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SCOPE OF REVIW 

The scope of t h i s  design review includes some background data on the  

reasons f o r  using capacitorsg the  select ion and design of t he  capacitors, as 

well  as data r e l a t ing  t o  t h e  complete package design. 

The general packaging concept f o r  a l l  e l e c t r i c a l  camponents has been 

established by other design reviews and has been followed i n  the design of t h i s  

as semb l y  e 

Two technical  reviews and a Major Design Review have been held, with 

packaging design changes incorporated i n t o  the drawings as suggestedo The 

revised design of a prototype Power Factor Correction Assembly i s  complete and 

the  f i n a l  drawings have been released. 

design has been performed. The analysis  indicates sa t i s fac tory  design margins 

f o r  a11 t h e  s t ruc tu ra l  components. The s t r e s s  analysis  i s  included i n  

Appendix K. 
technical  review i s  s t i l l  val id  and indicates  t he  temperature r ise within the  

capacitors i s  small compared t o  t h e  maximum temperature capabi l i ty  of t he  

parts.  

wire temperature calculations have been added t o  Appendix I. 

A s t r e s s  analysis of t he  current 

The thermal analysis  (Appendix I) performed before t h e  last 

Some addi t ional  data re la ted  t o  the heat s ink temperature and fuse 

The design f o r  t he  PFCA, as represented by t h e  assembly drawing i n  

Figure 1, has been reviewed and approved. The reviews and analysis  performed 

show that the  design w i l l  meet t h e  requirements outlined by the  component 

specification, AGC-106039 AFpendix G. 
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PURPOSE OF CAPACITOR ASSENBLY 

The purpose of t he  Power Factor Correction Assembly is  t o  provide a 

component with suff ic ient  capacitive reactance t o  balance t h e  inductive loads 

of the  vehicle and the  in te rna l  e l e c t r i c a l  loads of t he  SNAP-8 system. 

correcting the  power fac tor  t o  near unity, the  al ternator  w i l l  tend t o  operate 
at  maximum efficiency. The term 'near unity' i s  used because the  curve of 

efficiency vs power factor  i s  re la t ive ly  f la t  i n  the  immediate v ic in i ty  of 
unity pf so small changes i n  capacitance or power factor  of the loads make only 

minor changes i n  efficiency. 

By 

Figure 2 i l l u s t r a t e s  the  changes i n  a l ternator  power fac tor  f o r  conditions 

of no correction and f o r  40 and 57 KVAR correction with a vehicle load power 

factor  of 0.85 lag. 

correction applied with a 1.0 pf vehicle load i s  a l so  shown, T e s t  data included 

i n  Appendix L shows tha t  a leading power fac tor  of 0.9 can be controlled by the  

e l ec t r i ca l  system with no problems e 

The ef fec t  of over compensation resul t ing from'57 WAR 

Technical Memorandum, TM 4936 :66-410, ent i t led,  "Power Factor Correction 

Trade-off Analysis," i s  included as Appendix A. 

SELECTION OF CAPACITOR CIRCUIT 

The selection of a capacitor c i r cu i t  was based on several  different  

considerations. 

ered. 

capacitance f o r  a wye c i r cu i t  i s  three t i m e s  t h e  value fo r  a delta, The 
voltage rat ing of each capacitor i n  a wye i s  only 58% of the  de l ta  voltage. 

In  the  types of capacitors being evaluated, however, the  minimum prac t ica l  

voltage ra t ing  i s  higher than the  de l ta  requirements so t h i s  i s  not an  important 

factor.  

tance value and therefore i s  an important factor  i n  the  selection of a delta 

c i r cu i t  

F i r s t ,  t h e  choice of a three-phase wye and de l ta  w a s  consid- 

For a fixed three-phase KVAR ra t ing  (kilovolt  amperes reactive) t h e  

The size and weight of the  capacitors i s  proportional t o  the capaci- 
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SEIZETION OF CAPACITOR TYPE 

Next, t he  select ion of a capacitor type was considered. Some fac tors  

were decided eas i ly  because they contributed t o  good performance with maximum 

efficiency. These included the  use of film and f o i l  construction as compared 

t o  metalized film and extended f o i l  construction as  compared t o  inserted tab, 

The use of multiple capacitor sections t o  improve r e l i a b i l i t y  and t o  minimize 

the  e f f ec t s  of incremental capacitance changes was a l s o  decided ear ly  i n  the  

program. 

The f i n a l  choice of Kapton w a s  based both on i t s  physical charac te r i s t ics  and 

on i t s  ava i lab i l i ty .  

Kapton and polycarbonate charac te r i s t icss  

some correspondence r e l a t i v e  t o  t h e  select ion of t h e  d i e l ec t r i c  f i h  and a 

summary of Kapton properties.  

r e f e r  t o  the  same material. 

Choice of capacitor d i e l ec t r i c  f i lm involved considerable study. 

Data included i n  Appendix B presents a compwison of 

Also included i n  t h i s  Appendix i s  

The t e rns  Kapton, H - f i l m  and polyimide a l l  

The select ion of t he  s i z e  of t he  individual capacitors and t h e  number 

of them per Thase w a s  based on a combination of fac tors  including p rac t i ca l  

values of capacitance t o  be manufactured i n  a s ingle  container and reasonable 

increments of capacitance change t o  be made by adding or removing capacitors. 

Ten capacitors per phase w a s  selected with t h e  t o t a l  of 175 microfarads per 

phase equally divided. 

included i n  t h e  component specification, AGC-10563 (Appendix C) 

This value of 17.5 microfarad per capacitor w a s  

FUSING AND REWILITY 

A conceptual design meeting was held t o  discuss the  PFCA package design. 

Minutes of t h i s  meeting are included as Appendix D. One of t he  act ion items 
of t h i s  meeting w a s  t o  determine i f  fusing the  capacitors would increase t h e  

r e l i a b i l i t y  of t h e  unit .  

required and fur ther  analysis was performed t o  determine the  possible advantages 

of multiple fuses.  

The re su l t s  of t h i s  analysis were t h a t  fusing was 

The r e l i a b i l i t y  analysis i s  presented as Appendix E. 

Further consideration of t he  capacitor c i r c u i t  including t h e  fuses 

resul ted i n  the  select ion of t he  c i r cu i t  shown i n  t h e  schematic diagram, 

Figure 1. 
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This c i rcu i t  has the  advantage that a single fuse per capacitor can 

protect for  both l ine  t o  l ine  and l ine  t o  ground fau l t s .  

effect  of t h i s  c i rcu i t  change on increasing r e l i a b i l i t y  i s  also included i n  

Appendix E. 

A memo stat ing the 

To minimize the  use of low temperature solder and fusible metals and 

t o  insure high r e l i a b i l i t y  welded e lec t r ica l  connections, a fuse was designed 

fo r  use with the PFCA. 

current 

Fusing current i s  approximately four t i m e s  rated 

CAPACITOR PROCUREMENT 

Seventy capacitors have been purchased i n  accordance with Specification 

AGC-10563 except tha t  the film material was changed t o  Kapton. Delivery of 

69 units has been accomplished t o  date. The number of acceptable parts w a s  
reduced t o  t h i s  value during the process of acceptance testing. Acceptance 
tes t ing was performed i n  accordance with AGC-STD-1338. 
included i n  Appendix F. 

This standard i s  

Figure 4 i s  a photograph of one of the capacitors showing details of 

i t s  external features. 

ASSEMBLY OF BREADBOARD PFCA 

Thirty of the capacitors have been assembled into a breadboard unit, 

Figure 5, f o r  tes t ing i n  the Electr ical  Component T e s t  Faci l i ty  (ECW). 

The breadboard unit uses the same capacitors as intended f o r  the proto- 

type. They are mounted on a similar baseplate, se t  i n  Dow Corning heat sink 

compound (Appendix H) t o  simulate the heat transfer of the prototype unit. 

Tests have been in i t ia ted  with the  breadboard operating with the other 

components of ECTF. 

COMPONENT FAIWRES 

One capacitor failed at  approximately 50 hours of operation, The failure 

The defective capacitor has been reported (FR 1279) and i s  being investigated. 

was automatically removed from the c i rcu i t  by the fuse and ECTF continued t o  

operate with a 
replaced. The 

has since been 

s l igh t  current 

breadboard was 

operating with 

nce u n t i l  the  capacitor and fuse were 

returned t o  operation imediately.  

24 capacitor connected. 

';chis unit  

Two units per phase were 
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disconnected t o  reduce the  capacitive current t o  allow t o t a l  system operation 

at  0.90 lagging pf. This i s  the  value defined f o r  the  present ECTF t e s t  plan. 

A second capacitor failed at approximately 223 hours of operation. 

Results of the f a i lu re  were the  same as reported above. 

reported on FR 1191. 
was returned t o  tes t ing.  

accumulated w i t h  no additional failures 

This failure w a s  

The capacitor and fuse were replaced and the assembly 

Test t i m e  i n  excess of 2400 hours has now been 

Analysis of the  f a i lu re s  i s  continuingg but preliminary r e su l t s  indicate , 

that the f a i lu re s  were caused by random type defects tha t  resu l t  i n  "infant 

mortality" or ear ly failure. 

electronic components where each part is  an individual that may contain 

defective material, may be damaged i n  handling, processing or tes t ing,  The 

common method of eliminating t h i s  type of defect is  t o  perform a "burn-in" 

test or "accelerated aging" t e s t  t o  intentionally cause f a i lu re  of these 

defective pieces. 

and w i t h  higher than rated voltage applied, 

hours based on the type of component and experience. 

This type of defect i s  common t o  many types of 

These t e s t s  are usually performed at  elevated temperature 

Test times vary from 50 t o  500 

Proposed corrective action f o r  the sw-8 capacitors w i l l  include 

in-process burn-in tests a t  different  stages of construction from individual 

section t o  complete components. Additional d i e l ec t r i c  tests, insulation 

resistance tests and voltage retention t e s t s  w i l l  a l s o  be performed a t  each 

stage of construction t o  help detect l o w  quali ty or defective par ts  before 

f i n a l  assembly. A s  a f i n a l  precaution, a burn-in tes t  w i l l  be included i n  

the  formal acceptance t e s t  procedure. 

The capacitors t ha t  have akeady been fabricated and delivered w i l l  be 

given equivalent burn-in tests t o  eliminate defective parts before the prototype 

assembly i s  fabricated. 

DESIGN OF PROTOTYPE PFCA 

Specification AGC-10603 w a s  prepared t o  define the prototype assembly 

f o r  the PFCA. This specification i s  included as Appendix G. 

The assembly drawing, Figure 1, and complete d e t a i l  drawings have been 

prepared fo r  a prototype unit. This design represents the l a t e s t  configuration 
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incorporating changes suggested by preliminary stress analysis, two Manage- 

ment Technical Review (FaR) meetings, and a Major Design Review meeting. 

The minutes of these MllR meetings are contained i n  Appendix N, and the minutes 

of the  design review meeting i n  Appendix 0. 

A stress analysis has been performed on t h i s  design configuration, The 
r e s u l t s  show the  design t o  be Sat isfactory for t he  mechanical load requirements. 

The str'ess calculations are included i n  Appendix K. 

A thermal analysis was a l so  performed, The r e s u l t s  a r e  included i n  

Appendix I. 

of approximately 5OoF. 
of 150°F heat sink temperature. 

heat sink in te r face  temperature of 1 6 8 ' ~ ~  

The calculations show a temperature r ise within the  capacitors 

This was based on the  capacitor specif icat ion f igure  

Other thermal calculations show a maximum 
Considering both sets of calculations,  

t he  resu l t ing  hot-spot temperature within t h e  capacitors does not exceed approx- 

imately 220OF. 

temperature capabi l i ty  of a l l  the  materials present. 

l i m i t  i s  approximately 400°F. The large temperature difference between t h e  

ac tua l  and permissible values and t h e  l o w  temperature gradients within t h e  

components contributes t o  high r e l i a b i l i t y  and long l i f e .  

The solder within the  capacitor has the  lowest operating 

The solder temperature 

The or ig ina l  r e l i a b i l i t y  analysis  performed (Appendix E) provided a 

r e l i a b i l i t y  f igure  of 0.99946 as a conservative estimate. 

have been made since that time, including change t o  Kapton f i lm and change i n  

interconnection c i r cu i t ,  a r e  changes t h a t  contribute t o  increased r e l i a b i l i t y .  

The changes t h a t  

PROGRAM STATUS 

The assembly drawing, Figure 1, and complete d e t a i l  drawings have been 

prepared f o r  a prototype uni t .  This design i s  being presented f o r  review. 

Testing has been in i t i a t ed ,  using the  breadboard assembly with EC", 

Stress, r e l i a b i l i t y  and thermal analyses have been performed with 

sa t i s fac tory  conclusions. 

Future plans include revision of t h e  design as required as a r e su l t  of 

This data package has been revised and updated, and i s  being t h i s  review. 
released i n  t h e  form of a Technical Memo t o  form a part of t h e  design f i l e  f o r  

t h i s  component. 
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The revised drawings have been released f o r  fabrication of one 

prototype Power Factor Correction Assembly. After completion,, t he  unit w i l l  
be tes ted i n  ECTF f o r  e l ec t r i ca l  tests:, then w i l l  be available t o  the  project 

f o r  further t e s t  assignment e 

The specifications and standards defining the components and test 

requirements f o r  t he  PFCA. w i l l  be corrected and revised t o  include the 

additional requirements fo r  in-process and burn-in testing., 
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The af fec t  of power factor  correction on the SNAP-8 system performance 

and efficiency is shown. The al ternator  KVA requirements and losses a re  
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The e f fec t  of the  power fac tor  correction capacitors on the Inverter/ 
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Electro -Techno1ogy - - June 1967 - -  

die lec t r ic  constant 

d ie lec t r ic  strength,v/mil 2250 - 4250 
vo1me r e s i s t i v i t y ,  

surface r e s t i v i t y  , ohms 3 x (BO$ RH) 
otun/cm 3 B x 10 17 

0,003 - 0,0095 (1 k) 

1500 - 9500 

H - Fi  

H - Film 
ximum temperature 270' F 4-OO0C =+ 

Minimum temperature -150°F 

Dielectric K 

Power factor  

Dielectric strength 

VoLume r e s i s t i v i t y  (QM/c~) 

2 

Specific gravi ty  

ea factor  (in /lb/mil 

e yield (psi) 

Elongation '$ 

IKC-XMC 25OC 2,99-2, 

0 13-1 , 10 I? 

cast  
exh-uded 

cast  

extmaed 

233 100 
102 

2250 V/mi1  
3-500 V/gZiE 

16 4,7 w 10 
16 x 10 
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’ the temperature is increased or decreased the 
apton” are less affected than those 
lame resistant material, “‘Kapton” 
above 800°C. There is no 
for the film and it is infusi 
‘Kapton” is synthesized by 
action between an aromatic tetra- 

esives are available for bonding ‘ ’ ~ a p ~ o ~ ”  

an aromatic amine. 

at extremes in temperature which make “Kapton” 
a unique new industrial material. 

ecause “Kapton” 
bines “Teflon”* 
polyimide to give a 

rnent. 
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NONE 

815°C 

435" 
525°C 

2 . 0 ~  10 -5  in./in./" 

4.26 x 10-4 
4.51 x 10-4 

8 yrs. 1 yr. 

17,000 psi 
6,000 psi at 3% 

8,500 psi 
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1 mil 

25°C 
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1.3% 
2.9% 

45 
250 

6 
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4 days at lDo°C 
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Westinghouse Fluorescent Sunlamps 
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Soil Burial 
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d 1. SCOPE 

1.1 T h i s  specification covers the requirements f o r  the perfor 
d c s i a  and t e s t  of one type of fixed capacitor f o r  use in the power 
corrttction assembly of the -8 Power Comers 

2 ,1  The fcllowing docmnts ,  of the l a t e s t  issue i n  e f fec t  on the date 
of invi ta t ion fcr bids,  shall form a pax% of this specification t o  the extent 
syecified herein. BJ, the  event of conf1%@t between documents referenced here ma 
tJt2iltsr actail  contcnt of Sections 3,  4, ana 5, the  d e t a i l  rcqirirenaents of Sections 
$ 9  4, and 5, shall be considered a supersedi 

NIL- STD-826 

ginaering, and Associated 

sts, A i m r a f t  and Nissile 'bk&38ng Operators, 
Qualifications 

Cczlibratfon Sys t e m  Requiremnts 

Specifications arad Standards, 
Precedence for the Selection of 

gwe t ic B t e  r f e  r ence Test Requirements 
ana f~est btlaods 

AGC- STD-1338 Cbpacitsr, siw-8, 0% 

(Cspic-s of' sp. cif icat i -ne,  standla 
required by suppl iers  in con 
be obta ined  from %ne psseuri 

3.1.1.1 - TLc: c-"pacitor s 1% be rat& t o  operate zt 215 volts, 
root  mt3LLl-l xi 395 to It05 Her-Lz HZ, cycles per second j. 



AGC-10563 

5 -  ~ 1 . 3  - The power dissipation of the capacitor, fncludabgg 
resistant,': 10s Is, a t  the rated volt 
ra'cec;, temperature (see 3.3.1.3) sha.ll not exceed 5.0 

- It shall be a des% object%= t o  
of  93.99 perce 0 hours of continuou rated operati  
induced environments speeif ied. 

I 

3.1.2.2 0 -  

routine maintenance repair, o r  

3.1.2.3.2 Shelf life.- The shelf" 

be capable of meeting the operating l i f e  requirements of t h i s  
without requiring processing when a per after 

I 

d 3.1.2.4 Natural environment. - capacitor shall ope 
ment of any of the following: 

(a )  A i r  or  sulphur hexafluori 
inch, absolute (psia) ana 

(b) Room ambient conditions f o r  testing, with a re la t ive  humid 
95 percent. 

3.1.2.5 - 8at applicable 

301.2e6 -t applicable, 

3.1.2.7 - Bot applicable. 

3.1.2.8 Induced environment.- The capacitor shall be des 
following induced environnaent, 

3.1.2.8.1 Shock.- The capacitor, 9011-operating, shall be capable of w 
P 

20 g shocks along three 
each direction (six shoc 
of the input pulse s b l  

3 . ~ 2 ~ 8 . 2  shall be capable of ki th-  
S;tanaing r a a o m  
minutes in  each of three m t u a l l  
as follows: 

b d  



AGC-a0563 

( a )  20 t o  200 Hz: 

(b) 

increasing a t  2 decibels (db) per octave, 
2 

200 t o  TOO Hz: a t  0.64 g /Hz. 

( c )  '700 t o  900 HZ: dec:-easing a t  2-73 ab per octave. 
2 

(d)  900 t o  2000 Hz: a t  O Q 1 5  g 1 
3.1.2.8.3 Acceleration.- "he capacitor, non-operating, shall be capable 

of withstanding 6 g steady acceleration 6n either direction along any axis. 

ols5!e8.,4 The capacitor shall be c able of withstaaad- 
ing the conbine see 301e208a1), see 3.l.2.8.2), 
ala acceleration (see 5 . ~ 2 ~ 8 ~ 3 ) ~  

- During operation, the capacitor shall be able t o  
vironmnts without milfunction or da 

(a) Shocks of 3 g on each of thrcc mutually perpendicular axes with the 
wave forms of a half-sine pulse f o r  8 milliseconds duration. 

(b)  Vibrations of 0.25 g peak over a frequency range of 5 t o  2000 Wz 
f o r  5 minutes. 

(c j St.eady acceleration of 3.5 g i n  e i ther  direction along any axis. 

(11 ) Total integrated nuclear radiation, including direct, scattered, and 
secondary radiation z s  follows : 

(1 j %.st neutrons : 

(2 )  ~izmmas: 10 ruds (e>, 

1011 ne, integrated dose f o r  10,000 hours. 

tegrated dose %or l 0 , O O O  hours, 6 

3 . 2  - The envelope and mounting dimensions of the 
housings t d of nameplates shall be a t  the discretion of the 
IIklS1Ufircturer within the limitcttlons i f i ed  herein. !The rran-dsctmer s ~ L U .  sub 
a l l  necessary interface docmnts ,  t 
the capacitor (see 3.4.1). 

3.2.1 .- The capacitor shall be designed t o  mount w i t h  thr 
fasteners cnto a heat sink mint,ained at 150°F a d  t o  t ransfer  t o  that heat sink 
the in te rna l ly  generated heat. 

3.2,2 Terminals.- The temhals shall be on the side of the housing 
opposite t o  the mounting surface. 

5.j.1.1 Construction. - The capacitor shall be of metal f o i l  w i t h  a poly- 
carbonate p l a s t i c  film die lec t r ic .  

.r 

3 a 3 a l a 2  Ehc1osure.- The enclosures of the capacitors shall be hermetically 
( A )  sealed by welding t o  prevent leakage i n  excess of that specified in 3.3.16 . 

enclosure shall be able t o  withstand a minimum di f fe ren t ia l  pressure 0% 15 p s i  
in e i ther  direction. 

The 

c- 



AGC-1056.3 

shall be capable of operating 
tempeleatwe enviro 
of $orage, nonope 

co i t  inuous temperature knvironmnt of +~o"F to + l 2 0 ~ ~ .  

il potent ia l  of 

connected toge 
(-A ) 

of one microampere shall be pemflted.  

' . 5 e " o l . b  Leakage.- TIE xaximum leakage rate of the enclosme shall not 
-.xceed +,!.e equivalent of 1 x 10-7 stanard cc/second of helium as measured w i t h  a 
nass spectrometer. 

\ 

j e 3 * : J  .- Specifications and Stand- 
ar8?s for necessary commodities and s e r d c e s  not specified herein shall be selected 
according t o  MIL-STD-143 a 

'orporntion, it i s  necessary t o  control the design selections of products, materials, 
: a d  procee:,er, not described by available specifications, a specification o r  standard 
Y 1 ~ . C 1 l  be prepared and submitteri t o  the Aerojet-General Corporat$on f o r  review p r io r  
t o  it:- use. 

Where, i n  the best  in te res t s  of the AeroJet-General 

d 

3 . 3 . 3  Vnterials, pa r t s  and processes e - Parts, materials, and processes used 
i n  the uni t  shall be selected by the supplier a d  shall be ade 

radiation-sensitive or subject t o  ha rmfu l  deterioration i n  a mcum shall be 
avoided. 
icular ly  t o  those which have been q ~ ~ ~ l i f i e d  in accordance w i t h  specif ics t  

and materials selected by the  supplier 
AGC as t o  t h e i r  s u i t a b i l i t y  f o r  use 
11 not be construed 8s assurance of tance by A X  of an 

,tpplication. In the selection of par t s  and material, those kn f i c m t l y  

:?reference shall be given. t o  parks and materials readily available, par t -  

standards issued by the Department of 88 OP" inaustm ~ S S O  
1 be subject t o  rev% 

3.3.3.1 Il;rminals.- The terminals shall be of suff ic ient  size t o  e f f i c i en t ly  
and continuously conduct the rated load current without a31 appreciable temperature 
rise i n  the terminals. Design of the terminals shall permit external copper 
connections t o  be made to the capacitor by 
sink on the terminal, i f  necessary) 

rt gas welding (with use of heat 

' c-6 
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. 3.3e3 .2  - Unless othe se spec%fied, be performed 
-5021. d 

by operators usrently qual 

par t s  such as screws, bolts, n 

fm@;us; or shall be coated OP treated t o  p i e  

3.3.6 
tJge or  s u i t  S 
defined i n  Standard M33586 sh.11 be avoided. 
metals i s  unavoidable, they shLLL be sui tably p ~ ~ t ~ ~  
corrosion. The protection sha l l  be of a type that o 
to  rzdio-frequency currents. 

3.307 
mnufactuper 
respect t o  ins ta l la t ion  and performance and be adequately ser ia l ized Lo provl.de for 
the use of matched or f i t ter  subassemblies. Changes i n  par t  numbers shall be ' 

qcverned by the requirements of Specif ication MIED-1000. d 

3.3.8 .- The worlunanstaip and f in i sh  s h l b  be 0% a suf f ic ien t ly  
high grade t o  assure sat isfactory operation consistent with the ~ ~ ~ ~ ~ ~ ~ e n t s  of 
%his specification. The sta 
subject t o  any eorrect i  
the r equ i r ean t s  of wo 
cable specifications. 

d Smcep%ability, 

8 

(b ) supplier 's  p 

(e ) Supplier ' s O F  tr 



requirements e ' 

3.4.1 
, aocments fo 

(a) Assembly and d e t a i l  drawings per  1000, category 

ter ia l  and pa r t  specif cations or st 

( c )  Design analysis and test data t o  demonstrate compliance with the 
design c r i t e r i a  of 3.1.1 and 3.3 .1 .  

(d)  

(e> Design analysis t o  demonst 
process on r e l i a b i l i t y  (es 

Design analysis of envdronrnaental stresses of 3.1.2.8. 

connections >. 
(f) Special m u f a c t u p  g procedures, 

(g Acceptance test  procedure 

3 - 4 - 2  
up ancl A s s e  
shall contain the following data : 

(a ) Configuration s ta tus  and t raceabi l i ty .  of functio 1 1 Y  s;ignif"icant 
materials and a r t i c l e s  t o  t h e i r  fabrication l o t  and purchased 
material l o t .  

(b) 

( c )  

Records of final inspections and acceptance tests, 

L i s t  of nonaconform.nces pe r t a inhg  t o  the subject assembly. 

(a) 
3.4.: supplier shall make no c ges i n  &awingsp 

specifications or  processing techniques a f t e r  appromb of such documents by 
the Aero jet-General Corporation. 

Variables data considered e s s e n t b l  by AGC. 

% % 4 4  



e m  U ~ l b e ~ s  othe 

each u n i t  o 

rmance Inspection for each 

5. FREPARATION FOR BEEIVEEY 

5 .I 
and pack 

(e)  Date of assembly 

(h) SIIAP-8 



6 , 1  Inteniled use.- The capacitor covered by th i s  
system WhICh m y  use i n  an electrical-power generati 

space operations. 

6.2 y the following: 

(a> Title, number, and rev%sion letter of this specificationo 

( b j  Dates ana delivery instmetions f o r  submitteal of do 

( e  > s r i a l i z a t i o n  instruct ions (see 5 3 10 >. 
(d ) Variables data required 
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AGC-STD-1338 

'. 

I 

1. SCOPE 

1.1 This standard covers the Quality Conformance Inspection requirements 
of the SNAP-8 power-factor correction a p a c i t o r  procured in aceor 
AGC-10563 e 

2. APPLICABLE DOCUblENTS 

2.1 
par t  of herein. Unless otherwise 
ecified9 the issue Ln ef fec t  on the date of inspection sha l l  

- me following a0cmen-t f o w  

SPECIFICATION 

~1~i-c-45662 l ibra t ion  System Re 

2.2 - The following documents 
form a par erein.  Unless otherwise 
specified, the issue i n  effect on the date of inspection shall 

A.@-C-I@63 Capacitor, P o w e r  Factor Correction - -8 

I STANDARD 

v* 
AGC- STD- 1283 
Method 11 Leak Testing, H e l i u m ,  Memetically Sealed 

Ehclosures 

3 DEFINITIONS 

3.1 There are no musm.1 Gems used i n  th i s  standard, 

4. GENERAL mQUIIIEMEN'61S 

t a t ion  and test e 
following items - 

t engineer, a r e  re 

(a) Power supply, 4QO Hertz (Hz); 215 range 

ac it mce bridge 

n, 2OO0F, capacity, w i t h  t rat'ure controls 

(a )  Power supply( 

ontinuous operating ~ ~ m ~ e r ~ t ~ ~  
see Figures 2a and 2b 

- -  
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4,2 e -  Unless othe ecifiea,  the quali ty 

4.2.1 

assurance p t w o  areas of responsibility. 
i 

Lw 

e -  Quality control shall be responsible 
%o verify the following by affixing an inspector's s t a p  on the data record. 

(a) Use of the 

(b) 

l i cab le  equipment or  approved equivalent (see 4.1 

Current calibration date of the equipment used (see 4,3) .  

e -  Pn the shop or 4-2.2 
laborat ory, y by aff ixing h is  sigmture 
on the data record, that the quirements herein have been c 

ician and the a recorded is a c c ~ a t e  md c 

4.3 The calibration system f o r  
ing equipment shall meet the requirements of MIL-C-45662,, 

4.4 Test data.- During the tests, data slaaPl be recorded on a I" 
y of the Test h t a  Record shorn as Figure 1 and shall meet the acc 

Standard Departmen ea record s l a a ~  be sent t o  the 
l imi t s  specified. Copies may be ed from the Power Systems Specification 

r system Quality 

4.5 a tests s h a u  be 
accordance with Table I. 

Table I. Operation Sequence 

a Dielectric strength 5.3 
Hemetic seal - '  

AC Voltage Test 

5 .  DETAILEDREQUI-S 

5.1 ination.- Each capacitor skbal.1 be examined and measured f 
following c r i t e r i a .  All specified i n f o m % i o n  shall be enter 
~ ~ ~ ~ r a .  

nsions in accor 
arawings e 

-4 
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(b ) 

(c ) 

Identification marking i n  accordance w i t h  AGC-10565 

Electr ical  terminal and hermetic seal condition (bent, corroded, 
cracked, or otherwise indic81ting ge 1 

(a) Workmanship and cleanliness 

5.2 .- The capacit acFtor s b P l  be measured 
aZs foBlQWs 

(a ) Connect the 400 Hz 
as shown i n  the manufacturers operating procedure. 

ly (4.la) t o  the capacitance bridge (4.lb) 

(b) Measure and record the c ~ ~ 5 t a n ~ e ,  a m  
frequency on the data record. 

5.3 e -  *aswe the emrent 4'1 t h r o x h  the die lec t r ic  
and the insulation as foPPows: 

Install the cap c i to r  i n  a t e  rature controlled oven (4s 1c ) and 
bring e l ec t r i ca l  connections of Q V I 3 1 1 o  

lO'F apld let the c o ise the oven temperature t o  
t u g  (60 minut 

Connect the dc power supply (4 , ld)  and the extema 
shown i n  Figure 2a t o  provide 650 vdc across the capacitor terminals. 

fnpehnce as 

Apply the  650 + lO , -O  Vac pote t i a l  and monitor: the current flow,.+for 
one minute, minimum. 

Record the maximum current (3@4 on the data record.). 

Connect the power s 
.Figure 2b t o  provide 2 
case. 

nd $he external 
vdc between the terminals and 

Record the mimum current (3.5 on the data record,), 

Hermetic seal.-  The capacitor housing shall be leak tested jm accordance 
W i t h  AGC- d 11, and the leakage rate shall be recorded on the data 
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! 5 .5  .- !The capacitor shall1 be tested for  degradation 
resul t ing from 'an applied al ternat ing current as follows : 

d 

Install the  capacitor on a t e  
and place i n  the oven. 

erature controlled heat sink (4,lf) 

Connect the power supply ( h e l a )  t o  supply 405 Hz, 215 mc, rms, 
across the  capacitor. 

Raise the oven temperature t o  200 
a t  150' a '(OF and bet the  e 
(60 minutes, minimum) e 

0 10 F and maintain the heat sink 
c i t s r  s t ab i l i ze  a t  temperature 

&PlY 215 P 1 t 4  for 4 hams9 minimum. 
test  continuously for  evidence of failure. 

After the capacitor we,  repeat the t e s t  
i n  5.2 and record t factor, and frequency 
(3.7, 3.8, and 3 . 9  on the &ta record). 

A capacitance ,- o r  dFssiph-bfon factor: ~&.ltxe.~. outis9de . the specified l i m i t s ,  
or  a s h i f t  jWn the' ue grater than 2 percent of the  value 

I '  recorded as 3el, s or. r? Jest ion. . .  

-6 



T e s t  Performed by CQ beer 

& c o r d  & r e r e n e e  

1. !kst equipment: 4.2,1 

Eeescr i p t  ion 

( w e  Model) 
and 

5.1 

ccep tance  Tag No. 

5 .  ' Di 2s ipal ioii l'ector 0.0025 mxitnim 

* . 5  krequenry (Hz) 
3 . 4  ('lrrreiit flow, dielectric (pa )  1.0 m i m u m  

3.5 Cur ren t  f l o w ,  i n s u l a t i o n  (PA) 1.0 maximum 

3.6 Leakage rate (scc/sec) 1 x 10-7 m a x i m u m  

'. I Cirpacitance (pf) 
*. t: 
5. Y h'requency (HZ ) 

D ioL  i p a t  ion  f a c t u r  

( s e e  5.5 f )  

(see 5.5  f) 

3Y5 t o  405 



, 

c 

A 



c 

I k t u r n  t h i s  1;orrn to P r o c u r i n g  Activity.  

DOC: I I M E  NT ANALYSIS S1 I E I.?' 

This sheet may be compleeed b y  a n y  a c t i v i t y  involved in the M S ~  of t h i s  document .  T h i s  s h e e t  i s  for the  e x p r e s s  purpose of 
obtaining information re la t ive  to use of this documcnc in o r d e r  to i n s u r e  t h a t  suiralde products c a n  h e  procurr*cl, manufac tured ,  
i n s p e c t e d ,  or tested, with  a minimum amount o f  d e l a y  and  at ehe least cost. T h i s  I-orm a n d  c o m m m t s  should b e  rcturnecl at 
any t ime i t s  r e s p o n s e  is warranted. T h i s  F o r m  may nor he used to stipulaee e x c e p t i o n s  to t h i s  document  taken in respcmsc 
t o  a r e q u e s t  lor quota t ion ,  nor may i t  b e  u s e d  to request waiver  o f  requi rements  wlicn performing undcr a c o n t r a c t  invoking  
t hi s document  . 

2 .  COR$MI:NTS O N  A N Y  REQUIREMENT,  QIIAI.ITY ASS(JRAN(.k. %'RQVISIQN, PA(.KAGING, C Q N T l N U l T Y  OF PRO(.E- 
D U R F .  I<T< ., (Which a p p e a r  to be too s t r i n g e n t  or u n n e c e s s a r y ,  or incorrect) .  

I. 

9. 1s TllPS DOCUMENT EXCESSIVELY R E S T R I C T I V E ?  - YES - NQ 
IF ANSWER %S YES, 1N W 

-- 
4. R E M A R K S : (Qual i ty  of Documatnt, Clarity, Cont inui ty ,  etc.)  

SBJBMlTTIrD BY: (Name and A d d r e s s  PO which B M K P ~ ~ ~  inquiry regard ing  c o m m e n t s  should 
be di rec ted) .  

DATE. 

<:o 100-017 
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Le I. ectrical Ratings 
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m y  be used provided they conform to the requirements of this specification. 

r i c  et at 



.- 
erRs 

y other betters. 

( f )  AGC drawing number, 

3 m  4 
(see 6.2 

be the supplier 's  usual pract ice  when such practice is  adequate t o  sa t i s fy  the 
specified requirements e 

h the 



.- 

(2) Part and serial nmber of unit tested. 

( 3 )  mis specification n rs revision letter, and applicable 

( 5 )  Description of each e 
and test equipme 

(6) stamp of supplier's 

List of noncoE&o to the subject asse 

with the appro 

%es+ 344.3 .- The supplies shall make no changes in AGC 
approved dradngs, specifications, or processing techniques without mitten 
approml of the Asrojet-General Corpomtion. 

ections to be performed on the 
o m  (see 4.2) l i t y  Co8af"orIIIance 

spection s b l k  .include the 

G-9 i 
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APPENDIX J 

Marshall Industries Design I) 

EP 35926 
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APPENDBC K 

Memo 4927-69-0016 

Stress Analysis for the Power h e t o r  Correction Assembly 

-E476 

S A - E - l n  

SA-E-IJ~ 

m-~-179 

Y 

K-1 



K-2 



. See last page of analysis. 

1. Stresses i n  the cen tml ly  Boca BF are too high 
ined loads of vibmtlon, shock, 8 

2. Safety factor  on endl t 

r 

corners 

K- 3 



E-177 

4-24-69 

..... .. ..L .. .- . . .  ._  . .  . D  . . . . . . .  - . - I  . ._ . I_. . . .  - . ,-.-. ..... _ *  . .  ._ . -... _. . . . .  ._-_ ~ .-.. ,-. -*..I. 
d 4 

: 'i.. . . . .  * 
,.,'t.:, ',,&."'!*?, i Elec t r ica l  

.- . . . .  .-.' .... .- . 7.. . .I... * L 1  . .  . . . . . . . .  SNAP-8 1. a < . , .  j 

... -. ... ..... .....~-l~-.-.,..." . _. ..............-.. MU.. ...... " ~ ~ .  . . .  - . . .  - . ....I. ... - . -  . . . . . . . .  
. . .  ,., . . . .  

/. , .  . .  . . . . .  

the s t ruc tu ra l  adequacy of the assembly for  s t a t i c  and dynamic loads, 

~ 1; > ' 7  by+, f!;s,t.:, 

/ .I - -. . -. 
Requirements for  the s ~ W - 8  correspond t o  the AGC specif icat ion 10507-A environmental 
design c r i t e r i a  and test l eve l  Tor SItAp-8 components. 

Q. No. 1267013-15; 62-64; 69-74, See also last e of the analysis 

,. 1 [ j , ''=' 
.a I :i ; : i 1:; : c)& a: 

.u- . . . . . . . . .  0-b- .-L. 

The stresses i n  the components comprising t h i s  assembly &re below the yield s t rength 
of the corresponding materials. As 8 r e s u l t  posit ive margins of safely are obtained 
fo r  all. components of the Power Wetor Correction Assembly. 

~ ~ ~ ~ i ~ ~ s  will be released for  mer& technicah review and 
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" r ! S, EP Bradley ?1 

. . m  

. r , v .  % i  , 3 : 
I 

. . ,  I 
, . ~  .... Fuse ---.l., ....... Housing ,-.... _.,,,.._I DCN-1 1-......--..-.I_..._ . . .  .... . ,, . . . . . . . .  ,>..:: ,i?.'O 
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cB adequacy of the new fuse housi 

oxy laminates (replacing ce 

See attachment. mterials pr 

t!.' 1 1  ' ';t !,I!,i !Oli i> 
" ..- ?. 1 ~ .*-. - I . e.. -*-_I. 

I 

se housing is sat isfactory t o  resist the imposed dl i c  l a d  Pequirements speci- 
fied i n  AGC-10507-A. 
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Pmer Systems Division Procedure I-AGC, 

a c  hen 
design engineer shall be 
detailed evaluation of 
procedure, and shall e 

er review and are i 
Cheek List entries s 

fOP entry into 

VIEWED BY: 
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0. General 

8 .  

a i l w e  cr i t er ia  delineated? 

Were redundancy needs analyzed and results used i n  the 
design? 

ere simplif icat ion techni 

Was a fa i lure  modes and e f f e c t  made? 

tre a d @ ~ ~ ~ e  safety  margin eac 
important failure mode? 

item has a limite 

ntation of' ins  

- 
_s 

X 

X 

X 

X 

X 

X 

X 

X 

x 

x 

X 

X 

x 

X 

AGC-10603 

AGC-10603 

AW-10603 

AW-10603 
AGC-18563 

AGC-10563 
vLCR Feb 1969 

4925: 67:0161 ' 

Zhange i n  c i r cu i t  
L267015 ra ther  th;  
i oub 1 Page %5Ve 
75 amp fuses 10 
? m a l l e l  capacito: 

AX-10603 

ECTF Test Data 
FR 1191, FR 1279 

AGC lo563 
1267090 

AGC-STD- 1338 
AGC-10603 
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0 nera 

provisions been made f 
handling, storage, and shipping? 
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i t  SNAP-^ POWER FACTOR CAPACITOR DEVELOPMENT PROGRAM 

I. INTROW CTI ON 

The development of components f o r  power fac tor  correction of t h e  SNAP-8 

power system has progressed from t h e  ear ly  concepts t o  the  completion of the 

first prototype assembly. 

development program i n  a way tha t  w i l l  allow a review of the  major fac tors  

leading t o  t h e  design of t h e  prototype equipment and t h e  additional conclusions 

and recomendations reached as a r e su l t  of t he  program. 

The purpose of t h i s  report  i s  t o  summarize the 

The information leading t o  t h e  decision t o  incorporate pf correction w i l l  

not be discussed i n  de ta i l ,  but can be summarized by saying the  decision was 

reached because the  efficiency of t h e  al ternator  could be substant ia l ly  

increased by correcting t h e  system power factor .  (Reference TM 4936:66-410). 

The decision w a s  made t o  correct t h e  al ternator  pf t o  unity. This value 

makes t h e  exact pf less c r i t i c a l  and allows f o r  considerable var ia t ion without 

grea t ly  affect ing the performance of the  system. 

11. CAPACITOR SEWCTION 

Determination of t h e  kilovolt-ampere reactive (KVAR) ra t ing  of t h e  

capacitors w a s  made by t h e  decision t o  correct t h e  al ternator  pf t o  unity under 

normal system load conditions. Available load data resulted i n  a KVAR ra t ing  

of 57. The capacitance per phase i s  calculated t o  be 175 microfarads (pf) f o r  

a. de l ta  connected three  phase c i rcu i t  with 120/208 vol t s  rms applied or 525 pf 

f o r  a wye connected c i r cu i t .  The capacitors i n  the  de l t a  c i r cu i t  require a 

l ine-to-line voltage ra t ing  while those i n  a wye need only line-to-neutral 

voltage ra t ing  . 

- 1 -  
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Additional capacitor ra t ing  informa’tion w a s  derived from the SNAP-8 

environmental specifications and previously established packaging concepts f o r  

SNAP-8 use. This type of data i s  defined direct ly .  The choice i s  i n  selecting 

components and materials most suitable t o  meet the  requirements. 

t h e  operating temperature maximum of 2OO0F, heat sink temperature of 15OoF, 

Included are 

shock, vibration, acceleration and combined mechanical loads. Also included 

were resistance t o  nuclear radiation of 1 x loL1 nvt fast neutrons and 10 
6 rads (c) ,  

both integrated doses fo r  10,000 hour l i f e ,  the  l i f e  requirement of 10,000 hours, 

hermetic sealing of components by welding, the provision fo r  welded e l ec t r i ca l  

connections and the  mounting on and heat t ransfer  t o  a l iquid cooled heat sink. 

The specification of a capacitor t o  best  meet a l l  these requirements has 

several more variations where choices are  involved. Two of the  most important 

choices a re  the  selection of the d ie lec t r ic  material and the choice of the  basic 
i 

construction techniques combining the  d ie lec t r ic  and conductive elements into a 

complete capacitor. 

Glass, ceramic and mica have desirable character is t ics  of high temperature 

rati’ng, d i e l ec t r i c  strength and radiation resistance. They were eliminated from 

further  consideration, however, because of t h e i r  large re la t ive  s ize  and 

re la t ive ly  high losses. Electrolytic capacitors a l so  were rejected ear ly  i n  

the  process because of t h e i r  high losses, low radiation tolerance and questionable 

long l i f e  r e l i a b i l i t y .  Impregnated paper and p l a s t i c  films were the  most promising. 

Impregnated paper was given careful consideration because of the  extensive 

experience available from 60 Hz power factor  correction use by commercial power 

systems. Many impregnating materials were investigated. I n  every case out- 

gassing and degradation from nuclear radiation were a problem. 



‘I 
The p la s t i c  films given serious consideration were polyethylene 

terephthalate (Mylar) , polytetraf luoroethylene (Teflon) , polystyrene, poly- 

carbonate and polyimide (Kapton). The character is t ics  of these materials a r e  

similar enough that each of them could be seriously considered f o r  use. The 

choice was based on the  best  combination of features. The two films selected 

as  best  were polyimide and polycarbonate. 

but a t  the  time of release of specification AGC-10563 polyimide f i lm t h i n  

Polyimide has the best characterist ics,  

enough f o r  prac t ica l  capacitor manufacture w a s  not readi ly  available. Experience 

with i t s  use w a s  based on a few sample quantit ies.  

available from only one source, Farbenfabriken Bayer AG i n  Germany. It had 

Polycarbonate f i lm was 

been available long enough and i n  suff ic ient  quantity tha t  considerable capacitor 

manufacturing experience had been gained. 

Details of the basic capacitor construction were selected t o  minimize 

the  e l ec t r i ca l  losses and the  impedance. These included the selection of f i l m  

and f o i l  as compared t o  metalized f i lm and the  use of extended f o i l  construction 

rather  than inserted tab. Other fabrication de ta i l s  were determined on the  

basis of mechanical interface, environmental requirements and general SNAP-8 

packaging requirements. 

The capacitance value of the individual packaged par ts  w a s  based on an 

evaluation of prac t ica l  manufacturing processes, allowable loss  of capacitance 

or phase unbalance caused by single component fa i lure .  Ten capacitors per phase 

w a s  selected with the t o t a l  of 175 microfarads per phase equally divided. 

- 3 -  



111. W A C I T O R  PROCURENEZW 

Capacitor procurement was in i t i a t ed  using specification AGC-10563 t o  

define the  performance and design requirements. AGC-STD-1338 defines the 

Quality Conformance Inspection or acceptance t e s t  requirements. An Advance 

Quotation Request w a s  sent t o  sixteen capacitor manufacturers. Quotations and 

comments were received from Southern Electronics i n  Burbank, California, and 

Marshall Industries i n  Monrovia, California. No reply or "no bid" w a s  received 

from the  other companies. A second A&R w a s  sent t o  these two companies with 

the  A revision of specification AGC-10563. On the  basis  of the proposals 

received, Marshall Industries w a s  selected t o  provide the  capacitors. A t  about 

the  same time, Marshall a l so  submitted an a l te rna te  proposal t o  supply capacitors 

made with Kapton film. 

capacitors estimated t o  be 23.3 cubic inches and 2.5 pounds compared t o  76.5 

cubic inches and 5 pounds f o r  the  polycarbonate capacitors. 

They proposed t o  meet our performance requirements with 

Separate inquiries 

t o  Dupont confirmed tha t  opening of a new commercial production f a c i l i t y  had 

almost eliminated the  problems i n  obtaining 1/2 and 1 m i l  thick Kapton film. 

Deliveries were estimated t o  be 12 t o  14 days. The f i lm thickness f o r  the 

capacitor i s  1/2 m i l .  

A purchase order w a s  issued f o r  the procurement of 70 capacitors t o  meet 

our specification requirements using Kapton fo r  the d ie lec t r ic .  

The or iginal  capacitor designed by Marshall used 10 individual sections 

i n  parallel ,  matched t o  provide the  t o t a l  capacitance. Tests of the first par ts  

fabricated revealed mechanical defects i n  the  Kapton f i l m  occurring at  f a i r l y  

regular intervals  along the  length of the film. The capacitor was redesigned 

t o  reduce the  s ize  of the individual sections so that  fewer sections would 

- 4 -  



J ' 
contain the  defects and so  the  amount of 'material l o s t  with each defective 

section would be reduced. 

of 9. 

The new design contained 27 sections packaged i n  3 rows 

A 1 1  the  sections a re  i n  paral le l .  

The cause of the  defects w a s  found t o  be i n  the  f i lm winding and s l i t t i n g  

equipment. 

none have been found since tha t  time. 

Dupont made corrections t o  eliminate the  defects i n  the  fi lm and 

The or iginal  defective material was 

returned t o  Dupont f o r  replacement. The modified capacitor design w a s  kept as 

the  f i n a l  design. 

Figure 1 shows the  configuration of the  capacitor package. The 

sea l  weld around the  top of the  s ta in less  s t e e l  can and l i d  i s  c lear ly  shown. 

The terminal welds can a l so  be seen at  the  base and top of the  ceramic Lnsulated 

terminals. 

Figure 2 shows the  s ide view of two of the  capacitors t o  i l l u s t r a t e  
/, 

the  overlap of t he  mounting brackets. This design minimizes the  mounting area 

required for each part .  

These two photographs i l l u s t r a t e  t he  external mechanical features of the 

capacitor design. 

After the design of the  capacitors had become firm, Aerojet Source Control 

Drawing, 1265720, w a s  issued t o  maintain control over the  design de ta i l s  and t o  

es tabl ish an Aerojet part  number. 
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I V  . CAPACITOR TESTING 
I 

The acceptance t e s t i n g  of t h e  capacitors is  not completely documented. 

By assigning serial numbers a f t e r  sa t i s fac tory  completion of the  tests, the  

data on those that f a i l  becomes d i f f i c u l t  t o  use. This system, as specified i n  

the  Aerojet purchase order, was changed but not before some data was los t .  

Ehch of t h e  69 capacitors delivered has passed the tests i n  AGC-SMD-1338 

a s  modified by the  test procedure Rototest b b o r a t o r i e s  Report 7137. (Rototest 

later became a part of Ogden Technology Laboratories - t he  report  number 

remained the  same.) Results of these tests indicate  that they are a l l  necessary 

since some reject ions occurred f o r  each test. 

others were completely eliminated. 

an expansion of t he  AC voltage test  t o  include burn-in t e s t ing  can bring the  

acceptance t e s t  procedures up t o  present requirements,, 

Some pa r t s  were repairable while 

Changing of t h e  helium leak test  method and 

The f irst  t e s t s  performed a f t e r  t he  capacitors were delivered t o  Aerojet- 

General Corporation were informal r e - t e s t s  t o  determine the  repea tab i l i ty  of the 

capacitance and diss ipat ion measurements using different  instruments. These 

t e s t s  showed excellent repea tab i l i ty  where ac tua l  %es t  values had been recorded. 

Some of t h e  f irst  parts delivered had diss ipat ion fac tor  so  low that they were 

recorded as 0 ra ther  than ac tua l  measured values. 

Performance t e s t s  were s ta r ted  usirlg capacitors assembled i n  the  breadboard 

Power Factor Correction Assembly shown i n  Figure 3. This breadboard was connected 

in to  the  Elec t r ica l  Component Test Fac i l i t y  (ECTF) f o r  ambient temperature t e s t s  

w i t h  nominal e l e c t r i c a l  parameters. A t  first, 2 1  capacitors were included i n  the 

t e s t ,  

Failure of capacitor S/N 11-63 occurred after approximately 45 hours of 

t e s t ingo  The capacitor shorted and blew t h e  protective fuse t o  i so l a t e  i t s e l f ,  

i as the test  continued, 

- 6 -  



A second failure, S/N A-3, occurred after approximately 223 hours of 
I 

t es t ing .  The e f fec t  of t he  failure w a s  t h e  same as t h e  first. In  both cases, 

t h e  f a i l u r e  was detected by measuring t h e  capacitor l i n e  current and detecting 

a n  unbalance between phases. System performance was not adversely affected by 

the  fa i lures .  

An extensive failure investigation w a s  'performed on both f a i l e d  capacitors 

The investigation of S/N A-63 was performed at Aerojet with representation of 

Marshall Industr ies  ass i s t ing .  Acceptance test  data was reviewed t o  look f o r  

var ia t ions from nominal values. No s ignif icant  differences were found. A v i sua l  

examination w a s  performed, resistance measurements were made and a f t e r  removal of 

the  can X-ray examination was performed. Finally, t h e  capacitors were disassembled 

section by section t o  isolate the  defective parts. Figure 4 shows t h e  package 

a f t e r  removal from the  can with a l l  loose insulation removed. Figure 5 is  a part 

of the  defective section showing t h e  area of failure. 

performed on S/N A-3 at Marshall Industr ies  with Aero jet  representatives present 

A s i m i l a r  investigation was 
/ 

The conclusions reached were that the f a i lu re s  were from random type defects 

ra ther  than from deficiencies i n  design or material character is t ics .  

on the  d i e l ec t r i c  strength of the  capacitors, each of them was subjected t o  a test  

voltage of 650 vol t s  de f o r  one hour with no indication of fa i lure .  

t e s t ing  at  t h i s  voltage had been l imited t o  1 minute duration. 

recommended as a means of detecting other f a i l u r e s  before the  par t s  a r e  put i n to  

service. 

As a check 

Previous 

A burn-in test  w a s  

A l l  of t he  capacitors not ins ta l led  i n  t h e  breadboard assembly were 

subjected t o  a 1 week test  (168 hours) a t  a temperature of 17OoF with a voltage 

of 230 vo l t s  applied a t  a frequency of 410 Hz. One capacitor, S/N A-49, f a i l e d  

a t  147 hours. Because t h i s  f a i l u r e  occurred s o  close t o  the end of t he  t e s t ,  

t h e  test  w a s  extended two addi t ional  weeks t o  bring the t o t a l  time t o  500 hours. 
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The temperature was increased t o  185OF f b r  the additional t i m e .  

remainder of t h i s  t e s t  4 more capacitors failed. 

A-71, and A-53. In each case the f a i lu re s  occurred a t  night or over a weekend 

when the  t e s t  w a s  unattended. 

exhibited increasing periods of i n s t ab i l i t y  during these t e s t s .  Attempts t o  

obtain a good record of the  voltage variation during these periods of osc i l la t ion  

were not very successful. 

During the  

They were S/N A-61, A-36, 

The power supply that was used fo r  these t e s t s  

One short section of chart i s  shown i n  Figure 6. 

Discovery of the  power supply in s t ab i l i t y  and the  lack of a consistent 

pattern i n  the time t o  f a i l u r e  indicated a possible f a i l u r e  mode different  than 

had been anticipated. 

that the  f a i lu re s  were due t o  corona. 

Disassembly and examination of the f a i l ed  parts indicated 

A special  t e s t  program was in i t i a t ed  t o  investigate the measurement and 

ef fec ts  of corona upon the  capacitor materials. A s  a start, small scraps of 

the capacitor film and f o i l  were used t o  produce v i s ib l e  corona i n  a vacuum 

chamber and a t  atmospheric pressure. 

the  s t a r t  of corona. 

w a s  indicated on the scope of the  spectrum analyzer when corona was present. 

The noise s ignal  could be picked up w i t h  e i ther  a ve r t i ca l  rod antenna or a 

current probe on the current carrying conductor. 

t e s t s  t ha t  with adequate heat dissipation the  capacitor materials could operate 

w i t h  corona present f o r  long periods of time with no apparent degradation or 

damage. 

f o r  some periods of time and then the  Kapton f i lm would f a i l  i n  a sudden f l a sh  

leaving only black ash. 

An RF spectrum analyzer was used t o  detect 

It w a s  found that broadband noise centered around 1.5 MHz 

It w a s  a l so  noted during these 

I n  cases where heat dissipation was res t r ic ted ,  the parts would operate 

Using the  spectrum analyzer t o  detect the start of corona, several  sections 

I removed from fa i l ed  capacitors were tested.  The s t a r t  of corona could be detected 
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a t  a s  low as 290 vol t s  rms at 400 Hz i n  Some sections and it had s ta r ted  i n  a l l  

sections tes ted a t  320 vol t s  rms. I n  several  cases corona could be sustained 

at  320 vol t s  f o r  several minutes without causing f a i l u r e  of the section. I n  

other cases, f a i lu re  occurred within the first few minutes. Visual examination 

of the  f a i l ed  sections showed the  same types of failure observed i n  the  f a i l ed  

par t s  f romthe  burn-in tests. 

t he  breadboard PFCA was modified by the  addition of e l ec t r i c  heaters and 

vermiculite insulation so tha t  tes t ing  could be performed at  expected operating 

temperature. 

During the  time these t e s t s  were being performed, 

An automatic controller maintains the  base p la te  temperature at  170°F. 

The next s tep i n  the  program was t o  test a larger number of samples under 

controlled conditions i n  order t o  determine the  e f fec ts  of ambient temperature 

and applied voltage. 

collected and labeled with the  or iginal  capacitor s e r i a l  number and a sample 

A l l  available sections from the  s i x  f a i l ed  capacitors were 

number. 

from each capacitor i n  each group. 

4 groups of 28 each. 

These par ts  were divided in to  four groups with the same number of par ts  

A t o t a l  of 112 sections were put in to  

A l l  discolored, s l i gh t ly  damaged or otherwise doubtful 

sections were put i n  t he  f i r s t  2 groups and l i s t e d  with a description of t h e i r  

defects. 

voltage was applied t o  each group of par t s  a t  210, 230, 250, and then at  10 vol t  

increments. 

occurred within the last half hour. If f a i lu re s  occurred, the voltage leve l  w a s  

maintained u n t i l  1/2 hour had elapsed without an additional fa i lure .  

three groups were tes ted i n  the  same way except t he  temperatures were maintained 

a t  l7O0F, 185OF and 200°F. 

had fai led.  

The worst group w a s  tes ted f i r s t  a t  a temperature of 145OF. The 

Each voltage l eve l  was maintained f o r  2 s  hours unless a f a i lu re  

The other 

Each t e s t  continued u n t i l  a t  least 80% of the  par ts  

B 
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One of t h e  doubtful sections f a i l ed  at l45OF as the  voltage w a s  being 
I 

increased t o  210 volts.  

was i n  the  l7O0F group. 

t o  230 volts.  

300 volts  and 320 volts.  

There i s  no apparent correlation with temperature i n  t he  range of 145OF t o  200OF. 

The only other failure tha t  appeared t o  be out of l i n e  

It fa i l ed  as the  voltage was being increased from 210 

96 of t he  99 sample sections tha t  f a i l ed  broke down between 

The cumulative f a i lu re s  are plotted i n  Figure 7. 

The t e s t  data sheets are included as Appendix A. 

The performance and l i f e  t e s t ing  i n  EC" have been continuing. 

operating t i m e  is  now 6900 hours with 2100 hours a t  17OoF base temperature. 

The t o t a l  

One capacitor f a i lu re  occurred when a load connection. burned off.  The 

resul t ing load unbalance resulted i n  a large unmeasured voltage unbalance. The 

f a i lu re  of S/N A-5 is  a t t r ibu ted  d i rec t ly  t o  the  application of excessive voltage. 

The completed prototype PFCA w i t h  t he  covers removed and with them ins ta l led  

a re  shown i n  Figures 8 and 9. 
, 

v. C ONC WSI ONS 

A f t e r  reviewing the  complete development program f o r  t he  power factor  

correction capacitors the  following conclusions have been reached: 

1. The failures of S/N A-63 and S/N A-3 were caused by random type 

defects. These defects could have been detected by a properly performed burn-in 

test. 

2. The main f a i lu re  mechanism of the capacitors i s  a corona discharge 

within a capacitor section causing loca l  heating. 

f i l m  r e su l t s  from excessive loca l  heating causing carbonization of t he  film and 

Degradation of the d ie lec t r ic  

e l e c t r i c a l  breakdown. 

starts, w i t h  no gradual or p a r t i a l  degradation tha t  can be detected. 

degradation temperature of approximately 1500 F does not appear t o  be influenced 

by ambient temperature i n  the  range of 145OF t o  20OoF. 

This process appears t o  take place very rapidly, once it 

The f i lm 
0 
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3. The f a i l u r e s  of S/N A-49, S/N A-61, S/N A-36, S/N A-71 and S/N A-53 

were probably a l l  caused by loca l  heating from corona discharge started by t h e  

uncontrolled application of excessive voltage from the  unstable power supply. 

4. The failure of S/N A-5 was caused by loca l  heating from corona 

discharge s t a r t ed  by t h e  application of excessive voltage resul t ing from the  

severe load  unbalance when one phase of the load c i r c u i t  burned open. 

5. The choice of Kapton f i lm  f o r  t h e  capacitor d i e l ec t r i c  w a s  the  best  

choice. 

of other available films. 

materials, but ra ther  on the  geometry of t he  metall ic conductors and the  a i r  

gaps, the  failures resu l t ing  from corona could have been more frequent and more 

severe with a film w i t h  lower temperature capabi l i t ies .  

All of t he  Kapton charac te r i s t ics  m e  superior t o  t he  character is t ics  

Since corona discharge does not depend upon the  

6 .  The basic design and construction of t he  capacitors i s  sa t i s fac tory  

f o r  SNAP-8 use. 

7. The voltage margin between the  normal maximum value of sr~p-8 PCS 

output of 218 vo l t s  and t h e  minimum measured corona start voltage of 290 vo l t s  

i s  suff ic ient  f o r  high r e l i a b i l i t y  performance of t h e  PFCA. 
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VI . REC W T I O N S  

The following recommendations are made t o  close the  present phase of 

developent and t o  prepare f o r  the future  program. 

1. Revise t h e  capacitor specification t o  specify Kapton f i lm f o r  t h e  

d i e l ec t r i c  material. 

2 ,  Revise the  specification t o  include extended f o i l  construction as a 

requirement. 

3. 

4. 

Revise the  specification t o  include the  Source Control Drawing, 1265720. 

Revise the  specification t o  require s e r i a l  numbers assigned as  soon 

as possible i n  the  assembly process so  tha t  a l l  in-process and acceptance t e s t ing  

w i l l  be ident i f ied with the  parts. 

5. Revise t h e  acceptance test procedure t o  include a helium leak t e s t  

procedure more compatible with the type of package being tested.  

can be similar t o  the  Rototest procedure. 

This procedure , 

6.  Revise the  acceptance test  procedure t o  change the  AC voltage test  

t o  a burn-in t e s t  using 270 vol t s  rms, 400 Hz as  maximum t e s t  voltage. 

of 168 hours and t e s t  temperature of 170°F t o  200°F. 

Test time 

7. Revise the  acceptance t e s t  procedure t o  add a warning note t o  

discharge the  capacitors a f t e r  tes t ing.  

through a resistance of 1000 ohms or higher and & t o  short c i rcu i t  a charged 

Specify tha t  the capacitors be discharged 

capacitor. 

8. It i s  recommended that the  specification be revised t o  reduce the  

capacitance tolerance range. This i s  not necessary, but the  way the  capacitors 

a re  fabricated from multiple sections it i s  an easy change t o  accomplish and should 

not a f fec t  t he  packaging or the  price. A change of from 210% t o  25% can eas i ly  

be made. 
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POWER FACTOR CORRECTION CAPACITOR 

Figure 1 
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APPEXOIX A 

Capacitor Section Test Ihta 
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