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Reliability Analysis,
_High Voltage Plastic Capacitors

METALLIZED POLYESTER
SECTION

EPOXY END FILL PLASTIC FiLM CASE

TRW Capacitors vegan cevelopment of a High
Voltage Capacitor (2KV thru 16KV}, metallized
polyester dielectric, in 1970. During the following
‘three years the applicable volts/mil stress, design
configurations, parameter limits, and environmen-
tal capabilities were fully explored and proven.
Prior to the general release of a ‘High Voltage
Capacitor’ catalog line, the single remaining ques-

“tion was RELIABILITY. During February of 1974,
TRW C?pacitors contracted with Ogden Technol
Labs, Fullerton, California, te gerform a D.C
Matrix Reliability Test on the subject. capacitors.
This report is a summary of the 10,000 hour data
completed in April of 1975.

Test Resuits and Conclusions
The TRW type X675HV capacitor has
demonstrated a MTBF, at a 90% lower confidence

limit, exceeding 260,000 hours when stressed at 85°C -

and full rated voltage. This MTBF capability can be

achieved without sacrifice on degradation of

associated capacitor parameters.
Test Specimen Description

The TRW Capacitor High Voliage line has been -

designated the X675HV. It consists of WVDC from
2,000 to 16,000 with capacitance values of .68 mfd

and smaller. The standard design is metallized .

polyester with axial leads, tape wrap and epoxy
endfill case. Insulation resistance is 30,000
megohms x MFD (need not exceed 30K megohms),
and the dissipation factor is less than 1% at 1000 He.

. D.C. Matric Rellability Test Description

The X675HV catalog series consists of ten (10}
distinet capacifor designs. Eighteen (18) specimens
were selected from each of the ten (10) designs, for
a total sample size of one-hundred-eighty (180}, and
tested as follows:

80 units test at 75% of rated voltage
60 units test at 100% of rated voltage
60 units test at 125% of rated voltage

Perform test at 85°C
Perform test for 10,000 hours minimum (an ad-
ditional 5,000 hours is currently underway).

Read capacitance and %D.F. every 1,000 hours
{at 85°C) .

Read LR, every 2,000 hours (at 85°C)
Mouitor for shorts continuously (Plus/minus 8
nours)

Reliability Analysis Techniques
1. Distribution Function .

-A chi-square distribution function, with a %%
lower confidence limit has been used for all
reliability analysis.

2. Curve Plotting :

Linear regression analysis (method of least

squares) was used for plotting reliability estimates,

1. Catastrophic Failures (shorts)

No catastrophic failures at either 75% or H0% of
rated voltage oecurred during the 10,000 hours of
test (See Appendix A). This data indicates a MTBF

" (90% confidence limit) of greater than 260,000 hours

at applications of rated voltage or less. Thirteen
(13) catastrophic failures occurred at 125% of rated

" voltage (See Appendix A). This data indicates a-
‘MTRF of greater than 26,648 hours at applications

of grealer than rated voltage (See Fig. 1).
2. Parametric Failures (Parameter drift)
Insulation Resistance: . - :

. There was no discernible degradation in Insulation

Resistance through the 10,000 hours of test.

" Dissipation Factor:

There was no discernible degradation in %DF
during the 10,000 hours of test.

Capacitance Change:
There were significant magnitudes of
capacitance change during each 1,000 hours of
test at the 125% of rated voltage test: :

Test Voltage  Avg. Cap. Change at 19,000 Hours -
5% -.31%
100% -.93%
125% . -34.32%
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The changes at 75% and 100% of rated voltage
(less than -1%) appear normal; however, -34%
capacitance change at 125% rated voltage indicated
further analysis of this potential failure mode was
required (See Appendix B). Following this analysis
additional failure criteria of +-5% and +-10%
capacitance change were established, and new
failure criteria was established (See Appendix A).
The new failure criteria does not significantly
effect MTBF at 100% R.V. or less; however, at
stresses greater than 100% the MTBF begins to be
degraded. A capacitance change criteria of +-5% is
consistent with most military and industrial re-
quirements; hence, the plots in Figures 2 and 3 have
not included the +-10% of criteria.

Validity of Results
The data was examined to see it it behaved in a
“normal” manner. One criteria is to examine the
“power law’’ where:

MTBF . Vi

Vf‘

MTBF 2

which states that one would expect the MTBF ratios
and voltage stress ratios to behave as the 5th power.
The data was examined for values of “K’’ under
different failure criteria (See Appendix A). It was
expected that “K” should fall in the range 5 to 7.
The data behaved as expected (See Fig. 4).

“K’* vs. Failure Criteria

-
T

xpected Value

E:
T
i

Stress, Volts % of R.V.

FAILURE CRITERIA



(dLI padaduy}

‘ENempsy Aygpyas Hupioid soy
pasn Bjep 3say) ‘sysAfeue coyssaafed Jvaury [t3]

HSirm £+ 1

»] U 0] paje]

[=1

=

PIIDUIILIZ] 5] 152) BTN 30 AT

A

‘aanpyey 1) o Jo Ay = '3 osoym

= 5933, JuswadeidaimoN = |

(01°) '161010 Jo 3811 B|qedadId = e
gatnjses jo saquna poudisseaad =

HE} 10

apy agowm
CRLE

=1
=10

= o

§ = 3 9w 1 159) U0 paaeld sy Jo saqumnu = o

aranpy

w3+ = JIX = JULIN(Z

KT .

GO+ E OV 4 ImdoNSE] (3 145¢ —+ T OV + omdunsinn (q (AN oqdonseIs)(e s (1)

Appendix “A"

Ll | L omeq =18

panod peneld PanoLd

pacel 76991 o £higT - 91K -3 25998 fasnd £l 00007

28691 9TG91 1z W51 881 £ 1652 88862 N 0006

16851 L8691 5% IIE] 69261 [ $6028 8848% 7l 0008

POLER ozavt £ ezelT Rt ;14 41861 £B00T 7 000L

16151 0451 £ 1501 06522 -4 6ESLT BIELL i 0009

00991 1101 % £1z6 w101 % 2028( Lol 4| 0008

£006 6008 [+ o6k 6080 a4 48631 £L51 0 000F

905¢ 918, 5l 2099 1009 @ 20L0T oGETi 6 0008

6088 G188 o 8626 05 o 598 62P 2 -000% N

12y S91¢ gl 086€ 5.2 61 219 665 9 000t AY %1

99092 935092 [ 1641 92451 1 90S09% . 98908% 0 DOOTE

BECFET B 0 62291 | - - oepssl 1 9TCHEZ BT 0 000§

59YR02 697502 ] 6996¥1 SOBETT I 65FR0E 697802 1 0008

014281 013z 0 LrOLEE 0THEE 0 015281 o1#281 0 0004

288951 258951 [ - Sg¥121 266951 ] FEE9ST 266951 0 0009

62061 £65081 [ H0BL0L B630ET 0 £630CF £620¢1 0 0008

CEzHT - [2od 10§ 1} TRIE6 L4 411 L1} L4241 CEZROT 0. 000F

9L18L 9218 0 09508 IR 0 9LT8L aL16L 0 " 000g

L1ze 11138 0 Bee9s Lize 0 LTS LE1ES 0 G00% .

209 65092 0 L1888 65090 0 68007 68007 0 H001 AH %001

94007 985097 0 985092 . wW0HT 0 985097 989092 0 060001

B2EHER $CHEL [ $ESPEL T 0 $26h427 825652 0 0006

697803 697508 o BOVR0; GOPR0Z 0 COVHIZ SO¥BOZ i o0g

015281 01¥287 [ 015281 01$291 0 0IFE81 013281 o 000L

280981 7558¢T 0 26e88] . qegeet 0. 268067 . 286951 0 0009

$6T0EL £63081 0 £67081 $6T051 ¢ £63081 £62051 0 0008

SEZROL SETHH [ SETHOI SETRHT 0 SEZROT SETHOT ] o06% .

9418}, 0LIRL ] oL18, 9L18z 0 9LI8L SLIAL 0 o005

LUITS LTKES o 11128 L1125 0 L1Izs 4118 0 0002

65092 65092 o 8L03z 65092 [ 69087 65052 0 L 118 AH %SL

£} pusa, (8) (RO (g) puoaL, . (3) 1emPY — (5) pueds  (g) [EMPY T smoy EELTUTY
. w ma.qi_s.m SaIN (1) seanjreq T anLn (1) senjieg 183, $83015

Gol-+== ¥ ye= N . anydonsee)

. SSHULS 'SA JGLW 1 VL




Appendix HA” (con’t) -

TABLE 2: K V8. FAILURE CRITERIA
AT 10,000 HOURS

Failwe | 1 | vz |MTBFIMTBFZ| K
Criteria

Catastrophic| 126% | 75% | 26648 4.39

1aC +10% | 125% | 5% | 18584 | 260588 | 595

|AC +-5% | 125% { 75% | 15743 | 260586 | 5.5

MTBF

. Appendix “B” :
. Upon conclusicen of the 10,000 hour test, five of the
catastrophic failures were dissected and examined.
Of particular interest was the examination to deter-
mine the probahly cause of capacitance decrease,
when tested at more than rated voltage.

Findings =~

In all eases, it was found that significant areas of
the capacitor plates (metallized plate) had been
eroded/eliminated by ‘clearing’ actions. These
plate erosions seemed to be most prevalent at the
margins, and-tended to indicate that once clearing
started (because of accelerated levels), it was self
" perpetuating to -the point that it caused an un-
balanced condition in the capacitor which tended to
cause more clearing. It was also indicated that the
mechanical line-up of the margins and facing plate
areas was critical. If the margins are not lined up
properly, or, are not within the mechanical
tolerances allowed during the metzallizing process,
then the unbalanced condition is further
aggrevated. . :



