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ABSTRACT
PHASE ]

Probably one of the more important characteristics of Mylar with
regard to iis use 23 a dielectric is most often overlooked or at best
ireated very insignificantly by research organizations. In their

anxiety to point out its superior electrical and temperature qualities

] they overlook a fact on which a production or methods department
undoubtedly would consider its most important attribute. The more

one works with Mylar the more one realizes the comparative case

with which Mylar capacitors are mace. All the units made thus far

for this particular project have zone through two departments only -
namely, winding and assemibly. In comparison, & paper wound capacitor
of similar construction must go through a minimum of one more
department, namely, impregnation. This in itself is quite a process,
requiring a day or days of heat and vacuum and the resultant 'abor of
loading and unloading ovens. Furthermore, the cost of maintaining

this heat and vacuum is a very significant portion of the total cost of

the unit,

‘ : It might be found later as work progresses with Mylar units that even
they should be impregnated for best recsults. At this point this ic mere
speculation., However, it is a fact that an uanimpregoated Mylar unit
will surpass 2:n impregnated paper unit of the same construction o

overall electrical tests.
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ABSTRACT i
PHASE

The greatest difficulty encountered with Metzllized Mylar to date
bas teen cnc of acsembly. The number of complete breakdowns in
any giver test, even though the applied voltage approaches the stress
point of the filrn, /s usually less than ten per cent. Unfortunately,
for test purposes before the complete rupture point of the dielectric
i3 reachcd the unit 'opens', i.e,, one or both of the termi.nals'
tecoinz isoluted Irom the section, The rate at which these '"opens"
a=cur, of ccurse, éepends upon the voltage applied during the test.
The hignur tne voltage stress - the greater the number of cpens,
This phenornenon is natural; however, since the current density is
greates: at the ed es of the filrn, thereby causing the greatest cone-
certrailon of osreelkdowns in these areas. I'he higher the voltage,
the more irequent the breakdcwns,. the greater the possibility of
opens ocuurring. Probably the foremost measure to correct this
situation is tc apply a denser film oif metal to the Mylar. With the
raaterial on hand being ae it is, the work in this phase will continue
to use both iotal or complete breakdowns and opens as a means of

determining the result of each test.
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f& Part 1.
PURPOSE

A. Develop Film Dielectric Capacitors, high-temperature, utilizing
DuPont '""Mylar' Film (V-200) or equivalent, as a capacitor di-
electric, in order to achieve higher temperature operation and
greater reliability of fixed paper capacitors, in accordance with
Bureau of Ships Contract Specification SHIPS F-400, dated
15 September 1951, as follows:

B. Phasel.

I 1. Evaluate a V.200 film or equivalent in accordance with para-~
graph 3. 2.1 of referenced Bureau of Ships Contract Specifica-
tion SHIPS F -498.
2. Furnish {ifty (50) each of various capacitors as described in
paragraph 3.2.1 of referenced Bureau of Ships Contract

Specification SHIPS F -498,

3. Submit reports as specified therein.

C. Pbhase ll.

1. Evaluate a V-200 film or equivalent with metallized electrodes
in accordance with paragraph 3.2.2 of referenced Bureau of
Ships Contract Specification SHIPS F-499.

2. Furnish fifty {50) each of various capacitors as described in
paragraph 3.2.1 of referenced Bureau of Ships Contract
Specification SHIPS F-499.

3. Furnish one (1) set of Type D. Class IV Manufacturing Drawings
in accordance with Bureau of Ships Specification 16D19 (RE),
dated 15 January 1946, and Amendment No. 2 dated 1 May 1948,

(‘ 4, Submit reports &8 specified herein.

S-E-C-U-R-1-T-Y I-N-F-O-R-M-A-T-1-O-N R-E-S-T-R-1-C-T-E-D

ey m— . i
IR A

Ta i - o~ T P P -




Page 4.
R-E-5-T-R-1-C-T-E-D

GENERAL __FACTUAL DATA Phase 1.

The Mylar reczived for this project has come to us in three shipments,
The {first, consisted of a few rolls of . (005" with which the introductory
samples were mada. The second and third, completed our order of
.00025" and . 2005 {ilm. Before this cuarter all the material used came
from the second shirment. Howcever, row there is very little low gauged
maierizal leit and it ~as become necessary to use some of the third ship-

ment.

In the coastruction of this I Mfd. unit comprising two .00025" and one
. 0005" film between foils, considerable maanipulation of the rolls was
needed to maintain a totel thickness of the three layers not to exc:ed

.00112". Ia sorne irstances rollg as high as ., 00029'" for .00025" and

,00059" Jor . 0U05" were used.

Test groups NObsr 191 through #104 (Sce Part II pp. 1-6) had more
mechanical fai’ure; than are ordinarily found. Examination of these sec-
ziors revealed that in every instance the failure occurred at the margin.
Moreover, the margins of these units were out of alignment. During the
winding operaticn the films tenced to svay 2nd went unobserved by the
operator. In some cases thc m=zrgins varied as much as 3/32"., These
units were representative of many wourd at the same time {(group NObsr
#93 through #104 Zee Part Il p. 25; but were tested at voltages of
1600 V.D.C. or greater. Undoubtedly, units in groups tested with lower
voltages bad tais sarne margin sway, but did not fzil because the test

voltage vas insulfizient to cause corore.
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GENERAL FACTUAL DATA (Continued)

Test groups NObsr #118 through #122 (See Fart III p. 25) had more
voltage breakdowns before life test than is usual, Examinzstion of the sec-
tions revealed them to be mechanical faults, The solder seam between
the cover and the can falls approximately upon the top margin of the sec-
tion. In these units that protective margin had been fused away by the
excessive heat of soldering.' Ordinarily the units are soldered with an
cleetrically hezated soldering ircn, but these were torched by error. In
the cases of these failures the excessive heat of the torch was held in one

position too long allowing the Mylar to fuse and crack.

R e R I I I R

CENERAL FACTUAL DATA PHASE 1

The tests inducted with Metallized Mylar prior to this quarter yielded
information more so than conclusive resu’ts. In many instances "opens"
occurred during the life tests that could not becorrelaied with any specific
time of said lifc test. To correct this situation it was our plan to
incorporate into the life test circuit 2 means for measuring the total
capacitance' of the units on test, In that manner a regular check would
reveal the loss of a unit or units, and the time of that loss could be

closely established, However, after a thorough investigation such a circuit
was found to be too intricate to employ for this purpose ~ particularly
since it is usual to have six different life tests operating on six different
life test circuits at the same time., As an alternative, the regular
capacitance measurements were made with a portable, variable, 60 cycle,
capacitance bridge. The process is manual. The technician cuts the vol-
tage from the units tc be tested and aliows them to discharge before making
connections with the bridge. The more frequent the number of temporary
breakdowns, the more often the capacitance must be measured.
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DETAIL FACTUAL DATA PHASE 1

Work was resumed according to the plan outlined in the June, 1953 quarterly
report. The capacitor construction involved being the 1 Mfd. urnit con-
structed with two .00025" Mylar films and one . 0005" Mylar film between
fuils. The total thickness of the three layers of Mylar between 10118 varies

between .00106' and .00112", The margin is 1/4". All life tests were run
at 85°C.

L. Sevenly-five units divided into taree groups of twenty-five each:

I. Tcsted at 1600 V.D.C., one unit failed voltage test prior to
Life Test. It was a Mylar failure. The remaining twenty-four
units were.; placed on Life Test, and sevenieen completed &3 hours.
There were four mechanical failures, two Mylar failures, and
one opered during the test. (See PartIIl1 P. 1.)

2. Tested at 1700 V,D, C., four units failed voltage test prior to
Life Test., Two were Mylar failures and twvo were mechanical
failures. The remaining twenty-one units were placed on Life
Test, and sixteen completed 72 hours. There were three Mylar
and two mechanical failures. (See Partlll P, 2,)

3. Tested at 1800 V.D.C., two anits failed voltage test prior to Life
Test. Both were mechanical failures. The remaining twenty-
three units were placed on Life Test and fifteen completed 76 hours.
There were five Mylar and three mechanical failures. (See Part Il
P. 3.)

B. Seventy-five units divided into three groups of twenty-five each:

1. Tested at 1900 V.D. C.. twc unite failed voltage test prior to life

test. Both were Mylar failures. The remaining twenty.tir:e units
were placed on Life Test, and seventeen completed 72 hours.
There were three Mylar and three mechanical failures., (See

Part 111 P. 4,)
$-E-C-U-R-1-7T-Y 1-N-F-O-R-M-A-T-I-O-N R-E-S-T-R-1-C-T-E-D
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".G DETAIL FACTUAL DATA Phase I {continued)

C.

Z.

Tested at 2000 V.D.C., four units failed voltage test prior o
Life Test. Two were Mylar and two mechanical failures. The

remaining twenty-one were placed on Life Test and fifteen com-

pleted 90 hours, There were five Mylar and one mechanical failure,

{See Part 111 P, 5.)

Tested at 2100 V.D. C., two units failed voltage test prior to Life
Test. Both were Mylar failures, The remaining twenty-three we
placed on Life Test and sixteen completed 72 hours. There were
three Mslar, three mechanical failures and one unit opencd during

the test. 'See Part Il P. 6.)

Seventv-five units divided into three groups of twenty-five each:

1.

Tested at 2000 V.D,C., two units failed voltage test prior to Life
Test. Both were Mylar failures. The remaining twenty-tbrec
units werc placed on Life Test and scventeen completed 72 hours.
There were six Mylar {ailures. Sec Partlll P, 7.}

Tested at 2100 V.D.C.. two units failed voltage test prior to Liic
Tesi. Doth were Mylar {ailures, The remalning twenly-threc un
were piaced on Life Test and cightecn completed V6 hours., Tho
were fcur Mylar and one mechanical failure. {See Fart IlI 2, %,
Tested at 2200V.D.C., two units failed volta ‘e test prior to Life
Test. One was a Mylar failure and the other mechanical. The
remaining twenty-three units were placed on Life Test and fourtec

completed 85 hours. There were six Mylar and two mechanical

failures and one unit opened during the test. (Sce Part lIl P, G.)

§-E-C-U-R-1-T-Y I-N-F-O-R-M-A-T-1-O-N R-E-§-T-R:1-C-T-E-D
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DETAIL FACTUAL DATA Phase I (continued)

D. Seventy-five units divided into three groups of twenty-five each:
1. Tested at 2200 V, D..C. » two units failed voltage test prior to
Life Test. One was a Mylar and the other a mechanical
failure. The remaining twenty-three units were placed on
Life Test and seventeen completed 72 hours. There were
four Mylar and one mechanical failure. One unii opened during
the test, {See Part lli P. 10.)
¢. Tested at 2300 V,D,C., one unit failed voltage test prior tc
Life Test because of mechanical faults. The remaining
twenty-four uniis were placed on Liie Test ana sixteen com-
pleted 79 hours. There were four Mylar and two mechanical
failures. Two units opened during the test. (See Part III . 11.)
3. Tested at 2400 V., D, C., all units passed tests prior to Life
Test and were placcd on Life Test - sixieen completing 72 hours,
There were eight Mylar failures. Cnec unit cpened during the
test, {See Part lII P, 12.)
E. Seventy-five units were divided into three groups of twenty-five each:
1. Tested at 2300 V.D.C., all units passed tesis prior to Life
Test and were placed on Life Test — five units completing 72
hours. There were ninetecen Mylar failures. One unit opened
during the tests, {See PartIll P, 13.)
2. Tested at 2400 V. D.C., all units passed tests prior to Life
Test and were placed on Life Test - twelve units completing
72 hours. There were ten Mylar failures. Three units opened

during the test, (Sece Part LI P. 14.)

$-E-C-U-R-1-T=Y I-N-F-O-R-M-A-T-1-O-N R-E-8-T-R-1-C-T-E-D
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DETAIL FACTUAL DATA Phase I {ccntinued)

}. ‘Tes‘;ed at 2500 Y:_D. €., all units passed tests prior to Life
Test and were placed on Life Test -- sixteen units completing
80 hours. Ther: were eight Mylar failures. One unit
opened during the test. {See Part IIl P, 15.)

F. Seventy-five units were divided into three groups of twenty-five each:

1. Tested at 2300 V. L. C.. onc unit £failed voltage test prior to
Life Test. By error the wronyg unit was {irst opened thercbv
reducing the number started on Lite i1est to twenty-three.
Fourteen units completed 74 hcurs. There were eight Mylar
failures and one unit opened during the test. {See kFart il
P, 16.)

2. Tested at 2400 V.D.C., one unii (ailed voltage test prior to
Life Test. It was a Myler failure. The remaining twenty-
four units were placed on test und twelve completed 84 anours.
There were nine Mylar failures and three units opencd during
the test. (Seec Part 11l P, 17.)

3. Tested at 2500 V. D.C., one unit iailed voltlage test prior to
Life Test because oi mechanical faults. The remaining
twenty-four were placed on test and nine completed 72 hours.
There were twelve Mylar failures and one opcned during the
test, (Sec Part Il P. 18.)

G. Secventy-five units were divided into three groups of twenty-five each:

1. Tested at 2100 V. D, C., all units passed tests prior to Life
Test and all were placed on Life Test — eight completing
78 hours, There were sixteen Mylar failures and one unit

opened during the test. (Sce Part lil P. 19.)

S-E«C-U=Re]-T=Y [-N-FeO-R-M-A-T-1.-0-N R-E-§-T-R-1-C-T-E-D
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DETAIL FACTUAL DATA Phase 1 (continued)

2. Tested at 2200 V.D. C., one unit failed voltage test prior to
Life Test because of mechanical faults. The remaining
twenty-four units were placed on Life Test and fourteen com-
pleted 76 hours, There were scven Mylar and three mechan-
ical failures. (See Part 11 P. 20.)

3. Tested at 2300 V.D.C., six units failed voltage test prior to
Life Test. AN were mechanical failures. The vemaining
nineteen units were placed on Life Tost and twelve completed
72 hours. There were five Mylar failures and two units opened
during the test. iSee Par* III P. 21.)

H. Seventy-five units were divided into three groups oi twenty-live
each.

i. Tested at 2000 V.D.C., seven uaiis failed volisge test pricr
to Life Test because of mechanical faults. The remaining
eighteen units were placed on Lifc Test and twelve completed
79 hours. There was one mechkanical failure and five Myiar
failures. {(See Part lIl r. 22.)

2. l'I‘ested at 2100 V.D.C., five units failed voltage test prier to
Life Test. There was one Mylar and four mechanical failures.
The remaining twenty units were pluced on Life Test and
fifteen completed 72 hours. There was one mecharical and
four Mylar failures. (See rasilll P. 23.)

3. Tested at 2200 V.D.C., two units failed voltage test prior to
Life Test. Both were mechanical failures. The remaining
twenty -three units were placed un Life Test and eighteen

completed 72 hours. There were four Mylar failures and one

unit opened during the test. (See Part IV P, 24.)

S-E-C-U-R-1-T-Y I-N-F-O-R-M-A-T-1-O-N  R-E-S$-T-R-I-C-T-E-D
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DETAIL FACTUAL DATA PHASE 11

All the work done this last period with Metallized Mylar capacitors was

corcentrated on the . 25 Mfd. type with single .0005'" film construction.

All Life Tests were c.ondu:ted:xr.BSCC.

A, Seventy-five units divided into three groups of twenty-{ive each:

i.

(3]

-

Tested at 600 V.D. ., ail units passed tests prior to Life
Test. Al tweniv-five units were pleced on Life Test and
twenty-two completed 266 nours. Three units opened duriug
the test. [See Part IIl po. 26. 27, 28.)

Tested at 700 V.D. ., two units opened prior to Life Test.
The remaining twenty-taree units were placed on Life lest
and iwenty-one completed 285 hours. Tweo unitc cpencd
during the test. (see Part I pp. 29, 30, 31.})

Tested at 800 V.D. C., all units pacsed the tests prior to

Life Test. All twenty-five units were rlaced on Life test and
twenty-three completed 285 hours. Two unils opened during

the test. (See Part III pr. 32, 33, 34.)

B. Seventy-five units were divided into three groups of twenty-five

each:

1.

S-E.C-U-R-I-T-Y I-N-F-O-R-M-A-T-I-O-N

Tested at 900 V. D.C., six units failed the tests prior te Life
Test. Two were voltage failures and four were opens. The
remaining nineteen uaits were placed on Life Test and
seventeen completed 262 hours, Two units opened during the'

Test. {(See Part III pp. 35, 36, 37.)

R-E-S-T-R-1-C-T-E-D
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& ‘ DETAIL FACTUAL DATA Pha:e II {continued)

2. Tested at 1000 V.D.C., five units failed the tests prior to
Life Test. Three were voltage failures and two were opens.
The remaining twenty uniis were placed on Life Test aad

Thirteen completed 263 hours. One unit failed completely

b it 0 a8
o e a—a—

during voltage pre-breakdown test and six units opened

during the test. {See Part III pp. 38, 39, 40.)

(& ]

Tested at 1100 V. D.C. . cix units failed the tests prior to
Life Test, Four were voltage failures and two were opens.
The remaining nincteen units were ploced on Life Test and
eleven compileted 260 hours. One was a compleie breakdown,
and seven opened during the test. {Sec Part III pp. 41, 42, 43,)

C. Seventy-five units were divided into three groups of twenty-five
% gach:

1. Tested at 1200 V.D.C., five units failed the tests prior to

Life Test. Two were opens and three failed voltage during
the pre-breakdown period. The remaining twenty units were
placed on Li{e Test and ten completed 256 hours. Ten units

- opened during the test. (See Part Il pp. 44, 45, 46.)

2. Tested at 1300 V.D.C., seven units failed the tests prior to

! Life Test. Five were opens and two {ailed completely curing

Ej the pre-breakdown period. The remaining eighteen units
were placed on Life Test and one completed 252 hours. Three
units fziled completely and fourteen units opened during the

test. [Sce Part 111 pp. 47, 48, 49.)

¥
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DETAIL FACTUAL DATA Phase II {continued)

S. Tgsted at 1400 V.D.C., three units failed the tests prior to
Life Tests. Onc unit failed completely and two opened. The
remaining twenty-two units were placed on Life Test and two
completed 252 hours. Two units failed during the pre-break-
down test, three failed completely during Life Test and
fifteen opened. (See Part il pn. 50, 51, 52.)

D. Seventy-five units were divided into three groups of twenty-five
cach:

1. Tested at 800 V.D.C., six units opened prior to Life Test.
The remaining nineteen units were placed on Life Test and
ail passed 255 hours. {(See Part IIl pp. 53. 54, 55.)

2. Tested at 900 V.D.C.. four units failed the tests prior to
Life Test. Three unite opened and one {ailed completely.
The remaining tweaty-cne units were placed on test ¢ nd
eighteen completed 252 hours. Three units opened during the
test. (See Part III pp. 56, 57, 58.)

3. Tested at 1000 V. D‘. C., two units opecned prior to Life Test.
The remaining twenty -three were placed on Life Test and
thirteen completed 250 hours. Two units failed completely

and eight opened during the test. (See Part IIl pp. 59, 60, 61.)

3.E-C-U-R-~I-T-Y I-N-F-O-R-M-A-T-1-O-N R-E-5-T-R-1-C-T-E-D
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CONCLUSIUNS PHASE 1

The 1 Mfd. unit construcied with two layers of .00025" and one layer

of .0005" Mylar between foils:

It became noticezble as the test voltage was increased with this
type of unit that the method of attaching the tab to the terminal was not
! satisfactory at high stresses. [See Table I PartIIl P. 25.) A
{ considerable number of units opened some time during the Life Test.
in every case the' open occurred at the point where the tab was spot
welded to the terminal stud. A single spot weld at this junction has been
used throughout this project. Apparently the bonded area provided by
this single wzld is insufficient {c car:y the high instantaneous current

surge that occurs when the entire bank of capacitors discharge through

¢ a short ci:cuited unit. In the future, units of this type construction will
be spot welded at two or three points.
The eccompanyirg table is an average of the individual tests conducted
at the same test voltages.
s :;\;;;,Craturc ch\tz;’ge - 1Percept Number of
| _ « C. Ivlar Failures Units Tested
{ 85°C 200¢ 27% 62
850C 2100 30% 91
857 C 2200 25% 93
83°C 2300 41% 91
85°C 2400 40% 74
85°C 2500 45% 49
0
8§.E-C-U-R-1-T-¥ [-N-F-C-R-M-A-T-1-0-N R-E-83-T-R-1-C-T-2-D
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CONCLUSIONS __ PEASE I__{continued)

Throughout this project the me¢:ihod uscd to determine the per cent
of Mylar failures will be the sarne Any or all mechanical failures and
opens tha: occur during the Life Test will be =ubtracted from the total
started on test. In thLis manner a better control msay be rmainiained over errors
of windirg or assemblyv.

Because the Mylar used gauges heavier than tho' speified, it is only
natural that the voltage stresses achieved are somewha highcer than expected.
The Mylar gauges inccnsiztently and likewise the voltage sir:sses are found
to be erratic. However, when ihe averages o the indivilual test voltage groups
are computed, the results ‘ndicate tha& a unit construct @ with two layers of
.00025" and one layer of . 0005 Mylar between foils can be l.ife Tes'ed at
BSOC at a potential nct <0 exceed 2000 V.D.C for a peri>d of seventy-two hours

with no greater than thirty per cent loss of uri's,

CONCLUSIONS PHASE 11

The figures listed in the table (’age 15) are averages derived from all
the individual life tests with the .25 Mfd. unit construct2d with & single film

of .0005" Metaliized Mylar. (See Part IIU P. 62 and Quarteriy Report
June 30, 1953 P. 26.)

S-£-C-U-R-1-T-Y I-N-F-O-R-M-A-T-1-0- R-E-~-5-""-7 =i-C-T-E-D
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ﬁ CUNCLUSIONS PHASE I1 {continued)
|
Test Permanent Opens After Wumg::afd’g::xs;}orary
i Veltage Failures Life Test Microfarad / 250 hours
li 600 V.D,C 0% 6.5% 12.8
! 700 " 1.3% 6. 5% 33.6
800 "' 1.0% 10. 8% 23.6
900 it 0% $.2% 65.2
' 1000 L 10% 39% 190. 4
' 1100 2% 33% 168
1200 ® 26% 36% 121.2
1300 L 12% 56% 456. 8
100 E 34% 3% 276.8

! To calculate the number of temporary breakdowns per micrcfarad
] the followiﬁg procedure was used:
The number of units used in cach test was found by averaging the
number of units that started the test and the number that finished. These
0 averages were totalled for each voltage group. The total number of
temporary breakdowns for each voltage group was divided by the total

number of units used, and this guotient multiplied by four so the result

would be expressed in terrms of breakdowns per microfarad,

Ar analysis of this table reveals that the results are not conclusive but
j ,i are indicative. It would zppear that a unit of this type could be life

tested at 700 V.D.C. at 85°C and conform to most of the specificaticng
used today, since they usually allow two life test failures during a

period of 250 hours.
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PHASE {
With this quarter's wo % ccropleted we have finishes oo x »aszarchk with tae )

mfd type capacitor at £59C, Three diffcrent tvpes of covsivaction have been

made and tested urtil tie voivage stress (omit Yor ench fyde wae established.

Origirally, it was our olan t2 procved with ¢he , 25 «!d type capacitor, and to
repeat the program usirg ‘he “hrac Jiffaren: types ol ~orsiraeiion with this

unit,

However, since one of tke inore importznt character:stica of Myler appears
to be its resistance to zlevated termper:ziures, ard furthe “rmore. the electronic
industry has a vital necd for capacitors which will ooerate 2t high temperatures,

we propose to repeat oar program with ‘he same unit @1 1259C,

The 1 mfd unit construcrted with two lave:s of L 0005" etveer foils will be the

first type investigated.

PHASE 11

The data compiled with the .25 mfd unir < onstructed w:h a sixgle film of . 0005"
Metallized Myler is sufficient to permit = compariscn of performances of this
unit at 85°C and at 125°C. Consequert! during *ic ext quarter, we will
make mare of this type unit and rep~at “he test putte -~ but at the e’evated

temperature of 125°C.
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