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SCOPE OF REVIEW

The scope of this design review includes some background data on the
reasons for using capacitors; the selection and design of the capacitors, as.

well as data relating to the complete package design.

The general packaging concept for all electrical components has been
established by other design reviews and has been followed in the design of this

assembly.

Two technical reviews and a Major Design Review have been held, with
packaging design changes incorporated into the drawings as suggested. The
revised design of a prototype Power Factor Correction Assembly is complete and
the final drawings have been released. A stress analysis of the current
design has been performed. The analysis indicates satisfactory design margins
for all the structural components. The stress analysis is included in
Appendix K. The thermal analysis (Appendix T) performed before the last
technical review is still valid and indicates the temperature rise within the
capacitors is small compared to the maximum temperature capability of the
parts. Some additional data related to the heat sink temperature and fuse

wire temperature calculations have been added to Appendix I.

The design for the PFCA, as represented by the assembly drawing in
Figure 1, has been reviewed and approved. The reviews and analysis performed
show that the design will meet the requirements outlined by the component
specification, AGC-10603, Appendix G.
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PROGRAM REVIEW

PURPOSE OF CAPACITOR ASSEMBLY

The purpose of the Power Factor Correction Assembly is to provide a
component with sufficient capacitive reactance to balance the inductive loads
of the vehicle and the internal electrical loads of the SNAP-8 system. By
correcting the power factor to near unity, the alternator will tend to operate
at meximum efficiency. The term 'near unity’' is used because the curve of
efficiency vs power factor is relatively flat in the immediate vicinity of
unity pf so small changes in capacitance or power factor of the loads make only

minor changes in efficiency.

Figure 2 illustrates the changes in alternator power factor for conditions
of no correction and for 40 and 57 KVAR correction with a vehicle load power
factor of 0.85 lag. The effect of over compensation resulting from 57 KVAR
correction applied with a 1.0 pf vehicle load is also shown. Test data included
in Appendix L shows that a leading power factor of 0.9 can be controlled by the

electrical systém with no problems.

Technical Memorandum, TM 4936:66-410, entitled, "Power Factor Correction
Trade-Off Analysis," is included as Appendix A.

" SELECTION OF CAPACITOR CIRCUIT

The sélection of a capacitor circuit was based on several different
considerations. First, the choice of a three-phase wye and delta was consid-
‘ered. For a fixed three-phase KVAR rating (kilovolt amperes reactive) the
capacitance for a wye circuit is three times the value for a delta. The
voltage rating of each capacitor in a wye is only 58% of the delta voltage.

- In the types of capacitors being evaluated, however, the minimum practical
voltage rating is higher than the delta requirements so this is not an important
factor. The size and weight of the capacitors is proportional to the capaci-
tance value and therefore is an important factor in the selection 6f a delta

circuit.



SELECTION OF CAPACITOR TYPE

Next, the selection of a capacitor type was considered. Some factors
were declided easily because they contributed to good performance with maximum
efficiency. These included the use of film and foil construction as compared
to metalized film and extended foil construction as compared to inserted tab,
The use .of multiple capacitor sections to improve reliability and to minimize
the effects of incremental capacitance changes was also decided early in the
program. Choice of capacitor dielectric film involved considerable study.
The final choice of Kapton was based both on its physical characteristics and
on its availability. Data included in Appendix B presgnts a comparison of
Kapton and polycarbonate characteristics. Also included in this Appendix is
some correspondence relative to the selection of the dielectric f£film and a
summary of Kapton properties. The terms Kapton, H-film and polyimide all

refer to the same material.

The selection of the size of the individual capacitors and the number
of them per phase was based on a combination of factors including practical
values of capacitance to be manufactured in a single container and reasonable
increments of capacitance change to be made by adding or removing capacitors.
Ten capacitors per phase was selected with the total of 175 miérofarads per
phase equally divided. This value of 1T7.5 microfarad per capacitor was

included in the component specification, AGC-10563 (Appendix C).

FUSING AND RELIABILITY

A conceptual design meeting was held to discuss the PFCA package design.
‘Minutes of this meeting are included as Appendix D. One of the action items
of this meeting was to determine if fusing the capacitors would increase the
reliability of the unit. The results of this analysis were that fusing was
required and further analysis was performed to determine the possible advantages

of multiple fuses. The reliability analysis is presented as Appendix E.

Further consideration of the capacitor circuit including the fuses
resulted in the selection of the circult shown in the schematic diagram,

Figure 1.



This circuit has the advantage that a single fuse per capacitor can
protect for both line to line and line to ground faults. A memo stating the
effect of this circuit change on increasing reliability is also included in

Appendix E.

To minimize the use of low temperéture solder and fusible metals and
“to insure high reliability welded electrical connections, a fuse was designed
for use with the PFCA. Pusing current is approximately four times rated

current.

CAPACITOR PROCUREMENT

Seventy capacitors have been purchased in accordance with Specification
AGC-10563 except that the film material was changed to Kapton. Delivery of
69 units has been accomplished to date. The number of acceptable parts was
reduced to this value during the process of acceptance testing. Acceptance
testing was performed in accordance with AGC-STD-1338. This standard is

included in Appendix F.

Pigure 4 is a photograph of one of the capacitors showing details of

its external féatures.

ASSEMBLY OF BREADBOARD PFCA

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

Figure 5, for testing in the Electrical Component Test Facility (ECTF).

The breadboard unit uses the same capacitors as intended for the proto-
type. They aré_mounted on a similar baseplate, set in Dow Corning heat sink

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

Tests have been initiated with the breadboard operating with the other

components of ECTF.

COMPONENT FATTURES

One capacitor failed at approximately 50 hours of operation. The fallure
has been reported (FR 1279) and is being investigated. The defective capacitor
was automatically removed from the circuit by the fuse and ECTF continued to
operate with & slight current unbalance until the capacitor and fuse were
replaced. The breadboard was returned to operation immedistely. This unit

has since been operating with 24 capacitor connected. Two units per phase were
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disconnected to reduce the capacitive current to allow total system operation

at 0.90 lagging pf. This is the value defined for the present ECTF test plan.

A second capacitor failed at approximately 223 hours of operation.
Results of the failure were the same as reported above. This failure was
reported on FR 1191. The capacitor and fuse were replaced and the assembly
was returned to testing. Test time in excess of 2400 hours has now been

accumilated with no additional failures.

Analysis of the failures is continuing, but preliminary results indicate
that the failures were caused by random type defects that result in "infant
mortality” or early failure. This type of defect is common to many types of
electronic components where each part is an individual that may contain
defective material, may be damaged in handling, processing or testing. The
common method of eliminating this type of defect is to perform a "burn-in"
test or "accelerated aging" test to intentionally cause failure of these
defective pieces. ' These tests are usually performed at elevated temperature
and with higher than rated voltage applied. Test tiﬁes vary from 50 to 500

-hqurs based on the type of component and experience.

Proposed corrective action for the SNAP-8 capacitors will include
in-process burn~in tests at different stages of construction frqm individual
section to complete components. Additional dielectric tests, insulation
resistance tests and voltage retention tests will also be performed at each
stage of construction to help detect low quality or defective parts before
final assembly. As a final precaution; a burn-in test will be included in

the formal acceptance test procedure.

The capacitors that have already been fabricated and delivered will be
given equivalent burn-in tests to eliminate defective parts before the prototype

assembly is fabricated.

DESIGN OF PROTOTYPE PFCA

Specification AGC-10603 was prepared to define the prototype assembly
for the PFCA, This specification is included as Appendix G.

The assembly drawing, Figure 1, and complete detail drawings have been

prepared for a prototype unit. This design represents the latest configuration



incorporating changes suggested by preliminary stress analysis, two Manage-
ment Technical Review (MIR) meetings, and a Major Design Review meeting.
The minutes of these MIR meetings are contained in Appendix N, and the minutes

of the design.review meeting in Appendix O.

A stress analysis has been performed on this design configuration. The
results show the design to be satisfactory for the mechanical load requirements.

The stress calculations are included in Appendix K.

A thermal analysis was also performed. The results are included in
Appendix I. Thé calculations show a temperature rise within the capacitors
of approximately 50°F., This was based on the capacitor specification figure
of lSOoF heat sink temperature. Other thermal calculations show a maximum
heat sink interface temperature of 168°F. Considering both sets of calculations,
the resﬁlting hot-spot temperature within the capacitors does not exceed approx¥
imately 220°F. The solder within the capacitor has the lowest operating
temperature capability of all the materials present. The solder temperature
limit is approximately LOOPF. The large temperature difference between the
actual and permissiblé values and the low temperature gradients within the

components contributes to high reliability and long life.

The original reliability analysis performed (Appendix E) provided a
reliability figure of 0.99946 as a conservative estimate. The changes that
have been made since that time, including change to Kapton film and change in

interconnection circuit, are changes that contribute to increased reliability.

PROGRAM STATUS

The assembly drawing, Figure 1; and complete detail drawings have been

prepared for a prototype unit. This design is being presented for review.
Testing has been initiated, using the breadboard asseMbly with ECTF.

Stress, reliability and thermal analyses have been performed with

satisfactory conclusions.

Future plans include revision of the design as required as a result of
this review. This data package has been revised and updated, and is being
released in the form of a Technical Memo to form a part of the design file for

this component. .



The revised drawings have been released for fabrication of one
prototype Power Factor Correction Assembly. After completion, the unit will
be tested in ECTF for electrical tests, then will be available to the project

for further test assignment.

The specifications and standards defining the components and test
requirements for the PFCA will be corrected and revised to include the

additional requirements for in-process and burn-in testing.
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I. INTRODUCTION

The SNAP-8 alternator power factor has a significant affect om its
losses and consequently on the SNAP-8 system efficiency, as shown on alternator
performance curve, Figure i, the alternator efficiency increases with increasing
power factor. At the reference vehicle load condition of 35 kw-@@ 0.85 PF
lag the alternator operating power factor is 0,698 lag, This power factor
and resulting efficiency of the alternator is caused by the low power factor
parasitic loads on the system. These consist of the PMA's and the speed

control system.

A'significant improvement in the alternator power factor and efficiency
may be accomplishéd by adding power factor correction to the system. In
addition, reduced alternator losses will result in longer alternator 1life,
higher reliability and a lower heat load on the lubricant and cooling system.
The values used are typical and do not reflect specific state points such as

PCS=G.

II. STEADY STATE ANALYSIS

The loads on the SNAP-8 electrical system consist of the following:
l. Vehicle load
2. PMA power requirements
3, PCS control

li. Speed control system

The reference system vehicle load is 35 kw at 0.85 PF. The PMA
requirements are shown on Table 1 and total 1h.1ll; kw at 0.61 PF. The speed
control system consists of the parasitic load resistor (PIR) and the saturable

reactor used to control the power to the PLR. The speed of the SNAP-8 system

A-k



is controlled by controlling the total power on the turbine altermator. The
speed control system adjusts the system load to comirol the turbine altermator
speed., Figure 2 shows the speed contreol power factor vs the power in K,

Figure 3 shows the speed control system reactive power vs KW.

1.2 KW is allowed for FCS comtrels including saturable reacter losses.
The lo5 KW parasitic lead includes 1.5 KW mimimum parasitic load resistor

power at cutoff plus 3.0 KW for system stebilization..

The SNAP-8 system power factor may be improved either by improving the
power factors of the individual components which load the system, or by adding
power factor correction capacitors, or by a combination of both. The tabulated
date shown on Table 2 shows the effect of power factor correction om the system

performance. Data is shown for three values of power factor correctiems

1. 18.) KVAR (Correct the PMA's to 1,0 PF)

2, L0 KVAR (a nomimal value)

3, 56,1 KVAR (Correct the alternator to 1.0 PF at REF. load conditioms

| as shown on Table 2).

NOTIE: With the alternator PF corrected to 1.0 at referemce load comdition,
the alternator power factor with mo vehicle load imcreases to .98 lead. The
alternator elecirical system as determined by its excitation sysiem, is
expected to be capable of operating stably to 0.92 power factor leadimg. The
improved alternator efficiencies result in lower losses and the power savings

shown on Table 2,

I1I. SYSTEM STARTUP ANALYSIS

The power factor correction capacitors may be conneected to the

alternator terminals and be applicable only when the aliermator is supplying

A-5



power to the system. As am alternative, the power factor cerrection capacltors
may be commected in parallel with the NaK PMA's so that they would also be
applicable during the startup cycle, This would have the advantege of reducing
the reactive load on the inverter during startup cyele. If a kO KVA power factor

correction capacitor was selected, its rating under startup conditioms would bes

220 cps 88 wolts 9.3 KVA
95 cps U0 volts 1.83 Kva
95 cps 19 volis «87 KVA

This would change the inverter power requirements as fellowss

220 cps 88 volts steady state

Without PF Correction

2370 watts ©0.49 FF lag L830 VA
With FF Correction |

2370 watts O.L2 PF lead 5630 VA

95 cps 19 volts steady state

Hithonﬁ PF Correction
345 watts 0.55 PF lag 628 VA
With PF Correctiom
345 watts 0.7 PF lead k93 VA
95 _cps PMA starting

Without PF Correction

785 watts 0.31 PF lag 2520 VA 33,5 volts
NaK PMA starting torque 12.6 in/1b

With PF Correction |
1170 watts ©0.59 PF lag 1970 Va k0 volts
NaK PMA smtin% tergue 20 im/ib

A-6



It can be seen from the above tabulatiom that the additiom ef a power
fastor correction capacitor to the PHA's during starting will have a significant
effeet on the starmp inverter characieristics. If thiz is takem into account
in the inverter speciﬁcatiom,it does appear that the additiom of the PP
correction would be bemeficisl im that it would result in & smallex

or a higher PMA starting capebility.

v, P.F, CORRECTION CAPACITOR DESIGH (Comceptual)

The preliminary power factor correction capacitor design was based
on a nominal rating of hO KVA at LOO cps. Using the ecapacitors commected
line-to-line on 208 volts, a total of 370 MFD are reguired.

During the preliminary evaluwatiom, the following types of capacitors

were comgidered:

MAX,
,, 'Mo :
TYPE . PR TEP, REL., SIZE

1. Oil impregrated paper . 005 125% 3
2., Mylar film / " .008 125% 1
3, Teflom film ) 0001 200% b
lie Polystyrene film g 85% 5
5. Polycarbonate £ilm / 002 125% 2

Of these types, it appears that the polycarbonate film capacitors
offers the best combination of desirable characteristies. For example, i%
wenld seem that its lower loss would be more desirable them the smaller size

of the Mylar eapacitor. Alth?{g}g the high tesperature capability amd very low

A=T



logs of the Teflom capaciter is atiractive, its larger sise ard low radiatiom
/

tolerance are severe disadvantages.

For the preliminary desigm polycarbonate capacitors similar to Sprague

1.0 im, dismeter and 2,31 in. long. A quantity of 93 umits are reguirved fer

&0 velts and ave

Flectric P/N 260P40593 are used, They are rated

the assembly shown in Figure 1. The power factor correctiom capacitor assembly
is designed for liquid coeclimg usimg the lubricant and ceelamt system fluid,
The individual capacitors are hermetically sesled se that the package may be
filled with coolant which may be cirevlated arownd the irdividwal capaciter
units, The total heat loss for a hO EVA FF correction assembly is 80 watis,

Additional work will be reguired to make the final capscitor selectiom.
This will include optimizing the unit capacitor voltage and capacitance rating
to obtain highest reliability and best packaging cenfigu_ration. Additional
work is required to determine thé nuclear radiation capabilities of the
various capacitor types., Other capacitor types mot comsidered inm this pre-
liminary analysis should be included im the fimsl design amalysis. Werk is
in preceas by various capacitor mamufacturers usimg Polylmide film which may
éffer the advantage of both high temperature capability and nuclear radistiom

reslistance,

Yo RAM PLAN AND COST ANALYSIS

The development program plan and cost amalysis has been prepared and
gubmitted as part. of the Comtinuation Program Plar. It is covered wnder
$ask wo0. 1041-19,
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PMA POWER REQUIREMENTS

A-13

bl ¥ KVAR
Hg FMA 3.53 oT7 2,92
HRI, PMA 4.6 +555 6.9
PRI PMA h.52 0555 6.78
L/C PMA 1.L49 -638 1.80
TOTAL o1l 18,40
Overall PF = 0.61
Overall KVA = 23,2
TABLE 1

References

1493236500062
h932 sésw
1:932:65-0006
1932365-00076
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APPENDIX B

Film Characteristics

Memo 4936-67-0148;, Capacitors for
Power Factor. Correction Service

~ Us 8. Government Memorandum, Dated 12-13-66
Subject: Recommendsations and Supplementary Information
on
Capacitors for SNAP-8 Applications.

Bulletin H-1lA, Summary of Properties - Kapton

B-1



FIILM CHARACTERISTICS

Electro-Technology =- dJune 1967 o
Polycarbonate H=TFilm
dielectric constant 2,8 = 3.1 3.0 = 3.5
dielectric strength,v/mil 2250 - 4250 5600 = TO0O
volume resistivity, ohm/cm> 1 x 100 1 x 10 @ 25%
surface restivity, ohms 3 x 1033 (80% RH) 1x 1016 @ 25°%
dissipation factor 0,003 = 0,0095 (l Me) 0.002 = 0,003
tensile strength, psi 7500 = 9500 17,000 = 25,000
ultimate elongation, % 70 = 90
Insulation Directory/Encyclopedia == June/July 1967, pp 247, 252
Polycarbonate H - Film
Maximum temperature 270°F hoo% +
Minimum temperature —150°F
Dielectric K IKC-1MC 25°C 2,99-2,93 1 KC 2520 3.5
1 k¢ 200°C 3.0
Power factor " 0.13-1.10 1 KC 25°C 0.3%
1 KC 200°C 0.3%
Dielectric strength cast 2250 V/mil 1 mil TOOOV/mil
extruded 1500 V/mil
Volume resistivity (ohm/cm) cast 4.7 x 10%° 25°¢ 10°8
extruded 15 x 10%° 200% 10t
Ares factor (in2/lb/mil 23,100 19,440
Specific gravity 1.2
Tensile yield (psi) cast 7500-9500 2500 25,000
extruded  8000-9500 200°. 17,000
Elongation % cast 95-110 25°¢ 0%
extruded 85-105 200°C 90%

B-2



v AERGIRV-BEHERAL SURDPUNATION

- HIER-OFPIDE MENE

w-207-toz {eT0ck Bo. Joni)

T E, Eber DATE: 30 October 1967
4936=67=0148=5LBs 1ke

FROM: So Lo Bradley 160-X5736

BURLET: Capacitors for Power Factor Correction Service, SNAP-8 Power Systen

mgvRIBUTION:  Wo F. Banks, R. Gordon, R. Hill, E. Howard, Originator, 4936 File

¥hen capacitors for power factor correctlion of the SHAP-8 gystem
were boing considered, a number of types wers revisewed,

Capecitors utilizing gless, coramics and mica wers not sericusly
considered because of the huge volume regquired to obtain the capacitance
required, Also, elecirolytics were not considered because of high losses
and low reliability.

Paper dielsctric capacitors wers glven scme consideration because
of their long use in power systems for power=Ffactor correction service,
however this type was rejected because of excsessive lossss, large size
and suscepiibility to radiation damage.

The plastic £ilm type capacitors however offersd the baest overall
characterisgtics for use in SNAP-8 puower factor corrsction service.,
Mylaxr and Teflon film types were considewsd, but the polycarbonate film
and H film tyves wers the onss that offersd the most favorable chsracter
isties; Boih of these films offer high dielectrisc constanit, high
dielectric strength and low dissipation factor. 411 of these charscter—
istics are better for the B film than for the p@ly@arbanatg film, In
addition, a capacitor mads of I film can operate sbove 400°F whergas the
naxlmin operating temperature of a polycarbonate film unit is 270°F.
Also, the polycarbonate film is only obtainsble in Cermany, and it is
delivered with a greet many pin-hole defents. '

In spite of these fsults, the polycasrboneie film capacitor was
originally chosen for the units to Le used in SHAP-B. This decision
wae wede bscause, at the time, H £ilm was in an eayrly development stags,
and £ilm thin erough for pracitical capacitors was not obtainable,

However, since that decision woz made Dupont *Hapton® Hefilm in
thicknesses of 7+ or 1 mil has beoonc nvailsble and can be obtained in
32 %o 14 days, Az & result of thic changs in conditions, the decision
to use polycarbonate film has bsern reverasd, avd E £ilm capacitors have
been purchased from Maxrshail Industries, Delivery of the Tirst thirty
of the seventy vmit: on order is expected by esrly Decembsr 1967,

B-3
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FROM

SUBJECT:

OPTIONAL FORNM NO. 10 se19-107
MAY 1962 EOITION
GSA GEN. REG. NO, 27

UNITED STATES GOVERNMENT

M g m& y@ﬁ d % m HASA=Lewls Rssearch Center

Claveland, Ohio

SNAP=B Systems Section DATE: December 13, 1966
Avtention: A, W, Nioce

Electrical Gomponents & Expsriment Bransh
Poweyr Conditioning Ssction

Recommendations and supplementary infermation on eapwimm Lor SHAP=S
applications

In answer 10 your request dated November 7, 1966, the f@m@m information
and recommendations are hereby submitted.

It is undsrstood that the capasitor{s) in guestien is intendsd to be used
for power factor correction. The capaciter package 1s to be conmected to
the SNAP=8 alternator terminals, and should provide a leading rsastive
load of approximately LO kvar. It is alsoc undsrstood that rellability is
of prime importance and that cempenent develepmsnt should be kept withinm
the present state=of-the-art.

With the above information and the general SHAPS requiremsnts as givem in
Spee. Noo L4l7=1 as guides, s brief review of readily avallable capaciter
information has been made and is summarized below.

1., Application '
A. In order to provide 4O kvar, & three-phase capacitor bank of
approximately 375 miocrofarads (125 wF per phase} is nseded if
line~to=line comnsction is used (208 volts)., If lins=to-nsutral
(120 volts) is used, approximately 1125 wicrofarads (375 wF per

phase) is needed,

Be For this spplicatiom, some of the more important psrameters of
capacltors ares
8. Nuclear radiation telerance (S x 1042 NVT) (S x 107 RAD (o)
be LOO HZ a=6 voltage rating.
ce Internal heat dissipaticn as debermined by the capaciter
dissipation facter (DF).
ds Maximum operating mp@mtw@o
8, Physlocal slze,
fe Failure mods.
ge Life (10,000 hr. reqtd).
he Reliability.

Buy U.S. Savings Bonds Regularly on the Payvoll Savings Plan

Bl
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Capacitor Types

bo

Be

D.

Althongh eapasitors utilizing ceramics and glass dielectrie
materials have the highest radiation telerance; they wers not
considsred for this spplication bescauss of the amount of capseity
neseded, These devices are normally only mede to walves of arcund
0.1 wF and heve relatively high diseipstion fastors of swound 0.5
te 2,0 parcent. The development necossary 4o meset the regulres
ments of this applicetlon would be prehibitive

Capasitors utilizing mieca dislectrie alsc were nobt considersd for
this application, Although thelr dissipation factor (DF) is low
(0.0l%), and they should be highly radiation tolerent, their
normally small cspasitence valuss would place them im the same
class as ceramlc and glass types. 4 type of re-sonstituted mica
exiats in a form suitable for higher capasity values, but details
of this material are presently umavailable. In either case, a
substantial development program would be mquim@. to satisfy the
neads of this spplication,

Electrolytis types of sapasiters were not considered mause of
their high dissipation fastor {P10%} and susceptibility to
rediation damsge.

Paper dielectric capacitors are well dsveloped and are cemmonly
used for power factor correction in commercial power systenms.
Thelr a=c voltage ratings at 60 HZ are well established. Those
units usually use an oil, or some other, impregnant to sscure

the desired qualities., The dissipation factor of these t{ypes

is around 0,5 to 1,08, and thair upper %mparawm limdt i
normally about 120°%C. Yk @:&.lmbl@ tesperature may
vary as detexmined by the typ@ of impregnent. U@&@r the muclear
radiation of the SNAP=8 application, the e@monly used impregnant
will evolve gas and perhaps chenge physisally., If the capacitors
can be suitably shislded and sealed, the paper types w satisfy
this epplication.

Plastic film capacitors offer a wide variety of types and
characteristics, The most promising fer this application are
the Mylar, Teflon, polycarbonate, and "H-film® (polymide) types.
In general, all of these films tend te evolve gas and show
other degradation effests under the muclear radiation dosages
specified for the SNAP=8,  The effects are mgligﬁ.ble with some
£ilms and serious in @m@m@

1) Mylar is one of the most widely used plestisc dislsetris ﬁ.msf
for sapacitors, Its digsipation fagtor varigs with t@mp@mmm
and has valuss between 0,38 and 1.38. It is relatively immuns
to damage from the nuclear radiatlen environment of SE&AP@&@
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Tts maximum allowsble temperature is 150°C, The relisbility of
capaeitors using this t;yp@ of dislectric should be well sstabe
lished (MIL=C=27287). ' However, the largest sapasity normally
available in a single uwnit is 10 wFf, and a-0 voltagse ratings
are not well estebliched,

2) Tefiom as a dielsctriec film is ales in common usags. It has
a very low dissipation fastor &2 8.,05%) and a high temperature
capability of 25090, Howsver, it would probably suffer
considerable damage under the muglear radistion of SNAP=§.
Shielding would, therefors, be msguired. Teflen sapecitors
are gensrally physieslly larger tham Mylar, or polycarbonate
types, Also, presently avallabls Teflon types are normally
2imited to values lesg than 10 WP,

3) Polycarbonate as a sapacitor dielsctric film is & relatively
recent development. Its nueclear radiation twlerance is
generally the same as Mylar amd it should suxrvive the SNAP=B
vdosagesg Its dissipation factor is low (© 0@1%)@ The
maximus allowable temperature is 125°C, The maximum cepacity
nomlly avallabls in a single unlt is 10 WP, Unf@rtmtely,
the reliablility and a-c veltage ratings of this type capasitor
have not been established. Work under contrast NiAS3e7623 is
presently under way to help establish the a-s rating and
reliability of polycarbonate capaclitors,

L) Hefilm as a capacitor dielsciric is presently in the early
development stages, Film thin enough for prastical capasciters
is not yet available, This material is very promising becauss
of its high tempsrature capability (250%C) and reasonable ‘
dissipation fastor of 0.,25%, It® nuclser radistion teleramee
should be comparable to that of polycarbemate. Applisation
of this materisl to the SNAP-8 capasiters would require a
prohibitively leng d@vel 73

3o Mechanical Problems
A, Oas tends to be gvolved from impregnants and plastiec {ilms under
nuclear radiation. This smst be a considsration with hemmetically’
sealed construction. Socme type of pressure relief vents mey be
required to prevent physical distoriion or damage.

Be In the capacitors for this application, internal cooling means
must be provided since no effective heat path exists through the
capacitor materials. BEven the few watts lost in the capacitors
with ths lowest dissipstion factors weuld prob@.‘my raise the
‘{nternal temperatures bayond the allewable maxiw
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Electrical Problems

As The dissipation factor of ﬁ@l@@tﬁ,@s tend to incyrsass as a result
of nuclear rediation, Thsrefers, power losses imbernzl to the
aapacitors would increase as time passss, in & SNAP-8 power system.

Bo The most commen fallwre mbde of the itypss of capssitors suitable
for this application is Pghoried.?

Preliminary Recommendations

Since ne single capacitor type is idexlly sulted for this applicatdom,
& tentetive order of preference 1s given belowe This order is based
on ths application reguirsments and eapacitor charasteristiss as
ocutlined above.

Ae Oil-nimpregmt.ed peper typs capasitors most probably offer the best

chance of success. They ars well~established in a~-c power factor
correction service and much reliability dats exists. However, the
selaction of a radiatien resistent oil impregnant or saltable
shielding may prove te be & prohibitive problem.

B. HMylar capacitors are a second choiese Thelr relisbllity in d=e
applications is well established and they should not be seversly
effected by the specified radistion. However, they have not found
wide usage in a~c applications in sises required heres The proper
awc derating for long life and reliability has not been established,

Ce Polycarbonate capasitors aye the third cholss. A4lthough the low
dissipation factor and good radlation tolerance of polysarbonate
£ilm offers the most promise in this spplication, mush developmsent
would bs necessary Lo establish a-¢ wvatings and reliablility. This
type is considered state-ofsthe-art er & littls b@y@mo The film
itself is only avallable from one supplisr (in Cermeny)e

In general, whichever type is selected, internal cooling means must be

provided,

Soms type of pressure rellef must be provided to prevent a tulldeup of
internal pressure caused by gases evolved undsr nuclear radistlion.

As & first estimate, and neglecting shielding, the capasitor bank for this
application will occupy approximately 1000 to 2000 cubie inches and welgh
approximately 100 to 200 pounds, .

Ri@h@,r& Re Se@m&@

Metallic or BeO heat sonductors between sestloms may be sufficieat.



TECHNICAL
FORMATION

SUMMARY

" SUMMARY

ROPERTIES

GENERAL

“Kapton”* polyimide film possesses a unique
combination of properties previously unavailable
among polymeric film materials. The ability of
“Kapton'' to maintain its excellent physical, elec-
trical and mechanical properties over a wide tem-
perature range has opened new design and
application areas to plastic films. ‘“Kapton’'* is
proving itself especially useful in applications which
have high operating temperatures.

“Kapton'' Type H has been used successfully in
applications where the temperatures have been as
low as —269°C. and as high as 400°C. At room
temperature, the properties of ‘‘Kapton’ and
“Mylar’’* polyester film are similar. However, as
the temperature is increased or decreased the
properties of ““Kapton’’ are less affected than those
of “Myiar”. A flame resistant material, *‘Kapton”’
begins to char above 800°C. There is no known
organic solvent for the film and it is infusible and
does not melt. ‘‘Kapton’’ is synthesized by a poly-
condensation reaction between an aromatic tetra-
basic acid and an aromatic amine.

Adhesives are available for bonding “Kapton"”

to itself, to metals, to papers of various types and 1o
other films. “‘Kapton’ Type H can aiso be laminated,
metalized, punched, formed or adhesive coated.

Applications for ‘‘Kapton’ polyimide film in-
clude: wire & cable wrap, formed coil wrap, flexible
printed circuits, motor slot liners, magnet wire,
transformers, capacitors, magnetic and pressure
sensitive tapes, and hose and tubing. Many of these
applications are based on the fact that the excellent
electrical properties of **Kapton,”” such as dielectric
strength and dissipation factor, remain nearly con-
stant over a wide range of temperature and fre-
quency. Others make use of the film's radiation
resistance or chemical resistance at elevated tem-
peratures. it is this combination of useful properties
at extremes in temperature which make ‘‘Kapton”’
a unigue new industrial material.

Because “Kapton’’ has no melting point, Du Pont
combines “‘Teflon’’* FEP-fluorocarbon resin with
the polyimide to give a heat-seaiable structure for
fabrication purposes. This combination is known as
“Kapton’” Type F and its properties are reviewed
in Bulletin F-1. The all polyimide film, “Kapton’
Type H, is discussed in this bulletin.

BULLETIN H-1A

OF PROPERTIES

Precision motors use slot liners
made of “Kapton” Type H be-
cause of the materisl's toughness
and its ability to insulate at
higher operating temperatures.

*Du Pont registered trademark

“Kapton” is a transparent goid
colored film which can be run on
conventional film hardling equip-
ment with little if any adjust-
ment. :

B-8

“Kapton” finds use as layer in-
sulation in fransformers. The
polyimide insulation permits the
design of small units which op-
erate at higher temperatures with
ne reduction in rating.

Printed circuils and flat cable
construction have been made
from “Kaplon” because of its
dimensonal stability at high tem-
perature and ifs solder resis-
tamce. “‘Kapton” is used as a
wire wrap where good high tem-
perature - insulation and low
weight structures are required.



PHYSICAL

THERMAL

PROPERTIES OF 1 MIL “KAPTON"

TYPICAL YALUES—1 mil film
PROPERTY = 395°6C 25°C 208°C TEST METHOD
PHYSICAL PROPERTIES
Uitimate Tensile Strength (MD) 35,000 psi 25,000 psi 17,000 psi ASTM D-882-647
Yield Point (MD) 10,000 psi at 395 | 6,000 psi at 3% ASTM D-882-64T"
Stress to Produce 5% Elongation (MD) 13,000 psi 8,500 psi ASTH D-882-647
Ultimate Elongation (MD) 204 70% %0% ASTM D-882.54T
Tensile Modulus {MD) 510,000 psi 430,000 psi 250,000 psi ASTM D-882-64T
Impact Strength 6 Kg-cm/mil Du Pont Pneumatic Impact Test
Foiding Endurance (MIT) 10,0600 cycles ASTM D-643-43
Tear Strength—Propagating (Elmendof) 8 gm/mil ASTM D-1922-61T
Year Strength-—!nitial {(Graves) 510 gm/mil ASTM D-1004-61
Tear Strength-—Initial (Graves) 1100 b./in. ASTM D-1004-61
Bursting Test (Mullen) 75 psi ASTM D-774-637
Density 142 gm/ce ASTM D-1505-63T
Coefficient of Friction Kinetic (Film-to-Film) 42 ASTM D-1894-63
Refractive Index (Becke Line) 1.78 Encyclopaedic Dictionary of
Physics, Volume 1
. Area Factor 135 fi2/1b./mil Calculation
PROPERTY TYPICAL VALUES—1 mil film TEST CONDITION TEST METHOD
THERMAL PROPERTIES
Meiting Point NONE
Zero Strength Temperature 815°C 20 psi load for 5 seconds Hot Bar (Du Pont Test)
Cut-through Temperature ;:2:2 2 l ;‘ ::‘w Weighted Probe on Heated Film
{Du Pont Test) :
Coefficient of Thermal Expansion 20x10 -Sin./In./°C (—) 14°C to 38°C ASTH: D-696-44
Coafficient of Thermal 3.72x10-4 _f{cal) (em) Model TC-1000
Conductivity ) (cm”) (sec) (°C) 25°C Twin Heatmeter
3.89x10—4 B 75°C Comparative Tester .
426 x10—4 o 200°C
451 x10—4 . 300°C
Flammability Seli-extinguishing
Heat Sealable No
Specific Heat . 0.261 cal./gm./°C 40°C Differential Calorimetry
§ 250°¢ 275°G 300°C 400°6
“Shrinbage 0.3% 0.5% 3.5% 30 minutes ASTM D-1204
Heat Aging (In air) 8 yrs. 1yr. 3 months 12 hours Circulating Air Oven Time to Reach 19 Elongation

B-9
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“KAPTON” — A USEFUL FILM FROM -269°C to 400°C

TYPICAL VALUES—1 mil filss
| %TYensite | 9 Elongation | % Modulus
PROPERTY Retained Retained Retained TEST CONDITION TEST METHOD
» CHEMICAL PROPERTIES Days immersed at Room
. CHEMICAL RESISTANCE TO: Tempertaure
Benzene 100 82 100 365
Toluene 94 66 97 365
Methano! 100 73 140 365
Acetone 67 62 160 365
10% Sodium Hydroxide Degrades 5
Glacial Acetic Acid 85 62 102 36 days at 110°C
p-Cresol 100 77 102 22 days at 200°C
“Arochlor” * 100 53 142 365 days at 200°C
Transformer Oil 100 100 100 180 days at 150°C
Water pH = 1 65 30 100 14 days at 100°C
pH = 42 65 30 100 14 days at 100°C
pH = 7.0 65 30 100 70 days at 100°C
pH= 89 65 20 100 14 days at 100°C
pH = 10.0 60 10 100 4 days at 100°C =
RADIATION RESISTANCE §'
Gamma (Savannah River) Stilt Flexible (180° Bend) Exposure 4.16 x 10° RADS 5
Electron (Van de Graaff) , Retains 509, of Original Elongation Exposure 6 x 10° RADS <
A Neutron plus Gamma Darkened but tough Ex 10
posure 10'° RADS
b mi(Brm:okhaven) Excellent Westinghouse Fluorescent Suniamps
cellen Ozone Present, Dry Environment
FUNGUS RESISTANCE Inert 12 months Soil Burial
509 Relative Humidity at 23.5°C ironmer
v MOISTURE ABSORPTION %g% Immersion for 24 hrs. at 23.5°C Consta;;&;vg?sn%e:; Room
HYGROSCOPIC COEFFICIENT . . 72°F  200% - 80% Relative
OF EXPANSION 2.2x 105 in/in/ % Relstive Humidity Humidity
PERMEABILITY
Gas . cc/(100 in®) (24 hrs.) (atm/mil) 23°C ASTM D-1434-63
Carbon Dioxide i 45
Hydrogen 250
Nitrogen 6
Onygen 25
Helium 415
Water Yaper gm/(100 in’s) 4(24 hrs.} / mil ASTM E-95-63T7
TYPICAL VALUES—1 mil film
- PROPERTY —195°¢ |: 25°C 206°¢C TEST CONDITION ¢ TEST METHOD
ELECTRICAL PROPERTIES
- Dielectric Strength (1-mil) 10,800 7,000 volts 5,600 voits 60 cycles AST# D-149-64
Dielectsic Constant 35 390 1 kilocycle ASTM D-150-647 :
Dissipation Factor 003 002 1 kilocycle ASTHM D-150-647 H
Yolume Resistivity 10'% ohm-cm | 10" ohm-cm ’ ASTHM D—257-61 !
Surface Resistivity 10*° chms 5004, Relative Humidity ASTM D-257-61 i
: Coroma Start Voltage (1-mil) _ 465 volts 5005 Relative Humidity ASTHM D-1868-61T
S’ insulation Resistance 100,000 Based on 0.05 mfd. wound capacitor
megohm mlds. using 1-mil H Film

“Monsanto registered trademark
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AGC-10563

1. SCOPE

1.1 This specification covers the requirements for the performance,
design and test of one type of fixed capacitor for use in the power factor’
correction assenbly of the SNAP-8 Power Conversion System.

2.  APPLICABLE DOCUMENTS

2.1 The fcllowing documents, of the latest issue in effect on the date
of invitation for bids, shall form a part of this specification to the extent
specified herein. In the event of conflict between documents referenced here and
stiacr detall content of Sections 3, 4, and 5, the detail requirements of Sections
3, 4, and 5, shall be considered a superseding reguirement.

SPECIFICATIONS
Military
MIT.=D=1000 Drawings, Enginecring, and Associated Iists
MIL-T=-5021 Tests, Aircraft and Missile Welding Operators,
Qualifications
MIL-C—h5662 Calibration System Requirements
STANDARDS
Militery
MIL~-STD-1k43 Specifications and Standards, Order of
Precedence for the Selection of
MLL-STD-826 Electromagnetic Interference Test Requirements
and Test Methods
M8 33580 Metals, Definition of Dissimilar

Aerojet-General Corporation

AGC—STDn1338 Capacitor, SNAP-8, Quality Conformance of

(COp1< of sp- ciflcatl ‘ns, standards, drawings, bulletins, and publications
required by suppliers in connection with specific procurement functions should

be obtained from the procuring activity or as directed by the contracting officer.)

3, REQUIREMENTS
3.1 Perforﬁanceee

301s1 Opern.ional requirements.-

5.1.1.1 Rated voltage.= T *pu01tor shall be rated to operate ut 215 volts,

root meun syuare, (vrms; at 395 to h05 Hertz (Hz, cycles per second).

c-3
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3.1.1.2 Capacitance.- The rated capacitance shall be 17.541.75 m;crofarads
(uf)-

3.1.1.3 Power dissipation.- The bower dissipation of the capacitor, including
resistance losses in the terminals, at the rated voltage and frequency, and at the
rated temperature (see 3.3.1.3) shall not exceed 5.0 watts.

3.1.2 erability.-

3.1.2.1 Reliability.- It shall be a design objective to attaln a reliability
of 99.99 percent for 10,000 hours of continuous rated operation in the natural and
induced environments specified.

i

. 3.1.2.2 Maiﬁtainabilityfw The capacitor shall be designed so as not to require
routine maintenance, repair, or service during its operating life.

3.1.2.3 Useful life.-~

3.,1.2.3.1 Operating life.- Thecapacitashall be capable of continuous
operation for 10,000 hours, unatiended under the environmental conditions specified
heérein. There shall be no degradation in performance below the requirements specl-
fied in paragraph 3.1.1.

3,1.2.3.2 Shelf life.- The capacitor shall have a shelf life of two years.
without requiring processing when protected and packaged per Section 5 and thereafter
be capable of meeting the operating life requirements of this specification.

3.1.2.4 Natural environment.- The capacitor shall'operate in a natural environ-
ment of any of the following: '

(a) Air or sulphur hexafluoride (§F6) at approximately 14.7 pounds per square
inch, absolute (psia) and 125 F to 200 F.

(v) Room ambient conditions for testing, with a relative humidity up to
95 percent.

5.1.2.5 Transportability.- Not applicable

3.1.2.6 Humen performance.- Not applicable.

3.1.2.7 BSafety.- Not applicable.

3.1.2.8 Induced environment.- The capacitor shall be designed to withstand the
following induced environment.

3.1.2.8.1 Shock,=- The capacitor, non-cperating, shall be capable of withstanding
20 g shocks along three mutually perpendicular axes. Three shocks shall be made in
each direction (six shocks) along each axis (a total of 18 shocks ). The wave shape
of the input pulse shall be half-sine pulse for 10 milliseconds duration.

%,1.2.8.2 Vibration.- The capacitor, non-operating, shall be capable of Wwith-
standing random noise vibration over a frequency interval of 20 to 2000 Hz for five

minutes in each of three mutually perpendicular axes with the acceleration density
as follows: ’

Celr
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(a) 20 to 200 Hz: increusing at 2 decibels (db) per octave.
(b) 200 to 700 Hz: at 0.6k ge/Hz,

(e) 700 to-9OO Hz: decreasing at 17.5 db per octave.

(d) 900 to 2000 Hz: at 0.15 ga/ﬁza

3.1.2.8.3 Acceleration.- The capacitor, non-operating, shall be capable
of withstanding © g steady acceleration in €ither direction along any axis.

3.1.2.8.4 Combined loadings.- The capacitor shall be capable of withstand-
ing the combined loading of shock (see 3.1.2.8.1), vibration (see 3.1.2.8.2),
and acceleration (see 3.1.2.8.3).

3.1.2.8.5 OQperation.- During operation, the capacitor shall be able to
withstand the following environments without malfunction or damage:

(a) Shocks of 3 g on each of three mutuelly perpendicular axes with the
wave forms of a half-sine pulse for 8 milliseconds duration.

(b) Vibrations of 0.25 g peak over a frequency range of 5 to 2000 Hz
for 5 minutes.

(c) Steady acceleration of 3.5 g in either direction along any axis.

(4) Total integrated nuclear radiation, including direct, scattered, and
secondary radiation ws follows:

(1) PFast neutrons: 10t nvt, integrated dose for 10,000 hours.

(2) Cammas: lO6 rads (¢), integrated dose for 10,000 hours.

3,2 Imterface requirements.- The envelope and mounting dimensions of the
housings and the location and kind of nameplates shall be at the discretion of the
menufacturer within the limitations specified herein. The manufacturer shall submit
all necessary interface documents, to AGC for coordinstion prior to fabrication of
the capacitor (see 3.4.1).

3.2.1 Mounting.~ The capacitor shall bg designed to mount with threaded
fasteners ocnto a heat sink maintained at 150 F and to transfer to that heat sink
the internally generated heat.

3.2.2 Terminals.- The terminals shall be on the side of the housing
opposite to the mounting surface.

Design and construction.-

N

S

5.3.1 Qeneral design features.-

4

5.5.1.1 Construction.- The capacitor shall be of metul foil with a poly-
carbonate plastic film dielectric.

3.3.1.2 Enclosure.- The enclosures of the capacitors shall be hermetically
sealed by welding to prevent leakage in excess of that specified in 3.3.16 . The

enclosure shall be able to w;thstand a minimum differential pressure of 15 psi
in either direction.
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5.%.1.5 Rated temperaturc.- The capacitor shall be capable of operating
thrcughout its operating life with a continuous temperature environment of
lESOF to 200°F. The capacitor shall be c%pable of storage, nonoperating, with a
continuous temperature environment of +20°F to +120%F.

3.%.1.4 Dielectric Strength: The capacitor shall be capable of withstanding
a potential of 650 volts de, migimunb applied between the capacitor terminals,
for a period of 2L .ours at 200 F without breakdown, and witk a steady-state
current flow not in excess of 1 microampere.

5.%.1.,5 Dielectric Strength, Insulation.- ¥ith both plates of the capacitor
connected together, and with all metallic parts of the case connected together,
the capacitor shall withstand a minimum potentia% of 2150 volts dc applied
between the case and the capacitor plates at 200°F. The potential shell be
spplied for a minimum period of one minute after the steady state current is
reached. INo sudden breakdown, arc-over, or steady state current flow in excess
of one microampere shal% be permitited.

3.%4.1.6 leakage.- The maximum leakage rate of the enclosure shall not
2xceed Ll cquivalent of 1 x 10T standard cc/second of helium as measured with a
mass spectrometer.

3.5, Selection of specifications and standards.- Specifications and Stand-
ards for necessary commodities and services not specified herein shall be selected
according to MIL-STD-143. Where, in the best interests of the Aerojet-General
corporation, it is necessary to control the design selections of products, materials,
und procecnec not described by available specifications, a specification or standard

clrill be prepared and submitted to the Aerojet-General Corporation for review prior
to its use.

3.5.3 Materials, parts and processes.- Parts, materials, and processes used
in the unit shall be selected by the supplier and shall be adequate for the
application. In the selection of parts and material;, those known to be significantly
radiation-sensitive or subject to harmful deterioration in & vacuum shall be
avoided. Preference shall be given to parts and materials readily awailable, part-
icularly to those which have been qualified in accordance with specifications and
standards issued by the Department of Defense or industry associations. All parts
and materials selected by the supplier shall be subject to review and approvwal
by AGC as to their suitability for use. Approval of any part, meterisl or process
shall not be construed as assurance of acceptance by AGC of any finished units.

3.3.3.1 Terminals.~- The terminals shall be of sufficient size to efficiently
and continuously conduct the rated load current without an appreciable temperature
rise in the terminals. Design of the terminals shall permit external copper
connections to be made to the capacitor by inert gas welding (with use of heat
sink on the terminal, if necessary)

€6
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. 3.3.3.2 Welding.- Unless otherwise specified, all welding shall be performed
by operators who are currently qualified to the requirements of MIL-T-5021.

3.3.4 Standard and commercial parts.- Military and industry standard parts
shall be used where they suit the purpose and shall be identified on the drawings
by their military or industry (NAS etc.) standard part number. Commercial utility
parts such as screws, bolts, nuts, cotter pims, etc.;, shall not be used if they
are replaceable by standard parts (MS, MIL, JAN, AN) without alterastion. In the
event there are no suitable corresponding standard parts, commercisl parts may be
used provided they conform to the requirements of this specifiation.

3.3.5 Mbisture and Fungus Resistance.- Materials shall be selected for
resistance to deterioration due to himidity, water absorption, or the growth of
fungus; or shall be coated or treated to prevent deterioration. )

3.3.6 Corrosion of metal parts.- Materials shall be of a corrosion-resistant
type or sultably processed to resist corrosion. The use of dissimiler metals as
defined in Standard MS33586 shall be avoided. Where contact between dissimilar
metals is unavoidable, they shull be suitably protected against electrolytic
corrosion. The protection shzall be of a type that offers a low-impedance path
to rmdio-frequency currents.

3.3.7T Interchangeability and replaceability.- All parts having the same
manufacturer’s part number shall be directly and completely interchangeable with
respect to installation and performance and be adequately serialized to provide for
the use of matched or fitter subassemblies. Changes in part numbers shall be -
geverned by the requirements of Specification MIL~D-1000.

2,%.8 Workmanship.- The workmanship and finish shall be of a sufficiently
high grade to assure satisfactory operation consistent with the requirements of
this specification. The standards of workmanship exhibited in any spproved unit;
subject to any corrective action stated in the notice of approvwel, shall define
the requirements of workmanship insofar as those not specifically covered by eppli-
cable specifications.

3.3.9 Electromagnetic interference.,- The capacitor shall be designed to
meet the acceptance criteria for Conducted Susceptability, Induction Field
Radiated Susceptability, and Radiated Interference of MIL-STD-826.

5.3.10 Identification and Marking.- Bach capacitor shall be permanently
identified by & method compatible with the service enviromment with, as & minimum,
the following information as applicable:

(a) Part Name

(b) Supplier's part number and drawing revision letter
(¢) Supplier's name or trademark designation

(d) Date of manufacture

(e) Supplier's model, serial, and AGC assigned serial numbers
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e

Note: (1) The supplier's part number shall be the
number of the contractor’s assembly draw-
ing which includes sub-assembly ordering
data.

(2) The supplier's name or trademark shall
‘not be in letters larger than sny other
letters. '

3.4 Documentation requirements.- At the time specified in the contract
(see 6.2), the supplier shall submit the documents, data, and material, described
in the following subparagraphs. All documents will be subject to review and
approval by the Aerojet-General Corporation for technical adequacy, completeness,
and legibility. The format and method of presentation of these documents may be
the usual practice when such practice is adequate to satisfy the specified
requirements. :

3.4,1 PEngineering Documents.- The manufacturer shall submit the following
. documents for approval prior to fabrication of the capacitors.

(a) Assembly and detail drawings per MIL-D-1000, category F, Form 2.
(b) Material and part specifications or standards.

i (c) Design analysis and test data to demonstrate compliance with the
) design criteria of 3.1.1 and 3.3.1.

E" 4 .
. (@) Design analysis of environmental stresses of 3.1.2.8.

(e) Design analysis to demonstrate effect of all manufacturing
process on reliability (especially the making of electrical
connections ).

(f) sSpecial manufacturing, processing; and cleaning procedures.

(g) Acceptance test procedure.

, 3,4.2 Quality Assurance Documents.- The supplier shall submit a "Build-
up and Assembly log with each unit or lot submitted. As a minimum, these logs
shall contain the following data:

(a; (a} Configuration status and traceability. of functionally significant

materials and articles to their fabrication lot and purchased
material lot.

(b) | Records: of final inspections and acceptance tests.

(e) Iist of nonconformances»pertaining to the subject éssembly.

(d) Varisbles data considered essential by AGC.

thoﬁ Change control.- The supplier shall make no changes in drawings,

Sears” specifications or processing techniques after approval of such documents by
the Aerojet=General Corporation.

C=-8
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L. QUALITY ASSURANCE PROVISIONS

L.l Supplier's responsibility.=

Lbelel Inspection.= Unless otherwise specified, the supplier is responsible
for the performance of all inspection requirements as specified herein, and may
utilize any inspection facilities acceptable to the procuring activity.

L4.1.2 Test report.~ The supplier shall submit an acceptance test report on
each unit or lot Sugﬁitted, The report shall include completed data sheets
indicating each test performed, actual test values observed and evidence of
quality control acceptance.

holo3 Test conditions.= Unless otherwise specified herein, all testsrequired
by this specification shall be made at local test site ambient candltlons@ All
test instrumentation shall bear visual evidence of current calibration in accordance
with the calibration system requirements of MIL-C-=L5662,

1,2 Classification of inspections.- Inspections to be performed on the unit
shall be classified as inprocess inspection (see l.3) and Quality Conformance
Inspection (see L.kL).

L3 Inprocess inspection.~ Inprocess inspection shall include, as a minimum,
inspection of welded joilnts and electrical connections.

L.h Quality Conformance Inspection.- Quality Conformance Inspection for each
unit shall be in accordance with AGC=-5TD=1338,

5. TTMEPARATION FOR DELIVERY

5.1 Preservation, packaging and packing.- The methods of preservation, packaging
and packing of the unit shall be determined by the supplier so as to provide cleanli-
ness and mechanical protection and be compatible with the method of transportation
selected by the supplier. Damage to a unit due to improper packaging shall be cause
for rejection.

5.2 Marking for shipment.- Each shipping container will be marked with as a
minimum, the following information in letters one=inch high (when deemed possible
by the container size):

(a) Part name
(b) Supplierts part number
(¢) Serial number
(d) NASA contract number
(e) Date of final assembly
(f) Purchase or&er number
(g) Supplier's name
(n) 3uAP-8
C-9.
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NOTES

Intended use.- The capacitor covered by this specification is intended for

use in an electrical-power generation system which may be used in conjunction with
.space operations.

6.2
(2)
(b)
(c)

(a)

Ordering data.- Procurement documents should specify the following:

Title, number, and revision letter of this specification.
Dates and delivery instructions for submittal of documentation.
Serialization instructions (see 3.3.10).

Variables data required (see 3.4.2).
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APPENDIX D

Memo 4901:67-1059
Conceptual Design Meeting

of the
POWER FACTOR CORRECTION CAPACITOR PACKAGE
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. ITER-SFFICE MEMO

@ AERDIET-GENENAL CORPOBATION
106071628

 TO: Distrivbution DATE: 26 July 1967
Sl L901-67~1059:COB sveh

FROM: C. G. Boooe

BUBJECT: Conceptual Design Meeting of the Pover Fackor Correction Capacitor
Package

DISTRIBUTION: | PED Departwent and Section Heads, RGordon, B

4 Conceptusl Design meeting of the cepacltor package was mm July 7. The
pertinent factors brought out are as follous:

1. The capacitor package provides s net gain of approximately 2.5 kw in
system output. The major gain is in providing en improved alternstor efficiency
which outwelghs the heat losses of the capaclitor packsge.

2. The capacitors also provide a reduced load requirement for the inverter
when battery inverter power to the pumps is connected to the capacitors.

3. 'The heat losses in the capacitors amount to approximetely 3;.56 wakts
masrdmu . h

lu ‘The losses in the capacitor essenbizlly double the load om the low
mperature (1400F ) heat rejection systen.

5. The capacitor assembly is composed of a package of cepacitor modules
with each module containing eight to tuelve capacitors. There ere ten wodules psy
phase, and the wiring is parallel. The overall capscitor assembly is hermetically
gesled sad bolted to the bottom surface of the heast sick within the ILCA.  The mtiug
.of the capscitor package is 57 KVAR.

6. The hee: loss of the capacitors re@ul%s in a radistor requirement of
approximately TS5 sq £%.

The followlng action items resulted from this mesting:

1. Reliability is to sbudy the effects on overall system reliability of
baving the power factor capacitors imcluded in the system. It is recognized that
muach data is availsble on various $ypes of capacltors but 1lttle; if amy, will be
availasble for the polycarbongte-type of capaclbors.

2. The Electmca.\. Bection is vo work with the Ralishility S@ction 121
d@tmﬁ.uing vhether fusing wikhin the capaclior package would prov;!,de additional
r2liabiliby.

C-‘hi Engi%z"
Poweyr Systems Divisics
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Memo 4925:67-0161

Reliability Anhlysis of Power Factor Correction Assembly

Memo L4925-69-0080

Reliability Reevaluation of Power Factor Correction Asseribly
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AEROIEY _
W AERQSED-GENERAL COBPORATION

. 1 5 4 ! o 3
58-007. mz ﬁsmsam, i

/‘?@: R M, Hill pATE: 3 August 1967
4925267 : 0161 : BLA: dmp

FROM: Bo L. Smstedter
susseeT: FRelisbility &nalysis of Power Factor Correction Assewbly

IMSTRIBUTION: W . Mﬁ, £. Ga B@O@, SO L mw, B. Eb@ry R. mmg GOGQ Beac

&n avaliysis wee performed to determipe the compesrxetive relisbilities of the power
fantor correction sssewbly using elther & single Tuse for stech cappcitor or & paily
of fuses for esch. It vas assunmsd theat all electrical conpsctions vwould be welded.
ﬁ‘ﬁ% study also agsumed that the capacitors were polycsrbomste, were opzrated at
95°C, were rated at 600 volts DC, and were opeyated at 60% of reted power.

It was further assumed that the loss of three capscitors out of the ten in ope
rhase would not result in a detrimentsl copdition. The evaluation used the worst-
care-ar@lysis method. Fallure wes assumed to be in the ‘open’ mode simee shortimg
of & espscitor would result in @ blown fuse. Faillure of a fuse o open when
regrizved vas considered negligible gimce curwvent through & shorted cspaelitor weuld
be several times bhigher tham the fuse rating. Opevation without fusing was not
considered becouse shorting of ome capssitor would result in shorting of the
entire phase.®

Results showed thet, although use of redundant fuses would provide additiomal
protection agsinst an imadvertant cpen, @ single fuss for each capaeitor was
gafficient to provide required reliebility.

CGvezall Relisbility with single fuse per eapacitor = 999howe

Overall Fsliability with two fuses per capacitor = 99088

Bo Lo Amtwter‘? Bead
Reliability Sectiom
Power Systems Divisicn

@ aw 8 o e @ X & o G e W

£ The relisbility of an unfused power foctor correction essembly is omly Th.
Tals is besed on slagle amit relisdbility of 99 in the Bhorting”® meds (whieh
iz optimigtic) and on the mssumption thet & shoxrt does not clesr iteslf but
shorbe the enbtire phwss.

&2 Congervative estimstes
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P 3 A2 st 1957
Lg25:67 :0L51

Failure rate data for capacitors, fuses and welds were chtaived from appli-
ctble, industry-asccepted sources. Among these wewe Avco, Hughes, TRW(STL),

and WPAFB, The data were evaluated for envirommental and derativg copsidera-
tions, and the following results were cbiasined and utilized in the caleulstions.
Failure Rate Pey Failure Probebility
Component Enviromment 1000 Hours (%) 10,000 Hours
Capacitort  95°C; 60% rated -20% 0.02
pover; greater
than 600V rating '
 Fuse - .05% 0.005
Weld . -003% 0,0003 ea.
Total for each capacitor-fuse set (1 Puse omly) 0.026%2
Reliability figure used (conservative value) 4 <97

Total for each capacitor fuse set (2 fuses in redundamcy) 0.(o#®#

Reliability figure used .98

Notes:

@ o > o &

1. Reliability of 2 fuses in parallel = 1-(.005)% = .9999+
2., TFailure mode of fuse was considered to be inadverjtent open.,

3. Shorting of cepacitor results in open because of fuse;
therefore entire capacitor feilure rate applies to open
failure.

o on W e @ @

#  Based on data for polystyrene capacitors
#%  TIncludes three (3) welds per set
w4  Tneludes four (4) welds per set

ST “[‘ —

S B3



R.M. Hill

3 August 1957

4025:67:0161

DETATL CALCULATIONS

Probability that ome capacitor-fuse set does not fell = R
Probability that one capacitor-fuse set fails= q (=1-R)

Probability of no failures in one leg = R

10

Probability of one fallure in one leg = 10 ¥ R9 X
Probability of two failures in one leg = 45 X E® x ¢°
Probability of three failures in one leg = 120 X R X Q"
Prcbab Llity of not more then three failures in one phase =

-

(a) +(B) + (C) + ()

Probability for three phases (worst case }## = (E)3

(a)
(B)
(c)
(D)

Total per phase (E)

R = .97

-T3740
-22806
- 0317k

. 00262

-99982

Total for 3 phases (F)**.990u6

@ a® em s an @n M @ WD @ ok G

R = .98

81705
16676
.01.532

90083

99996
-99988

# QCoefficients of terms &vre i—aken from Binomial expansion

#% Probability of more than three failures occurring in same phase,

{a)
(3}

resulting in worst case imbslance is extremely remote (<.00(2 with
single fuse; <.00006 with 2 fuses)

E-4
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INTERGEFICE MEMD GBaTy AEROIET-GEMERLS 0 PORATICR
o R. M. 11/ PATE 29 April 1965 =
b925+60~0080: BLAml g
CROK: B. L. Amstadter
SUBJECT: Reliability Reevasluatiom of Power Feetor Correction Assembly

G. G. Takach, W. Weleff, W. L. Soapp (Clevelsnd)
NAS&.*I@RC: Ga Mo Thll‘k"
NASA-Hq: P. R. Miller

REFEREHCE:  (2) Memo 4925-67-0161 dtd 3 August 1967, B. L. Amstadter to R. M. Bill,

Bubjeet: FReliablility Avnlysis of Power Factor Correction Assenmbly

The latest configuvation of the power fector correction essemdly (delta
eopmection with 2 fuse at each node) has been evalusted. While the probability of
& vorst cagse lmbelance irn the @ssembly 18 ineressed over the previocus comfigura-
tion, two advantages more then coampensate for this increase and result in an
overall improvement in system relimbility. Firet, the ney configuretion yrevents
& short between one phase and ground end thereby incvesses the systen reliebility
if there is & grounded neutrel. BSecond, when one capacitor shorts and the corre-~
gponding fuse opens, the overall result is & very slight phage angle change of
the altersator current and & very slight increase in current in all three alter-
nator phases. The alterrator currvents remsin approximately equal even though
the P.F.C.A. currents are somewbhat usbalenced. Since the originel reli’bility
of the P.F.C.h. was well above its requirement, it wes comsiderad unpecessery
t0 receleulate this value (which will be higher thenm before).

o

£7

B. L. Amstadter, Superviscr
Reliebility
M30

W. P. Banka, 8. L. Bradley, R. Goxdom, L. P. lopes, G. McRoberts, R. W. Marshail
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AGC~STD-1338

1. SCOPE

1.1 This standard covers the Quality Conformance Inspection requirements
of the SNAP-8 power-factor correction Capacitor procured in accordance with
AGC-10563.

2.  APPLICABLE DOCUMENTS
2.1 Department of Defense (DOD)\document.w The following document forms

a part of this standard to the extent specified herein. Unless otherwise
specified, the issue in effect on the date of inspection shall apply.

SPECIFICATION
- Military
MIL-C-U45662 Calibration System Requirements
2.2 Aerojet-General Corpdration (AGC) documents.- The following documents

form a part of this standard to the extent specified herein. Unless otherwise
specified, the issue in effect on the date of inspection shall apply.

SPECIFICATION
AGC-10563 Capacitor, Power Factor Correction - SNAP-8
STANDARD
AGC-STD-1283
Method 11 Ieak Testing, Helium, Hermetically Sealed
Enclosures

3. DEFINITIONS

3.1 There are no unusual terms used in this standard.

4.  GENERAL REQUIREMENTS

4,1 Test equipment.- Data monitoring instrumentation and test equipment
shall be within its current calibration period. The following items of equip-

ment, or an equivalent approved by the cognizant engineer, are required to test
the capacitor in accordance with .this procedure:

(a) Power supply, 40O Hertz (Hz); 215 vac range

(b) Capacitance bridge

(c) Oven, 200°F, capacity, with temperature controls
() Power supply(s), 650 and 2150 vde¢ range

(e) Microampere (upa) meter, O to.3 ua range

(f) Heat sink - lSOOF continuous operating temperature
(g) External impedance (see Figures 2a and 2b)

F-3
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4.2 Quality assurance provisions.- Unless otherwise specified, the quality
assurance provisions are identified in two areas of responsibility.

4, 2.1 Quality Control responsibility.- Quality control shall be responsible
to verify the following by affixing an inspector's stamp on the data record.

(a) Use of the applicable equipment or approved equivalent (see 4.1).
(b) Current calibration date of the equipment used (see L4.3).

4.2.2 Shop or Iaboratoiy supervisors responsibility.- In the shop or
laboratory, the supervisor shall be responsible to verify by affixing his signature
on the data record, that the requirements herein have been complied with by a
gualified technician and the data recorded is accurate and complete.

4,3 Calibration of test equipment.- The calibratiOn system for data monitor-
ing equipment shall meet the requirements of MIL-C-45662;

h.h Test data.=- During the tests, data shall be recorded on a reproducible
copy of the Test Data Record shown as Figure 1 and shall meet the acceptance
limits specified. Copies may be obtained from the Power Systems Specification
and Standard Department. A copy of the completed record shall be sent to the
Power Systems Quality Engineering Depariment upon completion of the tests.

4.5 TInspection sequence.- Examinations and tests shall be performed in
accordance with Table I. '

Table I. Operation Sequence

Operation Description Reference Paragraph
1 Examination 5.1
2 Capacitance 5.2
3 Dielectric strength 5.3
L Hermetic seal .~ - . 5.k
5 AC Voltage Test 5.5

5. DETAILED REQUIREMENTS

5.1 Examination.- Each capacitor shall be examined and measured for the
following criterias. All specified information shall be entered on the Test Data
Record.

() Envelope and mounting dimensions in accordance with the spplicable
- drawings.

Fol
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(b) Identification marking in accordance with AGC-10563

(c) Electrical terminal and hermetic seal condition (bent, corroded,
cracked, or otherwise indicating damage )

(a) Workmanship and cleanliness

5.2 Capacitance. - The capacitance of each capacitor shall be measured
as follows:

(a) Connect the 400 Hz power supply (4.la) to the capacitance bridge (4.1b)
as shown in the manufacturers operating procedure.

(b) Measure and record the capacitance, dissipation factor and test
frequency on the data record. :

5.3 Dielectric strength.- Measure the current flow through the dielectric
and the insulation as follows:

(a) Install the cepacitor in a temperature controlled oven (U4.lc) and
bring electrical connections out of oven.

(b) Raise the oven temperature to 200° + 10°F and let the capacitor
stabilize at temperature (60 minutes, minimum).

(¢c) Connect the dc power supply (4.1d) and the external impedance as
shown in Figure 2a to provide 650 wdc across the capacitor terminals.

(@) Apply the 650 + 10,-0 vdc potential and monitor.the current flow.for
one minute, minimum. '

(e) Record the meximum current (3.4 on the data record).
(f) Connect the power supply and the external impedance as shown in
‘Figure 2b to provide 2150 vdc between the terminals and the capacitor

case.

()  Apply the 2150 +25,-0 vdc potential and monitor the current flow for
one minute, minimum.

(h) Record the maximum current (3.5 on the data record),

5.4 Hermetic seal.~ The capacitor housing shall be leak tested in accordance
with AGC-STD-1283, Method 11, and the leakage rate shall be recorded on the data
record.

F=5 .
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5.5 AC Voltage test.- The capacitor shall be tested for degradafion
resulting from-an applied alternating current as follows:

(a) Install the capacitor on a temperature controlled heat sink (4.1f)
and place in the oven.

(b) Connect the power supply (4.la) to supply 405 Hz, 215 vac, rms,
across the capacitor.

() Raise ghe ogen temperature to 200 4 10°F and maintain the heat sink
at 150 T F and let the capacitor stabilize at temperature
(60 mlnutes, minimum).

() Apply 215 & 1 vac at 405 & 1 Hz for U hours, minimum. Monitor the
test continuously for evidence of failure.

(e) After the capacitor has cooled to room temperature, repeat the test
in 5.2 and record the capacitance, dissipation factor, and frequency
(3.7, 348, and 3.9 on the data record).

(f) A capacitance, or dissipation factor: value, outside the specified.limits,
or a shift in the cgpacitance value greater than 2 percent of the value
recorded as 3.1, shall be cause for. rejection. . R
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AGC-STD-1338

CAPACITOR, SHAP-8
TEST DATA RECORD

Part No. Ser. ®o. E'mte
Test Performed by ‘ Cognizent Engineer

Record Refersnce
1. Test equipment: k2.1

Deseription
and Serial or Calibration
(Type Model) Inventory No. Date

5.1
Acceptance Tag No.
Acceptable
Test Reading Limits
4.1 Capacitance (uf) 15.75 to 19.25 5.2
%.2 Dics ipat,i.o:x l'actor 0, 0025 maximum 5
‘.5 rrequency (Hz) 395 to 405 5.0
3.4 turreut flow, dielectric (pa) 1.0 maximum 5.5(e)
5.9 Current flow, insulation (ua) 1.0 maximum 5.3(h)
3.6 leskage rate (scc/sec) 1 X 10~7 maximum 5.4
“.( Capacitance (uf) (see 5.5 ) 9.
5.8 piscipation factur (see .5 f) Yol
5.9 Frequency (Hz) 395 to LO5 YeY

Figure 1. Test Data Record

F=-7
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Note: The sum of the internal impedance of the power supply
and the external impedance shall be 0.8 to 1.0 megohm.

Figure 28. Block Diagram - Dielectric Stremgth Test

L B

C‘A MICROAMMETER

POWER
SUPPLY

Wote: The sum of the internal impedance of the power supply
and the extervsl impedence shell be 20.0 to 21L.5 megobhms

Figure 2b. Rlock Disgrem - Imul&‘f,mn Resistance Test
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1. SCOPE

1.1 Thais spscification cowesrs the requirements for the performance,
design, and design approwl testing of a ?omr Factor Correction Assembly for
usé iu the electrical power system of the SHAP-8 Power Conversion System (PCS).
Part II of this specification will specify the exsct comfiguration lmformation
including the detail design and quality conformence inspectioms.

2. APPLICA]

2.1  ‘The folloving documents, ©Of the latest lssue In effect on the date

of invitation for bids, shall form & part of this document to the extent speci-

fied herein. In the event of cenflict between the documents referenced here
and other detail content of Sectiom 3, 4, and 5, the detail requirements of
Section 3, 4, and 5 shall be considered & superseding requirement.

Quality Program Provisions for Space
Systems Comtractors

SPECIFICATIONS
MIL-D-1000 Drawings, ﬁgineering, and Assoclated Idsts
MIT~T=-5021 Tests, Adrcraft and Missile Welding Operators,
@ualifications
MIL~-I-6866 Inspection, Penetrant Method of
MIL~-S-T742 Screws Threeds, Standerd, Optimum

Selected Sgri@s, General Specificatiom for
Aerojet-General Corporatiom

AGC-10331 Electrical Comnections, Inert-Arc
Welding of, Procedure for
AGC-10507 Bavironmental Design Criteris and
. Test Levels, ‘SHAP-8 Components
AGC-10563 Capacitor, Power Factor Correctiom, SHAP-8
AGC-13860 Fadiographic Quality Levels Pusion Weldments

Specificetions and Standards, Order
of Precedence for the Sslection of

Inspection Hadiographic
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MB33540
MS33586 Motals, Definitiom of Dissimilar

Aring, Osoersl Practiess for

DRAWING

Aeyolet-Gensrel Corporstion

* rature Contyol Assembly

(C@pies of documents required by contractors in connection with specific
procurement functions should be obtained as indlcated in the Department of
Defensge %ndex of Bpecifications and Stendards or as specified by the Contracting
Officer.

3. REQUTI

3.1 Performance.- The power factor correction assembly, hereafter called
"The PFCA", shall meet the requirements herein under the conditions specified.

3.1.1 Operatiomal requirements.-

 3.1.1.1 Nominsl electrical ratings.- The PFCA nominal electrical ratings
shall be in accordance with Table I,

Table I. DNominsel Electrical Ratings

Characteristic ' Rate Value
(a) PBated voltage (rms) line-to-line 215
(b) Rated frequency (Hz) - koo % 5
(c) Nominal capacity (KVAR) #*
() Nominal capacitance per phase (microfarads) 175
(e) Max. power dissipa,tion (watts/phase ) 50

3.1.1.2 Balanced circult.- The PFCA shall be constructed with a three
phase delta connected clrcuit. BEach bank of capacitors sha.ll, be matched and
balanced between phases within 5 percent.

3.1.1.3 Capacitors.- The PFCA capacitors shall be in accordance with
AGC-10563.

% To be added at a later date.
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reli@bilﬁ,ty of 95, " f’@r 1@9@&% hours of contimuous retad cperation
in the maturel and induced eunvirommsnts specified hexein.

3.1.2,2 Maintainabllity. - 3
repaly, or S@Wicing daring 18 @@@mﬁ;@g 14%e.

3.1.2.3 Useful life.-

3.1.2.3.1 Operating life.- e FFOA shall be ca,pab.le of combinuous
oparation for 4C;000 bours, unaitendsd, under the envirommep

specifisd herein. There shall be mo degradation in p@rf@mamce below the
pinivun requirements specified in Tebls I.

3.1.2.3.2 Shelf life.- The PFCA sball heve a shelf 1life of two years
without requiring other processing when protected and peckaged per Sectiom 5
and thereafter be capable of meeting the operating life * of this
specification.

3,1.2.4 Matural terrestrial and space enviromment.- The PFCA shall be
capable of withstanding the following petural terrestrial emvironms
the natural envircnments in space as specified in AGC-10507 and subsagu@ntly
meet the requirements of 3.1.1.1¢

() Hmni‘dity

.(b) Salt fog

(c} Temperature

{(4) Bxplosive atmosphere
{e) Magpetic field

3.1.2.5 Transportability.- To be sdded, if required,

3.1.2.6 Human performence.- Fot applicable.

5 ° l o 2 ° 7 &’fetyo hd mt &Ppli@&bl@ a

3.1.2.8 Induced enviromment.- The FFCA shall be capable of withstanding
all tke induced environments specified im AGC-10507 prior to or duwring
operation, as applic&bl@, and thercafter meet the requirements of 3.l.l.1.

3.2 Interfece requirements.- The PFCA sball be designed for mounting in the
lov temperature comtrols assesbly {m&) which will contain an ectively-cooled heat
sink. The envelope zpnd mounbivg dimsnsions of the bhousing and the location of the
electrical terminels shall be et the discxretion of the supplier, subject to
approval by the AGC Components cagineering ssction.
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‘3.3 Design and comstruction.-

3.3.1 General design features.-

3.3.1.1 Comstruction.- Simplicity of comstruction to attain the specified
degree of rellability shall be a prime consideration in the manufacture of the
PFCA.

3.3.1.2 FFCA housing

5.3.1.3 HEated tempsrature.- The PFCA shall be capable of operating
throughout its serviece life with a continucus temperature enviromment of
150° to 200°F. For perlods of 5 to 10 hours the PFCA will be required to
opsrate at temperatures between 20°PF and 150°%,

3.3.1.4 Heat transfer.- The mechanical design of the PFCA housing shall
be such as to transfer the heat load through the mounting base of the housing.

3.3.1.5 Dielectric strength.- The PFCA shall be capable of withstanding
a dielectric test voltage of 1000 volts, 400 Hz (rms) applied between all
terminals and the PFCA housing for one minute at ses-level pressure.

3.3.1.6 Insulation resistance.- The insulation resistance of the PFCA
shall be measured between all mutuplly isolated terminels at a potential of
500 vdc with s megohm ‘bgidge., The resistance shall be at least 100 megohms
at a temperature of 1507 F.

3.3.2 Selectlon of specifications and standards.- Specifications and
standards not specified herein shall be selected in accordance with MIL-STD-1L43.
Where no applicable specification exists, or if existing comtrol documents are
not adequate to provide the degree of control necessary for all speclal processes
and materials, a specification or standard shall be prepared.

3.3.3 Materials, parts and processes.- Parts, materisls and processes
used in the PFCA shall be selected by the supplier and shall be sdequate for
the application.  In the selection of parts and material, those kmown to be
significantly radiation-sensitive or subject to harmful deterioration ima
vacuum shall be avoided. Preference shall be given to parts and materiels
readlly available, particularly to those which have been qualified in accordance
with specifications and standards issued by the Department of Defemse or
industry associations. All parts and materials selected by the supplier shall
be subjeet to review and approval by AGC as %0 thelr sultability for use.
Approval of any part, material, or process shall not be coustrued as sssurance
of acceptance by AGC of any finished PFCA. '

% The FFCA housing comstruction apd design criterie will be speecified at s
later date.
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3.3.3.1 Terminals.- The terminsls shall be of sufficient size to
efficiently and comtinuously e@ndu@‘h the rated lmd current without an appres
ciable tempsyabture rise in the term 8., The terminals shall b2 permanen
end lsgibly mked in accordance with m@ a@ambly &mwing

3 sbhall be in sccordasnce with Specification

3.3.3.3 Safety wiring.- Accidsmtal loosening of screvw, screv parts, apd
other connectioms shall be prevented by safety wiring, staking or other approved
methods. Safety wiring shall bte in accordance with Standard MS335%0.

3.3.3.4 Elsctrical copmecticns.- #

3.3.3.5 Welding.- All welding shall be performed in accordance with ap
AGC spproved welding specification. The welding operator shall b2 certified in
sccordance with MIL-T-5021, Class A. Welds shall be inspected for surface apd
internsl defects. The weld quality level shall be in accordance with
ABC-13860, Class 2.

3.3.4 Standard and commercial parts.- Military and industry standard parts
shall be used where they sult the purpose and shall be identified on the drawings
by their military or industry (WAS etc.) standard part number. Commercial
utility parts such as screws, bolts, nuts, cotter pins, etc., shall not be used
if they are replacesble by standard parte (MS, MIL, JAN, AN) without alteration.
In the event there are no suitable corresponding standard parts, commercial parts
may be used provided they conform to the requirements of this specification.

3.3.5 Moisture and fungus resistance.- Materials shall be selected for
resistance to deterioration due to humidity, waeter absorption, or the growth
of fungus; or shall be coated or treated to prevent deterioration.

3.3.6 (orrosion of metal parts.- Materials shall be of a corrosion-
resistant type or suiltably processed to resist corrosion. The use of dissimilar
metels as defined in Standard MS33586 shall be avolded. Where contact between
dissimilar metals is unavoidable, they shall be sultably protected against
electrolytic corrosion. The protection shall be of a type that offers a low-
impedance path to radio-frequency currents. -

3.3.7 Interchengeability and replacesbility.- All parts having the same
manufacturer's part number shall be directly and completely interchangeable with
respect to installetion and performance and be adequately serlalized to provide
for the use of matched or fitted subassembliss, Changes in part numbers shall
be governed by the. requirements of Specification MIL~D-1000.

3.3.8 Workmanship.- The workmanship shall be of a sufficiently high grade
to assure satisfactory operatiom consistent with the requirements of this
specification and AGC-103%331. The standards of workmenship exhibited in sny
epproved PFCA, subject to any corrective action stated in the notice of approval,
shall define the requirements of workmanship ins@far as those not specifically
covered by applicable specifications.

#* Internal and external electrical comnection requirements will be specified at
g later date.
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3.3.9 Electromagnetic interference.- The PFCA design shall be in
accordance with the electromagnetic interference reguirements of 4GC-~10507.

3.3.10 Identification and marking.- Bach PFCA shall be permanently
identified by a method compatible with the service enviromment with, as a minimum,
the following information as applicable:

(a) Part name

(b) Supplier's name or trademark designation. The supplier's name
or trademark shall not be in letters larger than any other letters.

(c) Date of manufacture.
(d) NASA contract No. (NAS 5-417).
(e) Interface connectioms.

(f) AGC drawing number, dash number, revision letter, and serial number.

3.4 Documentation requirements.- At the time specified in the comtract
(see 6.2), the supplier shall submit the documents, data, and material, described
in the following subparagraphs. All documents will be subject to review and
approval by Aerojet-General Corporation for technical adequacy, completeness,
and legibility. The format and method of presentation of these documents may
be the supplier's usual practice when such practice is adequate to satisfy the
specified requirements.

3.4.1 Engineering documents.- The following documents shall be submitted
to and approved by the AGC Components engineering group prior to fabrication of
the unit.

(a) Assembly and detail drawings per MIL-D-1000, Category F, Form 2.

(b) Design anelysis and test data to demonstrate compliance with the
design criteria of 3.1.1 and 3.3.1.

(c) Design analysis of envirommental stresses of 3.1.2.8.
(a) Special manufacturing, processiﬁg, and cleaning procedures.
(e) Quality conformance inspection procedure.
(f) In-process and quality conformsnce inspection records.
(g) Welder qualification records per MIL-T-5021.
3.4.2 Quality Assurance Documents.- The supplier shall submit a Bulldup

and Assembly log with each unit submitted. As a minimum, these logs shall
contain the following data:

() Configuration status and tracesbility of functionally significant
materials and articles to their fabrication lot and purchased
- materisl lot.
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(b) Records of Quality Conformance Inspections in accordance with L.3.
The records shall include completed data sheets for esach test
performed, actual test walues observed and evidence of quality
control acceptance. Records of Im-process Inspections shall be
available for review by the Asrojet-Ceneral Corporation. As a
minimum, the Quality Conformence Inspection data sheets shall
contain the following:

(1) Name of unit.
(2) Part and serial number of unit tested.

(3) This specification number, revision letter, and applicable
paragraph number.

(4) Date of completion of inspection.

(5) Description of each examination and test performed, measuring
and test equipment used, and actual values observed.

(6) Stamp of supplier's inspector.
(c) .Iist of nbnconformances pertelning to the subject assembly.

(a) Variables data considered essential by AGC which will be specified
with the approval of the engineering documents.

3.4.3 Change control.- The supplier shall make no éhanges in AGC
approved drawings, specifications, or processing techniques without written
approval of the Aerojet-General Corporation. '

4.  QUALITY ASSURANCE PROVISIONS

4,1 supplier's responsibility.-

%.1.1 Quality program provisions.- The supplier shall maintain quality
program policies, objectives, and procedures in accordance with the intent of
NPC 200-2 to the extent that it is applicable for controlling the design, pro-
curement, fabrication, and testing of the wmit. Unless otherwise specified, the
supplier shall be responsible for the performance of all Inspection reguirements
specified herein except for the design spproval test which will be conducted at
AGC. )

k.,1.2 Classification of inspections.- Inspections to be performed on the
uits shall be classified as In-process Inspections (see 4.2) Quality Conformance
Tnspection (see 4.3), and Design Approval tests (see L.h4).

4.2 In-process inspection.- In-process inspection shall include the
following as minimum requirement:

(a) Welds, other than electrical comnections, shall be penetrant
inspected in accordance with MIL-I-6866, Type II, Method B, and
X-rayed in accordance with MIL-STD-453.

(b) Electrical connections and electrical wiring shall be inspected
in accordance with AGC-10331.

}
'
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.3 Quality comformance insgcti@no The Quality Conformance Insﬁpection

program shall be as specified in Part II of this specificaticm end shell include,
as a minimum, the following:

(a)

(v)
(c)
(a)
| (e)

Visusl imspection for comformence to the applicable drawings
and standards of workmanship.

Balanced circults test. A
Fated load test.
Dielectric strength.

Tnsulation resistence.

L.4 Dpesign spproval test.~ The PPCA design approval test which will be

applicable ¢o hardware supplled in accordance with this Specific&ti@n shall
consist of the following:

(a)
(v)

(c)

(a)

Quality Conformance Inspection (see L4.3).

A test equivalent to 2500 hours of PFCA operation at the performnce
levels specified in 3 1.1.

A post-test disessembly and imspection that revesls no indication
of impending failure or performsnce degradation that would prevent
the unit from completing its operating life requirements.

The unit that successfully undergoes desigxz"a.pproml testing shall
not be delivered for imstallstion In the PCS-G. The unit that is

tested should be completely representative of the units that are
delivered.

5. PREPABATION FOR DELIVERY

5.1 Preservation, packeging and packing.- The methods of preservation,

p&cka,ging and packing of the unit shall be determined by the supplier so as to
provide physical and mechenicsl protection and be compatible with the method of

transportation selected by the supplier.

ge to & unit due to lmproper

packaglng shall be cause for rejectionm.

5.2 Merking for shipment.- Eech shipping container shall be marked with,

es a minimm, the following information in letters ome-inch high (wh@n deemed
possible by the container size):

(2)
(®)
(¢)
(a)
(e)
(£)
(g)

Part name

Specification number snd revision letter
Part nuber and revision letter

Serial number

WASA contract number

G=10
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6. WOTES
6.1 JIntended use.- The FFCA covered by this specificaticn is intended for

use in an elsctrical-pover generation system vhieh may be used in copjunction
with space opsratioms.

6.2 Ordering data.- Procw
(&) Title, numbér, and revision lstter of this specificatiom.

snt documentes should specify ths@ following:

(o) Dates and deliwery imstructiems for submittal of documentation.

{c¢) B8erislization imstructions.

G-11.
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"DOW CORNING 340 Silicone Heat Sink Compound



Dow Corning® 340 silicone-Beat stk compound s 2 gresssdike silicome. matesial,
henvily flled with hestworductive metal onldes, This @@m@nmm @f baee &M
fHlers produces & Materisl with higher thermal
abk silicons Best slak compounds. The low bleed pre
compaund: asouie Tasting pediestion for beas sink ew@ﬂ@ga

Dow Corning 340 silicons heat sink compound is applied 1o the base and mounting
studs of wansistars and dicdes. This silicore compound will mor dry out, herden,
or melt even after long term exposure to lemparatuses up i 200C. &t malmtains
a positive heat sink seal thet improves heat tramsfer from the device w the heat
sink or chassis, thereby incrensing ovesall eficiency of the device.

G SPBRCIBSCATIONS
These walnes ave Dow Corning guality confrol siendeurds.

Consistency
Penetration, worked and measured within one minute
after working (ASTM D 217) .. .............. e 250-320
Bleed, percent maximure afier 24 houes at 200C ....... e re et 0.5
Evmwmximumahmummzmc T 1.0
Speciﬁchvky m ................... cieiean s i wog vae s Gpo 3.3
3 AL PROPBRTIES
Thase mlmw L 4&3@4&@3@?%@@@%‘&3
N i
Color ..oovvnnnnnn IR 1 SN
Consistensy
Penetrution, wosked snd measured within one winute
after workisig (ASTRE B 217) ............... 55 B8 s B B+ n 260
Bleod, peccent fter 24 howrs 8 200C .. eeuvevenenninenenneriiee s 08
Emmmggmmm@s%mmmc o Bor o oxm e mss o Seremesaainas 03
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APPENDIX I

Memo 4+9L2-69-0026
Thermal Analysis of PFCA

Heatsink #1 Thermal Calculations

PFCA Fuse Wire Thermal Calculations

I-1



o ‘f:h*

INTEROFFICE MEMO %::i m? W@ EY-CENERAL SLAPERAYION
Y0 R. M. Hill DATE 27 February 1959
ey 4942.59-0025:DEK: el -
FROM: D. B. Knittle Bldg 150 X-5008
SUBJECT: Thermal Analysis of the Power Pactor
Correction Asgembly for the SNAP-8 System
COPIES TO:

WFBanks, SlBradley, RGGeimer, LPLopesz, Pvmarshail
WisSnepp {(Cleveland)

NASf-LeRC: FERFurman, HGHurrell, AWNice, MJSaari, GMThur
NASA-Hg.: PRMiller (RNP)
NAVPLANTREP/NASA-COR: JDGentry

Enclogure: (1) Thermal Analysis of the Power Factor Correction Assembly for

the SNAP-8 System

(2) Thermal Network Power Factor Correction Assem‘bly for the
SNAP-8 System

(3) Thermsl Parameters

4

This memorandum deals with a thermal anelysis of the most importent
portion of the Power Factor Correction Assembly for the SNAP-8 system. The
digital computer ccde TAP was used btorredict the steady state temperature
distribution through a one-sixth section of one Power Factor Correction
Assenbly Cepacitor during normel operation. The nodal nebtwork used in the
enalysis is given in Enclosure (2) and the values of the thermal pareameters
used are given in Enclosure (3). This analysis assumed that there is no
net heat exchange between capecitor cans, that the system iz in a hard
space vacuum, and that the cepacitor stack is surrounded by Tive layers
of the kapton electrical insulation. In addition, the assembly was
assumeg 40 have been mounted on a cold plate (infinite sink) maintained
gt 150 F.

The steady state temperature distribution predicted in this m&lysis
is presented in Enclosure (1). The highest temperature predicied was 200°F.
It can easily be seen from the enalysis that the heat generated in the
capacitors is cerried along by the eluminun wrappings to the copper end
strips. The copper end strips carry the neat to the bottom ©f the can
where it is transferred across the kapton layers to the capacitor housing.
The heat iz then transmiitted by the housing to the cold plete.

D, E, itsie
PCE-G Group
Pover Systems De@axtmen‘h

§ -2
PCE-G 5roup
Power Systems Department
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APPENDIX K

Memo 4927-69-0016
Stress Analysis for the Power Factor Correction Assembly
SA-E-176
SA-E-1T7T
SA-E-1T78
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PNTTER LR FAR A e (H AL L RPRBERATINE
T S. L. Bradley DATE 28 April 1969
5927 -69-0016: WW:mlg
FROM: W. Welef?
SURIECT: Stress Analysis for the Power Factor Correction Asgembly
COMES T Wo Fo Banks, B. M, Hill‘é L. P. lopez, R. W, Marshell, G. McRoberts

ENCLOSURES: (1) Amalyeis SA-E-1T7, File Mo, 85-1090-02 dated 24 Lpril 1969
(addressee only)

{(2) Analyeis 8A-E-178, File Fo. 85-1000-02 dated 8 April 1969
(addressee only)

The objective of this apelysls was to investigate the structural adeguacy of
the Power Factor Correction Asgembly components. Static as well ag dynamic loads
were included in this anulysis. The requirements contaipned in the "Environmental
Design Criteria and Test Levels for SHAP-8 Components® (AGC Specification 10507-A)
vere used as a basis for determimation of the imposed loads om this assembly. Al-
though the induced loads are affected by the stiffuess of the mounting breckets
and attachrents to the PCE-0 gtructure and the laumnch vehicle, the induced vibre-
tion and shock enviromwent wes assumned at the attachment interface of the Fower
Factor Correction Assenbly. The acceleration, vibration and shock loading require-
ments are contained in Faragraphs 3.4.1, 3.4.2, and 3.4.4 of the above specification
aud are assumed 4o be applied simultapsously.

The vibration excitation of the assenbly during lsunch in sccordance with the
above specification ie between 5 end 2000 cycles per second st & peak acceleration
of 24 g. The shock load is 20 g's in any direction with & pulse in the form of a
held sine wave of 10 milliseconds duwration.

The sicceleration loads sre 6 g's in the axial direction end in the dirsction
of the gravity vector, 3 g's in the opposite Qirection, and 2 g’'s imr the transverse
Girection. The effecte of the static loads and tempersture distribution ere insig-
aificant. Anglysis wes made for the imsulstor baw, the buss bar and the fuses
{Enclosures 1 aad 2), The stresses of these mewbers for these loading comditions
are well within the yield strength of the carvesponding meiterials. The resultant
gafety margins are all) positive. The 2ssembly 12 comsidered structurally adeguate
t0 resist the induced loads and prelease of the drawings for fabrication is accepted.

. o1

Wo Weleff, drvisor

Stress and Dynbmics Crowp
M.8. 0.
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. SUMMA {0 ANA- (513
Prv jout  SNAP-8 e Levporent, | Electrical Jasteite vion:
bart, Power Factor Correction Assy. Dvuwinz Ho. ..,.ZQ?Q,,._Q S. L. Bradley
Subject . _R. M. Ei11Y
e farenca(s) . . e
. Enginoer J. J. Plese Appid W. Weleff
Mile: U5 1090-C@
i 1« st S s gt e :
\) L)Hd}smm .
Evaluate adequacy of the design for static ana dynamic loads.
i ASSUMPTIONS: ,
" « DT 1 i T ez e S
'~ Requirements of SNAP-8 for flight condition. AGC-Specifica.tion 10507-A = En-

vironmental design criterie and test levels. SNAP-=8 components .

REFERENCES (Anaiysis Metnods)s
| See last page of analysis.

SRS E T R P S

i

i RESULTS & CONCLUSIONS:

ﬂ le Stresses in the centrslly located 1nsula.tor bar are too high due to the &
combined loeds of vibration, shock, and 2g acceleration. .
2. Safety factor on end termimal is low. |

ﬁECOW&'NDA“I‘IUNu 7 COMMENT:3 2

A T . TR N IR " % TEAGR

1.  Need design change by sdding at least one additiomsl insulstor bar, snd
. 2 Eliminate high stress concentration areas by increaging radii at sharp
corners.
K-3
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st e e L o+ ST I
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Evaluate the structural adequacy of the assembly for static and dynamic loads.

r'\\ ”:" ?', h

vy r—

Requirements for the SNAP-8 correspond to the AGC specification 10507-A env1ronmental
design criteria and test level for SNAP-8 components.

IR ST SRR Lt e ¥ 13 i
SRERITE M IO 1Ay@j»ni “"ﬂlla 2
- = e ala e el yeeina

Dwg. No. 1267013-15; 62-64; 69-Thk. See also last page of the analysis.

?bﬁfiﬁﬁ . RIS UNJ

. R e

The stresses in the components comprising this assembly are below the yield strength
of the corresponding materials. As & result positive margins of safety are obtained
for all components of the Power Factor Correction Assembly.

DI N I T It 1 L
cha" )' RAJLEA R M 5 - 1”}'1 FY A
. - . .. e

Drawings will be released for mensgement technical review and fabricetion.
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S 0T 2N
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R i e TR ST L L ST

o SNAP-8 £ ryve! Electrieal

Power Factor Cor. Assy, o Teowto R 1267061

p e R T T N U L )

crereelil o J. Memola

O e e W. Veleff

(0 weig

.‘.-

Epoxy laminates (replacing ceramic housing)

IR T8 S LA S «’r“, Zlvk“iy P'ﬂ a(}rv)g

v e - PP, o

See attachment. Naterials properties supplied by Mamola.

'.‘i R "‘e THH ,Uxi‘

e oo

E-178

8 April 1969

S. L, Bradley

. Re, Mo HilkL . . .

o 1090-03

Fuse hous1ng is satisfactory to resist the imposed dynamic load requirements spec1-

fied in AGC-10507-A.

PRI IE SN . . e
)',,., Vi ,'!‘.-, ot RER f"v S 3

‘Sign off the dra.wing.

K=15



e g iflerfirt- Generad

QUADRILLE WORK SHEET CORPORATION

AZUSA, CALIFORMIA

raGE / oF /
nmlg F YK"@A
SUBJECT /0/'( %’f’ “[ ' m M

PAGES

BY

WORK ORDER

7
Mavterra! o lea vp o  Lpaw Ctrosmle Ly ﬁ?f
9 s Bu Aaky. Creg

¢ &~/0 (Lyprome Car/
il gla; it Wag bt W= @173 /b

AAlome /ﬁ%g
P= OI73/00> /73 /dr.
Mowssb= 17 3 « '@f’;:- 173 wtf

= W[dzw é/ ) 59;‘{(@5%0,3251’//) N

33' 9(, 33—5 @o(
= D.oogY w>
= [k.'__. . /73 | & SDOOOL,,'
- S - R = Zﬁéapwm . H; .

ll.f//-:é‘ ffr «@Mf’z{

— Yvoor pin Lwgt.
35960 Cretip B
OO LoOovy-
F/—e.)ﬂura / f%’f“’ﬂa«fﬁ é gggg@ (‘mg/ 1y

A ’
(ow,f@-ﬁ’l"p fﬁ’u‘fﬂv 5?35’@ 6:)?:.
/%wlu/ug' of 57{@4%@47

2.7x/9¢ Louy,
2,2500%  (7pey

# %ﬁ‘é reu e inafy Srowrane Corp.

’V’Aee'é H.0'CQ ﬁfmﬁﬁa&@«ﬁ N

Py 7T ﬁg —yys Gend ' oy @ ,/ Sy 9” /'L

f. 23« Cﬂ%@ﬂmm S/@i}

© K-16 .



_Dept. hget ANALYSI3 NO.__SA- E-179
’ DATE 5-20-69
» SUMMARY OF ANALYSXS
Project__ SNAP-8 . Component___Electrical Distribution:
Part__Power Factor Correction Assy.  Drawing No. 1267061 S. L. Bradley
.Sub Ject Fuse-Element - ‘ ; A R. M. Hill

Reference(s ) J. Mamola

Engineer____ 0. Cano | File: 85__1090-03

* OBJECTLVE: |

Check structural integrity of fuse element.

ASSUMPTIONS :

Wire diameter & .125"
Material allowances » 700 psi tension
fn £ 100 cps

* REFERENCES (Analysis Methods):

RESULTS AND CONCLUSIONS:

Element is satisfactory.

RECO

MERDATIONS AND ACO!»!MEN'I‘S:

SR R oo

None - sign off drawing. ' ":
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APPENDIX L

Memo 4936-69-002k

Leading Power Factor Test

on System Operating in ECTF



AN
10 L07- 162 (E N, MO, J-1-008;

iy ARRBIET-BENUEAL CORPORATIBH

" INTEROFFICE MEMO

§
v

TO: W. ¥, Banks DATE 10 March 1969 :

5936-69-0024 : LB ve
FROM: 8. L. Bradley Blag. 1604 - 5736
SUBIECT: Laading Power Factor Test on System Op‘mting in BECTF

COPIES TO: BL Anstadter; B Breindel, EG Erlttain, FN Collsmore, RM Hill,
LP Lopez, RW Marshall, CG Neitech, JR Pope, NE Wsldschmidt

NHASA, LeRC: Mr. A. W. Nice
Enclosure: (1) Ieading Pover Factor Load Test

A leading power factor lozd test has beer conducted om the
SNAP-§ alternstor and regulator system im the Eleetrical Component
Teat Facllity. The pover factor was changed from .90 lag to .90
lead at & steady real load of 60 kilowatts.

The meximm eversge-of-three-phases voltage change wes 1.3
volts or approximetely 1%. This result dewonstrates that ths Voltage
"y Regulator-Exciter 1s well compensated and will probebly operate satis-
factorily et leading power fector loeds of .85 o lower.

The leading power factor load was limited by the capacitvor
assenbly available, so it was not possible to test at & power Pactor
beyond .90 at this time. At some future time wher a larger capacitor
losd 1s avelilsble ancther point or two beyend .90 Jesfd will be teken.

8 L. ml%’
Elactrical Componente Group

R

Lepartae

Powrayr Systenms

L2
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APPENDIX M

Design Review Checklist

Failure Modes and Effects Analysis



(Jﬁuality Assurance T Date Department Manager " Date

Enclosure (1)
No. I-Abe
Page 1 of 12

POWER SYSTEMS DIVISION

DESIGN REVIEW CHECK LIST

SUBJECT UNDER REVIEW (Name, Part No.):__ Poyer Factor Correction Assen

—B/N_ 1267090

This Design Review Check List is an integral'pért of the design review
documentation package, required by Power Systems Division Procedure I-Abec,
"Design Review Plan.”

The items specified on the Design Review Check List provide the basis for
a comprehensive review. However, they are not necessarily all inclusive, The
design engineer shall be guided by the basic requirement for a thorough and
detailed evaluation of a design, as stated under Section 3, "SCOPE," of this
procedure, and shall expand the list where necessary.

Check List entries shown herein provide current information om the design
under review and are intended to reflect the basis for and readiness of the
design for entry into its next evolutionary phase.

REVIEWED BY: PﬁESENTED BY:
. , R ,
@ et f %/ 5 g D ”/Z/ﬁf gy
Stress v Date /7 Design Engifeer

DESIGN APPROVAL:

4925:66:107 M2



PSD DESIGN REVIEW CHECK LIST Page 2 of 12
SUBJECT NAME: Power Factor Correction Assembly NO|N/A |REFERENCE DOCUMENT

P/N

DESIGN ENGINEER:

DATE

Item No. General

1. Is the basic design objective clearly defined?

2. Are the performance parameters and output requirements
definitive and not subject to misinterpretation?

3. Are performance tolerances delineated?

L. Are failure cri@eria delineated?

5. Were alternate designs considered in selecting the:
present design?

6. Were redundancy needs analyzed and results used in the
design? '

T. Were simplification techniques applied?

8. Was a failure modes and effects analysis made?

9, Have adequate safety margins been incorporated for: each
important fallure mode?

10, If item has a limited life, is it so designated?

11. Heve maintainability requirements been considered?

12. Have previous test data and failwr’e reports been "
reviewed and results used in the design?

13. Is the method of component identification specified?
(The method of marking and location must be compatible
with use-environment.)

ik, If documentation of inspection findings is required, are
the characteristics to be observed and thelr frequency
and method of inspecticn defined?

15. If operationgl or functional acceptance testing 1s
required, are the parameters, mode of testing, and
equipment defined?

4925:66:107

AGC-10603

AGC-10603

AGC-10603
AGC-10563
AGC-10603
AGC-10563

MIR Feb 1969

hoo5:67:0161

Change in circuit
1267015 rather th

Yl e tipes

75 amp fuses 10
parallel capacito:

AGC-10603

ECTF Test Data
FR 1191, FR 1279

AGC 10563
1267090

AGC-10603
AGC-10563
ACGC-STD-1338

AGC-STD-1338
AGC-10603



PSD DESIGN REVIEW CHECK LIST

Page 3 of 12

SUBJECT NAME: Power Factor Correction Assembly

F/n

DESIGN ENGINEER:

DATE

KO

B/A

Item HNo.

16.
17.
18.
19.
- 20,
2l.

22,

23,
2k,

25.

General

Are required special inspection equipments, tools, and
gages defined?

Has a procurement plan for this material been *
established?

Have gqualified and preferred parts been used where
applicable? -

Is the design notebook and file up to date and ready

»for audit?

Have provisions been made for preservation, packaging,
handling, storage, and shipping?

Were trade-off studies made and utilized in selecting
the design?

Does the design minimize the probability of human
errors during installation, cheekout;, and operatiom,
such as reversed connections, parts installed backwaxd,
no lubrication during startup, etc.?

Does the design make appropriate use of "fail-safe”
devices or techniques?

Does the design comply with all applicable specifica-
tions?

Were the action items from the previous Design Review
carried out?

Is the design compatible with the requirements of the
end item?

L925:66:107

0P119653 Pre- -
releg.sg3of other

material

1267090 MS, NAS,Al
Std parts

'TM 4936:69. 568

Preliminary

AGC-10603

™ 4936-66-410

1267090

b925:67:0161

AGC-10603
AGC-10563

1 4901:69-1038

AGC-10603



PSD DESIGN REVIEW CHECK LIST

Page 4. of 12

L925:66:107 M-5

SUBJECT NAME:_ pgyer Factor Correction Assembly HO | ¥/A |REFERENCE DOCUMENTS
P/N
DESIGN ENGINEER: ‘ DATE
Item No, Mechanical
1. Hes a stress analysis been made? SA-E- 1177
2. lave areas of high stress concentrations such as sharp
corners, radii, and re-entrant angles been eliminated? SA-E-1T6
3. Has a thermsl analysis been made? LoL2.69-0026
b, Is thermal expansion likely to have adverse effects on
dimensions and tolerances? X
5. Hes a tolerance analysis been made to verify proper AGC-10603 Matched
fitting of parts under extremes of tolerance buildup? Cap.
6. Did the tolerance analysis consider operating loads and Floating inserts
temperatures? for mounting
T- Were static, dynamic and magnetic balances and their
tolerances considered? X
8. Has a wearout analysis for all rubbing and rolling parts
been made? X
9. Have the installation torques and tolerances of all
fasteners and their stress effects been evaluated? 1267090
10. 1Is the inspectability of the component assured? (Are
the true positioning and contour requirements designed
to enable ingpection of part?) 1267090
11. Has the mechanical compatibility with the complete 1266950
system been verified?
"12. Does mechanical design reflect simplest method, from 1267090
manufacturing view, to meet needed parameters? '
13, Were environmental effects (including those of nuclear
radiation) considered along with safety requirements
during design? AGC-10603
AGC~10507




PSD DESIGN REVIEW CHECK LIST

Page 5 of 12

SUBJECT NAME: Power Factor Correction Assembly

P/N

DESIGN ENGINEER:

DATE

NéEN/A REFERED

Item No. Electrical
1. Ave the design essentials adequately defined, including

10.

11,

12,

4925: 665107

performance, longevity, and repetitive operation
requirements? ’

Is the design compatible with the life cycle conditions
to which the equipment will be exposed?

Have the stability and drift requirements and the
effects of environments on these characteristics been
considered?

Was a simplification study made and applied?

Is redundancy employed where beneficial; are possible
gide effects taken into consideration?

Were reliability characteristics considered and
documented in parts and materials selection?

Are the part tolerances consistent with design
requirement s?

Was adequate derating employed, including sufficient
margin for transients and other excessive stresses?

Can the parts operation result in undesirable conditions
of temperature, voltage, current, or RFI for other
parts or assemblies? If so, was this info used in the
design?

Are the dielectric breakdown and insulatlion resistance
propeérties adequate for the most severe enviromments?

Is hermetic sealing employed where beneficial?

Are type of connections employed reliasble?

M-6

AGC-10603
AGC=10563

AGC=-10603
AGC=10603
AGC-10563

1267015

Lo925:67-0161

hoos5:67-0161
AGC-10563
1267090
AGC-10563
4936 :69 ;0024

Preliminary EMI
Tests

AGC-10563
AGC-STD-1338
AGC-10563

AGC-10331



PSD DESIGN REVIEW CHECK LIST Pege 6 of 12

DESIGN ENGINEER: i DATE
Item No, | Electrical
13. Have ell applicsble specifications besn called ocut? X AGC-10603 ,
AGC-10563
ik, Heve the preferred parts lists (JPL Specification |
N¥o. 20061C and CSFC-PPL-1) been used? X
15, Has expected hot spdt . temperatures been determined
and considered? X " Lhol2-69-0026
16. Has effect of ccmﬁonent operation on primsry power : Will tend to
wave form been considered? X improve it.
17. Has nuclear radiatién environment effects been X 'AGC—10563
considered? AGC-10507

NOTE: The following electrical characteristics should be
considered: inductance, capacitance, resistance,
sensitivity, leakage, insulation, shielding;
distortion, gain, phase, attenuation; slope,
harmonics, eddy currents; time, spikes, peaks,

contact resistance, contact rating, torque, wire size

4925:66:107 M-7




PSD DESIGN REVIEW CHECK LIST Pege T of 12
SUBJECT NAME: Power Factor Correction Assembly YES %\70 N/J REFERENCE DOCUMENT
P/n
DESIGN ENGINEER: DATE
Ttem No, Materials
1. Are ell materials adequately identified by MIL, Fed, X 12677090
AGC, or comparable specifications?# AGC-10563
A ' ' AGC=-10603
2, Is the source of supply specified for qualified/
preferred materials? X 1265720
3. Are the strength characteristics of the materials o
including tensile, compressive, shear, yleld, bending, : :
creep, and fatigue satisfactory for intended use? X Stress Analysis
E SA-E-1T7T7
L, Is each material employed within limits defined by its
endurance limit curve? ' X 1 Stress Analysis
| SA-E-1T77
5. Have adequate safety margins been used to provide
protection from failure due to corrosion, vibration,
shock, fatigue, and other stress factors? X Stress Analysis
, SA-E-177
6. Are the hardness, ductility, and other characteristics
sultable for both the manufacturing processes and
applicetion? ’ X
7. Will the material characteristics be significantly 4936-67-0148
changed by exposure to enviromments, particularly Appendix B
radiation? X
8. Afe the special inspection and test processes : AGC-8TD-1338 |
compatible with the parts and materials? X
9, Are the thermal expansion characteristics suitable Lol2:69:0026
for the intended use? X Thermal Analysis
10. Will the materials be compatible with mating parts,
fluids, and gases and not act as catalytic agents? X
11. Does each material have suitable electrical and AGC-10563
magnetic properties for its application? X AGC-10603
# The order of precedence for specifications must meet
MIL-STD-143 requirements.
49253662107
M-8



PSD DESIGN REVIEW CHECK LIST

Page 8 of 12

SUBJECT NAME: Power Factor Correction Assembly

P/N

DESIGN ENGINEER:_ DATE

0 |K/A| REFERENCE DOCUMENTS

Iten No. Materials

12,

13,

1k,

Have adequate methllﬁrgical controls besn imposed to
assure that each materia; conforms %o its

‘specification?

Are all tolerances specified and are they compatible
with the materials and required manufacturing methods?

If mechanical, metallurgical, and/or chemical testing

is required, are the necessary samples, coupong, or
test bars defined, and test methods established?

L925:66:107

AGC-10563
AGC-10603

1267090




design and materials?

2, Are the process capabilities consistent with component
' requirements?

3. Is heat treating, stress relief, nitriting, flame
hardening, or other special process required?

Will processing and assenbly affect the dimensions?

5. Are process specifications and tolerances designated?

6. Are requirements after processing and assembly
specified?

7. Have joining methods (welding, brazing, soldering,
fastening) been selected to minimize effect on
tolerances and part variations?

8. Are special inspection and test processes such as
radiograph, helium leak test, and penetrant dye check
required?

9. If so, are acceptance criteria specified?

10. Has the most suitable cleaning method been specified?

11. Is a protective coating required?

12, 1If so, will protective coating affect mating parts?
13. Are special asseﬁﬁly requirements such as sligmment, .
torque, lock wiring, static balancing, or dynamic

balancing defined and documented?

1k, Is there an‘assembly instruction or specification?

{

4925:66:107

M-10
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PSD DESIGN REVIEW CHECK LIST Page 9 of 12
SUBJECT NAME: Pcﬁer Factor Correction Assembly YES N@gN]A REFERENCE DOCUMENTS
P/N
 DESIGN ENGINEER; DATE
Item No. Menufacturing Processes
1. Are the specified fabrication methods suited to the

1267090

1267090

1267090

AGC-10603

1267090

»MmqpaB

AGC-10563
AGC-10563
AGC-10603

1267090

1267090

1 1267090



PSD DESIGN REVIEW CHECK LIST

Page 10 of 12
SUBJECT NAME: Power Factor Correction Assembly NO |{N/A |REFERENCE DOCUMENTS
P/N
DESIGN ENGINEER: DATE
Item No. Manufacturing Processes

15.

16.

17.

18.

19.
20.

2l.

Are the clean room environmental characteristics
defined (such as maximum particle size, count,
temperature, flow rate, etc.)?

Are there special packaging, handling, or storage
requirements? '

Are the speclal process operator and equipment
qualification requirements specified?

Are the surface finish, wa#iness, and lay adequately
defined?

Are workmanship acceptance standards defined?

Are the applicable workmanship specifications
referenced?

Is a Bulld-up and Assembly Log required?

4925 66:107

M-11

AGC-10603
AGC-10603

1267090

AGC-10603

AGC-10603

AGC-10603




PSD DESIGN REVIEW CHECK LIST .Page 11 of 12
S@JECT NAME:___ Power Factor Correction Assembly ¥0|%/A | REFERENCE DOCUMENTS
. P/N
~ DESIGN ENGINEER: DATE,
Item No. ~ Environment
1. Have the environmental exposures, levels, and duretions AGC-10507
been fully determined? AGC-10603
2, Have the envirommental effects on component performance; ,Aéc-ioso7
‘ longevity, and reliability been evaluated? Appendix B
3. Does cperation of the componehﬁ generate environments
vhich are detrimental to the component or to other
assemblies or subsystems? X
L, Can the compbnent withstand external and self-
generated environments without employment of isolation AGC~10603
devices? 4AGC-10563
5. 1s adequate protection from enviromments specified in 1 AGC-10603
detail where required? ‘ AGC-10563"
6. Were the relationships between environments and modes 'FMEA
of failure considered in the failure mode and effects Page M-1k
analysis?
NOTE: The following enviromments should be considered:
heat, cold, thermal shock, high pressure, vacuum,
pressure shock, humidity; vibration, acoustic
noise, acceleration, shock, RFI-radiated, RFI-
conducted, RFI-susceptibility; explosive atmosphere,
solar radiastion, nuclear radiation, salt atmosphere,
fungus, meteoroids, zero-gravity, sand, dust, wind.
4925:66:107

M-12




M-13

PSD DESIGN REVIEW CHECK LIST Page 12 of 12
SUBJECT NAME: __ Power Factor Correction Assembly Tfms NO|N/A|REFERENCE DOCUMENTS
P/N
DESIGN ENGINEER: ' DATE
Item No. Instrumentation
1. Have accuracy: and precision requirements been
. specified for performance parameters? X
2, Have provisions been made for instrumentetion to meet
" -’ these requirements? X
3. Have sensor installation requirements, including
hermetic sealing and removal or replacement, been :
considered? X
Will, the 1naertion of sensors affect the operation
of the component? X
5. Is adequate instrumentation available for anticipated X , | Instrumentation is
operating conditions? | all external to
| assembly
6. Is an ins'trumentat:l.on' development program necessary? x
‘7, Are written calibration instructions available for
the calibration of data gathering equipment? X
8.  Has an adequate and reliable instrumentation wiring
system been defined? X
4925:66:107
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INTEROFFICE MEMO

4
£

TO:

D07 - 182 STIC NS, 2~ 1001

Sy AEROIEY-RENERAL CORPORATION

Distribution DATE 13 March 1969
4001-69- 1.03 B:RWM:vsh

FROM: R. W, Marshall, Jz.

SUBJECT: 3 March MTR of Power Factor Correction Assembly .

CORIES TO: BLAmstadter, WFBanks, SLBradlsy, HEDerow, RGordon, CHawk
RMHill, LPLope.c, BTMacauley, GMM@Roberts, WWelesf, WLSnapp

Reference: ta) TM 4936:69: Preliznivary, ”‘%NAP«B P@w&r Faﬂwz' Correction

Assembly, Management Techaical Review, February, 1969"

The Electrical Group reviewed the information set forth in the preliminary
TM, Referemce (a). An extensive discussion of the configuxation (sce Figure 1)
engued. The configuration, with some changes that are set forth below, was
deemed acceptable,

Mz, Plese discussed the stress analysis that is currently underway., He -
stated that under vibratory loads the main lateral insulators were overstressaed,
but that additional support for them could be provided. The re commendations
in this area are set forth below,

Thermal analysis on the canpacitors is currently underway.

George Anderson has recommended, and the Electrical Group is looking
into, changing the main enclosure to a can that fits over the aszembly and
fastens to the base. This will facilitate assembly and inspection, In this I
beartily concur, having had sad personal experience with the difficulties of
assernbling and inspecting electronic components down in the bottom of a can.

ACTION ITEMS

-

1., 4 failure mode and affecte amalysis shall be performed and its
rvegults made a part of this TM,

2, The use of an inverted can as the main enclosure shall be anailvzed and
the tradeoff with the carrent design shall be presented 2t the next MTR,

3. The strese analysis shall be completad and any changes dictated by
this analysis shall be factored into the design. Thic analysis will be included
as part of the final TM,

4, The heat t ransfer analysis will be completed and the resulis presented
at the next MTR, It shall be made part of this: TM .

5, Another MTR shail be scheduled prior to the design review,

%’M%@'Lx%

R, W, Marshall, Jr~
21 Awsisiant o o oopsar
SRR T 1 T ERREA SUPTD 25 SO
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INTEROFFICE MEMO € AER0iET-RENERAL CORPORATIN AU W

o Distribution paTE 2 April 3969
L901:269:1073:BvMevah s pht

FROM: Ro Wo Marshell, Jro |

SUBJECT: 18 April Prs-Design Review MTR of Power Fscter Corrsstiiom Assambly

COPIES TC: BLAmstadter, WFBanks, SLBradlsy, WiDaniels, HDerow, RGordom, CHawk,
RHi1l, aAHKreeger, LPLopss, BTMacauley, GHsicberts, WWselelf, WiSmupp
NASA, 'LQRCS Ga Ho Thuar
NASA, Hq-ﬁs Pé Ro Millw

REPSRENCE:s (a) THM h936-69-0C03 Preliminery, SNAP-B Powsr Tactor Correstion .ssembly
MTR, dtd April, 1969

The design review paskage (Reference (a)) thet has bean preparved by the
Hlastrical Group was reviewed at this MiR. The paeckage, as presented, was approved
with the followlng exceptions, which should bhe corrected or cemlei’.ad prior %6 ths
design review:

J. The remarks, unier the "Remarks and Recommendations” column of the
Fallure Modes and Fffects Aralysis for thez firet item listzd (shorted capacitor),
should be revised to state whal actually cceurs. As stated, it is incorreet since
the affected capacitor 48 not isolated from this clreult.

2o  The Rellability Analysis, as reprasented by a copy of Mr.
Amstadier’s Letter, Appendix E, shall be revised since the uireuit on which this
snalysis 35 based is not the ons currently in uss. The new analysis shall bao
inciudsd in the final package presented to the Design Rewisw Board.

3. The sorews that bolt the hovsing to the hest sink w1l be ralecased
o provide ezsier assambiyc. The referenced screws ars on the lead outlat aad of the
housing . '

L. A statement regarding the reliable operating temperature for the
golder in ths capacitors shazll be imcluded 4n the design review packaps. Tois
statement should reflect the fact that this temperature &s not excesdsd ard that
an adequats margin exists under any of the expected operating comditicns of thie
subsystem.

5. Paragreph 3, 3. 1. b of Specification AGC-1063, Pewsr Pactor
Correstion Assembly, Prototype is inadeguobts in that it does met defimc the tamper
ature interface of the heat sink for this assembly. Sisce the Flestrical Group is
raspongible for the design and construction of tha eigctrisal packagine, they will
define this parameter and reley this ipformation to Mr. Coff smd the Systems (roup,
6 that the specification can be gerrected.



Y

Distritution =R 2 April 1969

6. FHaving defined the interface temperature (6, above) a parapgraph

1
shall be included in the design reviow package stating that the tharmal reguire-

menty imposed on this system are met, and with adequate margin, under &ll
coerating conditions,

7 The stress anslysis current,‘ly underway will be completed prier te ths
dagign revisw., If the analyesis resulis in & change to the current desgign, these
changes shail be incorporated in the Power Factor Correcticn Assemb‘ly prior %o holding
the design review.

Pl e ALY

Ro 1":(, Marshall,, Jrra
Technical Assistant to Manager
Powsr Systems Department
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Memo 5001:69:012k

Minutes of the Major Design Review

of the Power Factor Correction Assembly
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INTER-DIFICE WREMY

607102 {STOCK H0, 3 54)

TO3 Digtribvution cATE: 3 June 1969
5001 :69 :0124 :RWM :mrs

FROM: R. Gordon
SRR Minuvtes of the Mujor Design Review of the Pover Factor

Corraction Assembly

merrzuTion: ¥8.L.bmstadter, W.F.Banks, ¥*8.l.Bradley. ¥.D.Daniels, H.Derow,
#R,CGurdon, *0.Hewk, *R.M.EL1Ll, A.H.Xreeger, V.P.lopes, *R.W.Marshall, Jr.
G.MolicRobertn, J.R.Pope, U.0.'Pakach, W.Weleff, File
AZC~Clevelani: W. Saapp |
NASA, DPR... *A W Nice, M.J.Szari, O.M.Thur
Nu.sﬁ:., g P.R.Miller

*hdtendans

ey,

N
P

¥

&

Fefersnces  {a) "’NAP-B Power Factor Correctica Assgemhl ly Deeign Review,
226:69:0035 Preliminary

{b) Memo: 4901:69: 1075 to Distribution from R. W, Mershall, Jr.,
Subject: 18 April Pre-lesign Review MR of Power Fuctor Correction
Asgeepbly. '

The major design review of the Power Fector Correction Assembly (PFCA) was he'ld
o Tucsday 20 May 1969, The Blectricel (soup presented the meterial in the desizn
rackage (Reference (a)) which was approved for febrication except for the action itens
noted beliow:

1. The fuse development progrem including the iesting shall be published
55 & sepurate TM,

2. The ejullibrivan tewperature of the fuse, unier the worst csse nornal {(non-
Tault) condition, shall be calenleted, The results of this anelysisz shell be ipcluded
ag part of Ref, h’z} released ag & "M,

3. The vilwation responge and the resultant stvesses in the fuse wim, Hnd
“he i.mtercc’wuneetim,g ’.?ii‘lﬂg shnll be caleulmted and made part of the published ™™ (Ref. al.

be IP the resulss of 2 apd 3 are unsatisfartory, dssige chacges shell he pade
P " N . - ¥ ’
wi Pecbliiy these deficlencies, and they shiall he submisted for review.

5. Tne center nounting holes of the capscitors shall be offset v rewsny
nlsssaswbly.

6. Liitivg hardiles ghall be installed on this assembly.

7,' Frotective covers for gtorage and shipment for ithe power terminels shnll b=
&“ide‘d “»



-1 5001 :69:0124 :RWM:mrs

DISCUSSION

The fuse that will be used in this assembly has been developed at Aerojet as
the regult of a study that indicated that commercially avalleble fuses would not meet
the SVAP-8 requirements. A test orogram covering various AGC desigms has been execubed
ani the present fuse selected as best meeting the ENAP-8 nceds has features not tested.
The information developsd under this program has not been published. The thermal
equilivrium conditions of the fuse under worst case normal {(non-fault) conditions has
not been calculated, nor has the vibration response and the resultant stress in the fuse
wire been calculated.

The mounting brackets usged to bolt the capacitors $o the heat sink are not
symetrical and could be mismounted during assembly. This can te prevented by offsgetbting
the center mounting bolt hele.

Tifting handles should be added to the assembly which weighs aspproximately
86 1b. Also, removable covers should te provided to protect the insulated power
terpinals during storage, handling and transportation.

A1l action items from the PFCA MTR (Ref. (b)) except Ttems 5 and 6, which
relate to the overall thermal design, have been completed. S8ince no work is being done
on the packaging, including the heat sink design, these items must remmin open.

The Design Review Board has serious reservations regarding the efficacy of tha
means of transferring the generated heat from the PFCA to the heat sink. The present
design calls for bolting the 28" x 10" PCFA base plate to the heat sink with bolts
located around its perimeter. Heat is transferred to the heat sink by direct contact.
Two problems arise: PFirst, the difficuliy in fabricativg and maintaining, due to
waterial instability, sufficient flatness in the two plates to assure adequate contack;
apd secondly, the tendency toward thermal instability of the system caused by the plate
bowing away from the heat sink as it heats up. As the plate bows, the heat trarsfer
ccefficiént decreases, which causes further heating of the plate, and in tura more bowing.
Compensating for this is the rejatively emall amount of heat that must be transferred to
the bheat sink, The Board recommends that Program Management underiake a test with the
BCFA mounted on an active heat sink at envirommental temperatures and in & hard vacuum,

TWQV?L )dvrr'aam—\

[

Rotert Gordon, Manager
Mechanical Systemg Cperation
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TECHNICAL MEMORANDUM
AUTHOR(S): R. M. Hill

TITLE: SNAP-8 Power Factor Capacitor Development Program

ABSTRACT

A summary report of the development program for power factor
correction capacitors is presented. It includes the preliminary
considerations for selection, the testing, failure investigations and
conclusions reachéd. Recommendations are made for corﬁpletion of the

present program,

KEY WORDS: Power factor correction, capacitor, corona, Kapton, PFCA
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SNAP-8 POWER FACTOR CAPACITOR DEVELOPMENT PROGRAM

I. INTRODUCTION

The development of components for power factor correction of the SNAP-8
power system has progressed from the early concepts to the completion of the
first prototype assembly. The purpose of this report is to summarize the
development program in a way that will allow a review of the major factors
leading to the design of the prototype equipment and the additional conclusions
and recommendations reached as a result of the program.

The information leading to the decision to incorporate. pf correction will
not be discussed in detail, but can be summarized by saying the decision was
reached because the efficiency of the alternator could be substantially
increased by correcting the system power factor. (Reference TM 4936:66-410).

The decision was made to correct the alternator pf to unity. This value
makes the exact pf less critical and allows for considerable variation without

greatly affecting the performance of the system.

IT. CAPACITOR SEIECTION

Determination of the kilovolt-ampere reactive (KVAR) rating of the
capacitors was made by the decision to correct the alternator pf to unity under
normal system load conditions. Available load data resulted in a KVAR rating
of 57. The capacitance per phase is calculated to be 175 microfarads (pf) for
a delta connected three phase circuit with 120/208 volts rms applied or 525 f
for a wye connected circuit. The capacitors in the delta clrcuit require a
line-to-line voltage rating while those in a wye need only line-to-neutral

voltage rating.



Additional capacitor rating information was derived from the SNAP-8
envirommental specifications and previously established packaging concepts for
SNAP-8 use. This type of data is defined directly. The choice is in selecting
components and materials most suitable to meet the requirements. Included are
the operating temperature maximum of EOOOF, heat sink temperature of lSOOF,
shock, vibration, acceleration and combined mechanical loads. Also included
were resistance to nuclear radiation of 1 x lOll nvt fast neutrons and 106 rads (c),
both integrated doses for 10,000 hour life, the life requirement of 10,000 hours,
hermetic sealing of components by welding, the provision for.Welded electrical
connections and the mounting on and heat transfer to a liquid cooled heat sink.

The specification of a capacitor to best meet all these requirements has
several more variations where choices are involved. Two of the most important
choices are the selection of the dielectric material énd the choice of the basic
construction techniques combining the dielectric and conductive elements into a
complete capacitor.

Glagss, ceramic and mica have desirable characteristics of high temperature
rating, dielectric strength and radiation resistance. They were eliminated from
further consideration, however, because of their large relative size and
relatively high losses. Electrolytic capacitors also were rejected early in
the process because of thelr high losses, low radiation tolerance and questionable
long life reliability. Impregnated paper and plastic 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. In every case out-

gassing and degradation from nuclear radiation were a problem.
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The plastic films given serious consideration were polyethylene
terephthalate (Mylar), polytetrafluoroethylene (Teflon), polystyrene, poly-
carbonate and polyimide (Kapton). The characteristics of these materials are
similar enough that each of them could be seriously considered for use. The
choice was based on the best combination of features. The two films selected
as best were polyimide and polycarbonate. Polyimide has the best characteristics,
but at the time of release of specification AGC-10563 polyimide film thin
enough for practical capacitor manufacture was not readily available. .Experience
with its use was based on a few sample quantities. Polycarbpnate film was
available from only one source, Farbenfabriken Bayer AG in Germany. It had
been available long enough and in sufficient quantity that considerable capacitor
manufacturing experience had been gained.

Details of the basic capacitor construction wefe selected to minimize
the electrical losses and the impedance. These included the selection of film
and foll as compared to metalized film and the use of extended foil construction
rather than inserted tab. Other fabrication details were determined on the
bagis of mechanical interface, environmental requirements and general SNAP-8
packaging requirements.

The capacitance value of the individual packaged parts was based on an
evaluation of practical manufacturing processes, allowable loss of capacitance
or phase unbalance caused by single component failure. Ten capacitors per phase

was selected with the total of 175 microfarads per phase equally divided.



III. CAPACITOR PROCUREMENT

Capacitor procurement was initiated using specification AGC-10563 to
define the performance and design requirements. AGC-STD-1338 defines the
Quality Conformance Inspection or acceptance test requirements. An Advance
Quotation Request was sent to sixteen capacitor manufacturers. Quotations and
comuents were received from Southern Electronics in Burbank, California, and
Marshall Industries in Monrovia, California. No reply or "no bid" was received
from the other companies. A second AQR was sent to these two companies with
the A revision of specification AGC~10563. On the basis of the proposals
received,'Marshall Industries was selected to provide the capacitors. At about
the same time, Marshall also submitted an alternate proposal to supply capacitors
made with Kapton film. They proposed to meet our performance requirements with
capacitors estimated to be 23.3 cubic inches and 2.5 founds compared to 76.5
cubic inches and 5 pounds for the polycarbonate capacitors. Separate induiries
to Dupont confirmed that opening of a new commerciasl production facility had
almost eliminated the problems in obtaining 1/2 and 1 mil thick Kapton film.
Deliveries were estimated to be 12 to 14 days. The film thickness for the
capacitor is 1/2 mil.

A purchase order was issued for the procurement of TO capacitors to meet
our specification requirements using Kapton for the dielectric.

The original capacitor designed by Marshall used 10 individual sections
in parallel, matched to provide the total capacitance. Tests of the first parts
fabricated revealed mechanical defects in the Kapton film occurring at fairly
regular intervals along the length of the film. The capacitor was fedesigned

to reduce the size of the individusl sections soc that fewer sections would



contain the defects and so the amount of material lost with each defective
section would be reduced. The new design contained 27 sections packaged in 3 rows
of 9. All the sections are in parallel.

The cause of the defects was found to be in the film winding and slitting
equipment. Dupont made corrections to eliminate the defects in the film and
none have been found since that time. The original defective material was
returned to Dupont for replacement. The modified capacitor design was kept as
the final design.

Figure 1 shows the configuration of the capacitor package. The
seal weld around the top of the stainless steel can and 1id is clearly shown.
The terminal welds can also be seen at the base and top of the ceramic insulated
terminals.

Figure 2 shows the side view of two of the capécitors to illustrate
the overlap of the mounting brackets. This design minimizes the mounting area
required for each part.

These two photographs illustrate the external mechanical features of the
capacltor design.

After the design of the capacitors had become firm, Aerojet Source Control
Drawing, 1265720, was issued to maintain control over the design details and to

establish an Aerojet part number.



IV. CAPACITOR TESTING

The acceptance testing of the capaéitors is not completely documented.
By assigning serial numbers after satisfactory completion of the tests, the
data on those that fail becomes difficult to use. This system, as specified in
the Aerojet purchase order, was changed but not before some data was lost.

Each of the 69 capacitors delivered has passed the tests in AGC-STID-1338
as modified by the test procedure Rototest laboratories Report T137. (Rototest
later became a part of Ogden Technology Laboratories - the report number
remained the same.) Results of these tests indicate that they are all necessary
since some rejections occurred for each test. Some parts were repairable while
others were completely eliminated. Changing of the helium leak test method and
an expansion of the AC voltage test to include burn-in testing can bring the
acceptance test procedures up to present requirementso

The first tests performed after the capacitors were delivered to Aerojet-
General Corporation were informal re-tests to determine the repeatability of the
capacitance and dissipation measurements using different instruments. These
tests showed excellent repeatability where actual test values had been recorded.
Somé of the first parts delivered had dissipation factor so low that they were
recorded as O rather than actual measured values.

Performance tests were started using capacitors assembled in the breadboard
Power Pactor Correction Assembly shown in Figure 3. This breadboard was connected
into the Electrical Component Test Facility (ECTF) for ambient temperature tests
with nominal electrical parameters. At first, 21 capacitors were included in the
testo

Failure of capacitor S/N A-63 occurred after approximstely 45 hours of
testing. The capacitor shorted and blew the protective fuse to isolate itself,

as the test continued.



A second failure, S/N.A-3, occurred after approximately 223 hours of
testing. The effect of the failure was fhe same as the first. In both cases,
the fallure was detected by measuring the capacitor line current and detecting
an unbalance between phases. System performance was not adversely affected by
the failures.

An extensive failure investigation was performed on both failed capacitors.
The investigation of S/N.A-63 was performed at Aerojet with representation of
Marshall Industries assisting. Acceptance test data was reviewed to look for
variations from nominal values. No significant differences were found. A visual
examination was performed, resistance measureﬁents were made and after removal of
the can X-ray examination was performed. Finally, the capacitors were disassembled
section by section to isolate the defective parts. TFigure L shows the package
after removal from the can with all loose insulationhremoved. Figure 5 is a part
of the defective section showing the area of failure. A similar investigation was
performed on S/N A-3 at Marshall Industries with Aerojet representatives present.

The conclusions reached were that the failures were from random type defects
rather than from deficiencies in design or material characteristics. As a check
on fhe dielectric strength of the capacitors, each of them was subjected to a test
voltage of 650 volts de for one hour with no indication of failure. Previous
testing at this voltage had been limited to 1 minute duration. A burn~in test was
recommended as & means of detecting other failures before the parts are put into
service.

All of the capacitors not installed in the breadboard assembly were
subjécted to a 1 week test (168 hours) at a temperature of 1TO'F with a voltage
of 230 volts applied at a frequency of 410 Hz. One capacitor, S/N A-L9, failed
at 147 hours. Because this failure occurred so close to the end of the test,

the test was extended two additional weeks to bring the total time to 500 hours.
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The temperature was increased to 1850F for the additional time. During the
remainder of this test 4 more capacitors failed. They were S/N A-61, A-36,
A-T1l, and A-53., In each case the failures occurred at night or over a weekend
when the test was unattended. The power supply that was used for these tests
exhibited increasing periods of instability during these tests. Attempts to
obtain a good record of the voltage variation during these periods of oscillation
were not very successful. One short section of chart is shown in Figure 6.

Discovery of the power supply instability and the lack of a consistent
pattern in the time to failure indicated a possible failure mode different than
had been anticipated. Disassembly and examination of the failed parts indicated
that the failures were due to corona.

A special test program was initiated to investigate the measurement and
effects of corona upon the capacitor materials. As ; start, small scraps of
the capacitor film and foil were used to produce visible corona in a vacuum
chamber and at atmospheric pressure. An RF spectrum analyzer was used to detect
the start of corona. It was found that broadband noise centered around 1.5 MH,
was indicated on the scope of the spectrum analyzer when corons was present.
The noise signal could be picked up with either a vertical rod antenna or a
current probe on the current carrying conductor. It was also noted during these
tests that with adequate heat dissipation the capacitor materials could operate
with corona present for long pericds of time with no apparent degradation or
damage. In cases where heat dissipation was restricted, the parts would operate
for some periods of time and then the Kapton film would fail in a sudden flash
leaving only black ash.

Using the spectrum analyzZer to detect the start of corona, several sections

removed from failed capacitors were tested. The start of corona could be detected

-8 -



at as low as 290 volts rms at 400 Hz in some sections and it had started in all
sections tested at 320 volts rms. In several cases corona could be sustained
at 320 volts for several minutes without causing failure of the section. In
other casges, failure occurred within the first few minutes. Visual examination
of the failed sections showed the same types of failure observed in the failed
parts from the burn-in tests. During the time these tests were being performed,
the breadboard PFCA was modified by the addition of electric heaters and
vermiculite insulation so that testing could be performed at expected operating
temperature. An automatic controller maintains the base plate temperature at lTOOF.
The next step in the program was to test a larger number of samples under
controlled conditions in order to determine the effects of ambient temperature
and applied voltage. All available sections from the six failed capacitors were
collected and labeled with the original capacitor sex;ial number and & sample
number. These parts were divided into four groups with the same number of parts
from each capacitor in each group. A total of 112 sections were put into
Ik groups of 28 each. All discolored, slightly damaged or otherwise doubtful
sections were put in the first 2 gréups and listed with a description of their
defects. The worst group was tested first at a temperature of thoF. The
voltage was applied to eaéh group of parts at 210, 230, 250, and then at 10 volt
increments. Each voltage level was maintained for 2% hours unless a failure
occurred within the last half hour. If failures occurred, the voltage level was
maintained until 1/2 hour had elapsed without an additional failure. The other
three groups were tested in the same way except the temperatures were maintained
at 170°F, 185°F and 200°F. Each test continued until at least 80% of the parts

had failed.



-One of the doubtful sections failed at 145OF as the voltage was being
increased to 210 volts. The only other failure that appeared to be out of line
was in the lTOOF group. It failed as the voltage was being increased from 210
to 230 volts. 96 of the 99 sample sections that failed broke down between
300 volts and 320 volts. The cumulative failures are plotted in Figure T.

There is no apparent correlation with temperature in the range of thOF to 200°F.
The test data sheets are included as Appendix A.

The performance and life testing in ECTF have been continuing. The total
operating time is now 6900 hours with 2100 hours at lTOOF base temperature.

One capacitor fallure occurred .when a load connection burned off. The
resulting load unbalance resulted in a large unmeasured voltage unbalance. The
failure of S/N A-5 1s attributed directly to the application of excessive volbtage.

The completed prototype PFCA with the covers removed and with them installed

are shown in Figures 8 and 9.

V. CONCILUSIONS

After reviewing the complete development program for the 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 failure mechanism of the capacitors is a corona discharge
within a capacitor section causing local heating. Degradation of the dielectric
film results from excessive local heating causing carbonization of the film and
electrical breakdown. This process appears to take place very rapidly, once it
starts, with no gradual or partial degradation that can be detected. The film
degradation temperature of approximately lSOOOF does not appear to be influenced

by ambient temperature in the range of 145OF to 2OOOF.

- 10 -



3. The failures of S/N A-49, S/N A-61, S/N A-36, S/N A-T1 and S/N A-53
were probably all caused by local heating from corona discharge started by the
uncontrolled application of excessive voltage from the unstable power supply.

L, The failure of S/N A-5 was caused by local heating from corona
discharge started by the application of excessive voltage resulting from the
severe load unbalance when one phase of the load circuit burned open.

5. The choice of Kapton film for the capacitor dielectric was the best
choice. All of the Kapton characteristics are superior to the characteristics
of other available films. Since corona discharge does not depend upon the
materials, but rather on the geometry of the metallic conducfors and the air
gaps, the failures resulting from corona could have been more frequent and more
severe with a film with lower temperature capabilities.

6. The bagic design and construction of the éapacitors is satisfactory
for SNAP-8 use.

Te The voltage margin between the normal maximum value of SNAP-8 PCS
output of 218 volts and the minimum measured corona start voltage of 290 volts

is gufficient for high reliability performance of the PFCA.
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VI. RECOMMENDATIONS

The following recommendations are made to close the present phase of
development and to prepare for the future brogram.

1. Revise the capacitor specification to specify Kapton film for the
dielectric material.

2. Revise the specification to include extended foll construction as a
requirement.

3e Revise the specification to include the Source Control Drawing, 1265720.

L. Revise the specification to require serial numbers assigned as soon
as possible in the assembly process so that all in-process and acceptance testing
will be identified with the parts.

5. Revise the acceptance test procedure to include a helium leak test
procedure more compatible with the type of package being tested. This procedure
can be similar to the Rototest procedure.

6. Revige the acceptance test procedure to change the AC voltage test
to a burn-in test using 270 volts rms, 400 Hz as maximum test voltage. Test time
of 168 hours and test temperature of 170°F to 200°F.

Te Revise the acceptance test procedure to add a warning note to
discharge the capacitors after testing. Specify that the capacitors be discharged
through a resistance of 1000 ohms or higher and not to short circuit a charged
capacitor.

8. It is recommended that the specification be revised to reduce the
capacitance tolerance range. This is not necessary, but the way the capacitors
are fabricated from multiple sections it is an easy change to accomplish and should
not affect the packaging or the price. A change of from flO% to iS% can easily

be made.



POWER FACTOR CORRECTION CAPACITOR
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APPENDIX A

Capacitor Section Test Data
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