft deep and 1-120 ft deep) will be 
required for each Pacation. If bedrock is found at a depth of 40 
ft or more, and the overburden can support a mat foundation, the 
boring may be terminated at the bedrock. If bedrock is found above 
this depth, the rock shall be cored for a depth of 10 ft. It is 
the responsibility of the consultant to recommend additional 
borings or excavations if he thinks they are necessary. 

A log of each bore hole shall be made. Undisturbed samples shall 
be taken at suitable frequencies, %rom each boring for laboratory 
testing. The consultant's engineer or technician shall examine and 
classify the soils in the field. The soil samples shall be further 
examined and tested in the laboratory. 

Where test pits or trenches are required but are not located on the 
GE drawing, the consultant shall discuss the proposed excavations 
with the GE Project Engineer before making them. A log of each 
excavation shall be made similar to those for borings. 

After all field work.is completed, all bare holes shall be 
backfilled with compacted soil. 

6 BORING LOGS Each log shall include the data listed below. 

Name of driller and soils engineer or technician 

Date boring was made 

Proper identification of the project and boring 

Location of boring or excavation based on established plant 
coordinate system and the orientation of trenches 

Ground surface elevation based on established plant datum 

Depths at which major changes in the character of the soil take 
place including the depth of bedrock if encountered 

A detailed description of the soil in each majcr stratum 
utilizing the Unified Soil Classification System 



i 
/I 6 BORING LOGS Continued 
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578 
12-75 
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P2netration resistance cf the sampler and/or an estimate of the 
coxisietency of the soil in-situ 

11 

i 

1 

Numbers of samples, type of sample (disturbed or undisturbed) and I the depths from whiclr they are taken 

Any obstructions and difficulties encountered 

-, 
General Electric MOD-5A WIND TURBINE GENERATOR 310-0 

SOILS AND FOUNDATION September 16, 1983 
King of Prussia, Pa. INVESTIGATION 

!+ 

Depths at which a loss or inflow of water into the bore hole 
occurs 1 
Depth to free groundwater level 

For borings, the diameter and method of caaing and advancing the 
bore hole 

i The type and diameter of the sampler 

Description of the method used to force the sampler into the soil 

I An indication if drilling mud was used 
'! 

1, For Rock: 
I 

/ ~ o c k  types I 
I1 

1 Position of the boring relative to the various rock units or 

1 geologic features 

I Any structural features in the rock such as joints or cavities 
I 

II 
The presence of soft soils above or interbedded within the rock 1 strata 

1 Rock compressive strengths 
8 
: Rock quality description (ROD) which indicates rock quality and 

fracture frequency. 
I 
7 LASORATORY TESTS Laboratory tests shall be made on the soil 

I samples to determine their character and properties as required. 
In general, the laboratory investigation shall include the tests 

j listed below. It is the responsibility of the consultant to 
recommend .alternative or additional testing if he thinks it is 

' needed. The tests shall follow standard ASTM Methods where 1 applicable. 



e; 

MOD-5A WIND TURBINE GENERATOR 
SOILS AND FOUNDATION 

1 INVESTIGATION 
! 
I 

7 LABORATORY TESTS Continued 

Dry density 
f / Moisture content 

E Shear tests at natural and saturated water-content and with a 
surcharge equivalent to the existing overburden pressure 

B 
I For cohesive soils, unconfined or triaxial compression tests to 

i. supplement shear tests 

I Consolidation tests on cohesive soils , Atterberg limits for a representative number of samples of the 
cohesive soils 

1 Expansion tests 

] Dynamic tests, see paragraph 8 
i 
, Test for liquefaction potential, if required - see paragraph 9 
8 DYNAMIC PROPERTIES Dynamic data to conduct dynamic response 
analyses is required. The foundation is a circular mat with an 
approximate diameter of 7% ft. If the soil conditions are such 
that, in the consultant's opinion, the structure can be supported 
on a spread footing, then the following dynamic soil Froperties 
shall be determined. If however, the consultant recommends that 
the structure must be sup2orted on piled foundations, then GE shall 
be advised of this recommendation before proceeding with the 
dynamic investigation and analysis. 

1 The following dynamic soil properties, expressed where possible as 
functions of depth and/or confining pressure, shall be determined. 
The expected strain levels are about 10'~ for cohesive and granular 
soils, and about 10'~ for rock. 

'i 
I Dynamic shear modulus 

Mass density 

i Poisson's ratio 

1 Both estimated viscous and geometric damping of soil expressed as 1 damping ratios 
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SOILS AND FOUNDATION September 16, 1983 
King of Prussia, Pa. INVESTIGATION 

I 
8 DYNAMIC PROPERTIES Continued 

Void ratio 

( Seismic methods. An acceptable seismic method test may be either 

I a down-hole or a cross-hole test. Refraction tests may be used 
only for preliminary evaluation. 

Resonant column tests 
I 

i 

Dynamic triaxial tests k' I 

One or more of the methods listed herein may be considered for 
determining the dynamic shear modulus. Static tests shall not be 
used. The consultant is to review his recommended method with the 
GE Project Engineer before performing the tests. 

I The consultant shall state whether or not there will be any 
j degradation of the subgrade due to the long term dynamic loading of 
I the foundation. 

9 SEISMIC PROPERTIES The characteristic site period, Ts, as 
defined by the 1982 edition of the Uniform Building Code, shall be 
determined. The appropriate range of values for Ts shall be 
established in accordance with one of the methods outlined in UBC 
Standard No 23-1. 

) A determination shall be made whether or not liquefaction of the I site during possible seismic shaking could occur, and the report 
i shall state that fact. The consultant shall discuss possible 
remedies and make recommendations as appropriate. 

I 1 10 REPORT CONTENTS 

I 

A description of each type of laboratory test which was run and 
what the test was used for. I 

' Field and Laboratory Work 

Results of tests conducted, including explanations and 
analysis. 

I 

I General Soils Data 

A brief description of the field work. 

Boring and excavation location maps (plan) - The location maps 
shall also show where the sections asked for herein were cut. 

1 
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10 REPORT CONTENTS Continued 

Sectional plots of north-south and east-west soil profiles. 
These profiles should show logs of borings and test pits, soil 
types, and the approxianate water table, and should be complete 
enough so that structural engineers can evaluate the subsurface 
soils conditions at the Poeatfon of the foundation* 

Unit weights of soil. 

Cohesion and angle of internal friction of the various soils. 

Depth and estimated fluctuations of the water table. 

Chemical condition of the soils that may affect construction 
materials. 

Relative densities for cohesionless soils. 

Void ratios for cohesive soils. 

Water content for cohesive soils. 

Expansive characteristics of the soils with change in water 
content. 

Foundation Design Data - all generic subgrade types 
Allowable net soil bearing pressure versus depth for gravity 
loads, with long-duration fluctuating wind loads. Note that 
the foundation design criteria limit the differential long term 
settlement to a 1:250 slope measured at the anchor ring over 
the 30 year life, with 4 X lo8 cycles of wind service load. 
Total settlement shall be less than 1.0 inch. This load 
consists of an average gross pressure of about 2.0 ksf (tower 
weight, f~undation and backfill), combined with a peak cyclic 
pressure at the toe of the mat of about 0.7 ksf, and a peak 
constant pressure of about 0.7 ksf at the toe of the mat. The 
above numbers are bzsed on average mean wind load, a rigid 
foundation, and the conventional MC/I formula. For the elastic 

oscillation the maximum half-range rotation is limited :zC:d_na radians. In the appropriate compaction or 
consolidation calculations the consultant shall assume that the 
wind direction remains constant. The allowable bearing 
pressure shall Be specified so as to maintain the differential 
settlement within the above limits. 
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1 n 
AHlowabhe act soil bearing pressure for temporary loads due to 

i 
aeismic, hurricane, Boss-of-rotor accident, and other transient 
forces. Kurrisane forces generally cause the highest transient 
loading on the foundation. The peak hurricane moment at the 

I base of the mat is a b o ~ t  140 x 103 ft-kips. 
il 

! 

( Approximate shape of static bearing pressure variation curve 
for the various generic types of subgrade material (cohesive, 
cohesionless, rock). 

General Electric MOD-sw WIND TURBINE GENERATOR 310-0 
SOILS AND FOUNDATION ~ e ~ t e m b e r  16, 1983 

3 Settlement curves for the 5 2 '  diameter circular mat 

j~ 

I 

Estimated modulus sf eubgrade reaction for design of the mat on 
elastic soil strata. 

/ In addition to the above listed items,. provide the following 
information for foundations on rock. 

II 

3 Minimum depth to competent rock from existing grade 

' State whether rock anchors arc a practical method of resisting 
I high uplift anchor bolt loads 
ii 
I 

1 if so, give recommcndation~ for typical practical rock anchor 
installations (core sizes, minimum free length and bond length, 
allowable bond stresso creep, provision for retightening, special 

I. 
: precautions, etc) 
i 
1 Alternative Foundations Using Piling 
il 
I 
i Where piles are recommended, the consultant shall provide the 
1 following data, where appropriate. 

Recommend at Peast tlzro types of piles commonly used in the 
area. 

Curves showing allowable axial load versus depth both for 
vertical gravity loads and for uplift for the recommended 
piles, for long term vibratory loading. 

Ij 
9 1  

Minimum pile length 

1 Estimated Settlement 

Where negative skin friction (downdrag) may be present, comment 
on design methods to account for these additional loads. 
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10 FINAL REPORT Continued 

Allowable lateral load per pile for a 1/4-inch deflection, 
assuming piles may rotate in the pile cap, at maximum loads. 

Minimum pile spacing for practicality of driving. 

Minimum pile spacing to prevent group effects on individual 
pile capacities. 

Provide an equation for evaluating group effects for resisting 
horizontal and vertical loads, when this minimum spacing cannot 
be achieved. 

Are load tests recommended? If so, outline recommended test 
procedure. I 

Recommended approximate hammer energies necessary to drive 
piles. 

Comment on possible pile installation problems, and possible 
solutions, such as: jetting, vibration, etc. 

11 SURVEYING GE will determine the coordinate and elevation 
datum for the plant and will designate bench marks for survey 
control. The consultant shall furnish the surveying services 
necessary for his work. 
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Genera l  E l e c t r i c  P r o j e c t  6556-N 
HOD-5A WIND TURBINE GENERATOR 

King o f  P r u s s i a  FOUNDATION DESIGN CRITERIA October  7 ,  1983 

1.0 GENERAL REQUIREMENTS T h i s  w r i t i n g  d e f i n e s  t h e  c r i t e r i a  t o  be 
fo l lowed i n  t h e  g e n e r i c  d e s i g n  o f  t h e  MOD-5A WTG f o u n d a t i o n  m a t  and 
anchor  bolts, and p r o v i d e s  a  methodology f o r  t h e  des ign .  The 
fundamenta l  c r i t e r i o n  for t h e  d e s i g n  is  t o  p r e v e n t  damage of  t h e  mat 
and b o l t s  under b o t h  l i m i t  l o a d s ,  and f a t i g u e  l o a d s  which a r e  t h e  
normal o p e r a t i n g  l o a d s .  

The l i m i t  l o a d s  c o n s i s t  o f  t h e  h u r r i c a n e  and o t h e r  o p e r a t i o n a l  extreme 
l o a d s ,  whereas t h e  wcrml l o a d s  a r e  t h e  h igh-cyc le  wind-induced 
v i b r a t i o n  loads. The b o l t s  s h a l l  be s i z e d  t o  s u s t a i n  t h e  h u r r i c a n e  
l o a d s ,  and s h a l l  a l s o  be  pre- loaded i n  o r d e r  t o  e l i m i n a t e  any 
s i g n i f i c a n t  r ange  o f  s t r e s s  f l u c t u a t i o n .  

2.0 APPLICABLE CODES AND STANDARDS These c r i t e r i a  a r e  based on t h e  
f o l l o w i n g  documents. 

2 .1  AISC S p e c i f i c a t i o n  f o r  t h e  Design,  F a b r i c a t i o n  and E r e c t i o n  of  
S t r u c t u r a l  S t e e l  f o r  B u i l d i n g s  1978, and i t s  Appendix B ,  F a t i g u e .  

2.2 C o n s i d e r a t i o n s  f o r  Design o f  Concre te  S t r u c t u r e s  s u b j e c t e d  t o  
F a t i g u e  Loading, A C I  215R-74, r e v i s e d  1981. 

2 .3  B u i l d i n g  Code Requirements f o r  Re in fo rced  Concre te ,  A C I  318-77. 

2 .4  F i n a l  Design L i m i t  Loads f o r  Model 304.1, Genera l  E l e c t r i c ,  
Genera l  E l e c t r i c  PIH 283, WTG MOD-5A, 8/83. 

2.5 F i n a l  Design F a t i g u e  Loads f o r  Model 304.1, Genera l  E l e c t r i c ,  
P I R  280, WTG MOD-SA, 8/83. 

2.6 Design o f  Reinforced Concre te  f o r  F a t i g u e ,  P o r t l a n d  Cement 
A s s o c i a t i o n  B u l l e t i n  RD059.01D, 1978. 

3.0 DESIGN LOADS 

3.1  LIMIT LOADS These l o a d s  a r e  l i s t e d  i n  d e t a i l  i n  PIR 283, see 
S e c t i o n  7.0. The governing l o a d  is t h e  i n f r e q u e n t l y  o c c u r r i n g  load 
L-2B h u r r i c a n e .  The o v e r t u r n i n g  moment a t  t h e  tower b a s e  i s  1 2 1 x 1 0 ~  
f t - k i p s ,  combined w i t h  a s h e a r  o f  451 k i p s ,  and a v e r t i c a l  load  of  
1560 k i p s ,  a l l  o c c u r r i n g  s imul taneous ly .  

3.2 FATIGUE LOADS These l o a d s  a r e  l i s t e d  i n  d e t a i l  i n  PIR 280. 
The d e s i g n  number o f  l o a d  c y c l e s  s h a l l  be 4 x 1 0 ~ ~  t o  be c a r r i e d  wi thou t  
f a i l u r e  o f  t h e  bolts. The a v e r a g e  mean moment a t  t o w e r  b a s e  is  
(24+24) - l o 3  f t - k i p s .  
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5 3  SEISMIC LOAD The WTG founda t ion  m a t  and anchor  bolts s h a l l  be  
I des igned  f o r  zone 3 requ i rements  o f  t h e  Uniform B u i l d i n g  Code, 1982. 
! Tho occupancy impor tance  f a c t o r  I s h a l l  be 1 . 0 ,  t h e  h o r i z o n t a l  f o r c e  

f a c t o r  K s h a l l  be 2.0. 
4 

I However, f o r  t h e  concept-aal d e s i g n  by Braun, a  100-year r e c u r r e n c e  
i n t e r v a l  r e sponse  spectrum s h a l l  be used.  I t  w i l l  be  s e l e c t e d  by 
Genera l  E l e c t r i c  i n  c o n s u P t a t i o n  w i t h  t h e  g e o t e c h n i c a l  e n g i n e e r .  

j 3.4 DEAD AND LIVE LOADS The l i m i t  and f a t i g u e  l o a d  t a b u l a t i o n s  i n  
j PIR 280 and PIR 283 i n c l u d e  t h e  g r a v i t y  l o a d s  o f  t o w e r ,  equipment,  
! s t a i r s  and p l a t f o r m s .  Ice l o a d i n g  i a  n o t  i n c l u d e d  and must be added 
I 11 i f  r e q u i r e d  by l o c a l  codes and c o n d i t i o n s .  
I 11 4 . 0  ALLOWABLE STRESSES 
I' 1 4 . 1  REINFORCED CONCRETE 
11 
I/ 
1 4. I. 1 LIMIT LOADS For l i m i t ,  extreme wind, ea r thquake ,  dead and 

l i v e  l o a d s  t h e  mat s h a l l . b e  des igned  i n  accordance  w i t h  r e f e r e n c e  2 .3 ,  ! A C I  318-77. The s t r e n g t h  method o f  d e s i g n  s h a l l  be used. 
I 
k 
1 POP b e a r i n g  o f  a ~ c h o r  b o l t  embedded p l a t e  on c o n c r e t e  a  s t r e s s  of  
1 3f' s h a l l  be  used when t r i a x i a l  confinement  o f  t h e  c o n c r e t e  i s  

C 1 prov ided .  

4.1.2 FATIGUE LOADS A f t e r  s i z i n g  t h e  m a t  and re in fo rcement  a s  noted 
in 4.1 .1 ,  t h e  f o u n d a t i o n  stresses s h a l l  b e  checked i n  accordance  w i t h  

" ACI  215R and PCA RD059.0lD. I t  s h a l l  be noted  t h a t  A C I  215R 1 S e c t i o n  3.1.1 c r i t e r i o n  2  may c o n f l i c t  w i t h  PCA RD059.01D e q u a t i o n  1. 
I U s e  t h e  more s t r i n g e n t  requi rement  o f  t h e  t w o .  I 
: 4 . 2  ANCHOR BOLTS S t r e s s e s  s h a l l  be c a l c u l a t e d  on t h e  basis of  
' t e n s i l e  s t r e s s  a r e a .  The b a s i c  a l l o w a b l e  t e n s i o n  s h a l l  b e  Ft=0.33 

] F,. A o n e - t h i r d  i n c r e a s e  i n  a l l o w a b l e  s t r e s s  i s  p e r m i t t e d  f o r  load  
combinat ions  i n c l u d i n g  h u r r i c a n e  o r  seismic l o a d s .  For  t h e  purposes  

1 0% r e f e r e n c e  2.1, Appendix B (AISC), Tab le  B2, stress c a t e g o r y  D s h a l l  
j ~ P P ~ Y *  

I For  t h e  s i z i n g  o f  t h e  anchor  b o l t  b e a r i n g  p l a t e  a t  t h e  embedded end a  

( b e a r i n g  p r e s s u r e  o f  3f; o h a l l  be used. 

I 5 . 1  REINFORCED CONCRETE 
1 ' 5.1.1 MATERIAL Concre te  u l t i m a t e  s t r e n g t h  s h a l l  be a t  l e a s t  3000 I p s i  a t  2 8  days .  Reinforcement  s h a l l  be Grade 60 steel conforming t o  
!i ASTM A615. Bar mts  conforming t o  ASTM A 1 8 4  may be used, e x c e p t  t h a t  
11 
2 c l i p p i n g  i s  t h e  o n l y  method p e r m i t t e d  to p r o v i d e  a t t achment  a t  

i n t e r s e c t i o n s .  
il 
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5.1.2 SPLICING Welding is prohibited as a means of splicing of 
reinforcement bars. Tack welding of any auxiliary materials to the 
reinforcement is prohibited. Splices shall be made using Cadwelds or 
other devices not requiring machining of the bars, and are subject to 
approval by General Electric. 

5.1.3 BENDING OF REINFORCEMENT The main vertical bars attaching the 
tower pedestal to the mat shall be straight, without any sharp bends 
or hooks. Other bars may be bent, observing the ACI 215R section 
3.1.1 stress range reduction. A design using straight bars and 
long-rzcius-of-bend circumferential bars is recommended. 

5.2 ANCHOR BOLTS 

5.2.1 MATERIAL The anchor bolts shall be made of ASTM A 193 grade 
B7 steel. 

5.2.2 LEVEL OF PRELOAD The anchor bolts shall be preloaded to at 
least 125% of the average mean design load in the bolt. Higher 
preload may be used to achieve nil or insignificant cycles and 
magnitude of stress range fluctuation. Unnecessarily high levels of 
preload are to be avoided. The intent of the design is to 
essentially eliminate fatigue as a potential. cause of failure. 

This feature must be coordinated with the detailed design of the tower 
base so that prying action does not exceed 5% of the design load. 

The details of the anchor bolt and tower base shall be such as to 
permit eventual lift-off using a tensioner for checking pre-load 
either inside or outside the tower wall. The details shall be such 
that the nut (or nuts) shall not move due to fatigue loads. 

5.2.3 CORROSION ALLOWANCE A corrosion allowance of 1/4 inch on the 
theoretical diameter of the tensile area shall be provided. 

5.2.4 TESTING PROGRAM It is recommended that the owner test the 
preload after 6 months,again after 5 years of operation on at least 6 
bolts per tower. The need for further surveillance shall be based on 
these first tests. 

6.0 FOUNDATION CONFIGURATIONS Four foundation configurations have 
been investigated: circular, octagonal, "donut", and square. Fiere is 
a discussion of their advantages and disadvantages. 

6.1 CONSTRUCTPSILITY Conetructibility is defined as the relative 
, ease of placing and securing reinforcement, anchor bolts, ducts and 
other embedments, and of casting the concrete without segregation and 
voids. 
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1 6.1  CONSTRUCTIBILITY Continued 

1 A l l  f o u r  f o u n d a t i o n  c o n f i g u r a t i o n s  r e q u i r e  c o n s i d e r a b l e  r e in fo rcemen t ,  
., w i t h  p o t e n t i a l  f o r  r e i n f o r c e m e n t  c o n g e s t i o n .  C a r e f u l  l a y o u t  o f  
!' 
: d e t a i l s  is  needed i n  a l l  cases. However, the  "donut" ,  shape  w i l l  be 

i the  w o r s t  c a s e  due  t o  i t s  more e l a b o r a t e  t o r s i o n a l  r e i n f o r c e m e n t ,  and 
i due  t o  more forming.  

The c i r c u l a r  c o n f i g u r a t i o n  a p p e a r s  t o  be t h e  best shape.  T h e  p e d e s t a l  
v e r t i c a l s  and  a n c h o r  b o l t s  mesh w i t h  the  r a d i a l  and c i r c u m f e r e n t i a l  

2 b a r s  i n  t h e  mat i n  a s i m p l e  r e p e t i t i v e  p a t t e r n .  A l l  r a d i a l s  are 

E i d e n t i c a l  f o r  e a c h  l a y e r .  Conges t ion  o f  r a d i a l s  a t  t h e  c e n t e r  can  b e  
a v o i d e d  by i n t r o d u c i n g  a small v e r t i c a l  c y l i n d r i c a l  v o i d  a t  t h e  

) c e n t e r ,  and  t e r m i n a t i n g  the r a d i a l s  a t  t h i s  imag ina ry  s u r f a c e .  A 
m u l t i - l a y e r  c r o s s i n g  o f  bars is avo ided .  To s i m p l i f y  m a t t e r s ,  t h i s  
c y l i n d r i c a l  s p a c e  would be f i l l e d  w i t h  c o n c r e t e ,  t h e  "void"  b e i n g  o n l y  
t h e o r e t i c a l .  

1 6 . 2  CONCRETE QUANTITIES For  e q u a l  volumes o f  c o n c r e t e ,  which means 
a b o u t  e q u a l  o v e r t u r n i n g  s t a b i l i t y ,  the s q u a r e  i s  the best shape  f o r  

] minimiz ing  so i l  p r e s s u r e ,  hence  r e d u c i n g  v i b r a t i o n a l  s o i l  
' c o n s o l i d a t i o n ,  and  p o t e n t i a l  d i f f e n t i a l  s e t t l e m e n t .  The s q u a r e  
' L x p e r i e n c e s  a b o u t  a 15% lesser peak s o i l  p r e s s u r e  t h a n  the circle  o r  

1 "donut" ,  p r o v i d e d  it  can  be o r i e n t e d . b r o a d s i d e  t o  t h e  p r e v a i l i n g  
wind. If n o t ,  t h e  s o i l  and s t a b i l i t y  s i t u a t i o n  is  most advan tageous  
f o r  t h e  "donut" ,  c i r c u l a r ,  o c t a g o n a l  and s q u a r e  s h a p e s ,  i n  t h a t  
o r d e r .  

I. 
g 

6.3 REINFORCEMENT QUANTITIES The m o s t  l o a d - e f f i c i e n t  a r rangement  
o f  r e i n f o r c e m e n t  i s  found i n  t h e  c i r c u l a r  mat,  fo l lowed  by t h e  

( o c t a g o n  and  donut .  The s q u a r e  shape  p roduces  u n u s u a l l y  h i g h  moments 
] i n  t h e  d i a g o n a l  d i r e c t i o n ,  n e c e s s i t a t i n g  a more compl ica ted  bar 

Payout.  

1 6.4 CONSTRUCTION EQUIPMENT NEEDS W e  s e e  no s i g n i f i c a n t  d i f f e r e n c e  
I i n  machinery n e e d s  f o r  either o f  t h e  s h a p e s  i n  q u e s t i o n .  The most  

s t r a i g h t f o r w a r d  i n  formwork a r e  the s q u a r e  and t h e  circle,  c l o s e l y  
, fo l lowed  by the  oc tagon .  The more e x t e n s i v e  forming w i l l  o c c u r  i n  t h e  

case of t h e m d o n u t " .  

: 6 - 5  CONCLUSION W e  r eco rnend  the  c i r c u l a r  c o n f i g u r a t i o n  as the  most 
; advan tageous  f o u n d a t i o n .  The o c t a g o n  is  a v e r y  close second,  fo l lowed  
; by t h e  donu t  and  the s q u a r e  r e s p e c t i v e l y .  
I! 
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7.0 LOAD DOCUMENTATION Seven documents or communications have been 
made a v a i l a b l e  t o  Braun d e s c r i b i n g  t h e  WTG l o a d i n g s .  

1 "CBI  s p r e a d  f o u n d a t i o n  c o n c e p t u a l  c o n f i g u r a t i o n " ,  a t t a c h e d  t o  
J u n e  7  l e t t e r  t o  A M DeFusco from E A L e i n r o t h ,  Jr . ,  marked up 
w i t h  l o a d s .  

2  "Proposed f o u n d a t i o n " ,  page 5  o f  C B I  p r o p o s a l  r e q u e s t  f o r  
g e o t e c h n i c a l  i n v e s t i g a t i o n ,  WTG p r o j e c t ,  d a t e d  August 1 0 ,  marked 
up w i t h  a  somewhat d i f f e r e n t  set  o f  l o a d s .  Handed t o  Braun a t  
September 2  p r o j e c t  k ick-of f  meeting.  

3 "Support  towers  and founda t ion  s p e c i f i c a t i o n  f o r  t h e  MOD-5A wind ! 
t u r b i n e  g e n e r a t o r " ,  GE spec .  47A380022, August 83. i 

4 Phone t a l k  w i t h  D r  Kugath, August 14, a d v i s i n g  Braun t o  use  t h e  1 
a v e r a g e  mean tower b a s e  moment o f  (24+24) 103 f t - k i p s  w i t h  144+97 
k i p s  o f  h o r i z o n t a l  s h e a r  f o r  f o u n d a t i z n  c o n s i d e r a t i o n s .  - 1 

5 Tab le  of number o f  c y c l e s  w i t h  peak s h e a r  and o v e r t u r n i n g  moment, 
d a t a f a x  from D r  Kugath, d a t e d  and r e c e i v e d  September 15 .  

6 " F i n a l  d e s i g n  f a t i g u e  l o a d s  f o r  model 334.1",  GE PIR 280, August 
83 ,  r e c e i v e d  September 1 9 . .  

7  " F i n a l  d e s i g n  l i m i t  l o a d s  f o r  model 304.1". GE P I R  283, August 1 
8 3 ,  r e c e i v e d  September 19. 

We would l i k e  t o  draw your  a t t e n t i o n  t o  t h e  f a c t  t h a t  t h e  l o a d s  have 
been d e s c r i b e d  d i f f e r e n t l y  i n  each o f  t h e  above documents. Our work 

I 
is  based on document 4. 

The h i s tograms  i n  document 6  a p p e a r  t o  be t h e  complete load  
d e s c r i p t i o n .  However, due t o  t h e  v a r y i n g  i n t e r p r e t a t i o n s ,  we s u g g e s t  
t h a t  P I R  200 b e  c l a r i f i e d  by add ing  g r a p h i c  d e f i n i t i o n s  o f  a l l  t h e  
t e r m s  used.  The f o u n d a t i o n  load  t a b l e  format  used by Stearns-Roger 
(handout  7  o f  September 2  meet ing ,  pp  790 e t  s e q ,  SVU S i t e  Subsur face  
I n v e s t i g a t i o n )  would a l s o  h e l p  t o  e l i m i n a t e  m i s i n t e r p r e t a t i o n .  

S t i l l  i n  document 6 ,  Tab le  2 ,  MY, t h e  bot tom f i v e  v a l u e s  seem t o  b e  
s h o r t  a n  exponent .  The t a b l e  f o l l o w i n g  T a b l e  H-108 needs  a  heading 
and seems t o  be m i s s i n g  MX, MY and MZ a t  t o w e r  base .  





Volume I11  
Book 2 

APPENDIX B 
GE - PRODUCT ASSURANCE PROGRAM P L A N  

FOR THE MOD-5A WTG PROGRAM 





TITLE I 
Coml Om SMLE1 i i Scl i FIRST MADE FOR 

PRODUCT ASSURANCE P R O G R M  PLAN 

FOR THE 

MOD-5A WIND TURBINE GENERATOR P R O G R M  

0. C.d& 7 
PREPARED BY: DATE : 8- -%I 

A .  Cheddar, Product Assurance 
Engineer 
Energy Support Operations 

APPROVED BY: . DATE : 8 -  1 3 -  8 1  
E. ' j .  Urbanik, Uanager 
~ r d d u c t  Assurznce 
Energy Support Operations 

,+ 
APPROVED BY: DATE: &~.4, / .-7. /f:1-1 

G. Drenker, Uanager 
U O D - 5 ~  WTG ~ a r d v a r e  Integration 

TOTAL N U : ~ B E ~  O= PP.GES 38 F 

FF.003 .WB 13-81 
PRINTED IN U S A  

L I 
M I D I  BV A .  CHEDDP.!? 
ISSUED 

~ ~ + - ~ ~ / & ~  , .. b 

ICCIIOVALS 

. 

A . E . P  OlY OR - --- -- - -- -- - -- - -- - -- - o m  

K ING OF PPUSSIn LOUTIOM 

47F.3?3015 
C O ~ ~  01 SHEET - . . - . . sM UO : 



PRODUCT ASSURANCE PROGRAM PLAN 
47A3800 18 

MOD-5A WTG 
REV D - MARCH, 1984 

REVISION LOG 

This  '2% i d e n t i f i e s  those por t ions  o f  t h i s  document which have been rev ised 
s ince o r ~ g i n a l  issue. Revised por t ions o f  each page, f o r  the cu r ren t  r e v i s i o n  
only, a re  i d e n t i f i e d  by  marginal s t r i p i ng .  

Revision Page No. Paraqraph Number(s) Af fected Rev. Date 

18 Section El. - Removed 
reference t o  system 
Safety and incorporated 
i n  separate safety plan. 

Defined spec i f i c  r e s p o n s i b i l i t y  
f o r  preparat ion o f  FMEA. 

A1 1 Issued t o  co r rec t  type- 
graphical  e r r o r  i n  page 
numbering. 

A1 1 Changed document number 8-06-81 
f rom PA-MOD-5A-81-001 
t o  47A380018 
Changed paragraph number- 
i n g  system. 

A1 1 General Rewrite t o  remove 3- 14-84 
references PSC, t o  update 
organizat ion cha r t  and t o  Qa 
cor rec t  miscellaneous type- 
graphical  e r ro rs .  
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SECTION 1.0 

GENERAL 

1.1 APPLICABILITY 

This Product Assurance Program Plan describes t h e  Program t o  be implemented by 

t h e  General E l e c t r i c  Company, Advanced Energy Programs Department, t o  f ~ l f i l l  

t h e  q u a l i t y  requirements of t h e  NASA-Lewis Research Center MOD-5A Wind Turbine 

Generator Program. It i s  designed t o  p rov ide  e f f e c t i v e  c o n t r o l s  which w i l l  

r e s u l t  i n  a c o n t r a c t u a l l y  compliant Wind Turbine Generator f o r  a l l  phases of 

the  cont rac t ,  f rom customer s p e c i f i c a t i o n  through design, procurement, 

manufacture, t e s t  and u t i l i z a t i o n .  This p lan  s h a l l  be t h e  c o n t r o l  l i n g  

document governing t h e  execut ion of t h e  def ined tasks. A l l  r ev i s ions ,  

de le t i ons  o r  add i t ions  s h a l l  be submitted t o  NASA/LeRC f o r  approval. The 

Q u a l i t y  System i s  documented through t h e  use o f  se lected Q u a l i t y  Assurance 

Procedures (QAP's). These procedures w i l l  be implemented w i t h  t h e  requ i red  

rev is ions ,  de le t ions ,  o r  add i t i ons  necessary f o r  meeting t h e  requirements of 

t h e  MOD-5A Wind Turbine Generator Program. 

1 .2 MANAGEMENT 

Program Management together  w i t h  Engineering, Product Assurance, Manufacturing 

and Re1 i a b i  1 i t y  have t h e  responsib i  1 i t y  f o r  i n t e r p r e t i n g  cont rac tua l  qua1 i t y  

and r e l i a b i l i t y  requirements and w i l l  determine t h e  app l icab le  p o l i c i e s  and - 

d e t a i l e d  procedures under which t h e  MOD-5A Wind Turbine Generator Program w i l l  

funct ion, sub jec t  t o  NASA/LeRC review. 
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To implement t h e  q u a l i t y ,  r e l i a b i l i t y  and s a f e t y  requirements,  a  p r o j e c t  team 

o r g a n i z a t i o n  i s  used. The o r g a n i z a t i o n a l  r e l a t i o n s h i p s  are shown i n  F i g u r e  1. 
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The Product Assurance Engineer (PAE) repo r t s  t e c h n i c a l l y  t o  t h e  Manager, 

Hardware In tegra t ion ,  who, i n  turn, repo r t s  t o  the  MOD-5A Program Manager. 

This  prov ides a l i n e  o f  cormunicat ion t o  t h e  Program Manager concerning a l l  

aspects aP Product Assurance Program implementat ion. 

The Product Assurance Engineer repo r t s  admin i s t ra t i ve l y  t o  t h e  Product 

Assurance Manager, who repo r t s  t o  the  Energy Support Operations Manager. He 

has a t  h i s  d isposal  t h e  f a c i l i t i e s  and c a p a b i l i t i e s  o f  t he  e n t i r e  P A  

organizat ion,  dedicated t o  the  product assurance o f  hardware developed and 

b u i l t  a t  t h e  GE Advanced Energy Programs Department. 

The Product Assurance Engineer assigned t o  the  MOD-5A WTG Program i s  

responsib le f o r  assur ing t h a t  cont rac tua l ,  techn ica l  and qua1 i t y  requirements 

are met. 

During t h e  design and development phases, he w f l l :  

o Review and s ign  o f f  WTG drawings and s p e c i f i c a t i o n s  f o r  t he  i n c l u s i o n  
o f  q u a l i t y  requirements. 

o Es tab l i sh  supp l ie r  q u a l i t y  assurance requirements and generate the  
q u a l i t y  assurance prov is ions  f o r  product and process spec i f i ca t ions .  

o Def ine acceptance requirements w i t h  t h e  design engineer. 

During the  f a b r i c a t i o n ,  inspect ion  and t e s t  phases, he w i l l :  

o Incorporate q u a l i t y  requirements i n  purchase orders. 

o Review and s ign  o f f  inspec t ion  planning. 

o P a r t i c i p a t e  i n  operat ions readiness reviews t o  assure t h a t  hardware, 
t e s t  equipment, f a c i l i t i e s  and personnel a re  ready f o r  t e s t .  
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o Review t e s t  procedures. 

o Ass is t  i n  t h e  preparat ion and presentat ion o f  hardware data packages 
f o r  customer acceptance. 

Add i t i ona l  q u a l i t y  a c t i v i t i e s  as def ined i n  t h i s  Plan are performed by Q u a l i t y  

Spec ia l i s ts ,  Technicians, Planners o r  Inspect ion  personnel. 

1.3 GOVERNMENT REVIEW 

The operat ions and work o f  GE, i t s  subcontractors and suppl iers are subject t o  

a u d i t  and rev iew by t h e  government (NASA-LeRC). Upon request, app l icab le  

in format ion,  documents, records, and o ther  data w i  11 be made a v a i l  able fo r  

rev iew by NASA-LeRC. 



PRODUCT ASSURANCE PROGRAM PLAN 
4 7A3800 18 

MOD-5A WTG 
REV D - MARCH, 1984 

SECTION 2.0 

RELIABILITY 

Product Assurance, R e l i a b i l i t y ,  and Safety personnel w i l l  ma in ta in  cognizance 

of Design Engineering a c t i v i t i e s ;  p a r t i c i p a t e  i n  in-house design reviews; 

c o n t r i b u t e  t o  " Q u a l i t y  Assurance Prov is ions"  f o r  spec i f i ca t i ons ;  advise 

Engineering i n  areas o f  inspect ion,  t es t ,  r e l i a b i l i t y ,  and safety 

requirements; p rov ide  any requ i red  inspect ion  and t e s t  support; and review 

drawings and spec i f i ca t i ons .  Engineering i s  responsib le f o r  t he  techn ica l  

adequacy o f  t h e  Design, Test Spec i f i ca t ions ,  and app l icab le  Technical 

documentation. 

2.2 TECHNICAL DOCUMENT WEPIEM 

Product Assurance Engineering w i l l  review those techn ica l  documents and 

changes associated w i t h  the  MOD-5A WTG hardware, such as spec i f i ca t ions ,  

drawings and procedures, t o  ensure t h a t  they conta in  adequate requirements f o r  

determining and c o n t r o l l i n g  t h e  q u a l i t y  o f  a l l  hardware. The major r o l e  

undertaken by  t h e  Product Assurance Engineer i n  the review o f  techn ica l  

documents w i l l  be t o  assure t h a t  t h e  design d e f i n i t i o n  i s  adequate and c lear ,  

t h a t  t h e  parameters are  measurable, t h a t  requ i red  to lerances are spec i f i ed  and 

appropr iate,  and t h a t  any spec ia l  q u a l i t y  requirements a re  r e f l e c t e d  i n  t h e  

design d e f i n i t i o n .  

Through p a r t i c i p a t i o n  i n  design reviews and techn ica l  document reviews, t he  

Product Assurance Engineer w i l l  p l an  f o r  measuring and t e s t  equipment 
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requirements, inspect ion  and t e s t  procedures, vendor surve i l lance,  and process 

c o n t r o l  requirements. 

2.3 FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

An FMEA w i l l  be prepared du r ing  Pre l im inary  Design t o  i d e n t i f y  i n i t i a l  

elements which may cause f a i l u r e s ,  r e s u l t  i n  unplanned down time, o r  adversely 

a f f e c t  t h e  opera t ing  l i f e  o f  t h e  MOD-5A WTG. The FMEA w i l l  be prepared by 

Design Engineering. Product Assurance, R e l i a b i l i t y  and Safety representat ives 

w i l l  c o n t r i b u t e  t o  t h e  FMEA and p a r t i c i p a t e  i n  reviews o f  t h e  analys is .  

S im i l a r  analyses and reviews on o ther  programs, i n c l u d i n g  t h e  r e c e n t l y  

completed MOD-1 WTG, have proved benef i c i  a1 t o  modi fy ing design concepts, 

se lec t i on  of components, e s t a b l i s h i n g  planned maintenance i n t e r v a l s  and i n  

d e f i n i n g  s p e c i f i c  inspect ions and checks t o  be performed a t  each planned 

maintenance i n t e r v a l .  The FMEA w i l l  be rev i sed  and updated dur ing  F i n a l  

Design t o  incorpora te  r e s u l t s  o f  design changes and modi f i ca t ions .  
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SECTION 3.0 

PRODUCT ASSURANCE 

3.1 gUALITY CATEGORIES 

A r t i c l e s  t o  be used i n  t h i s  program are  d i v ided  i n t o  two (2)  categories. The 

app l i cab le  qua1 i t y  assurance requirements f o r  each category are  i nd i ca ted  i n  

parentheses f o l l o w i n g  t h e  app l icab le  requirements t i t l e .  

3.1.1 UNIQUE 

Spec i f i c  unique a r t i c l e s  are def ined as the  blades, a i lerons,  p lanetary  

gearbox and yoke. These s p e c i f i c  a r t i c l e s  have been designated as unique 

because o f  c r i t i c a l i t y  t o  the  success o f  t h e  program and "s ta te-o f - the-ar t "  

category i n  t h e i r  design and product ion. 

3.1.2 NON-UNIQUE 

A1 1 other  components and equipment designed o r  procured f o r  t he  wind tu rb ine  

are inc luded i n  t h i s  category. 

3.2 QUALITY SYSTEMS (Unique and Non-Unique1 

The General E l e c t r i c  Company, AEPD, i s  p resen t l y  opera t ing  an e f f e c t i v e  system 

f o r  c o n t r o l l i n g  q u a l i t y  cons i s ten t  w i t h  t h e  requirements o f  t h i s  Product 

Assurance Plan. The system i s  i n teg ra ted  w i t h  a l l  f unc t i ons  t o  assure t h a t  
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q u a l i t y  requirements a r e  determined and s a t i s f i e d  throughout a l l  phases o f  t h e  

,cont rac t .  This  system i s  documented through t h e  use o f  se lected sect ions of 

t h e  Qual i t y  Assurance Procedures (QAP) Manual. Selected procedures w i  11 be 

implemented t o  meet t h e  requirements o f  t h e  MOD-5A WTG Program. 

GE Product Assurance prepares and mainta ins t h e  Q u a l i t y  Assurance Procedures 

(QAP) Manual. The QAP Manual documents a1 1 q u a l i t y  r e l a t e d  procedures i n  

d e t a i l ;  i t  i s  sub jec t  t o  continuous a u d i t  and review. 

3.2.1 PRODUCT ASSURANCE ENGINEERING (PAE) MEMOS 

It i s  t h e  r e s p o n s i b i l i t y  of t he  MOD-5A WTG Product Assurance Engineer t o  

maintain, i n t e r p r e t  and update t h e  Product Assurance Plan as requi red.  To 

a s s i s t  i n  t h i s  endeavor, he i s  author ized t o  prepare and issue Product 

Assurance Engineering (PAE) Memos. The PAE Memo, when approved by NASA-LeRC, 

becomes an i n t e g r a l  p a r t  o f  t h e  Product Assurance Plan. 

3.2.2 QUALITY ASSURANCE PROCEDURES 

Product Assurance has the  responsib i  1 i t y  f o r  maintenance o f  t he  Qual i t y  

Assurance Procedures Manual and f o r  a u d i t i n g  conformance t o  t h e  requirements 

s p e c i f i e d  there in .  I n  add i t ion ,  they w i l l  be responsib le f o r  mod i f i ca t ions  of 

GE QAP1s as requ i red  t o  e f f e c t i v e l y  s a t i s f y  t h e  requirements o f  t h e  MOD-5A WTG 

Program. 
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Product Assurance a l so  has t h e  r e s p o n s i b i l i t y  f o r  mainta in ing the  

con f i gu ra t i on  v e r i f i c a t i o n  records and preparat ion o f  t he  equipment logs. 

3.2.3 SUPPLIER AND PROCESS CONTROL 

Product Assurance has the  responsib i  1 i ty f o r  qua1 i t y  surve i  11 ance o f  

suppl iers,  p a r t i c i p a t i o n  i n  vendor surveys where requ i red  and performance of  

supp l i e r  q u a l i t y  audi ts .  I n  addi t ion,  Product Assurance prepares/reviews the  

process p o r t i o n  o f  manufacturing i n s t r u c t i o n s  and inspect ion  procedures, 

p a r t i c i p a t e s  i n  process readiness reviews and spec i f i es  discrepancy c o r r e c t i v e  

ac t i on  requirements. 

3.3 DRAWING AND CHANGE CONTROL (Unique) 

The drawing change c o n t r o l  program w i l l  be i n  accordance w i t h  t h e  standard GE 

Advanced Energy Programs Department (AEPD) Engineering Sect i o n  I n s t r u c t  ions, 

D r a f t i n g  Prac t ices  Manual, and Qual i ty Assurance Procedures. These w i  11 

insure  c o n t r o l l e d  d i s t r i b u t i o n  o f  a l l  unique and non-unique drawings and 

spec i f i ca t i ons .  

Drawing changes w i  11 be incorporated by  r e v i s i o n  as def ined by A l t e r a t i o n  

Notices (AN'S) o r  Design Change Contro l  (DCC) forms and signed p r i o r  t o  

re lease by  Design Engineering, Manufacturing and Qual i ty Assurance. 

Upon approval o f  changes, AN'S o r  DCC1s w i l l  be issued t o  de f i ne  t h e  changes 
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and t h e i r  e f f e c t i v i t y .  Copies o f  a l l  approved A N ' S  and DCC's w i l l  be 

d i s t r i b u t e d  t o  Product Assurance by  t h e  drawing custodian and processed t o  the 

respons ib le  PAE and inspect ion  personnkl. A l l  i nspec t ion  and t e s t  

documentation a f fec ted  b y  the  changes w i l l  be exped i t i ous l y  rev i sed  by Product 

Assurance Engineering t o  r e f l e c t  t h e  new requirements. Drawings and 

procedures are kept  o n l y  i n  one s p e c i f i c  area, under t h e  c o n t r o l  o f  

Engineering. Obsolete drawings are  replaced promptly by Product ion Contro l  

w i t h  newly rev ised signed o f f  copies. Inspect ions and t e s t s  w i l l  be performed 

aga ins t  t h e  l a t e s t  MOD-5A WTG re leased design d e f i n i t i o n .  The con f i gu ra t i on  

s ta tus  o f  a l l  assemblies w i l l  be cont inuously  monitored by inspect ion  t o  

assure compliance w i t h  t h e  l a t e s t  design d e f i n i t i o n .  This  mon i to r ing  inc ludes 

t h e  rev iew o f  p rev ious l y  accepted hardware t o  assure t h a t  i t  has n o t  become 

obsolete by  v i r t u e  o f  subsequent design changes. 

3.4 PROCUREMENT SOURCE CONTROL ( Unique' and Non-Unique) 

3.4.1 UNIQUE ITEMS 

Performance/Design requirements o f  unique i tems w i l l  be defined by GE-AEPD 

prepared spec i f i ca t i ons .  Procurement sources w i l l  be evaluated and approved 

p r i o r  t o  issuance o f  t h e  Purchase Order o r  Subcontract. P r i o r  t o  award, 

supp l i e rs  se lec ted  must e i t h e r  have a q u a l i t y  record  o f  supply ing h igh  q u a l i t y  

a r t i c l e s  of t h e  type being purchased, or, i f  no up-to-date q u a l i t y  r a t i n g  i s  

ava i lab le ,  pass a GE survey of t h e  s u p p l i e r s '  f a c i l i t i e s  and q u a l i t y  c o n t r o l  

system. 
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The Qual i t y  Assurance Prov is ions  o f  t h e  Performance/Design spec i f i ca t i ons  w i  11 

be reviewed by t h e  PAE t o  assure t h a t  t h e  q u a l i t y  requirements are  adequately 

covered. The P4E w i l l  a l s o  rev iew t h e  procurement documents (Purchase Order, 

Subcontract, Work Statement, as app l icab le)  t o  insure  t h a t  design and t e s t  

requirements, Qual i ty  Assurance prov is ions,  raw mater i  a1 cont ro ls ,  i d e n t i f  i ca -  

t i o n ,  p reserva t ion  and packaging, c lean l iness  and contaminat ion c r i t e r i a ,  data 

requirements, etc., a re  specif ied. 

De ta i l ed  inspect ion  and t e s t  p lans cover ing inspect ions and t e s t s  t o  be 

performed b y  the  supp l i e r  w i l l  be generated by  t h e  supp l i e r  and reviewed and 

approved by t h e  GE-PAE p r i o r  t o  t h e i r  implementation. These w i l l  de l ineate  

s p e c i f i c  parameters t o  be inspected o r  tested,  data t o  be recorded and 

s p e c i f i c  accept / re jec t  c r i t e r i a  f o r  parameters checked. The PAE o r  h i s  

designated representa t ive  w i l l  v e r i f y  t h e  q u a l i t y  o f  hardware suppl ied through 

pe r iod i c  aud i t s  o f  vendor's system and processes, through source inspect ions 

o f  i tems p r i o r  t o  re lease f o r  shipment and by  wi tnessing o r  mon i to r ing  

acceptance t e s t s  a t  t h e  vendor's f a c i l i t y .  Discrepancies, t e s t  f a i l u r e s  and 

non-conformances w i l l  be documented and w i l l  r e q u i r e  GE d i s p o s i t i o n  p r i o r  t o  

hardware acceptance. Documentation w i l l  be included w i t h  hardware shipments 

and w i l l  be maintained by GE as p a r t  o f  t h e  Product Assurance Documentation 

f i l e .  

F igu re  2 shows a  t y p i c a l  f l o w  cha r t  f o r  purchased mater ia ls ,  bo th  unique and 

non-unique. 
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F igure 2. PURCHASED MRTERIAL FLOW CHART (TYPICAL)  
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3.4.2 NON-UNIQUE ITEMS 

Normal ly, non-unique i tems and m a t e r i a l s  w i l l  be procured t o  i ndus t r y ,  

m i l i t a r y ,  o r  c a t a l o g  i t e m  standards. I n  t h e  event  t h a t  Engineer ing and/or 

R e l i a b i l i t y  deems i t  necessary, i n  o rde r  t o  s a t i s f y  program requirements,  

s p e c i f i c a t i o n s  o r  source c o n t r o l  drawings w i l l  be prepared and used as t h e  

b a s i s  f o r  procurement. Th is  w i l l  be done f o r  c r i t i c a l ,  l ong  lead, 

non-standard i tems such as t h e  generator ,  yaw and hub bear ings,  t rans fo rmers ,  

c o n t r o l s ,  e t c .  Product Assurance w i l l  r ev iew a l l  procurement documents and 

i nsu re  i n c o r p o r a t i o n  of t h e  necessary q u a l i t y  requirements i n t o  these  

documents. 

H a t e r i a l  used i n  t h e  f a b r i c a t i o n  o f  non-unique i tems w i l l  n o t  no rma l l y  r e q u i r e  

ana l ys i s  by  t h e  M a t e r i a l  and Process Laboratory ,  un less  s p e c i f i e d  by t h e  

drawing o r  s p e c i f i c a t i o n ;  

3.5 - GOVERNMENT SOURCE INSPECTIONS (Unique and Non-Unique) 

A l l  purchase o rde rs  w i l l  i n c l u d e  a statement t o  t h e  e f f e c t  t h a t  t h e  government 

reserves t h e  r i g h t  t o  i nspec t  a l l  m a t e r i a l s  a t  t h e  s u p p l i e r ' s  p l a n t .  

3.6 GOVERNMENT FURNISHED PROPERTY (Unique and Non-Unique) 

Government fu rn ished  p r o p e r t y  w i l l  be c o n t r o l l e d  and s t o r e d  under s u i t a b l e  

c o n d i t i o n s  t o  p r o t e c t  i t  from l o s s  o r  damage. Any damage t o  governmerlt 

p r o p e r t y  w i l l  be r epo r t ed  t o  NASA-LeRC and t h e  cause and e x t e n t  o f  damage w i l l  

be  i nves t i ga ted .  : 
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3.7 MATERIAL IDENTIFICATION, HANDLING AND STORAGE (Unique and Non-Unique) 

3.7.1 MATERIAL IDENTIFICATION 

A l l  m a t e r i a l s  i n c l u d i n g  c r i t i c a l  h i g h  cos t ,  l o n g  l ead  un ique i tems such as the  

yaw bear ing ,  blades, gearbox, e t c .  w i l l  be i d e n t i f i e d  accord ing  t o  t h e i r  

r e s p e c t i v e  eng ineer ing  d e f i n i t i o n s .  I d e n t i f i c a t i o n  w i l l  be on t h e  m a t e r i a l  

and/or documentat ion t h a t  i s  t r a c e a b l e  t o  t h e  m a t e r i a l .  M a t e r i a l  w i l l  be  

f u r t h e r  i d e n t i f i e d  by s e r i a l  o r  l o t  numbers when p r a c t i c a l .  Upon complet ion 

o f  i n s p e c t i o n  and/or t e s t ,  t h e  m a t e r i a l  w i l l  be i d e n t i f i e d  as "accepted" o r  

" r e j e c t e d "  b y  stamping t h e  i t e m  and/or i t s  assoc ia ted  documentation. 

3.7.2 HANDLING AND STORAGE 

Standard procedures now i n  e f f e c t  w i l l  be used, as app l i cab le ,  on t h e  MOD-5A 

WTG program. Procedures f o r  t h e  c o n t r o l s  imposed on s torage,  hand1 i ng  , 

p r e s e r v a t i o n  and sh ipp ing  w i l l  be pa t t e rned  a f t e r  e x i s t i n g  procedures. 

Any a d d i t i o n a l  procedures o r  d e v i a t i o n s  f r om e x i s t i n g  procedures w 1 be 

rev iewed b y  t h e  PAE p r i o r  t o  t h e i r  implementat ion.  

3.8 RAW MATERIALS CONTROL (Unique) 

3.8.1 RAW MATERIAL FOR UNIQUE HARDWARE 

M a t e r i a l  used i n  t h e  f a b r i c a t i o n  o f  t h e  WTG Unique Hardware w i l l  be i d e n t i f i e d  
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by  type,  l o t  number, h e a t  number, o r  s e r i a l  numbers as appropr ia te ,  and as 

s p e c i f i e d  i n  drawings, s p e c i f i c a t i o n s  and procurement documents. 

3.8.2 CYEMICAL/PHYSICAL TEST DATA 

Chemical /Physical  Test  Data supp l i ed  by acc red i t ed  s u p p l i e r s  w i l l  be used 

no rma l l y  t o  c e r t i f y  m a t e r i a l  p r o p e r t i e s .  Chemica l lPhys ica l  t e s t s  on m a t e r i a l s  

 ill be conducted i n t e r n a l l y  o r  by  independent l a b o r a t o r i e s  when s p e c i f i c a l l y  

r e q u i r e d  b y  drawings o r  s p e c i f i c a t i o n s .  

3.9 INSPECTION AND TEST (Unique) 

3.9.1 INSPECTION OF UNIQUE HARDWARE 

I n s p e c t i o n  o f  unique hardware w i l l  be t o  requirements o f  eng ineer ing  

s p e c i f i c a t i o n s  and drawings as d e t a i l e d  i n  w r i t t e n  i n s p e c t i o n  p lann ing .  

The PAE, t oge the r  w i t h  t h e  r espons ib l e  Design Engineer, w i l l  determine t ne  

necessary i nspec t i ons  t o  assure t h a t  a l l  a r t i c l e s  meet t h e  requi rements  

s p e c i f i e d  i n  t h e  drawings and s p e c i f i c a t i o n s .  

The requi rements  f o r  i n spec t i ons  w i l l  be s p e c i f i e d  i n  a l l  procurement 

documents, as w i l l  t h e  documentation r e q u i r e d  t o  prove success fu l  complet ion 

o f  these  inspec t ions .  

C r i t i c a l  h i g h  cos t ,  l ong  l ead  i tems such as t h e  gearbox, generator,  yaw 
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bear ings,  main r o t o r  bear ing,  e t c .  w i l l  have c r i t i c a l  i n spec t i ons  wi tnessed 

and v e r i f i e d  a t  t h e  s u p p l i e r s  p l a n t ,  as d i r e c t e d  by t h e  PAE and s p e c i f i e d  i n  

t h e  procurement documents. 

The PAE w i l l  be r espons ib l e  f o r  v e r i f y i n g  t h e  complet ion o f  f a b r i c a t i o n  and 

p rocess ing  opera t ions ,  and t h e  accuracy and completeness o f  r e q u i r e d  

documentat ion b y  r ev i ew  o f  i n s p e c t i o n  records.  

3.9.2 INSPECTION OF NON-UNIQUE HARDWARE 

The m a j o r i t y  o f  non-unique procured i tems w i l l  be s tandard commercial o r  

i n d u s t r i a l  hardware and c a t a l o g  i tems. Unless s p e c i f i e d  o therw ise  i n  

s p e c i f i c a t i o n s  o r  drawings t h e  procurement documents w i l l  n o t  s p e c i f y  any 

i nspec t i ons  o r  t e s t  by t h e  s u p p l i e r  o t h e r  than  h i s  s tandard f a c t o r y  

i n s p e c t i o n s  and t e s t s .  GE r e c e i v i n g  i n s p e c t i o n  w i l l  i nspec t  f o r  completeness 

o f  t h e  o rder ,  s $ i p p i n g  damage, conformance t o  c a t a l o g  requi rements  and 

s p e c i f i e d  documentation. 

Non-Unique a r t i c l e s  f a b r i c a t e d  and assembled a t  GE w i  11 be inspected t o  

w r i t t e n  p l ann ing  i n t e g r a t e d  w i t h  manufactur ing p lanning.  C h a r a c t e r i s t i c s  

des igna ted  f o r  r e c o r d i n g  as v a r i a b l e s  da ta  w i l l  be de f i ned  i n  t h e  p lanning.  

I n  a d d i t i o n ,  any requi rements  f o r  s p e c i a l  t o o l s ,  gages o r  f i x t u r e s  w i l l  be  

determined and s p e c i f i e d .  A t y p i c a l  f l o w  o f  documentation and events i n  

f a b r i c a t i o n  and assembly i s  shown i n  F i gu re  3. 
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3.9.3 SYSTEMS TESTS 

Systems tests wi 1 1  be performed in accordance with written Standing 

Instructions. Product Assurance will monitor the tests and will be an 

integral part of the Test Readiness Review Team. The Test Readiness Review 

Team consisting of personnel from Engineering, Product Assurance and Test have 

the responsibility for reviewing procedures, facility, personnel requirements, 

availabi 1 i ty of safety requirements and procedures, and avai labil ity and 

operability of equipment prior to initiation of test. 

Systems test dill include the calibration and check out of the complete 

instrumentation link. Sensors, corresponding indicators, and their associated 

signal sources or power supplies will be checked out and calibrated. Periodic 

recalibration requirements will be imposed on those individual items where it 

is feasible and deemed to be beneficial. Ordinary commercial panel meters and 

quick-look, non-critical gauges will not be subjected to periodic calibration. 
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3.10 PROCESS CONTROL (Unique) 

Spec ia l  Processes, m e t a l l u r g i c a l ,  chemical  and phys i ca l  t e s t s  performed a t  GE 

and subcon t rac to rs  w i l l  be performed t o  w r i t t e n  procedures by  q u a l i f i e d  

opera to rs .  General E l e c t r i c  operates a "Process Readiness" and "Operator 

C e r t i f i c a t i o n "  program t o  i n s u r e  t h e  process i s  f u l l y  proven and t h a t  

opera to rs  a re  a p p r o p r i a t e l y  qual  i f  i e d  p r i o r  t o  appl  i c a t i o n  o f  t h e  process t o  

d e l i v e r a b l e  equipment. 

General E l e c t r i c  w i l l  i n s u r e  t h a t  procured p a r t s  a re  processed us i ng  developed 

processes and s k i l l e d  opera to rs .  E x i s t i n g  QAP1s e s t a b l i s h  procedures f o r  

spec i f y ing ,  r ev i ew ing  and approv ing suppl i e r  spec ia l  processes 

c e r t i f i c a t i o n s .  C r i t i c a l  processes be ing  performed a t  a s u p p l i e r s  f a c i l i t y  

w i l l  be moni tored by  General E l e c t r i c  personnel  as deemed necessary by t h e  PAE 

i n  c o o r d i n a t i o n  $w i th  t h e  r espons ib l e  Design Engineer. 

The work statement,  s p e c i f i c a t i o n ,  o r  purchase o rder  w i l l  s p e c i f y  t h e  

docurnentat i o n  and c o n t r o l s  necessary t o  i nsu re  s a t i s f a c t o r y  evidence o f  t h e  

end i tem qual  i t y .  
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3.11 NON-CONFORMING ARTICLES (Unique and Non-Uniqu?) 

3.11.1 GENERAL 

Any d e l i v e r a b l e  m a t e r i a l ,  p a r t ,  o r  assembly i n  which one o r  more charac te r -  

i s t i c s  do n o t  conform t o  t h e  requi rements  s p e c i f i e d  i n  t h e  con t rac t ,  

s p e c i f i c a t i o n ,  drawing o r  o the r  a p p l i c a b l e  document s h a l l  be des ignated as 

non-conforming m a t e r i a l .  A l l  non-conformances, w i t h  t h e  excep t ion  o f  

subcon t rac to r  o r  vendor supp l i ed  m a t e r i a l ,  w i l l  be i n i t i a l l y  documented on a 

d e f e c t  r e p o r t  (DR) ( F i g u r e  4) .  Subcont ractor /suppl  i e r  suppl i e d  m a t e r i a l  w i  1 1 

be documented on a Non-Conformance Report  o n l y  (F i gu re  5 ) .  

A l l  non-conforining m a t e r i a l  w i l l  be i d e n t i f i e d  and c o n t r o l l e d  u n t i l  d i s p o s i -  

t i o n  i s  made and c o r r e c t i v e  a c t i o n  taken. The system i s  i l l u s t r a t e d  i n  

F i gu re  6. D i s p o s i t i o n  o f  non-conformances s h a l l  be based on e n g i n e e r i i g  

assessments o f  t h e  a b i l i t y  o f  t h e  non-conforming i t e m  t o  per fo rm i t s  in tended 

f u n c t i o n .  

3.11.2 MATERIAL REVIEW 

An i n i t i a l  rev iew o f  t h e  non-conforming m a t e r i a l  (DR) w i l l  be made by  t he  

respons ib l e  Product  Assurance Engineer and Design Engineer and c l a s s i f i e d  i n t o  

two  ca tego r i es .  The f i r s t  i s  m a t e r i a l  t h a t  can be reworked t o  conform t o  t h e  

a p p l i c a b l e  d raw ing  o r  s p e c i f i c a t i o n  requirements.  D i s p o s i t i o n  o f  m a t e r i a l  i n  
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t h i s  ca tego ry  w i l l  be made on t h e  " f i o o r "  b y  t h e  Q u a l i t y  Con t ro l  & Design 

Engineers. 

The second ca tegory  i s  m a t e r i a l  t h a t  cannot be "reworked" o r  completed t o  

confsrm t o  t h e  appl  i c a b l  e requirements.  A Non-conformance r e p o r t  ( F i g u r e  5 )  

w i l l  be prepared f o r  t h i s  category,  and t h e  m a t e r i a l  and r e p o r t  forwarded f o r  

M a t e r i a l  Review Board (MRB) ac t i on .  

3.11.2.1 Reworkable M a t e r i a l  

When i n s p e c t i o n  r evea l s  a non-conformance t h a t  can be co r rec ted  through 

"rework" o r  "complet ion"  o f  t h e  m a t e r i a l ,  t h e  m a t e r i a l  s h a l l  be i d e n t i f i e d  t o  

i n d i c a t e  i t s  non-conformance, Upon c o r r e c t i o n  o f  t h e  non-conformance, t h e  

m a t e r i a l  s h a l l  be resubmi t ted  f o r  inspec t ion .  

3..!1.2.2 Non-reworkable M a t e r i a l  

Non-reworkable m a t e r i a l  s h a l l  be i d e n t i f i e d  as non-conforming and p laced i n  a 

c o n t r o l l e d  area which segregates i t  f r o m  o t h e r  m a t e r i a l .  A non-conformance 

r e p o r t  s h a l l  be  submi t ted  t o  t h e  "Ma te r i a l  Review Board" (MRB) f o r  rev iew and 

d i s p o s i t i o n .  
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The m a t e r i a l  u i l l  t hen  be processed i n  accordance w i t h  t h e  MRB d i s p o s i t i o n  and 

i d e n t i f i e d  accord ing ly .  D i s p o s i t i o n  may be e i t h e r  "use as i s u ,  r e t u r n  t o  

vendor, scrap o r  r e p a i r .  I f  r e p a i r  i s  i nd i ca ted ,  t h e  r e p a i r  and i n s p e c t i o n  

procedures s h a l l  be approved by  t h e  MRB p r i o r  t o  implementat ion.  Records of 

a l l  non-conformances, t h e i r  d i s p o s i t i o n ,  and c o r r e c t i v e  a c t i o n  taken s h a l l  be 

mainta ined.  

3.11.3 MATERIAL REVIEW BOARD (MRB) 

The M a t e r i a l  Review Board s h a l l  c o n s i s t  o f  one rep resen ta t i ve  f r om  GE Design 

Engineer ing,  and one r e p r e s e n t a t i v e  f r om  Q u a l i t y  Con t ro l  Engineer ing (who w i l l  

serve as MRB Chairman). The Review Board s h a l l  convene t o  rev iew and make 

d i s p o s i t i o n  o f  non-conforming m a t e r i a l .  The d i s p o s i t i o n  s h a l l  be by mutual 

agreement based on t h e  a S i l  i t y  o f  t h e  hardware t o  per form i t s  in tended 

f u n c t i o n .  Tne r e s p o n s i b i l i t y  f o r  a u t h o r i z i n g  subcon t rac to r  and s u p p l i e r  M K 6  

a c t i o n  s h a l l  l i e  w i t h  GE. MRB a u t h o r i t y  w i l l  no t  be de legated t o  

subcontractor/suppliers. 

3.11.4 NASA NOTIFICATION AND/OR PARTICIPATION I N  MRB 

On any non-conformances t h a t  may adverse ly  a f f e c t  sa fe ty ,  r e1  i abi  1  i t y  , 

d u r a b i l i t y ,  performance, i n t e r c h a n g e a b i l i t y ,  o r  t h e  bas i c  o b j e c t i v e s  o f  t h e  

c o n t r a c t ,  one copy o f  t h e  "NR"  and t h e  Review Board d i s p o s i t i o n  s h a l l  be 

submi t ted  t o  t h e  NASA/LeRC P r o j e c t  Manager f o r  h i s  approval  w i t h i n  f i v e  ( 5 )  

work ing days a f t e r  t h e  dec is ion .  General E l e c t r i c  w i l l  be n o t i f i e d  i n  w r i t i n g  
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of any NASA/LeRC d isapprova ls .  T h i s  n o t i f i c a t i o n  w i l l  be made w i t h i n  f i v e  ( 5 )  

work ing days a f t e r  NASA/LeRC r e c e i p t  o f  t h e  "NR". As d e l i n e a t e d  i n  t h i s  

Q u a l i t y  P lan,  a p p l i c a b l e  p o r t i o n s  o f  t h e  e x i s t i n g  QAP's w i l l  be used. 

3.11.5 LOG BOOK 

One copy o f  each "DR", "NR" and o t h e r  Review Board documentation s h a l l  be 

ma in ta ined  b y  Q u a l i t y  Con t ro l  f o r  i n c l u s i o n  i n  t h e  Equipment Log. 

3.12 -- INSPECTION, MEASURING, AND TEST EQUIPlllENT COilTROL (Unique and Non-Unique) 

3.12.1 GENERAL 

Con t ro l  o f  gages, standards,  measuring equipment, and t e s t  equipment s h a l l  be 

i n  accordance w i t h  e x i s t i n g  procedures.  

3.12.2 CALIBRATION 

A l l  i n spec t i on ,  measuring, and t e s t  equipment i s  p e r i o d i c a l l y  c a l i b r a t e d  

aga ins t  s tandards t h a t  a re  t r a c e a ~ l e  t o  t h e  Na t i ona l  Bureau o f  Standards 

(NBS). Records a re  mainta ined i n  t h e  f o rm  o f  punched c a r d  l i s t i n g s  and a l l  

equipment bears  a c a l i b r a t i o n  s t i c k e r  which i n d i c a t e s  t h e  da te  when 

c a l i b r a t i o n  was l a s t  performed, when nex t  c a l i b r a t i o n  i s  due, and t h e  

I n v e n t o r y  Con t ro l  Number o f  t h e  equipment. I n  a d d i t i o n  t o  i n t e r n a l  c o n t r o l s  

on c a l i o r a t i o n  o f  equipment and ins t rumenta t ion ,  these  requi rements  w i l l  be 

imposed on subcon t rac to rs  and o u t s i d e  supp l i e r s .  A l l  i n s p e c t i o n  equipment and 
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t e s t  i n s t r umen ta t i on  w i l l  r e q u i r e  p e r i o d i c  c a l i b r a t i o n  t o  standards t r aceab le  

t o  t h e  NBS. Data compi led w i t h  o the r  than  c u r r e n t l y  c a l i b r a t e d  equipment o r  

i ns t r umen ta t i on  w i l l  n o t  be cons idered acceptable.  Ord inary  commercial o r  

i n d s s t r i a l  grade ins t ruments  such as pressure gages, panel  meters ( v o l t s ,  

amps, e tc .  ) ,  thermometers and t h e  1 i ke ,  no rma l l y  used as f u n c t i o n a l  i n d i c a t o r s  

on ly ,  w i l l  n o t  be sub jec ted  t o  p e r i o d i c  c a l i b r a t i o n .  These i tems w i l l  be 

f u n c t i o n a l l y  checked as p a r t  o f  t h e  hardware and system check-out. 

3.12.3 CALIBRATION FACILITIES AND STANDARDS 

The GE C a l i b r a t i o n  Laboratory  has s tandard i n d u s t r i a l  a i r  c o n d i t i o n i n g  f o r  

c o n t r o l  1  i n g  temperature.  The r e l a t i v e  hum id i t y  does no t  exceed 55 percent  and 

dus t  i s  c o n t r o l l e d  by  t h e  use of f i l t e r s  i n  t h e  a i r  supply  and by s e l e c t i v e  

lrse o f  dus t  covers on equipment. W i t h i n  s t a t e - o f - t h e - a r t  l i m i t a t i o n s ,  t h e  

accuracy r a t i o  o f  t h e  c a l i b r a t i n g  s tandard t o  t h e  ins t rument  be ing  c a l i b r a t e d  

w i  11 be mainta ined between 4 and 10 t o  1; t h e  accuracy r a t i o  o f  t h e  c a l i b r a t e d  

equipment w i t h  r espec t  t o  t h e  c h a r a c t e r i s t i c  be ing  measured w i l l  be 10 t o  1  

where poss ib l e .  

3.12.4 EQUIPMENT EVALUATION 

Spec ia l  equipment (e.g. automat ic t e s t  and checkout equipment) s h a l l  be 

eva lua ted  t o  determine i t s  accuracy and t o l e r a n c e  c a p a b i l i t y  t o  p rov i de  t h e  

d e s i r e d  i n d i c a t i o n s  o r  records,  i t s  c o m p a t i b i l i t y  w i t h  t h e  a r t i c l e s  t o  be 
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inspec ted  o r  measured and t h e  co r rec tness  and completeness of  ope ra t i ng  

i n s t r u c t i o n s .  

3.12.5 MAINTENANCE AND CONTROL 

P e r i o d i c  i nspec t i on ,  maintenance and r e c a l  i b r a t i o n  o f  equipment s h a l l  be 

performed a t  s p e c i f i e d  i n t e r v a l s .  The i n t e r v a l s  s h a l l  be predetermined i n  

accordance w i t h  t h e  i n d i v i d u a l  requ i rements  o f  t h e  equipment as determined by: 

a. Frequency o f  use 

b. Required accuracy 

c .  Type o f  equipment 

d. Other c o n d i t i o n s  a f f e c t i n g  i t s  a b i l i t y  t o  measure 

Equipment which proves t o  be f a u l t y  s h a l l  be i d e n t i f i e d  as d e f e c t i v e  and 

removed from s e r v i c e  u n t i l  c o r r e c t i v e  a c t i o n  has been taken. Hardware 

i d e n t i f i e d  as hav ing  been i n s p e c t e d l t e s t e d  us i ng  d i sc repan t  measuring 

equipment w i l l  be  documented on a Defect  Repor t  and w i l l  r e q u i r e  d i s p o s i t i o n  

b y  Produc t  Assurance and Design Engineer ing p r i o r  t o  acceptance f o r  use. 

3.12.6 WRITTEN PROCEDURES 

C a l i b r a t i o n  and maintenance procedures a re  prepared f o r  a l l  t e s t  equipment and 

w i l l  be a v a i l a o l e  f o r  r ev i ew  by  NASAILeRC. 
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3.12.7 RECORDS 

Records w i l l  be ma in ta ined  f o r  a l l  i nspec t ion ,  measuring, and t e s t  equipment, 

i n c i ~ i i n g  such i n f o r m a t i o n  as c u r r e n t  l o c a t i o n  and custod ian,  c a l i b r a t i o n  

s t a tus ,  p r e v e n t i v e  maintenance dates,  e t c .  

3.13 INSPECTION STATUS INDICATION (Uniaue and Non-Uniaue) 

3.13.1 GENERAL 

The General E l e c t r i c  AEPD ma in ta ins  a  system f o r  t h e  use o f  i n s p e c t i o n  stamps 

t o  i n d i c a t e  t h e  i n s p e c t i o n / t e s t  s t a t u s  o f  a l l  hardware. I n  ins tances  where 

hardware cannot be p h y s i c a l l y  stamped, a  stamped i d e n t i f i c a t i o n  c a r d  w i l l  be 

a t tached o r  enclosed i n  t h e  package. I n  a d d i t i o n ,  documentation such a s  

purchase orders ,  t r a v e l  tags,  da ta  sheets, and i nspec t i on  p l ann ing  a re  stamped 

t o  i n d i c a t e  hardware s ta tus .  

3.14 PRESERVATION, PACKAGING AND SHIPPING (Unique and Non-Unique) 

GE-AEPD, subcon t rac to rs  f o r  unique items, and o the r  supp l i e r s ,  when so 

s p e c i f i e d  on purchase o rders  o r  work statements, w i l l  p repare w r i t t e n  

procedures f o r  t h e  p reserva t ion ,  packaging and sh ipp ing  o f  a r t i c l e s  i n  a  

manner t o  p r o v i d e  p r o t e c t i o n  o f  hardware throughout  t h e  l e n g t h  o f  t h e  c o n t r a c t  

and t o  p reven t  damage, loss ,  d e t e r i o r a t i o n ,  degradat ion o r  s u b s t i t u t i o n .  

Other  hardware w i l l  be packaged and shipped i n  accordance w i t h  good commercial 
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p r a c t i c e s .  A l l  r e q u i r e d  s h i p p i n g  and t e c h n i c a l  documents i n c l u d i n g  hand l ing  

i n s t r u c t i o n s ,  o p e r a t i n g  i n s t r u c t i o n s ,  end- i tem r e p o r t s ,  drawings, p a r t s  l i s t s ,  

t e s t  d a t a  and approved wa ivers  w i l l  accompany each shipped i t e m  as a p p l i c a b l e .  

A l l  a r t i c l e s  shipped by  GE w i l l  be inspec ted  p r i o r  t o  shipment t o  assure t h a t  

t h e y  are:  completed u n i t s ;  adequate ly  packed and preserved; p r o p e r l y  

i d e n t i f i e d ;  t h a t  a l l  r e q u i r e d  documentation accompanies t h e  a r t i c l e .  

3.15 --- INSPECTION AND TEST RECORDS (Unique and Non-Unique) 

I n t e g r a t e d  manufac tu r ing  and i n s p e c t i o n  p l ann ing  p rov ides  complete documented 

i n s p e c t i o n  r e s u l t s .  Test  i n s t r u c t i o n s  d e t a i l  t e s t  requ i rements  and da ta  t o  be 

recorded. An] d e v i a t i o n s  o r  anomalies a re  recorded on "DR" sheets and/or 

N2's. A1 1  i n s p e c t i o n  and t e s t  d a t a  w i l l  be made a v a i l a b l e  t o  NASAILeRC upon 

reques t .  

3.16 --- EQUIPMENT LOG (Unique and Non-Unique) 

A separate  l o g  w i l l  be  es tab l i shed  and ma in ta ined  f o r  each WTG as a  means o f  

documenting t h e  con t inuous  manufactur ing,  t e s t  and i n s p e c t i o n  h i s t o r y .  Logs 

w i l l  be i d e n t i f i e d  w i t h  t h e  equipment t o  which t hey  p e r t a i n ,  w i l l  be 

ma in ta ined  i n  ch rono log i ca l  o rde r ,  w i l l  account f o r  a l l  pe r i ods  o f  t ime  o r  any 

movement o f  t h e  i t e m  and w i l l  accompany t h e  item. They w i l l  i n c l ude :  

C e r t i f i c a t i o n  o f  Compliance, Sh ipp ing  Document, L i s t  o f  M a t e r i a l s  (as  b u i l t ) ,  

DR Sheets, NR Reports, Tes t  Data, and S i g n i f i c a n t  Events Log. 
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FAILURE REPOXTING ( u n i q u e )  

Non-conformance Repor t s  w i l l  be  genera ted a t  t h e  f i n a l  per formance t e s t  l e v e l  

o f  ~ n i q u e  i terns, m a j o r  i t e ~ n s  (gearbox,  genera to r ,  b r a k e  h y d r a u l  i c  systems) and 

t h e  WTG b y  System Tes t  Personne l  and w i l l  r e f l e c t  a l l  o u t  o f  s p e c i f i c a t i o n  

t e s t  c o n d i t i o n s  and r e s u l t s .  NASAILeRC w i l l  b e  n o t i f i e d  by l e t t e r  c o n t a i n i n g  

a copy o f  t h e  NR f o r  each f u n c t i o n a l  f a i l u r e .  T h i s  r e p o r t  w i l l  c o n t a i n  t h e  

a n a l y s i s  o f  t i r e  f a i l u r e ,  recommended 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 ~ n  

taken.  

The i n i t i a l  NR w i l l  s t a t e  t h e  symptoms o f  t h e  problem. Subsequent a n a l y s i s ,  

d i s p o s i t i o n ,  and c o r r e c t i v e  a c t i o n  w i l l  be  added a f t e r  t h e  prob lem i s  

i n v e s t i g a t e d  b y  t h e  P roduc t  Assurance Engineer,  Des ign lSystem Engir leer, and 

Program Management where a p p l i c a b l e .  

The r e s p o n s i b l e  Design Eng ineer  w i l l  comple te  t h e  d i a g n o s i s  of  t h e  prob lem and 

i s  r e q u i r e d  t o  i n i t i a t e  c o r r e c t i v e  a c t i o n .  

The NR and a s s o c i a t e d  documentat ion w i l l  b e  made a v a i l a b l e  t o  NASA/LeRC and a 

copy w i l l  accompany t h e  hardware on d e l i v e r y .  

The f a i l u r e s  o c c u r r i n g  d u r i n g  each month s h a l l  De summarized i n  t h e  Month ly  

N a r r a t i v e  S t a t u s  Repor t ,  and t h e  s t a t u s  c''of open NR's f r o m  p r e v i o u s  mon th l y  

r e p o r t s  w i l l  be  updated.  F a i l u r e s  o f  a r e p e t i t i v e  n a t u r e ,  even on m ino r  

non-unique i tems,  w i l l  be i n c l u d e d  i n  t h e  Mon th l y  S t a t u s  Repor t .  
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CLEANLINESS CONTROL -- 

General Electric maintains cleanliness controls on manufacturing areas, test 

areas, inspection and storage areas. It is anticipated that the majority of 

Wind Turbire manufacturing assembly and test will be conducted in "standard" 

areas. "Standard" areas are defined as those areas subject to routine 

cleanliness/housekeeping requirements only, and include the following specific 

requirements: 

0 Tnere shall be - no eating, drinking of beverages, or smoking in the 
areas. 

o Hardware not in the fabrication cycle must be adequately protected 
against dirt or contamination. 

o Good housekeeping practices shall be followed and shall include, but 
not be limited to, the following: 

- Floors, storage racks, test equipment, work benches, lockers, and 
casinet tops shall be dusted regularly; suitable containers shall 
be provided for refuse which is generated during processing 
operations. Work area and benches shall be cleaned upon completion 
of work performed. 

3.19 RADIOGRAPHIC INSPECTION (Unique) - 

Unique and Non-unique items, will be subjected to radiographic inspection in 

accordance with the requirements specified in test/inspection procedures and 

as determined by Design Engineering and Reliability Engineering. Inspection 

records will be maintained at GE-AEPD and/or its subcontractors. Records 

shall be available for review by NASA-LeRC at the specific maintenance sight. 
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3 . 2 0  PRODUCTION INSPECTION FLOW DIAGRAM 

A p r e l  im ina ry  product  i o n  f l o w  diagram i n d i c a t i n g  inspec t  i o n  p o i n t s  i n  t he  

c y c i e  i s  i n c l u d e d  i n  F i g u r e  7. As des ign progresses and d e t a i l s  become 

a v a i l a b l e ,  t h e  diagram can be updated t o  i n d i c a t e  i nspec t i on  and t e s t  p o i n t s  

i n  g r e a t e r  d e t a i l .  
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I 
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ASSEMILY 

I 

INTEGRATION AND 
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SECTION 1.0 

SCOPE 

T h i s  p l a n  de f i nes  t h e  requi rements  t o  be implemented t o  i n s u r e  product  and 

personnel  s a f e t y  d u r i n g  a1 1 phases o f  t h e  MOD-5A WTG Program. It a p p l i e s  t o  

design, development, p roduc t ion ,  f a c t o r y  t e s t  and eva lua t i on  and t o  t h e  

assembly, ope ra t i on  and suppor t  a t  t h e  WTG s i t e  l o c a t i o n .  

By agreement w i t h  t h e  General E l e c t r i c  Space D i v i s i o n ,  GE, AEPD w i l l  use t h e  

GE, V a l l e y  Forge Space Center Sa fe t y  Manual. Th i s  document i s  re fe renced  i n  

t h i s  p l  an and cop ies  o f  g e r t i  nent  i n s t r u c t  i ons  and/or procedures a re  inc luded  

i n  t h e  Appendix. 
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SECTION 2.0 

PURPOSE 

The purpose o f  :his p l a n  i s  t o  i n s u r e  t h a t :  

a. Sa fe ty  c o n s i s t e n t  w i t h  t h e  program o b j e c t i v e s  i s  designed i n t o  t h e  WTG 
system. 

b. P o t e n t i a l  hazards i nhe ren t  i n  t h e  system are  i d e n t i f i e d  and eva luated 
and t h a t  a c t i o n  r e q u i r e d  t o  e l i m i n a t e  o r  c o n t r o l  them w i t h i n  
acceptab le  l i m i t s  i s  taken. 

c .  Proven designs and m a t e r i a l s  a re  used where f e a s i b l e  and new designs 
and m a t e r i a l s  a re  f u l l y  eva lua ted  t o  min imize r i s k s .  

d. Changes o r  m o d i f i c a t i o n s  t o  t h e  system do n o t  compromise t h e  l e v e l  o f  
s a f e t y  i nhe ren t  i n  t h e  system. 

e. Product ion,  assembly and t e s t  methods, equipment and f a c i l i t i e s  w i l l  
n o t  degrade t h e  l e v e l  o f  s a f e t y  designed i n t o  t h e  system. 
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SECTION 3.0 

POLICY 

I t  i s  t h e  p o l i c y  o f  t h e  WTG Program t o  p rov i de  t h e  equipment and environment 

t h a t  p rov i des  maximum s a f e t y  f o r  personnel  and equipment d u r i n g  a l l  ope ra t i ons  

and a p p l i c a t i o n s ,  and t o  t ake  a l l  r equ i r ed  measures t o  e l im ina te ,  w i t h i n  t h e  

l i m i t s  o f  c o n t r o l l a b l e  hazards, t h e  r i s k  o f  i n j u r y  o r  damage t o  personnel  o r  

equipment d u r i n g  a l l  phases o f  t h e  WTG Program. 

F u l l  adherence t o  GE Corporate  and Space D i v i s i o n  P o l i c i e s  on Sa fe ty ,  

a p p l i c a b l e  i n d u s t r y  standards, f e d e r a l  and l o c a l  r e g u l a t o r y  requirements,  

t echno log i ca l  developments, and c o n t r a c t u a l  requ i rements  s h a l l  be ma in ta ined  

a t  a l l  t imes. 
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SECTION 4.0 

APPLICABLE DOCUMENTS 

4.1 GENERAL ELECTRIC DOCUMENTS 

1. Generai  E l e c t r i c  Corpo ra te  E x e c u t i v e  O f f i c e  - O r g a n i z a t i o n  and P o l  i c y  
Guide 20.12 - Produc t  Safety.  

2. General  E l e c t r i c  Corpo ra te  E x e c u t i v e  O f f  i c e  - O r g a n i z a t i o n  and P o l  i c y  
Guide 20.14 - Employee H e a l t h  and S a f e t y .  

3. General  E l e c t r i c  V a l l e y  Forge Space Center  S a f e t y  Manual. 

4. General E l e c t r i c  Space D i v i s i o n  P o l i c y  7.1 - Employee H e a l t h  and 
S a f e t y .  

4.2 OTHER DOCUMENTS 

1. Occupa t iona l  S a f e t y  and H e a l t h  A c t  o f  1970. 

2. (TBD) S t a t e  Sa fe ty  Code. 

3. NASA PR 1.5204 ( d ) .  

4. Code o f  F e d e r a l  Regu la t i ons ,  T i t l e  29, P a r t s  1910 and 1926. 
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SECTION 5.0 

RESPONSIBILITIES 

5.1 MANAGER - MOD-SA WTG PROGRAM 

The Manager o f  t h e  MOD-5A WTG Program has o v e r a l l  r e s p o n s i b i l i t y  f o r  t h e  

s a f e t y  and performance of t h e  MOD-5A WTG Program. He w i l l  d e f i n e  t h e  t o p  

l e v e l  o r g a n i z a t i o n  r o l e s  and r e s p o n s i b i l i t i e s ,  l i n e s  o f  a u t h o r i t y  and 

1 i m i t a t i o n s  as i t  appl  i e s  t o  program/product s a f e t y  and w i l l  a1 so p a r t i c i p a t e  

i n . S a f e t y  Review Board Meet ings and a l l  Design Reviews. 

5.2 MANAGER - MOD-5A WTG SYSTEMS ENGINEERING 

The Manager o f  MOD-5A WTG Systems Engineer ing i s  r espons ib l e  f o r  assur ing  t h a t  

t h e  WTG System Requirements m in im ize  t h e  p o s s i b i l i t y  t h a t  a f a i l u r e  o r  

m a l f u n c t i o n  w i l l  c r e a t e  a hazardous o r  ca tas t r oph i c  c o n d i t i o n  t h a t  can a f f ec t  

personnel  o r  WTG equipment sa fe t y .  He i s  a l s o  r espons ib l e  f o r  des ign ing  a 

system concept t h a t  p rov ides  f o r  adequate personnel  and equipment p r o t e c t i o n  

th roughou t  t h e  t e s t  and o p e r a t i o n a l  phases o f  t h e  Program. I n  add i t i on ,  he 

w i l l  p a r t i c i p a t e  i n  a l l  Design Reviews. 

5.3 MANAGER - MOD-5A DESIGN ENGINEERING 

The manager o f  MOD-5A WTG Design Eng ineer ing  i s  r espons ib l e  f o r  assur ing  t h a t  

t h e  des igns  f o r  t h e  i n d i v i d u a l  subsystems, subassemblies and components a r e  
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c o 6 a t i b l e  w i t h  t h e  o v e r a l l  system concept and t h a t  r i s k  t h a t  t h e  f a i l u r e  of 

any o f  these s u b t i e r  components w i l l  j eopard ize  t h e  o v e r a l l  system o b j e c t i v e s  

will be below acceptab le  l e v e l s .  I n  a d d i t i o n  t o  t h e  above, he w i l l  

p a r t i c i p a t e  i n  Sa fe t y  Review Board Meetings and a l l  Design Reviews. 

5.4 MANAGER - MOD-5A WTG HARDWARE INTEGRATION 

The manager of MOD-5A WTG Hardware I n t e g r a t i o n  i s  respons ib le  f o r  t h e  

manufac tu r ing  and assembly aspects o f  t h e  program, f o r  q u a l i t y  assurance, 

r e l i a b i l i t y  and FMEA, and f o r  systems i n t e g r a t i o n ,  i n s t a l l a t i o n  and t e s t .  H i s  

f u n c t i o n  i s  t o  i n s u r e  t h a t  t h e  s a f e t y  l e v e l  designed i n t o  t h e  system i s  n o t  

compromised d u r i n g  t h e  p roduc t i on  and t e s t  stages o f  t h e  program. I n  a d d i t i o n  

t o  t h e  above, he w i l l :  

o  Serve on t h e  Sa fe ty  Review Board 

o P a r t i c i p a t e  i n  Design Reviews 

o Coord inate assembiy and t e s t  f a c i l i t y  requirements 

o Prov ide  f o r  assembly and t e s t  personnel  t r a i n i n g  

5.5 PRODUCT AND SAFETY ASSURANCE ENGINEER - MOD-5A WTG PROGRAM 

The Product  and Sa fe t y  Assurance Engineer assigned t o  t h e  MOD-5A program i s  

r espons ib l e  f o r  i n s u r i n g  t h a t  t h e  d e t a i l e d  requi rements  s p e c i f i e d  i n  t h e  

MOD-5A Sa fe t y  P lan  a re  impiernented and adhered t o  by  t h e  respons ib l e  program 

personnel .  He w i l l  i n t e r f a c e  w i t h  t h e  managers o f  t h e  va r i ous  MOD-5A WTG 
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opera t ions  and w i t h  t h e  Space D i v i s i o n  Manager o f  I n d u s t r i a l  Sa fe t y  and 

Hygiene on a l l  ma t t e r s  r e l a t i n g  t o  system and personnel sa fe t y .  I n  a d d i t i o n  

t o  t h e  above, he w i  11 : 

o Serve on t h e  Sa fe t y  Review Board 

o P a r t i c i p a t e  i n  Design Reviews 

o Prepare f a c i l i t y  s a f e t y  checko f f  l i s t  

o Ac t  as t h e  Sa fe t y  Mon i t o r  d u r i n g  a l l  phases o f  assembly, checkout and 

t e s t .  

MANAGER - MOD-5A WTG SUBCONTRACTS AND PROCUREMENT 

The Manager o f  t h e  MOD-5A WTG Subcontracts i s  r espons ib l e  t o  i nsu re  t h a t  

s a f e t y  requi rements  a re  imposed on each major  subcon t rac to r  through t h e  

subcon t rac t  SOW. Each major  subcon t rac to r  i s  t o  prepare a  sa fe ty  p l a n  f o r  

r ev i ew  and approva l  b y  t h e  GE MOD-5A Product  and Sa fe t y  Assurance Engineer.  

Th i s  sa fe t y  p l a n  w i l l  i d e n t i f y  each f e a t u r e  o f  t h e  des ign  which cou ld  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 l u r e s  and w i l l  o u t l i n e  t h e  procedures 

t o  be f o l l o w e d  t o  e l i m i n a t e  these  c o n d i t i o n s  o r  t o  reduce them t o  a  l e v e l  

acceptab le  t o  GE and t h e  customer. 

5.7 MOD-5A WTG TEST CONDUCTOR/TEST FOREMAN 

Du r i ng  f a c t o r y  t e s t ,  a  Test Conductor/Test Foreman w i l l  be i n  charge o f  

t e s t i n g .  i ie i s  r espons ib l e  f o r  assur ing  t h a t  procedures a re  f o l l owed  and 
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s a f e t y  requi rements  a r e  adhered to .  The Test Conductor s h a l l  have t h e  

a u t h o r i t y  t o  approve procedure v a r i s t i o n s  f o r  t r oub leshoo t i ng  and t e s t  

expediency. A l !  v a r i a t i o n s  w i l l  be recorded on t h e  Procedure V a r i a t i o n  Sheet 

and approved b y  t h e  Test Conductor and t h e  Product and Sa fe t y  Assurance 

Engineer. 

5.8 MOD-5A GE-AEPD SITE MANAGER 

The GE-AEPD S i t e  Manager has o v e r a l l  r e s p o n s i b i l i t y  f o r  s a f e t y  d u r i n g  

cons t ruc t i on ,  e r e c t i o n  and checkout a t  t h e  WTG s i t e .  He w i l l  i n su re  t h a t  

p o t e n t i  a1 hazards have been i d e n t i f i e d ,  t h a t  procedures t o  prevent  i n j u r y  t o  

personnel  o r  damage t o  equipment have been   re pared and t h a t  these procedures 

a r e  fo l l owed.  He wjl! v e r i f y  t h a t  s i t e  subcon t rac to rs  a re  i n  f u l l  compliance 

w i t h  l o c a l ,  s t a t e  and federa l  s a f e t y  r e g u l a t i o n s  and w i l l  a l s o  serve as a 

member o f  t h e  s i t e  Sa fe t y  Review Board. 

5.9 MOD-5A SUBCONTRACTOR SITE MANAGER 

The Subcont ractor  S i t e  Manager i s  respons ib le  f o r  i n s u r i n g  t h a t  a l l  work 

performed by the subcon t rac to r  comp!ies w i t h  l o c a l ,  s t a t e  and f ede ra l  

r e g u l a t i o n s .  He s h a l l  prepare s a f e t y  procedures f o r  rev iew by  t h e  GE-AEPD 

S i t e  Manager. He i s  r espons ib l e  f o r  o b t a i n i n g  a l l  pe rmi ts ,  l i c e n s i n g  and/or 

c e r t i f i c a t i o n s  r e q u i r e d  by  l o c a l ,  s t a t e  o r  f e d e r a l  r e g u l a t i o n s  and w i l l  serve 

as a  member o f  t h e  s i t e  Sa fe t y  Review Board. 
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5.10 MOD-5A WTG SAFETY REVIEW BOARD 

The MOD-5A Sa fe t y  Review Board i s  r espons ib l e  f o r  i n s u r i n g  t h a t  s p e c i f i e d  

s a f e t y  requi rements  o r  procedures have been implemented i n  each phase of  t h e  

program p r i o r  t o  t h e  commencement o f  any opera t ions  i n v o l v i n g  hardware i n  t h a t  

phase. The Board 's  approval  o f  procedures, equipment, f a c i l i t i e s  and t h e  

1  eve1 o f  personnel  t r a i n i n g  and competence i s  r e q u i r e d  be fo re  any opera t ions  

may proceed. 

The MOD-5A Sa fe t y  Review Board s h a l l  c o n s i s t  o f  t h e  f o l l ow ing :  

1  MOD-5A Product  and Sa fe t y  Assurance Ensineer - Chairman. 

2. Manager - MOD-5A WTG Design Engineer ing.  

3.  Manager - MOD-5~ WTG Hardware I n t e g r a t i o n .  

4. Manager - MOD-5A WTG Program. 

5.11 DELEGATION OF RESPONSIBILITY 

Each o f  t h e  above managers has t h e  a u t h o r i t y  t o  de lega te  p o r t i o n s  of h i s  

r e s p o n s i b i l i t y  t o  i n d i v i d u a l s  w i t h i n  h i s  opera t ion .  The u l t i m a t e  

r e s p o n s i b i l i t y ,  however, f o r  a l l  aspects o f  s a f e t y  w i t h i n  h i s  ope ra t i ona l  

j u r i s d i c t i o n  remains w i t h  t h e  i n d i v i d u a l  ope ra t i on  manager. 
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SECTION 6.0 

DESIGN AND DEVELOPMENT 

WTG equipment and personnel  s a f e t y  has i t s  founda t ion  i n  t h e  design o f  t h e  

product .  The dTG w i l l  be designed t o  min imize t h e  p r o b a b i l i t y  t h a t  a f a i l u r e  

w i l l  c r ea te  a hazardous o r  ca tas t r oph i c  c o n d i t i o n  t h a t  can a f f e c t  WTG 

equipment o r  personnel  safety.  

6.1 PROGRAlvl CONTROLS 

The d i s c i p l i n e s  and program c o n t r o l s  which w i l l  be app l i ed  d u r i n g  t h e  des ign 

and development phases o f  t h e  Program t o  i n s u r e  product  and personnel  s a f e t y  

i nc l ude :  

6.1.1 FMEA 

An FMEA w i l l  be completed d u r i n g  t h e  P r e l i m i n a r y  Design Phase which w i l l  

i d e n t i f y  p o t e n t i a l  hazards i nhe ren t  i n  t h e  design. Hazards w i l l  be eva luated 

and t h e  necessary s teps taken t o  e l i m i n a t e  them o r  t o  reduce them t o  an 

acceptab le  l e v e l .  The FMEA w i l l  be updated d u r i n g  t h e  F i n a l  Design Phase t o  

assess t h e  e f f e c t s  o f  design changes o r  mod i f i ca t i ons .  

5.1.2 DESIGN ANALYSES 

Design analyses w i l l  be performed i n  t h e  areas o f  s t ress ,  f a t i g u e ,  dynamics 

and c o n t r o l  s t a b i l i t y .  New des igns and m a t e r i a l s  w i l l  be evaluated. Tests 

and v a l i d a t i o n  requirements t o  v e r i f y  t h a t  t h e  designs meet ope ra t i ng  and 
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env i ronmenta l  requ i rements  w i l l  b e  i d e n t i f i e d .  Resu l t s  and recommendations o f  

t h e  analyses w i l l  be documented. 

6.1.3 DESIGN REVIEWS 

Formal des ign  reviews, a t tended by  p a r t i c i p a n t s  f rom GE and NASA, w i l l  be h e l d  

a t  t h e  end o f  t h e  Conceptual, P r e l i m i n a r y  and F i n a l  Design Phases. 

Represen ta t i ves  f r om  Engineer ing,  Manufactur ing,  Product Assurance, 

R e l i a b i l i t y  and Safety w i l l  p a r t i c i p a t e  i n  these rev iews.  I n  a d d i t i o n  t o  

t hese  rev iews,  in fo rma l  des ign rev iews w i l l  be performed on a c o n t i n u i n g  bas i s  

p r i o r  t o  t h e  issuance o f  each drawing and s p e c i f i c a t i o n .  Review and approva l  

o f  these  documents i s  r e q u i r e d  by  Design Engineer ing,  Manufactur ing and 

Product  Assurance. 

6.1.4 INDEPENDENT SAFETY REVIEW 

Dur i ng  t h e  F i n a l  Design Phase, a sa fe ty  rev iew of  t h e  RAM and FMEA analyses 

w i l l  be performed by  an independent rev iew board des ignated b y  t h e  Manager - 
Wind Turb ine  Programs. Th is  independent rev iew board w i l l  be s t a f f e d  by 

s e n i o r  r e p r e s e n t a t i v e s  o f  t h e  va r i ous  departmental  ope ra t i ons  who a re  n o t  

members o f  t h e  MOD-5A WTG team. 
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SECTION 7.0 

ASSEMBLY AND TEST FACILITY 

The WTG Assembly and Test  F a c i l i t y  w i l l  be reviewed by  t h e  WTG Product and 

Sa fe ty  Assurance Engineer and t h e  Manager - WTG Hardware I n t e g r a t i o n  t o  v e r i f y  

t h a t  t h e  f a c i l i t y  p rov ides  t h e  equipment, personnel  s a f e t y  and s e c u r i t y  t h a t  

i s  r equ i r ed .  

7.1 FACILITY SAFETY REVIEW 

P r i o r  t o  commencing any assembly o r  t e s t  opera t ions  i n  t he  f a c i l i t y ,  a  

F a c i l i t y  Sa fe t y  Review w i  11 be performed by  t h e  MOD-5A Sa fe t y  Review Board. 

Th i s  rev iew w i l l  be made, us i ng  a  comprehensive checko f f  l i s t  prepared by  t h e  

WTG Product  and Safety Assurance Engineer and t h e  Manager, MOD-5A Hardware 

I n t e g r a t i o n ,  which inc ludes  those i tems necessary f o r  a  sa fe  and exped i t i ous  

assembly o f  t h e  MOD-5A WTG. Th i s  rev iew w i l l  assure t h e  f a c i l i t y  meets t h e  

f o l l o w i n g  broad c r i t e r i a :  

1. Adequate b u i l d i n g  s e c u r i t y  i n c l u d i n g  f i r e  p r o t e c t i o n  and alarms. 

2. Secure and adequate equipment s torage f a c i l i t i e s .  

3. Adequate and sa fe  u t i l i t y  supp l ies :  

a)  E l e c t r i c a l  

b )  Hea t i ng  

c )  S a n i t a r y  

d )  Water 
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4. Adequate and sa fe  crane f a c i l i t i e s :  

a )  Cranes w i l l  be p r o o f  loaded t o  a t  l e a s t  1.5 t imes t he  
maximum l oad  t o  be l i f t e d .  

b )  Cranes w i l l  be p roo f  loaded a t  l e a s t  once per  year .  

c )  Cranes s h a l l  be inspected c a r e f u l l y  f o r  damage o r  wear p r i o r  
t o  each major  l i f t .  

d )  The Manager - MOD-5A Hardware I n t e g r a t i o n ,  t h e  MOD-5A 
Product  and Sa fe t y  Assurance Engineer, o r  t h e  assembly 
foreman may r e q u i r e  spec ia l  i n spec t i ons  and/or p r o o f  l oad ing  
o f  cranes should  t hey  deem t h i s  necessary o r  b e n e f i c i a l .  

5. Adequate f l o o r  l oad ing  c a p a b i l i t i e s  and founda t ions  t o  suppor t  WTG 
equipment d u r i n g  assembly and t e s t  opera t ions .  

6. Access f o r  personnel  and equipment. 

7. Adequate space f o r  s torage,  assembly, t e s t  and sh ipp ing  ope ra t i ons .  



SYSTEM SAFETY PLAN 
4 7A3800 19 

MOD-5A WTG 
REV B - MARCH, 1984 

SECTION 8.0 

SYSTEM ASSEMBLY, DISASSEMBLY AND SHIPPING 

SYSTEM ASSEMBLY, DISASSEMBLY AND SHIPPING 

System assembly, d isassembly and sh ipp ing  w i l l  r e q u i r e  p o t e n t i a l l y  hazardous 

ope ra t i ons  t o  personnel  and equipment. Inc luded  are:  

1. Movement and l i f t i n g  o f  la rge,  heavy equipment. 

2 .  High vo l t age  e l e c t r i c a l  connect ions.  

3. H igh p ressure  h y d r a u l i c  systems. 

4. R o t a t i n g  equipment. 

8.2 ASSEMBLY, DISASSEMBLY AND SHIPPING PROCEDURES 

A l l  assembly, d isassembly and sh ipp ing  opera t ions  w i l l  be performed t o  w r i t t e n  

i ns t r uc t i ons /p rocedu res  prepared by  WTG Manufactur ing and approved by  WTG 

Design Engineer ing.  These procedures w i l l  desc r ibe  t h e  equipment, f a c i l i t i e s ,  

personnel  requirements,  i n t e r f a c e s  and connect ions i n  a d d i t i o n  t o  t h e  

ope ra t i ons  necessary t o  assemble t h e  MOD-5A. They s h a l l  be reviewed by  t h e  

WTG Product  and Sa fe t y  Assurance Engineer. 

TOOLING AND FIXTURE CHECKOUT 

P r i o r  t o  t h e  s t a r t  o f  assembly operat ions,  t h e  conformance of a l l  spec ia l  

f i x t u r i n g  and t o o l i n g  t o  s p e c i f i e d  requi rements  w i l l  be v e r i f i e d .  A l l  l i f t i n g  

s l i n g s ,  cab les  and cha ins  w i l l  be proof - loaded t o  drawing requi rements  p r i o r  t o  
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use i n  t h e  WTG assembly ope ra t i ons  and w i l l  be marked o r  tagged t o  i n d i c a t e  - 

p r o o f  l o a d  and da te  t es ted .  

8.4 ASSEMBLY SAFETY REVIEW 

P r i o r  t o  s t a r t  o f  assembly opera t ions ,  a Sa fe ty  Review w i l l  be conducted by 

t h e  MOD-5A Sa fe t y  Review Board. Th i s  rev iew w i l l  v e r i f y :  

1. A l l  s a f e t y  and s e c u r i t y  devices,  s igns  and procedures a re  implemented 
and o p e r a t i o n a l .  

2. A l l  personnel  have been t r a i n e d  i n  t h e  assembly sequence, procedures 
and s p e c i a l  p recau t ions .  

3. A l l  t o o l i n g  and hand l i ng  equipment a re  a v a i l a b l e  and have been 
v e r i f i e d  t o  s a t i s f y  a p p l i c a b l e  requirements.  

4. The t e s t  and assembly f a c i l i t y  has been prepared f o r  t h e  assembly 
opera t ion ,  p o t e n t i a l  hazards have been e l im ina ted  and adequate 
p r o t e c t i o n  and warning s i gns  have been i n s t a l l e d .  

5. Personnel  access l i s t s  have been prepared and a re  posted and personnel  
s a f e t y  equipment (hardhats ,  s a f e t y  shoes, and s a f e t y  g1 asses) i s  
ava i  lab1 e. 

6. F i r s t  a i d  equipment, f i r e  ex t i ngu i she rs  and emergency te lephone 
numbers a r e  i n  p lace.  

8.5 PROCEDURE VARIATIONS 

It i s  a n t i c i p a t e d  t h a t  occasions w i l l  a r i s e  where d e v i a t i o n s  f r om t h e  i ssued  

procedure w i l l  be  r e q u i r e d  because o f  unan t i c i pa ted  problems. Th i s  w i l l  be  

documented on a Procedure V a r i a t i o n  Sheet, which w i l l  become a permanent p a r t  

of t h e  WTG documentation. The Procedure V a r i a t i o n  Sheet i s  an i n t e g r a l  p a r t  o f  
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each w r i t t e n  procedure and i s  f i l l e d  o u t  whenever a  d e v i a t i o n  f rom t h e  

proceuure i s  r e q u i r e d  o r  author ized.  

8.6 ASSEMBLY SAFETY 

The WTG Product  and Sa fe ty  Assurance Engineer w i l l  mon i to r  t h e  assembly 

opera t ions  and w i l l  be present  d u r i n g  a l l  operat ions.  He w i l l  have t h e  

a u t h o r i t y  t o  s t op  any ope ra t i on  because o f  a  hazardous cond i t i on .  Operat ions 

may proceed when he i s  s a t i s f i e d  t h a t  t h e  c o n d i t i o n  has been s a t i s f a c t o r i l y  

co r rec ted .  

8.7 TRAINING 

Because o f  t h e  comp lex i t y  o r  p o t e n t i a l  ly hazardous c o n d i t i o n  of some assembly 

opera t ions ,  i t  may be necessary t o  p rov i de  t r a i n i n g  o r  o r i e n t a t i o n  f o r  

personnel  pe r fo rming  these operat ions.  The Manager - MOD-5A Hardware 

I n t e g r a t i o n  w i l l  de termine which assembly ope ra t i ons  r e q u i r e  s p e c i a l  t r a i n i n g  

f o r  personnel  and w i l l  be respons ib le  t o  i nsu re  such t r a i n i n g  i s  provided. 
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SECTION 9.0 

SYSTEMS TEST 

WTG Systems Test personnel  w i l l  operate  i n  c l o s e  p r o x i m i t y  t o  p o t e n t i a l l y  

hazardous cond i t i ons .  Typ i ca l  c o n d i t i o n s  which must be cons idered i n  t h e  

p r e p a r a t i o n  o f  t e s t  procedures and sa fe t y  p recau t ions  and r e s t r i c t i o n s  are: 

1. R o t a t i n g  equipment i n  con f i ned  areas. 

2. Personnel o p e r a t i n g  on e l eva ted  p l a t f o rms .  

3. Large s t a t i c  loads  be ing  imposed d u r i n g  mechanical l o a d i n g  o f  t h e  
system. 

4. H igh e l e c t r i c a l  vo l tages .  

5. H igh p ressure  hydrau l  i c  systems. 

6. Movement and l i f t i n g  o f  l a rge ,  heavy equipment. 

7. Movement o f  mechanisms i n  con f i ned  areas. 

9.1 TEST PLANS AND PROCEDURES 

A l l  t e s t  ope ra t i ons  w i l l  be performed t o  Standing I n s t r u c t i o n s  ( 5 . 1 . ' ~ ) .  Each 

S.I. i s  assigned a  s i x  d i g i t  number f rom a  b lock  o f  numbers assigned f o r  

S.I. 's. Standing i n s t r u c t i o n s  a re  c o n t r o l l e d  by P r i n t  Con t ro l  i n  t h e  same 

manner as drawings and s p e c i f i c a t i o n s .  Permanent changes t o  S.I. 9 are  made 

b y  Standing I n s t r u c t i o n  Revts ions ( s . 1 . R . ' ~ )  which a re  c o n t r o l l e d  i n  t h e  same 

manner as drawing change no t i ces .  Non-permanent d e v i a t i o n s  f rom a  procedure 

a r e  documented on a Procedure V a r i a t i o n  Sheet which i s  an i n t e g r a l  p a r t  o f  

each S.I. and i s  f i l l e d  o u t  whenever a  d e v i a t i o n  f rom a  procedure i s  r e q u i r e d  
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o r  author ized.  S . l . ' s  and S.I.R.'s r e q u i r e  approva l  b y  t h e  Managers o f  Design 

Engineer ing,  Hardware I n t e g r a t i o n  (Tes t )  and t h e  Product and Sa fe t y  Assurance 
- 

Engineer. Procedure V a r i a t i o n  Sheets r e q u i r e  approval  b y  t h e  Test Conductor 

and t h e  Product  and Sa fe t y  Assurance Engineer. Copies o f  an S.I .  cover  sheet, 

an S. I . R .  f o rm  and a PVS form a re  i nc l uded  i n  Appendix A o f  t h i s  p lan .  

Standing I n s t r u c t i o n s  s h a l l  con ta i n  t h e  f o l l o w i n g  as a minimum: 

1. Equipment and f a c i l i t i e s  r e q u i r e d  f o r  t e s t .  

2. Precaut ions,  l i m i t a t i o n s  and requirements imposed f o r  WTG equipment 

and personnel  safe ty .  

3. Operat ing parameters, r e q u i r e d  i npu t s  t o  t he  system and expected 

ou tpu t s  f rom t h e  system. 

4. Accep tance / re jec t ion  c r i t e r i a .  

5. Emergency Procedures. 

9.2 TEST ANOMALIES AND FAILURES 

A1 1 t e s t  anomalies and f a i l u r e s  w i  11 be recorded on Defect  Reports (DR1s) and 

Nonconformance Reports (NR1s) i n  accordance w i t h  t h e  WTG Product Assurance 

P lan  (Document No. 47A380018). The d i s p o s i t i o n  o f  t h e  DR o r  NR documents t h e  

s p e c i f i c  a c t i o n s  r e q u i r e d  t o  c o r r e c t  t h e  d e f i c i e n c y  noted. Copies o f  t h e  DR 

and NR forms a re  inc luded  i n  Appendix A o f  t h i s  p lan.  
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9.3 TEST SAFETY REVIEW 

- 
P r i o r  t o  t h e  i n i t i a t i o n  o f  any t e s t  operat ions,  a  Test Sa fe ty  Review w i l l  be 

performed by t h e  MOD-5A Sa fe t y  Review Board. Th i s  rev iew w i l l  v e r i f y  as a 

minimum: 

1. The t e s t  procedure has been prepared, approved and issued. 

2. A1 1  personnel  assoc ia ted  w i t h  t h e  t e s t i n g  a re  f a m i l i a r  w i t h  t h e  
procedures, hazards, spec i  a1 p recau t ions  and a re  competent i n  t h e i r  
assigned tasks.  

3. A l l  p r e l i m i n a r y  assembly opera t ions  and subassembly i nspec t i ons  and 
t e s t s  have been completed s a t  i s f a c t o r i  ly .  

4. A l l  t e s t  equipment, t o o l i n g  and f i x t u r e s  a re  a v a i l a b l e  and have been 
v e r i f i e d  t o  s a t i s f y  documented requi rements .  

5. A11 s a f e t y  and s e c u r i t y  devices,  s igns  and procedures a re  implemented 
and o p e r a t i o n a l .  

6. Personnel access l i s t s  have been prepared and a re  posted. 

9.4 TEST LOG BOOK 

A l o g  book w i l l  be ma in ta ined  d u r i n g  a l l  t e s t  operat ions.  Th is  l o g  book w i l l  

be con t i nuous l y  ma in ta ined  by  t h e  Test  Conductor. Th i s  l o g  book w i l l  i n c l u d e  

reco rds  o f  t h e  f o l l o w i n g :  

1. S i g n i f i c a n t  events  - anomalies, f a i l u r e s ,  t roub le -shoo t ing ,  changes t o  
equipment. 

2. Changes i n  personnel .  

3. S a f e t y  b r i e f i n g s  and v i o l a t i o n s .  
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9.5 TEST SAFETY 
- 

The !4TG Produc t  and S a f e t y  Assurance Engineer w i  11 mon i to r  t e s t i n g  o p e r a t i o n s  

and w i l l  be  p r e s e n t  d u r i n g  a l l  ope ra t ions .  He s h a l l  have t h e  a u t h o r i t y  t o  

s t o p  any o p e r a t i o n  because o f  a  hazardous c o n d i t i o n .  Operat ions may proceed 

when he  i s  s a t i s f i e d  t h a t  t h e  c o n d i t i o n  has been e l i m i n a t e d .  

9.6 TRAINING 

P r i o r  t o  i n i t i a t i o n  o f  any t e s t i n g ,  a l l  o p e r a t i o n s  w i l l  be rev iewed f o r  t h e  

need f o r  any s p e c i a l  s a f e t y  t r a i n i n g .  When r e q u i r e d ,  t h i s  t r a i n i n g  w i l l  t a k e  

p l a c e  p r i o r  t o  i n i t i a t i o n  o f  t e s t i n g .  The Manager, WTG Hardware I n t e g r a t i o n  

i s  r e s p o n s i b l e  f o r  i d e n t i f y i n g  o p e r a t i o n s  r e q u i r i n g  s p e c i a l  t r a i n i n g  f o r  

pe rsonne l  and t o  p r o v i d e  t h e  necessary t r a i n i n g  on a  t i m e l y  b a s i s .  



SYSTEM SAFETY PLAN 
4 7A3800 1  9 

MOD-5A WTG 
REV B - MARCH, 1984 

SECTION 10.0 

SITE PREPARATION AND TOWER ERECTION 

S i t e  p r e p a r a t i o n  and tower e r e c t i o n  w i l l  be performed b y  subcon t rac to rs  under 

d i r e c t i o n  o f  t h e  General E l e c t r i c  Advanced Energy Programs Department. The 

subcon t rac to r s '  sa fe ty  procedures s h a l l  be used f o r  t h i s  phase of t h e  f i e l d  

opera t ion .  
-- 

The GE-AEPD S i t e  Manager w i l l  r ev iew t h e  subcon t rac to r s '  s a f e t y  procedures t o  

assure:  

1.  Procedures meet a1 1 l o c a l ,  s t a t e  and f e d e r a l  requ i rements .  

2. Adequate p r o v i s i o n s  a re  i nc l uded  t o  p rec lude  damage t o  WTG equipment. 

3. Subcont ractors  have assigned i n d i v i d u a l s  r espons ib l e  f o r  personnel  and 
equipment sa fe t y .  

The GE-AEPD S i t e  Manager s h a l l  ma in ta i n  r e s p o n s i b i l i t y  f o r  program sa fe ty  and 

s h a l l  p r o v i d e  an a u d i t  f u n c t i o n  d u r i n g  t h e  s i t e  p r e p a r a t i o n  phase. 

P r i o r  t o  use, equipment such as t h e  l i f t ,  work p l a t f o r m s  and access ladders  

s h a l l  be  checked f o r  s a f e  opera t ion ,  evidence o f  p r o o f  load ing ,  adequate 

s a f e t y  r a i l i n g s  and o t h e r  p r o t e c t i v e  devices.  C e r t i f i c a t i o n  o r  l i cens ing ,  

where r e q u i r e d  b y  s t a t e  laws, s h a l l  be ob ta ined  by  t h e  s u p p l i e r  o r  

subcon t rac to r  and w i l l  be v e r i f i e d  by t h e  GE-AEPD S i t e  Manager. 
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SECTION 11.0 

WTG ASSEMBLY AND ERECTION 

11.1 TRANSPORTATION 

The WTG equipment s h a l l  be shipped by  conven t iona l  t r anspo r t a t i on ,  r a i l  o r  

t r u c k ,  i n  severa l  l a rge ,  heavy modules. Dur ing  t h e  shipment phase, GE-AEPD 

w i l l  mon i to r  c r i t i c a l  shipment operat ions,  w i t h  p a r t i c u l a r  emphasis on 

t r a n s f e r  o f  equipment f rom t r u c k  t o  r a i l  and t h e  reverse.  Emphasis w i l l  be 

p laced  on: 

1. Adequacy o f  t r a n s p o r t a t i o n  equipment and f i x t u r e s .  

2. Adequacy o f  p r o t e c t i v e  equipment. 

a)  Sk ids and packaging 

b )  T i e  'downs 

c )  P r o t e c t i o n  aga ins t  weather 

3. Adequacy o f  cranes, s l i n g s ,  cab les  and o t h e r  t r a n s f e r  equipment. 

4. C a p a b i l i t y  and t r a i n i n g  o f  personnel  pe r fo rming  t r a n s f e r  and t ranspor -  
t a t i o n  opera t ions .  

INSPECTION AND CHECKOUT 

On r e c e i p t  a t  t h e  e r e c t i o n  s i t e ,  t h e  WTG equipment w i l l  be inspected f o r  

t r a n s p o r t a t i o n  damage and completeness o f  shipment. The i nspec t i on  s h a l l  

i nc lude ,  where poss ib le ,  checkout o f  t h e  equipment t o  assure maintenance of 

a l ignments and freedom o f  moving p a r t s  p r i o r  t o  e rec t i on .  These opera t ions  
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w i l l  be performed t o  w r i t t e n  p l ann ing  prepared b y  Product  Assurance. The P.A. - 
r e p r e s e n t a t i v e  a t  t h e  s i t e  w i  11 be respons ib l e  f o r  pe r fo rming  these 

inspec t ions .  I n  t h e  event  t h e r e  i s  no P.A. r e p r e s e n t a t i v e  a t  t h e  s i t e ,  t h e  

GE-AEPD S i t e  Manager i s  r espons ib l e  t o  i n s u r e  these i nspec t i ons  a re  performed. 

11.3 SAFETY REVIEW 

P r i o r  t o  e r e c t i o n  o f  t h e  t o t a l  WTG and/or t h e  i n d i v i d u a l  modules (nace l le ,  

hub, b lades) ,  a sa fe t y  Review w i l l  be performed by a s p e c i a l  Review Board 

composed o f  t h e  f o l l o w i n g :  

1. GE S i t e  Manager. 

2. Cons t ruc t i on  Subcont ractor  S i t e  Manager. 

3. WTG Assembly & Test Operat ions Representat ive.  

4. WTG Product  and Sa fe t y  Assurance Engineer. 

T h i s  r ev i ew  w i l l  a s c e r t a i n :  

1. L i f t i n g  equipment i s  a v a i l a b l e  and v e r i f i e d  t o  s a t i s f y  app l i cab le  
requirements.  

2. A1 1 procedures t o  be implemented a re  i n  p l ace  and have had t h e  
app rop r i a t e  rev iews  and approva ls .  

3. Preceding equipment i nspec t i ons  and checkouts have been s a t i s f a c t o r i l y  
completed. 

4. Required personnel  a re  a v a i l a b l e  and have been adequate ly  t r a i ned ,  and 
personnel  s a f e t y  equi  pment (hardhats,  s a f e t y  g l  asses, shoes, sa fe t y  
b e l t s  and 1 i nes )  i s  a v a i l a b l e  and i n  good cond i t i on .  

5. A1 1 r e q u i r e d  t o o l s  and f i x t u r e s  a re  a v a i l a b l e  and have been accepted 
by  Product  Assurance as conforming t o  des ign documentation. 
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6. Atmospheric c o n d i t i o n s  a r e  s u i t a b l e  f o r  t h e  r e q u i r e d  l i f t s ,  i n c l u d i n g  
- a  maximum a l l owab le  wind f o r  l i f t i n g  cond i t i ons .  

11.4 SITE SAFETY 

The WTG e r e c t i o n  s h a l l  be con t i nuous l y  rnoni t o r e d  f o r  personnel  and equipment 

safe ty .  The GE S i t e  Manager s h a l l  be r espons ib l e  f o r  mon i t o r i ng  s a f e t y  d u r i n g  

t h e  e r e c t i o n  ope ra t i on  and s h a l l  have a u t h o r i t y  t o  d i scon t i nue  any ope ra t i on  

t h a t  he cons iders  hazardous t o  personnel  o r  WTG equipment. An ope ra t i on  

d i scon t i nued  f o r  s a f e t y  reasons can be resumed when t h e  GE S i t e  Manager i s  

assured t h e  hazardous c o n d i t i o n  has been cor rec ted .  The GE S i t e  Manager may 

de lega te  t h i s  r e s p o n s i b i l i t y  t o  t h e  WTG Assembly and Test Operat ions 

Represen ta t i ve  a t  h i s  d i s c r e t i o n .  
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SECTION 12.0 

WTG OPERATIONAL CHECKOUT AND TEST 

12.1 SAFETY CONSIDERATIONS 

The WTG s h a l l  be checked o u t ,  s t a r t e d  and acceptance t e s t e d  t o  w r i t t e n  

procedures f o l  l o w i n g  e r e c t i o n .  I n c l u d e d  i n  these  procedures w i  11 be t h e  

s a f e t y  r e g u l a t i o n s  and p r e c a u t i o n s  r e q u i r e d  f o r  s a f e l y  t e s t i n g  t h e  fu1 l y  

assembled WTG. I n c l u d e d  i n  these  s a f e t y  requ i rements  w i l l  be: 

1 .  Personnel  access d u r i n g  v a r i o u s  t e s t  and weather c o n d i t i o n s .  

a) No personnel  i n  n a c e l l e  o r  yaw s t r u c t u r e  when t h e  r o t o r  i s  
t u r n i n g .  

b )  Access l i m i t a t i o n s  due t o  weather, maximum a l l o w a b l e  wind 
speed, e t c .  

2. Personnel  l i m i t a t i o n s  and s a f e t y  equipment r e q u i r e d  when on n a c e l l e ,  
yaw s t r u c t u r e  o r  tower .  

3. C o n d i t i o n s  r e q u i r e d  f o r  t e s t :  

a )  Weather c o n d i t i o n s  

b )  Equipment s t a t u s  

4. Emergency procedures:  

a )  Nace l le ,  yaw s t r u c t u r e  and tower evacua t ion  

b )  Equipment f a i l u r e s  o r  m a l f u n c t i o n s  

c )  Adverse weather 

5. Sa fe ty  and emergency equipment r e q u i r e d :  

a )  Harnesses, 1 i f e l  ines ,  p l a t f o r m s ,  ha ts ,  g lasses,  shoes 
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b )  F i r e  e x t i n g u i s h e r s  

c )  F i r s t - a i d  equipment 

6. Emergency te lephone  numbers: 

a )  F i r e  

b )  Ambulance 

c )  P o l i c e  

d )  U t i l i t y  

12.2 PROCEDURES 

T e s t  procedures w i l l  be Stand ing I n s t r u c t i o n s  and w i l l  be i ssued  and 

c o n t r o l  l e d  as s p e c i f i e d  i n  Paragraph 9.1 o f  t h i s  p l a n .  

PROCEDURE CHANGES 

Changes t o  S tand ing  I n s t r u c t i o n s  w i l l  be i ssued  and c o n t r o l l e d  as s p e c i f i e d  i n  

Paragraph 9.1 o f  t h i s  p lan.  F o r  purposes o f  expediency,  however, a l l  changes 

a t  t h e  f i e l d  s i t e  may be i n i t i a l l y  documented on t h e  PVS sheet  o f  t h e  S.I., 

b u t  a l l  cnanyes o f  a permanent n a t u r e  must be  f o l l o w e d  up w i t h  a f o r m a l  change 

t o  t h e  S. I .  w i t h  an S.I.R. The Manager, MOD-5A Design Eng ineer ing  w i l l  

de te rm ine  which v a r i a t i o n s  a r e  o f  a permanent n a t u r e  and, t h e r e f o r e ,  r e q u i r e  

i ssuance  o f  an S. I .R.  
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12.4 TEST ANOMALIES AND FAILURES - 

A l l  t e s t  anomal ies  and f a i l u r e s  w i l l  be reco rded  on DR's and NR's i n  

accordance w i t h  t h e  WTG Produc t  Assurance Program P l a n  (Document 

No. 47A380018). 

12.5 OPERATIONAL TEST SAFETY REVIEW 

P r i o r  t o  any o p e r a t i o n a l  t e s t i n g  o f  t h e  WTG, an O p e r a t i o n a l  S a f e t y  Review w i l l  

b e  per formed b y  t h e  S i t e  Review Board o f  Paragraph 11.3. The purpose o f  t h e  

r e v i e w  i s  t o  a s c e r t a i n :  

1. A l l  p r e v i o u s  e r e c t i o n ,  assembly and checkout  o p e r a t i o n s  have been 
comple ted s a t i s f a c t o r i l y .  

2. Procedures a r e  a v a i l a b l e  and t e s t  personne l  have been t r a i n e d  i n  t h e i r  
use. 

3. T e s t  pe rsonne l  have been t r a i n e d  i n  emergency procedures  and .are  
knowledgeable o f  s a f e t y  c o n t r o l s  and equipment. 

4. Equipment and t o o l s  a r e  a v a i l a b l e  and have been p r o p e r l y  inspected,  
accepted and c a l i b r a t e d  as  r e q u i r e d .  

5. Sa fe ty  and emergency equipment a r e  a v a i l a b l e  and have been found  t o  be 
comp le te  and accep tab le .  

6. Warning n o t i c e s ,  s i g n s  and emergency numbers a r e  p r o m i n e n t l y  d i sp layed .  

Upon c o m p l e t i o n  of  t h e  rev iew ,  documenta t ion  r e g a r d i n g  m inu tes  o f  t h e  meet ing ,  

a c t i o n  i t e m s  and a c t i o n  i t e m  c l o s e o u t s  w i l l  be p repared  and made p a r t  o f  

MOD-5A permanent r e c o r d s .  
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12.6 TEST LOG BOOK 

A  l o g  book w i l l  be ma in ta ined  d u r i n g  a l l  ope ra t ions .  Th is  l o g  book w i l l  be 

c o n t i n u o u s l y  ma in ta ined  b y  t h e  S i t e  Manager o r  h i s  de legate .  T h i s  l o g  book 

w i l l  i n c l u d e  r e c o r d s  of  t h e  f o l l o w i n g :  

1. S i g n i f i c a n t  even ts  - anomalies, f a i l u r e s ,  t r o u b l e - s h o o t i n g ,  changes t o  
equipment (WTG and t e s t ) .  

2. Changes i n  personnel .  

3. S a f e t y  b r i e f i n g s  and v i o l a t i o n s .  

12.7 OPERATIONAL CHECKOUT AND TEST SAFETY 

The WTG Product  and S a f e t y  Assurance Engineer w i l l  m o n i t o r  t e s t i n g  o p e r a t i o n s  

and w i l l  be p r e s e n t  d u r i n g  any p o t e n t i a l l y  hazardous o p e r a t i o n .  He s h a l l  have 

t h e  a u t h o r i t y  t o  s t o p  any o p e r a t i o n s  because o f  a  hazardous c o n d i t i o n .  

Operat ions may proceed when he i s  s a t i s f i e d  t h a t  t h e  c o n d i t i o n  has been 

e l i m i n a t e d .  

12.8 TRAINING 

P r i o r  t o  i n i t i a t i o n  o f  any t e s t i n g ,  a l l  o p e r a t i o n s  w i l l  be rev iewed f o r  t h e  

need f o r  any s p e c i a l  t r a i n i n g .  When r e q u i r e d ,  t h i s -  t r a i n i n g  w i l l  t a k e  p l a c e  

p r i o r  t o  i n i t i a t i o n  o f  t e s t i n g  and w i l l  be a  S a f e t y  Review requ i rement .  
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SECTION 13.0 

UTILITY TRAINING AND OPERATION 

U t i l i t y  t r a i n i n g  w i l l  be a two-phase ope ra t i on  t o  assure t o t a l  f a m i l i a r i t y  

w i t h  t h e  NTG system and i t s  ope ra t i on .  

13.2 UTILITY TRAINING PLAN 

U t i l i t y  t r a i n i n g  w i l l  be conducted i n  accordance w i t h  t h e  Operat ions and 

Maintenance Manuals. Th i s  t r a i n i n g  w i l l  i n su re  t h a t  u t i l i t y  personnel  a re  

knowledgeable i n  a l l  phases o f  WTG ope ra t i on  i n c l u d i n g :  

1. Sa fe t y  f ea tu res  i nco rpo ra ted  i n t o  t h e  des ign.  

2. Emergency procedures.  

3. Personnel  s a f e t y  f e a t u r e s  and procedures.  

4. Maintenance Procedures. 

13.3 UTILITY OPERATIONS AND MAINTENANCE MANUALS 

U t i l i t y  Operat ions Manuals and Maintenance Nanuals w i l l  be prepared f o r  use b y  

t h e  o p e r a t i n g  u t i l i t y .  I n  a d d i t i o n  t o  ope ra t i ona l  i n f o rma t i on ,  these manuals 

w i l l  c o n t a i n :  
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1. Maintenance and i n s p e c t i o n  requi rements  and procedures. 

2. Emergency procedures. 

3.  Equipment and personnel s a f e t y  f ea tu res  and procedures. 
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SECTION 14.0 

SAFETY REPORTS AND DOCUMENTATION 

4 . 1  ACCIDENT REPORTING (SPACE DIVISION) 

A1 1  acc iden ts  w i l l  be r epo r t ed  i n  accordance w i t h  Sec t ion  A-4.0 of t h e  Val l e y  

Forge Space Center Sa fe t y  Manual. A copy o f  t h i s  i n s t r u c t i o n  i s  inc luded  i n  

Appendix A o f  t h i s  p lan .  

14.2 ACCIDENT REPORTING (NASA-LeRC) 

A l l  acc iden ts  o r  i n c i d e n t s  (mishaps) w i l l  be r epo r t ed  t o  t h e  General E l e c t r i c  

WTG Program Manager immediately.  He, i n  t u r n ,  w i l l  immediate ly  n o t i f y  t h e  

NASA-LeRC P r o j e c t  Manager and Con t rac t i ng  O f f i c e r  o f  any acc i den t  r e s u l t i n g  i n  

a  f a t a l  i t y ,  d i s a b l  i n g .  i n j u r y  o r  p r o p e r t y  damage o f  $10,000 o r  more. He w i l  1  

t a k e  immediate s teps  t o  i n i t i a t e  i n v e s t i g a t i o n s  and analyses t o  determine t h e  

cause and t h e  c o r r e c t i v e  a c t i o n s  proposed o r  taken. He s h a l l  fo rward  two f u l l  

r e p o r t s  t o  t h e  NASA-LeRC Con t rac t i ng  O f f i c e r .  

A c c i d e n W i n c i d e n t s  o f  a  non-severe l e v e l  w i l l  be s u b j e c t  t o  app ra i sa l  by  t h e  

General E l e c t r i c  WTG Product  and Sa fe ty  Assurance Engineer. He w i l l  t ake  t h e  

necessary s teps  t o  e f f e c t  a  remedy f o r  t h e  mishap and c o r r e c t i v e  a c t i o n  t o  

a v o i d  r e p e t i t i o n .  These w i l l  be documented and a  copy forwarded t o  t h e  

NASA-LeRc Con t rac t i ng  O f f i c e r .  S p e c i f i c  s a f e t y  hazards and s i g n i f i c a n t  sa fe t y  

ma t t e r s  w i l l  be i nc l uded  i n  t h e  month ly  s t a t u s  r e p o r t s  as appropr ia te .  
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- *î \ 1 Val ley  Forge Spac t  Ccn ie r  S a f e t y  2anuaI .. - 

I ADJllhlSTRATll'E MARCH 1951 A4.O 
PROCEDURE I I 

4.1 PURPOSE 

Th!s lnsiructlon outllnes lhe responslbllitles, procedures, and basic lnformstion on 
mccldent reporting. 

4.2 PERSOXYE L IXJURY REPORTING 

If par are Injured. ao matter how sllpht the injury, report i t  to your supervisor and Lhen go 
to the dspensary. (In case of emcrgeLcy. go directly to the dispensary.) If not trcrtcd, a 
neglecbd cut, brulse. burn, or  scratch may become Infected. Accident form FF-40C i s  
rrquested for Lnjuries of a serious naure o r  tbat h v e  a serious potenual. l k s  i o n  sLmld 
be fillet out by the injured's immediate N p r p l s o r  ad, as it can and sboula s e w  3s borh 
.a lnvesligatlve and preventive tool. Is best completed with the injurer person present. 

Any rccldent Involving a company vehlcle must be filed on accldent report 31L-: wltb the 
.: Aceantant, Tnxes and hmrance,  and a cogg for the ladustrial Safety and Hx.ene OUce. 

~ c c i d e n ~  lnvolvlng properly damage, injury to personnel o r  m incident with loss or injury 
potential. shall be verbally rcported immediately to Lbe Industrial Saiery and Hygienc a c e .  
The follming Accident/lncldent classes are defined for f o m a l  r e p o w  purposes: 

Class I Catastrophe - Any event wlth loss or d a m q e  in excess of $:o, 000 o r  
results in one or more iataLiucs or h o s p i ~ l ~ z a t i o ~  oi Iivc or more 
employees. 

chmb n *r - b y  event d l h  loss o r  damage in e x c e e i b i ~ j . ~ ~ ~  or results in - 
&uabllng injury or hosplrallzatlon of more l k m  one employee. 

C k r  El Sl~nlflcvlt - Any event with loss o r  damagc in excess of $100 o r  that - mquires medlcal treatment (other than Flrst Aid) to any employee. . 
I - -- Clams N bllnor - Any event arhlcb result3 In a loss o r  damage to property o r  
I wry ta pcrsoaml and not quallfylng for othcr classes. 

! 
I 

A- -- I * -3 

~ I T C ~ P . C T . T I O . .  CD"7.CT 

M E T Y  ENGLSEER 

, , , . . . . . 

NOVEbfBER 1980 A i4 -1  I ' - '  
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Class I or U Accldcnt/hcldrnt ail1 bc rcponrd 3 5  Io1lon.s: 

Patrol Communlcatlo~ Center 

kpervisor lo the accldcnl area Terminates all actitlty assoclatcd ulth thc 
ucl&nl.  h m c d i ~ ~ c l y  rcporrs &.c acc1dL,nt/ 
bcldent by & s L i ~  A-FIRE (2-3 173) and Lbcn 
Yr mYrG,"cr. 

U p n  rccclpt 01 -. rcmrt  of 3 Class 1 or I1 
rccldcnt, sctivales cmcrgcncy sysrcm to aIc1-i 
approprlntc emcgenc) stsllons. notlfics 
Marugeg Security and Distribution Scrtlces. 

Ymrger,  Induslrld Safety and Hyglene Ndlllee Bhmger, Industrial Security, Safety. 
Medical and Abinistratl \-e Scrvlces and initi- 
ates Plant Flre and Sdety Protecuon rcritlty 
u dtuaUon demands. 

Manager. Industrial Security. Safety, 
Medical and Adm~is : r~ r ive  Serviccs 

NoUfles the following and d rec t s  Idtial  Invest- 
igatlve action: 
Division Vice Presidcor 
Appropriate General hlvuger 
Ugr. RelaUons. Organization and bhpower  

Opentlon 
GE Liaison w i t h  AFPRD 
k g d  Counsel (as required) 
~ v l s l o n  Public RelaUons (as requlrcd) 

C h e s  Ul AccIdent/Iacldent shall be rewrted as follows: 

k r v i s o r  In the rccldent area Takes necessary ateps to prevent additioaal 
wry or  damage. Notifies the InduItnal 
Brtety and Hygiene Offlce (2-4510) s soot a s  
poaslble. a d  his manGer. 

Industrial Safety and Hyglene Oflice Notiflee the hlnnqcr Indwlrial Wrry  u . 2  
Ilyglenc. Implcmca:s r c y l n r  accidcr~r p:Dce- 
&re md, in Injury cascs. coordinates accident 
procedures wlLh BIcdlcaI Services. 

h m g e r ,  hiustrial Sdety and Hygiene NotLLLes Ute hlaaager  dustr rial Sccurity. 
&ley, hlcdlcd md  Administrztive Services. 
Umcte  and coordlmtcs accldent lnvestlgatlon 
a d  correctlvc acrlon acllvlty. 

Ymnger. W a t r i d  Sccudty, Dlrreta oocrsll accldent/hcldcnt InvcsUgnUon, 
Wely. hkdlcal d AdmlnistmUve m p d ~  aad corrcctlm acUop~. Submits f l u 1  
hrvlcer . ucidcnt/Lncldcnt r c p r t  accorrilcg to rcqulre- 

menu ol ouhhol-lzcd private and gwcmmcnl a g c ~ ~ i c s .  
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Class TV Acrldt-nt/lniury 

8upeMsor In the accident area NoUIlcs thc Industrial Srlcty and 1l)xlcne 
Olllcc within 24 hours of Lhe io~cidc~nl and 
mtlfles h s  Manager. 

Idustrial  W c Q  and Hygiene Rcvlcws accIdcnt report. lnvcstig~tcs situation 
.B dlcutcd by scope of Lhc problcm and mdn-  
Wna records Ior reference w k n  necddd 

Tbe following Informadon applies If par are Injured as a r e d  of la aecidcnk o r  in the 
course of your emplo)ncnr, or 11 you are erfIering a disabllily &e to an ocolp~~Ional  
dlsease. 

1. In Pennrjlvania, unless you o r  s o n e e e  i n  your behalf, or  some of pour &*dents 
o r  sorncone In their behalf. shall give notlce to Ute employer aithln 21 days after 
the accldcnt, no W'orliers' Compensation shall be h e  until notice Is given. Unless 
notice Is ~ i v c n  to the cnploycr within 120 days aftcr the accldeat, no eornpensaucn 
s b d :  t c  allo\virl 

Ln cascs of p ~ - s o n a l  injurr. 211 cl3lz1s for mmpe~sadon shall k for-vrr bar:-d, LT- 

less 3 pc!!Uor. Is lilu! !\<:?I rtc \Vol.kersP Conpnsation Bureau u ~ h n  t\\o )-. a r s  Iroz: 
the data 01 accldent or dare of death 

Under the Pennsylvlua law, If your employer wlll not nccept your clalm o r  e n k r  
Lnto an agreement to pay compensatim, then you should file a petidon with the Bureau 
of Occupatioaal Injury and Disease. Department of hbor md Industry, Lsbor and 

Bullding, Harrisburg. Pennsylvania. This Bureau m i l l  iurntsh petitlon 
forms o r  any o h r  inforrcatlon gar deslre concerning ymr rights. 

2. OccupaUoual disease contracted In the course of yaur employxuent &add  be reported 
to your cmp:oyer immediately. 

h Pemsylrma.  unl:ss you or someonc in your behalf. or  some of ymr Cqxndrnrs 
o r  somconc in Lhcir =hall, shall glve notlcc of disab:>ty LO the emp1c)-er l i ~ l c  ior 
compensation within 21 days d t e r  compcnsat~lc d sab l t~ ty  bcpns. no compensation 
#hall be duc until surh notlcc is  g r t ~ n .  Unlcss such notice 1s glvcn to thc cn;ploycr 
rltbln 120 days aftcr the be@- of compensablc dlsabillty. no compcnsauon s h a l  
be allwed. 

h u s e s  of dlsabillty due to an ocorpatlorul disease. 111 cMms  for compe~rUon  
U bc forcvcr barred. unless a pUUon i s  filed wlthln hm years d t e r  cornpensable 
&.rblUty bcgtn.9. 

For addlUorul Idorm~Uon c o o c c r a l ~  your bcrtcflts o r  for my other Ldorrmtlon 
.hart Workcrr' Compensaboo o r  acupstiorul dlscase, write: 

lhw of OCcupatlo~l Injury and Discme 
k b o r  and lnclustry Dullding 
8.rd.h1& Pcnnsylvanlr 17120. 

A d - 3  
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1.0 CONFIGURATION CONTROL PLAN 

1  .1 I NTRODUCTION 

Purpose - T h i s  p l a n  d e f i n e s  t h e  scope, o b j e c t i v e s ,  r e s p o n s i b i l  i t i e s ,  and 

approach f o r  C o n f i g u r a t i o n  Management w i t h  i n  General E l e c t r i c  f o r  t h e  MOD-5A 

Wind Turb ine  Generator Program. 

Scope - C o n f i g u r a t i o n  Management requ i rements  s e t  f o r t h  i n  t h i s  p l a n  w i l l  be 

a p p l i c a b l e  t o  a l l  equipment f o r  t h e  WTG Program. 

O b j e c t i v e s  - The o b j e c t i v e s  of t h e  C o n f i g u r a t i o n  Management system a r e  t o :  

( a )  P rov i de  documents supp l y i ng  C o n f i g u r a t i o n  I d e n t i f i c a t i o n  t h a t  conform 
t o  C o n f i g u r a t i o n  Management p r a c t i c e s  f o r  f o rma t  and con ten t .  

( b )  Coord ina te  and approve a l l  Engineer ing Changes p r i o r  t o  i n c o r p o r a t i o n  
i n t o  documents and nardware. 

( c )  P rov i de  an accu ra te  C o n f i g u r a t i o n  I d e n t i f i c a t i o n  o f  hardware a t  any 
p o i n t  i n  t ime .  

( d )  Prov ide  a  un i fo r rn  means o f  r e p o r t i n g  C o n f i g u r a t i o n  Management data.  

1.2 DEFINITIONS 

C o n f i g u r a t i o n  - The f u n c t i o n a l  and/or p h y s i c a l  c h a r a c t e r i s t i c s  o f  

hardware/sof tware as s e t  f o r t h  i n  Con f i gu ra t i on  I d e n t i f i c a t i o n  and ach ieved i n  

a  p roduc t .  

Con f i gu ra t i on  Management - A d i s c  i p l  i ne  f o r  a p p l y i n g  t e c h n i c a l  and 

a d m i n i s t r a t i v e  a i r e c t i o n  and s u r v e i l l a n c e  t o  i d e n t i f y  r e c o r d  c o n t r o l  

documentat ion and changes t h e r e t o .  

C o n f i g u r a t i o n  C o n t r o l  - The sys temat i c  eva lua t i on ,  c o o r d i n a t i o n  and 

implementat ion o f  Eng ineer ing  Changes. 

C o n f i g u r a t i o n  I d e n t i f i c a t i o n  - The c u r r e n t  approved eng inee r i ng  d e f i n i t i o n  o f  

an End I t e m  as s e t  f o r t h  i n  t h e  s p e c i f i c a t i o n  and drawings. 

C o n f i g u r a t i o n  Accoun t ing  - The r e c o r d i n g  and r e p o r t i n g  o f  t h e  i n f o r m a t i o n  t h d t  

i s  needed t o  manage C o n f i g u r a t i o n  e f f e c t i v e l y ,  i n c l u d i n g  a l i s t i n g  o f  t h e  
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approved C o n f i g u r a t i o n  I d e n t i f i c a t i o n ,  t h e  s t a t u s  o f  proposed Eng ineer ing  

Changes t o  C o n f i g u r a t i o n  and t h e  implementat ion s t a t u s  o f  approved Eng ineer ing  

Changes. 

End I t e m  ( € 1 )  - An aggrega t ion  o f  hardware/sof tware o r  any o f  i t s  d i s c r e t e  

p o r t i o n s  which s a t i s f i e s  an end use f u n c t i o n .  

Eng ineer ing  Change - An a l t e r a t i o n  i n  t h e  C o n f i g u r a t i o n  o f  an End I tem. 

1.3 RESPONSIBILITIES 

The procedures and p r a c t i c e s  f o r  C o n f i g u r a t i o n  Management t o  be  a p p l i e d  t o  t h e  

WTG Program a r e  as d e f i n e d  below. The Program Manager approves o r  de lega tes  

approva l  w i t h  i n  h i s  Program O f f  i c e  o f  a1 1  C o n f i g u r a t i o n  I d e n t i f i c a t i o n  before 

i t s  i ssue  f o r  use on t h e  Program. He o r  h i s  de lega te  approve o r  d isapprove  

a l l  Eng ineer ing  Changes proposed t o  t h e  C o n f i g u r a t i o n  I d e n t i f i c a t i o n .  The 

Func t i ona l  Managers (Eng ineer ing  , Manufac tu r ing  and Produc t  Assurance) a r e  

r e s p o n s i b l e  f o r  t h e  p o r t i o n  o f  C o n f i g u r a t i o n  Management performed w i t h i n  t h e i r  

r e s p e c t i v e  Func t i ona l  area: Eng ineer ing  f o r  C o n f i g u r a t i o n  I d e n t i f i c a t i o n ,  

Accoun t ing  and Con t ro l ;  Product  Assurance f o r  C o n f i g u r a t i o n  V e r i f i c a t i o n ;  and 

Manufactur ing f o r  hardware conformance and c o n t r o l  and s u p p o r t i n g  t h e  o t h e r  

f u n c t i o n s  as app l  i cab le .  

1.4 APPROACH 

C o n f i g u r a t i o n  Management w i l l  be  a p p l i e d  t o  those s p e c i f i c  End I tems 

d e l i n e a t e d  i n  t h e  Statement o f  Work f o r  t h e  WTG Program. A system 

s p e c i f i c a t i o n  w i l l  be  issued and ma in ta ined  t o  e s t a b l i s h  t h e  requ i rements  o f  

a l l  End I tems o f  d e l  i v e r a b l e  equipment. An End I t e m  s p e c i f i c a t i o n  w i l l  be 

issued and ma in ta ined  t o  e s t a b l i s h  t h e  requi rements  f o r  each End I tem. A t o p  

assembly drawing w i  I 1  be issued and ma in ta ined  t o  e s t a b l  i s h  t h e  requ  i rements  

f o r  each End I tem.  The s u f f i x  number e s t a b l i s h e d  on t h e  t o p  assembly drawing, 

which i s  combined w i t h  t h e  drawing number t o  p r o v i d e  t h e  End I t e m  

i d e n t i f i c a t i o n  number, w i l l  be changed when: 

( a )  a  change i s  made t o  a  p a r t  t o  be used i n  t h e  assembly and t h e  p a r t  i s  
n o t  in te rchangeab le  w i t h  p a r t s  used i n  p rev i ous  assemblies; o r  

(b) a  change i s  made t h a t  would a f f e c t  t h e  performance, d u r a b i l i t y  o r  
i n t e r changeab i l  i t y  o f  t h e  End I tem.  



"MOD-5A Design Repor t "  
I1Volume 111" 

Tne i d e n t i f i c a t i o n  number o f  an End I t e m  w i l l  n o t  be changed t o  r e f l e c t  t h e  

i n t r o d u c t i o n  o f  i n te rchangeab le  changes which occur  i n  t h e  normal p r o d u c t i o n  

o f  equipment; t h i s  i n f o rma t i on  w i l l  be a v a i l a b l e  frorn Assembly Breakdown l i s t s  

and logbooks. When necessary,  t o  m a i n t a i n  c l a r i t y  o f  eng inee r i ng  d e f i n i t i o n ,  

a  new draw ing  may be  i ssued  t o  e s t a b l i s h  a  new End I t e m  i d e n t i f i c a t i o n  

number. Subcon t rac to rs  w i l l  meet t h e  C o n f i g u r a t i o n  Management o b j e c t i v e  o f  

t h i s  p l a n  th rough  requ i rements  e s t a b l i s h e d  i n  GE procurement documents. 

A1 1  Engineer i n g  Changes w i 11 be d e f i n e d  on Eng ineer ing  Change Not  i c e s  wh i c h  

w i l l  be  ass igned a p p r o p r i a t e  c l a s s i f i c a t i o n  i n  accordance w i t h  S e c t i o n  

12.2.3.9. Eng ineer ing  Changes w i t h  a  c l a s s i f i c a t i o n  o f  "Class 1" w i l l  be 

submi t ted  t o  NASA f o r  approva l  p r i o r  t o  implementat ion,  f o l l o w i n g  des ign  

f r eeze .  

1.5 CONFIGURATION IDENTIFICATION 

( a )  Documentat i o n  f o rma t  and con ten t  w ill f o l  low s tandard  GE/AEPD fo rma t  
f o r  drawings and s p e c i f i c a t i o n s .  

( D )  Document approva l  requ i rements  a r e  e s t a b l i s h e d  i n  GE Opera t ion  
I n s t r u c t i o n s .  S p e c i f i c a t i o n s  which r e q u i r e  customer r e v i e w  and 
approva l  w i l l  be s p e c i f i e d  i n  t h e  c o n t r a c t  work statement.  A f t e r  
approva l ,  t h e  documents w i  11 be i ssued  and p laced  under t h e  c o n t r o l  
o f  t h e  C o n f i g u r a t i o n  C o n t r o l  O f f i c e ,  except  t hose  w i t h  an "SK" 
p r e f i x .  Documents w i t h  t h e  "SKU p r e f i x  a r e  under t h e  c o n t r o l  o f  t h e  
r e s p o n s i b l e '  Design Engineer; t h e y  a r e  used f o r  eng inee r i ng  
development purposes on l y .  

( c )  A l l  i ssued  documents, except  those  w i t h  an "SK" p r e f i x ,  w i l l  be 
c c n t r o l l e d  b y  t h e  C o n f i g u r a t i o n  C o n t r o l  O f f i c e ,  which m a i n t a i n s  
r e c o r d s  o f  t h e  i s sue  and r e v i s i o n  o f  each document. A f t e r  issue,  t h e  
o r i g i n a l  document w i l l  be  "Signed-out"  t o  t h e  r e s p o n s i b l e  f u n c t i o n  
f o r  r e v i s i o n  purposes on l y .  Copies o f  documents w i l l  be  d i s t r i b u t e d  
a f t e r  i s sue  o r  r e v i s i o n  t o  i n d i v i d u a l s  who have been e s t a b l  i shed  as 
hav ing  a  need f o r  t h e  i n f o r m a t i o n  b y  t h e  Program Manager. 

( d )  Document I d e n t i f i c a t i o n  numbers used on s p e c i f i c a t i o n s  and d raw ings  
w i l l  b e  t aken  f r o m  b l o c k s  o f  numbers ass igned t o  t h e  Program f r o m  t h e  
General E l e c t r i c  Space D i v i s i o n .  The numbers w i l l  be  adm in i s t e red  b y  
t h e  C o n f i g u r a t i o n  C o n t r o l  O f f i c e  t o  i n s u r e  no dup l  i c a t i o n  i n  
assignment. I t e m  i d e n t i f i c a t i o n  numbers used on hardware w i l l  
c o n s i s t  o f  t h e  ass igned drawing number and a  s u f f i x .  

Once an i t e m  i d e n t i f i c a t i o n  number i s  e s t a b l i s h e d  on a  drawing,  t h e  
C o n f i g u r a t i o n  o f  t h e  i tem, as d e f i n e d  on t h e  drawing, can n o t  be 
changed w i t h o u t  changing t h e  i t e m  i d e n t i f i c a t i o n  number excep t  when 
t h e  f o l l o w i n g  c r i t e r i a  a r e  met: 
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( 1 )  The C o n f i g u r a t i o n  f o r  a  p a r t  may be changed as l o n g  as t h e  
change i s  i d e n t i f i a b l e  b y  v i s u a l  i n s p e c t i o n  and a l l  p a r t s  a r e  
made o r  reworked t o  t h e  l a t e s t  c o n f i g u r a t i o n  i d e n t i f i c a t i o n .  

( 2 )  The C o n f i g u r a t i o n  f o r  an assembly may be changed as l o n g  as a l l  
assembl ies w i l l  meet t h e  f o l l o w i n g  c r i t e r i a  and d isassembly  o r  
rework o f  assembled i tems i s  n o t  r e q u i r e d :  

( a )  Performance o r  d u r a b i l i t y  i s  n o t  a f f e c t e d  t o  an e x t e n t  t h a t  
superseded assembl ies must be  d iscarded.  

( b )  I n t e r c h a n g e a b i l i t y  o f  superseded and superseding p a r t s  i n  
t h e  assembly i s  n o t  a f f e c t e d .  

( c )  In te rcnangeab i  1  i t y  o f  s u p ~ r s e d e d  and supersed i n g  assembl i e s  
i n  t h e i r  n e x t  h i g h e r  assembly i s  n o t  a f f e c t e d .  

( 3 )  The c o n f i g u r a t i o n  f o r  a  m a t e r i a l ,  process o r  s tandard  p a r t  may 
be  changed as l ong  as t h e  change w i l l  n o t  adve rse l y  a f f e c t  t h e  
interchangeab i 1  i t y ,  performance o r  durab il i t y  o f  p a r t s  o r  
assembl ies us i ng  t h e  m a t e r i a l ,  process o r  s tandard p a r t .  

1.6 CONFIGURATION CONTROL 

( a )  Eng ineer ing  Change Not i ces  (ECN) w i l l  be w r i t t e n  t o  desc r i be  a l l  
Eng ineer ing  Changes, e s t a b l  i s h  t h e  i n t r o d u c t i o n  p o i n t  o f  t h e  change 
i n  hardware and a u t h o r i z e  d i s p o s i t i o n  o f  e x i s t i n g  mater i a l  a f f e c t e d  
~y t h e  change, except  eng inee r i ng  changes t o  documents w i t h  an " S K "  
p r e f i x .  Eng ineer ing  Changes t o  documents w i t h  t h e  "SKU p r e f i x  and 
t h e  hardware made t o  them a r e  t h e  r e s p o n s i b i l  i t y  o f  t h e  r e s p o n s i b l e  
Design Engineer.  Each ECN w i l l  c o n t a i n  i n f o r m a t i o n  on t h e  n a t u r e  and 
reason f o r  t h e  change i n  s u f f i c i e n t  d e t a i l  t o  suppor t  t h e  r e v i e w  o f  
t h e  ECN. A1 1  ECN's w i l l  be  rev iewed and approved o r  r e j e c t e d  b y  a  
C o n f i g u r a t i o n  Con t ro l  Board (CCB) e s t a b l  i shed  f o r  t h e  Program. A1 1  
r e j e c t e d  ECN1s w i l l  be r e t u r n e d  t o  t h e  i n i t i a t o r  w i t h  reasons f o r  
r e j e c t i o n .  Approved ECN1s t h a t  a r e  des igna ted  Class 1  w i l l  b e  
subm i t t ed  t o  NASA as Program Change Proposals  f o r  r ev i ew  and 
approva l .  The Class 1  ECN's, a f t e r  approva l  by  NASA, and a1 1  
approved C lass  2 ECN1s w i l l  be d i s t r i b u t e d  t o  t h e  a f f e c t e d  Func t ions  
f o r  use i n  i n c o r p o r a t i n g  t h e  Engineer ing Change i n  t h e  a f f e c t e d  
documents and/or hardware. 

( b )  A C o n f i g u r a t i o n  C o n t r o l  Board w i l l  be e s t a b l  ished f o r  t h e  Program t o  
approve o r  r e j e c t  proposed Eng ineer ing  changes submi t ted  on ECN1s. 
The CCB w i l l  c o n s i s t  o f  r e p r e s e n t a t i v e s  o f :  ( 1 )  WTG Engineer ing,  ( 2 )  
P roduc t i on  Cont ro l ,  ( 3 )  Qua1 i t y  Cont ro l ,  ( 4 )  Program O f f i c e ,  and ( 5 )  
a  Chairman r e p o r t i n g  t o  t h e  Manager - WTG P r o j e c t  Eng ineer ing .  Each 
CCB Represen ta t i ve  ensures t h a t  each ECN i s  accep tab le  t o  h i s  
F u n c t i o n  and t h a t  h i s  Func t i on  w i l l  be a b l e  t o  accompl ish t h e  
Eng ineer ing  Change as agreed t o  on t h e  ECN. The CCB Chairman ensures 
t h e  e f f i c i e n t  f u n c t i o n i n g  o f  t h e  CCB, t h a t  each ECN i s  f u l l y  
i n t e g r a t e d  and t h a t  C o n f i g u r a t i o n  I d e n t i f i c a t i o n  requ i rements  a r e  n o t  
v i o l a t e d  b y  an approved Eng ineer ing  Change. The q u a n t i t y  and 
f requency  o f  ECN subrnissions t o  t h e  CCB Chairman w i l l  be  used t o  
de te rmine  t h e  o p e r a t i o n  o f  t h e  CCB. 
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The CCB Chairman i s  r e q u i r e d  t o  p r o v i d e  t i m e l y  n o t i f i c a t i o n  t o  t h e  
NASA Program O f f  i c e  o f  a1 1  C l  ass 1  changes. 

( c )  The d i s c i p l i n e s  o f  C o n f i g u r a t i o n  Management w i l l  be imposed i n  a1 1  
Subcon t rac to rs  Work Statements. A f t e r  a  subcon t rac to r  des ign  i s  
approved by  GE, he w i l l  be r e q u i r e d  t o  submi t  Design Change Requests 
(DCR) t o  GE f o r  approva l  b e f o r e  i n i t i a t i n g  Eng ineer ing  Change i n  
documents o r  hardware. The p rocess ing  o f  t h e  DCR w i t h i n  GE w i l l  be 
admin is te red  b y  t h e  Chairman o f  t h e  CCB t o  ensure t h a t  GE 
C o n f i g u r a t i o n  I d e n t i f i c a t i o n  i s  mainta ined.  The CCB w i l l  r e v i e w  a1 1  
UCR's f o r  approva l  o r  r e j e c t i o n .  

1.7 CONFIGURATION ACCOUNTING 

( a )  A 1  i s t  w i l l  be prepared, ma in ta ined  and d i s t r i b u t e d  by  t h e  
C o n f i g u r a t i o n  Con t ro l  O f f  i c e  t o  d e f i n e  t h e  C o n f i g u r a t i o n  
I d e n t i f i c a t i o n  f c r  each End I tem. The 1  i s t  w i l l  i d e n t i f y  a l l  i t e m  
i d e n t i f i c a t i o n  numbers t o  be used i n  an End I tem. When an 
in te rchangeab le  Eng ineer ing  Change i s  i n t r oduced  i n  an End I tem, t h e  
i d e n t i f i c a t i o n  numbers o f  t h e  superseded and superseding i tems w i  11 
be shown and i d e n t i f i e d  t o  t h e  s e r i a l  number o f  t h e  End I t e m  on which 
Lhe Eng ineer ing  Change was in t roduced .  The document s t a t u s  o f  each 
a raw ing  which d e f i n e s  an i t e m  w i l l  be shown. The document s t a t u s  i s  
t n e  r e v  i s  i o n  symbol , 1  a s t  i n co rpo ra ted  ECN, and h i g h e s t  
un  incorpora tea  ECN. 

( b j  A s u b c o n t r a c t o r ' s  Design Charige Request s t a t u s  sheet w i l l  De 
preparea,  ma in ta i ned  and d  i s t r  i b u t e d  b y  t h e  C o n f i g u r a t i o n  Contro 1  
O f f  i ce .  Each DCR i n  process w i t h i n  GE w i l l  be accounted f o r  u n t i l  
approved o r  d isapproved and r e t u r n e d  t o  t h e  Subcon t rac to r .  

( c )  A 1 i s t  of aocuments and t h e i r  e f f e c t i v e  i s sue  d a t e  w i l l  be prepared, 
ma in ta ined  and d i s t r i b u t e d  by  t h e  C o n f i g u r a t i o n  Con t ro l  O f f i c e .  

1.8 CONFIGURATION VERIFICATION 

V e r i f i c a t i o n  w i l l  be accomplished by  t h e  Q u a l  i t y  C o n t r o l  Func t i on  by  

comparisons o f  hardware w i t h  t h e  a p p l i c a b l e  eng inee r i ng  documents. The 

d e t a i l s  o f  c o n f i g u r a t i o n  v e r i f i c a t i o n  a r e  covered i n  t h e  Q u a l  i t y  Assurance 

P lan .  

1.9 CHANGE CLASSES 

C lass  1  Eng ineer ing  Changes a r e  d e f i n e d  as a f f e c t i n g  one o r  more o f  t h e  

f o l  l ow ing  f a c t o r s :  

a  Q u a l  i f i c a t  i on  s t a t u s  

b  S i g n i f i c a n t  e f f e c t  on t h e  re l evancy  o f  t h e  r e l i a b i l i t y  (and)  
t e c h n i c a l  d a t a  base o f  t h e  program 

c  Performance o u t s i d e  s p e c i f i e d  t o l e rances  
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d  Weight, ba l ance ,momen to f  i n e r t i a o u t s i d e s p e c i f i e d t o l e r a n c e  

e Re1 i a b i l  i ty ,  sa fe t y ,  m a i n t a i n a b i l  i t y  o r  s u r v i v a b i l  i t y  

f I n t e r f a c e  c h a r a c t e r i s t i c s  

g E l  ectromagnet i c  cha rac te r  i s t  i c s  

h  C o m p a t i b i l i t y w i t h s u p p o r t e q u i p m e n t  

i C o n f i g u r a t i o n  t o  t h e  e x t e n t  t h a t  r e t r o f i t  a c t i o n  would need t o  be 
t aken  

j Spec ia l  process:  those  processes where un i form,  h i g h  qua1 i t y  cannot  
be assured b y  i n s p e c t i o n  o f  a r t i c l e s  alone. The c o n t r a c t o r  s h a l l  
m a i n t a i n  an up- to -da te  l i s t i n g  o f  such processes. 

Class 2 Changes - -  A l l  o t h e r  changes a re  cons idered t o  be  Class 2 changes. 

The c l a s s  s h a l l  be documented on t h e  Eng ineer ing  Change Not i c e  i n c l u d i n g  

j u s t i f i c a t i o n  o f  change c l a s s i f i c a t i o n .  
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SECT IOI1 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 tlae blade fabrication process and the 

raw materials utilized therein. 

1.2 SCOPE 

The requirements specified herein are intended for controlling all MOD-5A 

fabricat ion (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 S P E C I F I C A T I O N S  

Appropriate detailed drawings or epecifications applicable to the 

material or component being manufactured. 
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SECTION 3.0 

REQUIREMENTS 

EPOXY MATERIALS 

3.1.1 Assign s p e c i f i c a t i o n  numbers and r e v i s i o n  numbers t o  t h e  

s p e c i f i c a t i o n s  f o r  each of t h e  m a t e r i a l s  purchased.  These s h a l l  

be c o n t r o l l e d  documents and s h a l l  be changed only through a  formal 

d e s i g n  change system. 

3.1.2 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  1:evision number of t h e  m a t e r i a l  be ing  

purchased.  

3.1.3 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 /or  t e s t  r e s u l t s  t o  be 

supp l ied  by t h e  vendor. 

a. Epoxide Equiva len t  Weight (EEW) 

b. V i s c o s i t y  

c .  Color 

d .  Hydrolyzable Chlor ide  

3.1.4 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.wKich purchased.  

3.1.5 The P.O. s h a l l  have an 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 .  V i s c o s i t y  

b. Color 
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3.1 EPOXY MATERIALS (continued) 

3.1.6 Material shall be held in a quarantine area until certifications 

have been received and incoming inspect ions and /or test s 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 releaeed to bonded stock or to production. 

3.1.8 If certifications and inspections are not satisfactory, a 

Nonconformance Report (NR) will be vritten and the auterial 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 MATERIALS (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 end 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 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. 
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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  nuaber of she s 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  e n d / o ~  East  results t o  be 

supp l ied  by t h e  vendor. 

a.  Mois ture  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 e l l  n o 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  i n  t h e  

marked a r e a .  

c .  S t i f f n e s s  

d .  Yield by Grade Data 

e. Bate  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 vh ich 'purchased .  

3.2.5 The P.O. e h a l l  have an i n s p e c t i o n  code i n d i c a t i n g  what i n e p c c t i o n s  
- - #  

o r  t e s t 6  a r e  t o  be performed i n  incoming i n s p e c t i o n .  

a. X o i s t u r e  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 Harking 
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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 

(MRB) 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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VENEER (con t inued)  

Note: If a p a r t i a l  l o t  i s  v i thdrawn,  t h e  p o r t i o n  vithdresan and 

t h e  p o r t i o n  remaining most be i d e n t i f i e d  w i t h  the 

a p p r o p r i a t e  l o t  number o r  l o t  I.D. 

3.2.11 When veneer  i s  removed from s t o r a g e  s t a c k s  or bunks, m o i s t u r e  

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  b ~ n k  will be d r a m ,  

checked and recorded (HIN. 10  samples spaced equally from t o g  t o  

bottom o f  bunk o r  e t a c k ) .  

3.2.12 When veneer  i s  b e i n g  used f o r  a "ley-up", en a c c u r a t e  record of  

II 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  for 

t h a t  l o t .  A " l a y u p "  i s  a p re l iminary  s t a c k i n g  of veneer  f o r  e 

p a r t i c u l a r  job d u r i n g  which each p i e c e  cb v e n e e r  i e  checked,  

trimmed eo k o r r e c t  s i z e ,  s t a c k e d  dry and acarked 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  v i t h i n  that lager. 

Note: Harking 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  impa i r  the 

q u a l i t y  o f  t h e  bond between a d j a c e n t  s h e e t s .  

The veneer  i s  t h e n  uns tacked ,  coa ted  v i t h  epoxy and r e t u r n e d  t o  

t h e  eame 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  

l ay -up .  "Rough pee l "  i s  r te rm used t o  d e e c r i b c  s h e e t s  of veneer 
.- #. 

w i t h  a rougher  t h a n  no-1 eu ' r face  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 e  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  Log, m o i s t u r e  

c o n t e n t  o f  t h e  l o g ,  s h a r p n e s s  of  t h e  c u t t i n g  b l a d e ,  e t c .  Shee t s  

o f  v e n e e r  hav ing  t h i s  abnormal ly  rough f i n i s h  are Biecarded.  

"Rough pee l "  should  b e  measured r a t h e r  then e p b i t r a e 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 section. 

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 machinew, 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. 



3.3 FABRICATION (continued) 

3.3.5 Detailed Quality Control inspections and tcerts ehall be 

incorporated into the Process Instruction. Theee ehall specify 

the type of inspection or test to be performed, the number of 

checks to be made or the number of samples to be taken, precise 

instruction6 for performing checks or selecting samples, 

acceptance/rejection criteria for each test or inspection 

performed, limits of procese 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 eerving as members 

of the Review Board. 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 end controls 

implemented, tools, equipment and facilities available and 

verified, personnel properly' trained, and first article try-out 

verified. 
- , -.- n- 

3.3.7 Be a minimum, the fabrication process ehall include the following 

tests and/or inspectione: 
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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 "buildup" or 

"lay-up", a minimum of ten (10) moisture content samples 

will be taken from each stack. Samples vill 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. Moisture 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 X nominal value of moisture 

content desired in finished product. 

3.3.7.2 Glue Spread Rate - Control parameters (upper and lower 

limits) for glus~spread rates shall be established based 

on glue machine capability. Sufficient glue spread 

samples -shall be taken at each machine startup, prior 

to coating any prime veneer, to insure that glue spread 

rate is within specified limits and has been stabilized. 



3.3 FABRICATION ( c o n t i n u e d )  

3.3.7.2 (con t inued)  

Glue sp read  samples v i l l  be 10'' o r  square p i e c e s  of 

v e n e e r  r e p r e s e n t a t i v e  of  che l o t  b e i n g  processed.  

Spread r a t e  s h a l l  be cons ide red  s t a b i l i z e d  when t h r e e  

s u c c e s s i v e  g l u e  sp read  samples show rates w i t h i n  "%D % 

of  each o t h e r .  Each sample s h a l l  be i d e n t i f i e d  w i t h  the 

job nusber  be ing  processed p l u s  a consecutive s e r i a l  

number a s s i g n e d  i n  t h e  o r d e r  i n  which each sample was 

c o a t e d .  Each sample s h a l l  be i d e n t i f i e d  w i t h  i t s  d ry  

w e i g h t ,  i t s  s p e c i f i e d  coa ted  weight and i t s  a c t u a l  

c o a t e d  weight .  

3 . 3 . 7 . 3  Glue Coa t ing  - Coat ing o f  prirce veneer may commence 

a f t e r  g l u e  s p r e a d  r a t e  has  been e t a b i l i z c d  w i t h i n  

p rocess  l i m i t s .  Glue sp read  samples w i l l  be  c o a t e d  a t  

r e g u l a r  i n t e r v a l s  throughout  t h e  veneer c o a t i n g  c y c l e .  

h e  (1) g l u e  epread sample s h a l l  be required f o r  every 

two hundred and f o r t y  (240) equare f e e t  of v e n e e r  

coa ted .   ample-,numbers, dry  we igh t ,  e l a t e d  weight and 

g l u e  sp read  r a t e s  s h a l l  be  recorded on app rop r i a t e  data 

s h e e t s  and main ta ined  on f i l e  w i t h  arhor data  f o r  t h e  

job b e i n g  processed.  
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FABRICATION ( c o n t i n u e d )  

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 ss igned  

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  coated 

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  

g u i d e s  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 over  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  o f .  t h e  

bui ld-up i s  w i t h i n  drawing dimensional  r equ i rements .  

Vacuum Bagging - A f t e r  t h e  c o a t e d  veneer  h a s  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  

b u i l d - u p  s h a l l  be bagged and evacuated.  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  b u i l d u p ,  t h e  vacuum i n s i d e  t h e  

bag s h a l l  be moni tored.  A vacuum gage w i l l  be p laced  a t  

each end of  t h e  assembly and a t  a  maximam of t e n  (10)  

f o o t  i n t e r v a l s  a l o n g  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 w i l l  be c a l i b r a t e d  aga ins t  B master o r  

re ference  gage end s h a l l  have an a p ~ r o p r i a t e  correceion 

a t tached  o r  assigned t o  i t .  Each gage s h a l l  be essigned 

a number and i t s  number, l oca t ion ,  a c t u a l  reading and 

cor rec ted  reading s h a l l  be recorded on spp ropr i a t e  da t a  

shee ts .  Readings s h a l l  be taken and recorded a t  f i f t e e n  

( 1 5 )  minute i n t e r v a l s  during t h e  f i r sr  hour a f t e r  

bagging. Readings s h a l l  be recorded a t  one-half ( 1 / 2 )  

hour i n t e r v a l s  f o r  t he  next t h ree  ( 3 )  hours. S t a r t i n g  

with the f i f t h  hour,  readings shah1 be recorded a t  one 

hour i n t e rva l6  f o r  the  remainder of the  cure cycle .  

3.3.7.6 Ambient Conditions - During the  course of a f a b r i c a t i o n ,  

t he  temperature and r e l a t i v e  humidity i n  t h e  shop o r  

work a rea  w i l l  be checked a t  one-hsif (1 /2)  hour 

i n t e r v a l s  and recorded with o the r  da t a  f o r  the job. 

3.3.8 A l l  da t a  s h a l l  be recorded on s tandard da t a  sheet6 whish have 

been reviewed and approved f q r  use by GE. A i l  data 8hel% bear 
.-I' 

t he  d a t e  and the  signatu're of ' the  ind iv idua l  recording the  da t a .  

Job numbers, s e r i a l  numbers and any o t h e r  i den t i fy ing  numbers 

spec i f i ed  e h a l l  be recorded l e g i b l y  on t h e  da t a  shee ts .  Data 

s h a l l  be reviewed and signed o f f  by the  Qua l i t y  Control Engineer 

and s tored  i n  Qual i ty  Control f i l e s .  Data e h a l l  be maintained on 

f i l e  f o r  a  per iod of a t  l e a s t  f i v e  ( 5 )  years.  A t  t h e  end of t h i s  

per iod ,  t he  da t a  s h a i l  be de l ive red  t o  GE. 
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1.0 GENERAL 

1.1 I ~ ~ t r o d u c t i o n  

T h i s  Statement of  Work (SOW) e s t a b l i s h e s  t h e  requ i rements  f o r  t h e  MOD-5A 

Wind Turb ine  Generator  (NTG) s i t e  r e l a t e d  e r e c t i o n  t a s k s  which a r e  t o  be 

performed by t h e  e r e c t i o n  c o n t r a c t o r .  A l l  s i t e  r e l a t e a  c o n s t r u c t i o n  dnd 

e r e c t i o n  a c t i v i t i e s  s h a l l  be conducted under t h e  genera l  d i r e c t i o n  o f  t h e  

GE s i t e  manager. 

1.2 D e s c r i p t i o n  

The MOD-5A WTG system i n c l u d e s  a  tower mounted n a c e l l e  which c o n t a i n s  t h e  

e l e c t r i c a l  g e n e r a t i o n  equipment c o n s i s t i n g  of a  r o t o r  assembly, a  speed- 

i n c r e a s e r  gearbox, a  v a r i a b l e  speed genera to r  subsysterr: and t h e  i n s t r u -  

m e n t a t i o n  and c o n t r o l  equipment. Power and s i g n a l  c a b l i n g  w i t h i n  t h e  

n a c e l l e  i s  r o u t e a  through a  sub-f  l o o r  t o  a  yaw s l i p  r i n g  assembly which 

serves as t h e  tower /  n a c e l l e  i n t e r f a c e .  From t h e  yaw s l i p  r i n g ,  t h e  

c a b l i n g  i s  r o u t e a  down t h e  tower and through t h e  tower f o u n d a t i c n  t o  t h e  

E l e c t r i c a l  Equipment B u i l d i n g  (EEB) and f rom t h e r e  through t h e  s i t e  

step-up t r a n s f o r m e r  t o  t h e  u t i l i t y  d i sconnec t  swi tches.  

1.3 Scope 

The scope o f  work d e f i n e d  i n  t h i s  SOW i n c l u d e s :  a) t r a n s p o r t a t i o n  t o  t h e  

s i t e  o f  t h e  e r e c t i o n  and l i f t i n g  equipment, b )  l i f t i n g  o f  t h e  WTG subsys- 

tems t o  t h e i r  f i n a l  l o c a t i o n ,  and c )  teardown and r e t u r n  t r a n s p o r t a t i o n  of 

t h e  1  i f t i n g  equipment. T r a n s p o r t a t i o n  o f  t h e  WTG components and subsys- 

tems ana t h e i r  assembly p r i o r  t o  l i f t i n g  i s  n o t  w i t h i n  t h e  scope o f  t h i s  

SOW. 

The s i t e  l o c a t i o n  f o r  t h e  work i s  i n  t h e  Kahuku area o f  Oahu, Hawai i .  I t  

i s  expected t h a t  t h i s  work w i l l  t a k e  p l a c e  d u r i n g  t h e  January - A p r i l ,  

1985 t i m e  p e r i o d .  It i s  p o s s i b l e  inc lement  weather c o u l d  d e l a y  t h e  work 

d u r i n g  t h i s  January - A p r i l  p e r i o d ,  t h e r e f o r e  an a l t e r n a t e  work schedule 

i s  shown f o r  t h e  A p r i l  - J u l y  t i m e  p e r i o d ,  which i s  basea on p a r a l l e l  

yaw/nace l le  e r e c t i o n  and b lade  ground assembly a c t i v i t i e s .  When 

s e l e c t i n g  t h e  t y p e  o f  l i f t i n g  equipment t o  be used, t h e  
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1.3 Scope ( c o n t i n u e d )  

a b i l i t y  t o  l i f t  t h e  y a w l n a c e l l e  and r o t o r  f r o m  o p p o s i t e  s i d e s  o f  t h e  tower  

s h o u l d  be cons ide red .  

The s u c c e s s f u l  b i d d e r  f o r  t h i s  MOD-5A WTG e r e c t i o n  work must meet t h e  

requ i remen ts  o f  a l l  l o c a l ,  s t a t e  and f e d e r a l  codes, r e g u l a t i o n s  and 

o rd inances  c o v e r i n g  requ i rements ,  p e r m i t s ,  s a f e t y  and env i ronmen ta l  impact  

as w e l l  as a l l  o t h e r  s t a t u t o r y  c o n s i d e r a t i o n s  wh ich  may app ly .  

E x h i b i t s  " A "  t h rough  " C "  t a b u l a t e  t h e  equipment t o  be e r e c t e d .  E x h i b i t  

" D "  p r o v i d e s  p i c t o r i a l  d a t a  on t h e  equipment.  G E  w i l l  a r range  f o r  equ ip -  

ment t a b u l a t e d  i n  E x h i b i t  "A " ,  " B " ,  and " C "  t o  be t r a n s p o r t e d  t o  t h e  WTG 

tower  base and assembled t o  t h e  d e s i r e d  c o n f i g u r a t i o n  p r i o r  t o  l i f t i n g  t o  

t h e  f i n a l  l o c a t i o n .  A l l  s p e c i a l  l i f t i n g  f i x t u r e s  and spreader  beams w i l l  

be supp l  i e d  b y  G E  f o r  t h e  yaw, n a c e l  le .  gearbox and b l a d e  components and 

subsys- tems. A l l  o t h e r  r i g g i n g  equipment s h a l l  be  s u p p l i e d  by  t h e  b i a d e r .  

An a rea  map showing t h e  l o c a t i o n  of t h e  s i t e  i s  p r o v i d e d  i n  E x h i b i t  " E M .  

P r e l i m i n a r y  s i t e  p l a n s  a r e  shown on HECO drawings 27596 and 27597. 
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2.0 TASKS 

The E r e c t i o n  C o n t r a c t o r  s h a l l  p r o v i d e  and a p p l y  t h e  manpower s u p e r v i s i o n ,  

m a t e r i a l ,  equipment, t r a n s p o r t a t i o n  and o t h e r  resources  needed f o r  t h e  purpose 

o f  accomp l i sh ing  t h e  t a s k s  t h a t  a r e  i d e n t i f i e d  below, i n  zccordance w i t h  a  

schedule t h a t  i s  c o n s i s t e n t  w i t h  t h e  MOD-5A WTG C o n s t r u c t i o n / I n s t a l  l a t i o n  

A c t i v i t i e s  P l a n  o f  t h i s  SOW. 

2.1 Task 1  

Review t h e  des ign  o f  t h e  GE s u p p l i e d  1  i f t i n g  f i x t u r e s ,  spreader b a r s  and 

s l i n g  a t tachment  p o i n t s  t o  t h e  components and subsystems and make recorn- 

mendat ions as t o  t h e  adequacy o f  these  des igns f o r  t h e  purpose in tended .  

2.2 Task 2 

I s s u e  w r i t t e n  e r e c t i o n  procedures f o r  each l i f t  t o  be performed. These 

procedures w i l l  be used by GE t o  conduct  read iness  rev iews  p r i o r  t o  each 

l i f t .  

2.3 Task 3  

T ranspor t  and e r e c t  t h e  necessary cranes, and o t h e r  l i f t i n g  equipment t o  

p e r f o r m  t h e  necessary  l i f t s  i n  t h e  most c o s t  e f f e c t i v e  manner. 

2.4 Task 4 

P r o o f - l o a d  t h e  l i f t i n g  system p r i o r  t o  proceeding w i t h  any l i f t .  The 

l i f t i n g  system s h a l l  i n c l u d e  s l i n g s ,  f i x t u r e s  and spreader ba rs .  Anchors 

w i l l  be p r o v i d e d  i n  t h e  tower f o u n d a t i o n  t o  which t h e  l i f t i n g  system w i t h  

i t s  l o a d  c e l l s  can be  a t t a c h e d  f o r  p r o o f  l oad ing .  The C o n t r a c t o r  s h a l l  

p r o v i d e  recommendations r e g a r d i n g  t h e  method o f  p r o o f - l o a d i n g  and t h e  

p r o o f - l o a d  t o  be used. A p r o o f - l o a d  g r e a t e r  than  t h e  h e a v i e s t  l i f t  i s  

r e q u i r e d .  

The C o n t r a c t o r  s h a l l  a1 so p r o v i d e  recomrriendations f o r  v e r i f y i n g  p roper  

o p e r a t i o n  and c a p a c i t y  o f  t h e  l i f t  system brakes.  
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2.5 Task 5  

L i f t  and i n s t a l  1  t h e  yaw, n a c e l l e  and b l a d e  components ana subsystems as 

shown i n  E x h i b i t s  " A " ,  " B "  and " C "  b y  t h e  most c o s t  e f f e c t i v e  method. The 

n a c e l l e  components and subsystems, as l i s t e d  i n  E x h i b i t  "B", may be l i f t e d  

and i n s t a l l e d  p e r  t h e  l i f t s  shown i n  Column A, B o r  C. A s i n g l e  l i f t ,  as 

shown i n  column i i s  p r e f e r r e d  b u t  may n o t  be  t h e  most c o s t  e f f e c t i v e  

method. 

The b l a d e  l i f t  o f  300,000 pounds, as shown i n  E x h i b i t  "C",  i s  a  s i n g l e  

l i f t .  T h i s  w e i g h t  cannot  be reauced.  

The component and subsystem s i z e s  and we ights ,  as shown i n  t h e  t a b l e s  and 

f i g u r e s ,  do n o t  c o n t a i n  any f i x t u r e s ,  spreader b a r s  and s l i n g s  w e i g h t s .  

I t  i s  es t ima ted ,  a t  t h i s  t ime ,  t h a t  t h e  f i x t u r e s  and spreaders  w i l l  ada 

15% t o  each l i f t  we igh t .  

I n t e r f a c e  h e i g h t s  are :  

Yaw t o  Tower: 218.73 F t .  

N a c e l l e  t o  Upper Yaw S t r u c t u r e :  230.15 F t .  

B lade Hub H e i g h t :  245.0 F t .  

The tower  i s  a  14 1 /2 '  c y l i n d r i c a l  s h e l l  f r o m  t h e  yaw s t r u c t u r e  t o  5 0 '  

above t h e  grounu. T h i s  she1 1  then  b e l l s  o u t  t o  a  d iame te r  o f  22 1 /2 '  a t  

t h e  f o u n d a t i o n  i n t e r f a c e  (g round  l e v e l  ) .  

The yaw s t r u c t u r e - t o w e r  i n t e r f a c e  g i r t h  we ld  i s  t h e  r e s p o n s i b i  1  i t y  o f  t h e  

tower  f a b r i c a t o r  and i n s t a l l e r .  

2.6 Task 6 

Remove and t r a n s p o r t  a1 1  of t h e  C o n t r a c t o r ' s  equipment a t  t h e  c o m p l e t i o n  

o f  e r e c t i o n .  
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DOCUMENTS TO BE PROVIDED BY GE 

3.1 Drawings 

a. S i t e  Layout  and Topographic Drawings 

b. Yaw Assembly drawing 

c .  Yaw-Tower l n t e r f a c e  Drawing 

d. N a c e l l e  Assembly Drawing 

e.  Nacel le-Yaw I n t e r f a c e  Drawing 

f .  Blade Assembly Drawing 

g. B lade - Yoke I n t e r f a c e  Drawing 

h. Yaw L i f t i n g  F i x t u r e  Drawing 

i. N a c e l l e  Subsystem L i f t i n g  F i x t u r e  Drawings 

j. Blade L i f t i n g  F i x t u r e  Drawing 
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4.0 DOCUMENTATION TO BE PROVIDED BY CONTRACTOR 

The E r e c t i o n  and I n s t a l l a t i o n  C o n t r a c t o r  s h a l l  p r o v i d e  t h e  documents i d e n t i -  

f i e d  i n  Tab le  4-1 (Da ta  Requirements L i s t )  o f  t h i s  SOW, a t  t h e  t i m e s  and i n  

t h e  q u a n t i t i e s  s p e c i f i e d  i n  t h e  Tab le .  

DOC NO 0006s 
DISKETTE NO 0024B 



SOW-MOD-5P 'G-033  

SEPTEMBER 1983 

TABLE 4-1 DATA REQUIREMENTS L l S T  FOR ERECTlON CONTRACT 

b 0 C  . D t L I V E R  TO COPY TO NO. OF C O P I E  
NO. OEL lVERABLE DOCUMENT(S) T I M E ( S )  OF D E L I V E R Y  (ADDRESSEE "A" )  (ADDRESSEE "0") 0 I TO lafl 
E I - 1  ERECTION AND I N S T A L L A T  I O N  3 0  DAYS AFTER CONTRACT GE S I T E  MANAGER GE SUBCONTRACT 5 1 

PROJECT SCHEDULE AWARD. SUBSEQUENT UP- ADMINISTRATOR 

DATES AS APPROPRIATE. 

WEEKLY PROGRESS REPORTS WEEKLY THROUGHOUT CON- GE S I T E  MANAGER GE SUBCONTRACT 

TRACT PERIOD. ADMINISTRATOR 

MONTHLY F I N A N C I A L  REPORTS MONTHLY, BY l O T H  o f  FOL-  GE SUBCONTRACT GE S I T E  MANAGER 

LOWING MONTH, THROUGHOUT ADMINISTRATOR 

CONTRACT PERIOD. 

DOCUMENTATION FOR PERMITS AS REQUIRED BY COGNIZANT GE S I T E  MANAGER GE SUBCONTRACT 

REGULATORY BOD1 ES. ADMINISTRATOR 

E R E C T I O N / I N S T A L L A T I O N  PRO- 6 0  DAYS PRIOR TO L I F T  GE S I T E  MANAGER GE SUBCONTRACT 

CEDURES DESCRIBED I N  PROCEDURE. ADMINISTRATOR 
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5.0 SCHEDULE 

A p r e l i m i n a r y  schedu le  f o r  MOD-5A c o n s t r u c t i o n  a c t i v i t i e s  i s  shown i n  F i g u r e  

5-1. T h i s  schedu le  shows an a l t e r n a t i v e  sequence s t a r t i n g  w i t h  t ower  e r e c t i o n  

i n  A p r i l  1984. T h i s  a l t e r n a t i v e  sequence may be  usea i f  i n c l e m e n t  weather  

d i c t a t e s  d e l a y i n g  c o n s t r u c t i o n  work. 
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EXHIBIT "A" 

MOD-5A WTG COMPONENT AND SUBYSTEM 

SIZES AND WEIGHTS 

YAW - 

S I Z E  
COWONENT/SUBSYSTEM 

WEIGHT 
(FT. ) (LBs n b b t ~  

Y -  

56,600 + 56.600 5 
Yaw S1.ip Ring Assy. 1 1  1 / 2 ' L  x 3'W x 3'TK 3.500 5 

NOTE: F igure  Numbers r e f e r  t o  f i g u r e s  i n  E x h i b i t  "DM. 
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EXHIBIT "B" 

MOD-5A UTG COMPONENT AN0 SUBYSTEM 

S I Z E S  AND WEIGHTS 

MACELLE 

ADDITIONAL ADDITIONAL 
FIG. SIZE WEIGHT GROUND GROUND GROUND 

COWOYNT/SUBSYSTEH NO. (FT.) (LEIS) ASSEMBLY LIFT " A "  ASSEMBLY LIFT "B* ASSEMBLY LIFT " C U  

Bedplate Base 

Side P la tes  (2) 

Rotor Adapter 

High Voltage Cabinet 

E lect ron ic  Cabinet 

Lubr i ca t ion  Module 

Generator 

Yal kuays and Plat forms 

44'L 1 14'W x 8 'H 

20'L x 14'Y x 1 ' T K  

14'L x 14'U x 5'TK 

12'L x 3'Y x 8'H 

8'L x 3'Y x 6'H 

15'L x 8'Y x 6'H 

14'L x 8'W x 8'H 

Loose Par ts  

130,000 

16,300 ea 

56.000 

1,200 F ig .  15 

1,000 278,000 +278.000 

2.000 

47,200 

8,000 

10 17 'L x 10'Y x 12'H 127.000 + 140,000 ,140,000 F ig .  17 

441,500, 441,500 

Top P la te  11 20'L x 14'Y x I'TK 

A u x i l i a r y  Maint. Crane 12 - - 3,000 
9m000 ~ 1 2 . 0 0 0  +12,000 

High Speed Shaft  Assy. 13 4 'L  x 3 '  Dia. 1,500 + 1,500 + 1,500 
Rotor S l i p  Ring - 5'L x 1'W x 2'H 500 + 500 + !ioO 4 
F a i r i n g  Assy. (Pa l le t i zed)  - 21'L x 8'W x 8'H 8,800 

A i r c r a f t  Yarning L igh ts  - 3 'L  x 2'W x 1'H 0 f 9.500 + 9,500 

Mind Sensor Mast Assy. ( 2 )  - 30'L x 2'U x 2'H 300 ea. 

Yoke Structure Assy. 14 25'L x 12'W x 12'H 210,000 

f 
Fig. 16 

LOW Speed Shaft  Assy. 16'L x 5'Dia. 75.000 290,000 + 290.000 + 290.000 + 290,000 
Ai leron Hydraul ics Assy. 15'L x 5'W x 3'H 5.000 

J 
NOTE: Figure Numbers r e f e r  t o  f i gu res  i n  E x h i b i t  "D". 
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COMPONENT AND SUBSYSTEM SKETChES 

T h i s  e x h i b i t  i n c l u d e s  p i c t o r i a l  d a t a  a s  f o l l o w s :  

F I G U R E  NG. T I T L E  

F IGURE 1 
I 1  2 
11 3 
II 4 
I 1  5 
11 6 
I 1  7 
II 8 
I t  9 
11 1 0  
I 1  11 
I 1  12 
I 1  1 3  
I 1  1 4  
11 1 5  
I 1  1 6  
I 1  17 
I 1  1 8  
I 1  19 
I 1  2 0 

(NOT USED) 

(NOT USED) 

PROPGSED FOUNDATION 

TOWER ELEVAT I O N  

YAW SUBSYSTEM 

BEDPLATE 

KOTUR ADAPTER S I D E  P L A T E  

ROTOR ADAPTER 

CiENERATOR 

LEARBOX 

ROTOR ADAPTER TOP COVER 

A U X I L I A R Y  MAINTENANCE CRANE 

H I G H  SPEED SHAFT 

YOKE STRUCTURE ASSEFIBLY 

NACELLE ASSEMBLY 

YOKE ASSEMBLY 

NACELLE ASSEMBLY 

NACELLE ASSEMBLY W I T H  YOKE AND LOW SPEED SHAFT 

BLADE ASSEMBLY 

BLADE ERECTION 
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Figure 5 Yaw Subsystem 
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F igure  6 Gedplate 



Figure 7 Rotor Adapter Side Plate 





Figure 9 Generator 





Figure 11 Rotor Adapter Top Cover 





Figure 13 High Speed Sha f t  



F i g u r e  14 Yoke S t r u c t u r e  Assembly 
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ROTATING 8 L I F T  
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F igu re  19 Blade Assembly 
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Figure 20 Blade Erect ion  
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A  A0 

AASHTO 

a  c  

AC I 
A/ C 

AGMA 

AILSTAB 

AISC 

ASCE 

ASCII 

ASTER 

ASTM 

Aid G 

AKS 

baud 

BE S 9 

C B I  

C E C  

C C W  

cfm 

C G T  

C I 

CIS 

C Ib1 D 

C O E  

cov 
C P U  

CRT 

d  c  

DOE 

Amperes 

average annual outage t i m e  

American A s s o c i a t i o n  of S t a t e  Highway and T r a n s p o r t a t i o n  O f f i c i a l s  

a1 t e r n a t  i n g  c u r r e n t  

American Concrete  I n s t i t u t e  

a i r c r a f t  

American Gear Manufacturers  A s s o c i a t i o n  

A i l e r o n  S t a b i l  i t y  A n a l y s i s  

American I n s t i t u t e  o f  S t e e l  Cons t ruc t i on  

American S o c i e t y  o f  C i v i l  Engineers 

American Standard f o r  Computer I n f o r m a t i o n  In te rchange  

a  compater program 

American S o c i e t y  f o r  T e s t i n g  M a t e r i a l s  

Arner i can  G i r e  Gauge 

American Xe ld i ng  S o c i e t y  

t h e  r a t e  o f  t r ansm iss i on  o f  da ta  f r om  one p a r t  o f  computer t o  another  

backup emergency shutdown 

Chicago b r i d g e  and I r o n  

c o e f f i c i e n t  o f  d r a g  

c o n t r o l s  d a t a  system 

c o n t r o l  e l e c t r o n i c s  c a b i n e t  

coun te r c l ockw i se  

c u b i c  f e e t  pe r  m inu te  

c rack  growth t h r e s h o l d  

c u t -  i n  

c y c l e  i n t e r c e p t  s t r e s s  

conimand 

c o s t  o f  energy 

c o e f f i c i e n t  o f  v a r i a t i o n  

c e n t r a l  process i n g  u n i t  

cathode r a y  t u b e  

Charpy V-notch t e s t  

d i r e c t  c u r r e n t  

Department o f  Energy 



ECL 

E  HD 

E MC 

ES 

EPTAK 

E M 1  

ESD 

FMEA 

f pm 

f PY 

F A P  
f t .  

9 

G 

g a l .  

G B I 

GETSS 

GETSTAB 

9pm 
H z .  

I ITR I  

I / O  

i n .  

I SM 

k  

k i p s  

k s  i 

k  V 

k  W 

k Wh 

Ibs .  

1  b/MDGL 

LEFM 

L MC 

LVDT  

Eptak c o n t r o l  language 

e lastohydrodynamic 

e q u i v a l e n t  mo i s tu re  c o n t e n t  

eng inee r i ng  i ns t r umen ta t i on  system 

t r a d e  name f o r  c o n t r o l l e r  f r om  Eag le  S igna l  D i v i s i o n  o f  G u l f  and 

Western I n d u s t r i e s  

e l ec t r omagne t i c  i n t e r f e r e n c e  

emergency shutdown 

f a i l u r e  modes e f f e c t s  a n a l y s i s  

f e e t  pe r  m inu te  

f a i l u r e s  pe r  y e a r  

g l a s s  f i b e r - r e i n f o r c e d  p l a s t i c  

f e e t  

a  u n i t  o f  acce le ra t i on ,  equal  t o  32 f t / s e c  o r  9.8 m/sec 

g iga ,  a  p r e f i x  meaning one b i l l i o n  

g a l  Ions  

Gougeon B ro the rs  Incorpora tedde  

GE Turb ine  System A n a l y s i s  

a  computer program 

g a l l o n s  pe r  m inu te  

H e r t z  

I l l i n o i s  I n s t i t u t e  o f  Technology, Research I n s t i t u t e  

i n p u t / o u t p u t  

i n c h  

i n p u t  s  i g n a l  manager 

k i l o ,  a  p r e f i x  meaning 1000 

a  u n i t  o f  f o r c e  o r  weight ,  k i l opounds ,  o r  1000 pounds 

a  u n i t  o f  s t r e s s ,  k i p s  p e r  square inch, o r  1000 p s i  

k i l o v o l t s ,  o r  1000 V o l t s  
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