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LHBSTRACT

PHASE 1.

S ey oo

. o
All testing at 85 C, has been completed. Sufficient in-
o
formation on the characteristics of Mylar at 85 C. has
been gathered so that capaciters may be designed for

operation up to this temperature,

o
The testing program is now continuing at 125  C.

PHASE 1I.
In the metallized version of a Mylar Capacitor, considerable
information has been accumulated on the .25 MFD. Capacitors,

e

constructed of a singie . 0005" Metallized Mylar film,
Method and equipment to produce the rmargin required for
other film combinations has been developed.

During the next quarter, work will proceed on these other com -

binations.
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PURPOSE

A, Develop Filim Lielectric Capacitors, high-temperature,

utilizing DuPont "Mylar'" Film {V-200) or equivalent, as

a capacitor dielectric, in order io achieve higher temperature
operation and greater reliability of fixed paper capacitors, in
accordance with Bureau of Ships Contract Specification ---

SHIPS r°-400, dated 15 September, 1951, as follows:

B. Phase __L__

1. Ewvaluate 2 V-200 film or egquivalent in accordance with

paragraph 3. 2.1 of reierenced Bureau of Ships Contract

Specification SHIPS F.498,

Furnish fifty (50) each of various capacitors as described

in paragraph 3 2.1 of reierenced Bureau of Ships Con-

tract Specification SHIPS £.49

Lo o]

3. Submit reports as specified therein.

C. Phase II.

1 1. Evaluate a V-200 film or equivalent with metallized

vy

electrodes in accordance with paragraph 3.2, 2, of

referenced Bureau of Ships Contract Specification

SHIPS F-499.

T

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,

e S-E-C- -RA-T-Y I-N-F-C-R-N-AT- L.C-N
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C. Phase ]I {(continued)

3. Furnish one (1) set «f Type D, Class IV Manufacturing
Drawings in accordance with Bureau of Ships Specifi-
cation 16D19 ( RE )}, dated 15 January 1946, and
Amendment Ne. 2, dated 1 May 1948,

4. 3Submit reports as gpeacified herein,

-0-0-0-0-0-0-0-0-0-~

GENERAL PFPACTUAL DATA Phase I,

o 2 : o
Sufficient information has now been gathered at 85 C. to consider this

phase of the project complete, and to establish characteristics of Mylar

Capacitors at this temperature.

P As much of this information as possible will be used to run parallel tests
o
at 125 C. without the great multitude of tests that were necessary at the

first test temperature.

o
When a large number of Mylar units were placed on Life Test at 125 C.
during this last quarter, it was ncoted that an unforseen amount of current

was required from the Life Test power supply.

Upon further investigation, it was found that the Insulation Resistance of

e B ol oo

Mylar Capacitors showed a considerable variation with applied test

voltage at 125° C.
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CENERAL TACTUAL DATA {continued) PHASE 1

J H . . » 1 o]
Th.s characteristic of Mylar had nct been revealed at the 85 test
point, and it was necessary to reducs the number of units on test so

as not to place a large overload on the Life Test protection circuits,

This characteristic of Mylar will necessitate the plotting of curves, of
Insulation Resistance vs. Applied Voltage at elevated temperature; and
if the indications already given under Life Test are typical, the character-

istic of Mylar under these conditions will be rather poor,
Exarninations of the Iife Test failures reveal that the Mylar undergoes
5 :
significant physical chang=24 at 12% C. It loses much of its flexibility
when observed in combination -~ that is, four lavers of Mylar and two

of Aluminum Foil,

When the individual layers are separated, the change is less apparent,
but there is a definite crispness tc the material that formerly was very

soft

It is not brittle and the entire section can be readily unwound, but it

does not fall in a2 shapely mass.,

~0-6-0-0-0-0-0.0-0-

GENERAL FACTUAL DATA PHASE 11,

To date, all information has been gathered on the ,25 Mfd. unit con-
struction of a single layer of .= and .45 Meiallized Mylar as a aielectric,
This limitation is due to the fact that margining equirment to produce
margins of any other widtk than those normally used on Metallized Paper

have not been available.
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GENERA L FACTULI LA T A coatinuad)  PUASE DI
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During this last gusrter, we hive lcvelnped a machine and the
necegsary technicue to mavrgin any widih requived for Mylar

This will allow us to resume testing on Metzllized Mylar at a more

reasonable rate.

L e T I R R e e L

DETAILIL FACTUAL DATA_ FPHASE 1

According to plan, the work done this past guarter was conducted
a2t the elevated temperature of 125" C. The type vait which was«
used {or investigation was the 1 Mfd, copacitor. constructed with
two layers of ,0005" Mylar C Film between foils.  The gauge of
the individual rolls of Mylar used, var'ec bztvreen a low of . 00648"
and a high ~f ., 00066", The high rolls wzre balancecd against the low
oncs to maintain o maximum total thickness not to exceed . 0C1I2". ...
the margins in all cases being /4",

A, Seventy-five units were divided into three groups of

Twenty-five each:

1. Tested at 1000 v.d.c., one unit failed voltage
test prior to Life Test, I was 2 mechanical
failure.

The remaining twenty-four unjs were placed on

liife Test, and scventeen compieted 83 hours

All seven failures were caused by Mylar break-
downs. (See Part Iil, P, 1.)
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KoM+ ~Reel-D 20D

EETAIL FACTUAL DATA -~ Phase 1 ({continuced)

2. Tesied 211200 v,d. ., one unit failed voltage {
test prior to Life Test, It was a mechanical
failure, The remaining twenty-four units were
nlaced on Lif: Test, and five completed 75 hours.
All auineteen failures were caused by Mylar break-
downs, (See Part I1I, P. 2.)

3, Tested at 1500 v, d.c,, three units failed voltage |
test prior to Life Test, All were mechanical !

failures, The rermaining twenty-two units were
placed on Life Test, and all failed within 41 hours,
There were six mechanical failures and sixteen
were caused by Mylar faults. (See Part III, P, 3.)
» B. Seventy-five were divided into three groups of twenty-five each,

1. Tested at 800 v, d.c., three unitsg failed voltage test

prior to Life Test, Two were mechanical failures,
and one a Mylar fault, The remaining twenty-two
units werz placed on Life Test, and fifteen completed
72 hours. There were six Mylar failures and one
mechanical, (See Part III, P, 4.)

2. Tested at 900 v.d,. c., two units failed voltage test

\_TL, prior to Life Test, Both were mechanical failures.

The remaining twenty-three units were placed on Life

Test, and fourteen completed 73 hours, There weare

eight Mylar failures, and one mechanical. (See Part

111, P, 5.}
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OETAL, FACTUAL WAT.W - Phase I (continue.l)
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Tesicd 24 J00C . d, ., oue unit failed voltage
test prior to Life Test. It was a mechanical
failure., The remainiang twenty-four units were
placed on Life Test, and thirteen completed 73
houra, There were eight Mylar failures, and

three mechanical. (Sce Part IIl, p. 6.)

-0-6-0-0-0-0-0-0-0-0-0-0-0-
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DETAIL FACTUAL DATA PHASE I

Similarly, all tests performed during this last quarter were at
12530 C. The unit 2sed for test purposes was the ., 25 Mfd,
capacitor, constructed with a singie layer of .00u5" Metallized
Mylar as the dieleciric,
A. Seventy-five unite were divided into three groups of
twenty-five each:
i. Tested at 400 v.d.c., three units failed tests prior
to Life Test. One failed voltage test and two were
"opens.!" All were mechanical failures.
“he remaininy twenty two units w¢ e placed on Life

Tesgt, and sixiecen completed 250 hours, Six units

opened during Life Test. {See Part III, PP, 8, 9, 10.)

R-E-S-T-R~I-C~T=E-D
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DETAIL FACTUAL DATA <-= Fhaze 11

Tested of 500 v,d.c, all units passed tests
vrior to Life Test, All twenty-five units

vere placed on Life Test, and {ifteecn completed

<51 hours,

Eight units opened during Life Test, nd two

unita failed during pre-breakdown testa, One

was a Mylar failure; the other a mechanical

(See Part Il pp. 1, 12, 13.)

Tested at 600 v. d c. three units opened prior to
Life Te<t The remaining twenty-two units were
placed on Life Test, and five compieted 251 houra,
Fifreen urits opened during Life Test; one failed
pre-breakdown text, and one failed completely at

the start of the Life Test (See Part III, pp. 14, i3,
16 )

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

twenty-five each:

S
2.
3
P
i 1
4
¥
. 2
i
‘ o
S-E-C-U-R~1-T-Y

Tested at 300 v.d ¢ , two units opened prior to Life

Test The remaining twenty-three units were placed

on Life Test, and eighteen completed 250 hours.

Five units opened during Life Test. (See Part IIl1.
pp. 17, 18.)

Teated at 470 v d c.. four unite opened prior to Life
Test The remaining twenty-one units were placed
on Life Test, and twelve completed 250 houre. Nine

units opened during Life Test. (See Part III, PP. 19,20.)
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Page 9.
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DLETAIL FACTUAL DATA ---- Phase Il (continued)

3. Tested at 500 v.d.c, four units opened prior to
Life Test, and seven completed 254 hours, Thirteen 1
units opened during Life Test, and one unit failed
completely because of Mylar faults. (See Part I1II,

pp. 21, 22.)

T

ey -
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CONCLUSIONSGS PHASE 1.

o
All the data gathered on Mylar Capacitors ai 85 C. up to this
date point to thie conclusicn that Mylar is capable of producing
a Capacitor of generally better characteristics than Kraft Paper

capacitors over this same temperature range,

However, the characteristics ol Mylar are extremely erratic from
lot to lot of material and indications are that a considerable amount
of work remains to be done in the control of the manufacturing

process of Mylar Film,

If these processes could be controlled 8o that the bulk of the
o Capacitors produced would have characteristics equal to the best of
these lots of Mylar, a capacitor greatly superior to Kraft Paper

could be produced.

! However, under present conditions, no reascnable prediction could

be made of the characteristics of any production lots of Capacitors,

Indications have been found that the Insulation Resistance of Mylar
capacitors drops very fast at elevated tempcerature as the voltage

is increased,

- Not enough daia has been collected cn this point to draw a con-~

clusion,
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CONCLUSIONS PHASE 11

Al) indications from these tests point to one conclusion.
With the present guality of Mylar, the Metallized version
of the Mylar Capacitor seems to be the one which can produce

a capacitor of consistent characteristice.

The faults and inconsistencies of the material are hidden or

wiped out when the capacitor is first cleared of faults.

A considerable amount of work, remains to be done to improve
the quality of margining and the methods of making corrections
® to the Metallized Mylar Capacitor so as to reduce the number

of opens in Life Test,

This, however, is not a fault in the basic characteristics of
| the material, but a manner of improving manufacturing techniques,

and no difficulty is anticipated in solving this problem,

S-E-C»U-Re1-T-Y I-N-F-O-R-MwAA-F I-0-N R -¥E-5F R-I-G T-E-D
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c PROCGCRAM FOR

NEXT INTERVAL

PHASE I

B

The number of tests conducted ai .25° C. with the ! Mid. capacitor
constructed with two layers of ,00053" Myiar C between foils are

insufficieat to form a conclusion,

Thus, approxirmasely .2 groups cof 25 each of these units wiil be
made and tested until a definite maximun: vo.tage stress is
estabiished for 125° C. test.

The 150° C. series of tests using the same number of samples as
used for 85° C. - 125° C. aseries wiil begin in approximateiy six

weeks, l

PHASE U

S ssetpmane.

' The greatest difiicuity ercountered with Metaliized Myiar C to date |

has beer the aumber of "opens" that occur during Life Test. Our !
first objective duriag the next iaterval is to {ind the cause of the

phenomenon and elimirate it,

This is not a characteristic peculiar io My.ar -- but 2 reflection on

mathod used for making contact. Development is required on confact-

ing mathods before proceeding with further Life Test on this phase,

Thexn we will repeat the Life Test at varying voltage strxesses with

o

an attempt to esiablish a relatiomship between the aumber of temporary
or self-healing breakdowns io tiie applied voltage stress per mil of

dielectric.
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Page 9.

RE S-T R-L-C-T-E-D /

Twenty-five .25 Mifd.
single . 5 mil
Metallized Mylar C Units

NObsr M #38

The units {22) were wired to a Life Test rack, and the
total capacitance measured at room temperature. Follow-
ing this, they were heated in an oven to 125° C. for one-
balf bour. The capacitance was measured at 125° C.

B —— —— gt "

Then the units were exposed to 400 v.d.c. pre-breakdown
test for one~half hour. During this period, there were

33 gelf~healing breakdowns. The capacitance was again
measured before the Life Test commenced.

s . 1 A s P SRR A

Temporary Breakdowns Total Capacitance Elapsed Time
0 6.15 Mid. Start of Test _;
46 5.90 " 22 hours i
¢ 46 5.80 " a6 v i
47 4,80 " 1mnsg o I
47 ‘5. oo " 140 " i
47 5.15 ¢ 164 M
47 5.65 " 186
‘ 47 5.70 210 "
i \ 47 5.60 " car o
f : 47 5.40 " 239 ¢
. 47 5.15 o 244 "
47 5.50 " 250 *©

Test Completed

)

§.E-C-U-R-1-T-Y  IN-F-O-R-M-A-T-I-O-N R-E-S-
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Page 10,

R-E~5-1T-R-1-C- 71 E-D

o
L
NObsr M #38 {continued)
Numtber of units started on test oot erneeeann. . 22
Number finished . ......c.0viiiienvrnn.s R PR EAee 16
Totzl capacitance before Life Test at room temperature .... H.70 Mid,
Total capacitance before Life Test at 125° C.vvinnninn ... &.60 Mid.
Total capacitance after pre-breakdown test ........... v-e.. 6,15 Mid,
Totzl capacitance after Life Test ........... o)t e asan s whe  De 90 M
Number of permanent failures ........... e oR et T e edloll= e 0
t Number of temporary failures «...civvvveiecriveaao.. 47
Number of opens at the end of the test v.eveveoeevveeas b
S<E-C~-U=R-1.T-Y -N-F~ C-R-M-A-T-1.0-N ReEeSeTufe I-CTw E-D
| §
5 ’%.
- Page 10.
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Proe 12 W
R-Ie $-T-R-1-C-T~ E-D

NUMBER QF TEMPORARY BREAIKDOWNS
e vs. EMPERATURL

NObsr 4 39 Twenty-five .25 Mid,
Single .5 mil {
Metallized Mylar C Units

The units (25) were wired to a Life Test rack, and the total
capacitance measured at rocm temperature. Following this,
they were heated in an oven toc 125 Cb for one-half hour,
The capacitance was measured at 125 C. Then the units

were exposed to 500 v, d.c. pre-breakdown test for one-~half
hour,

Unit #14 failed completely after 109 temporary failures, and
unit #8 after 118 temporary failures., In all, there were 122
self-healing failures during this period. The capacitance was
again measured before the Life Test cornmenced.

Teraporary Breakdowns Total Capacitance Elapsed Time

0 5.95 Mid. Start of Test
c 21 5.10 " 22 hours

26 5.70 " 44 e

28 5.20 " 68 "

29 5.40 " 135 "

29 5.50 " 158 "

29 5.2% 180 i

29 5.2 " 228 i

29 5.40 " 251 "

Test Completed

Page 2.
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Page 13, |

ReF 5. T-R-L-C- T E~-D

W
!
NObsr M #39 {continued) ,
Number of units started ontest .........i0cvveveee.. 25
Number finished .................. Ssiie e SRS I E e R el o hD)
Total capacitance before Life Test at room temperature.., ., 5, 20 Mfd,
Total capacitance before Life Test at 128" Grs sibtesnis . 7.50 Mfd.
Total capacitance after pre-breakdowntest ... eee. ... 5.95 Mfd.
Total caracitance after Life Test ........ 00, . 5.40 Mid.
Number of premanent failures ...... 5 o S o shain TS terie eienens: D)
t Number cof temporary failures .............. R IO SRR 1.
!
Number of opens at the end of the test ,........ Sletseiolears 8
|
s :
=2
A S-E-C U-R-1-T-Y I-N-F-O-R-M-A-T-1-ON R-E-S-T-R-1.C-T- E-D
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R-320.5-1-R-1.2-T-E-D

NUMBER OF TEMPORARY BREAKDOWNS

VS, TEMPERATURE

NObsr M #40 Twenty-five ,25 Mfd.
single .5 mil
Metallized Mylar C Units

The units 122) were wired to a Life Test rack, and the total
capacitance measured at room tergperature, Following this.
they were heated in an oven to 128 C. for one-half hour. The
capacitance was measured at 125  C. The units were then
exposed to 600 v.d.c. pre-breakdown tesat for one-half hour.

P o

Unit #19 failed cumpletely after 124 temporary breakdowns. In
all, there were 312 self-healing failures during this period. The
capacitance was again measured before the Life Test commenced.

Temporary Brealtdowns  Total Capacitance Elapsed Time
0 4. 35 Mfd. Start of Test
387 3.95 0 hours

#3 failed completely
453 3.60 19 hours
830 3.90 43
947 2.90 n s "
950 2.5 ¥ 138 e
959 2.80 5 162 v
950 2.55 " 184 v
951 2.20 i 251 »

Test completed

1
1

S-E-C-U-R-1-T-Y INF-O-R-M-A-T> 10N R-E~-S-T-R~1-C-T-E-D
" - + i cow - - o= — - S ———————
e g e Y bt - %QV_ ,;)-*“h = il Y
e s 2o A T SRS N e s ? ety Gt R T e N
e MM&:‘&;\é‘m}h T TR ~o i o : }; ﬁ&




Page 16.

r R LeS-T-R~1-C T-E-D

NObsr M #40 icontinued!

Number of unirs started on test viv.verenreeennenn. 22
i Number f{inished ................. ST ST 6) 6 RS = 6 S 5
i Total capacitance befcre Life Test at room temperature ..... 5.40 Mfd.
{ o
{ Total capacitance before Life Testatl1l25 C.............. .. 6.60 Mfd.
Total capacitance after Life Test ... ... .00t eiiiienienannenn 2.20 Mid.

Total capacitance after pre-breakdowntest .......ec.0.0..... 4.35 Mid.

Number of permanent fatlures ........o00iiiei i, o)) 5 1

Number of temporary failures ......ccveeveecacecccacsessaes 951

Number of opens at the end of the Life Test .................. 15

e
i a6 o0
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Twenty-five . 25 Mid,
NObsr M #41 single .5 mil

Metallized Mylar C Units

The units (23) were wired to a Life Test rack and the total capacitance
measured at room temperature, Following this, they were heated in
an oven to 125° G. for one-half hour, The capacitance wasg then
measured at 125 C.

Next, the units were exposed to 300 v,d.c. pre-breakdown test for
one-half hour. During this period, there were no breakdowns. The
capacitance was again measured before the Life Test commenced,

A s s o S8 A

Temporary Breakdowns Total Capacitance Elapged Time
] 0 GOt Start of Test
0 6.20 " 69 hours
i 0 6.0 " 9% "
| 0 5,90 " 143
! ‘ 0 6.0 " 214 ¢
: 0 5,90 " 234
0 5.9¢ " 256

o

&

Number of units started ontest . ...cccoevovacense 23

i ! Number finigshed ......cc0c00itastececsnoccenss 18
{, 3 Total capacitance before Life Test at room temperature.... 5.60 Mid.
"-"’-’*%f Total capacitance before Life Testat 125° G ............. 6.2 Mfd.
4 ‘i Total capacitance after pre~breakdown test ......ceee.e.. 6.2 Mid,
Total capacitance after Life Test ......ccccc0c0eveeeeees 5,90 Mid,
Number of permanent failureg .....c.c000ccevceeecece 0
ind Number of temporary failures .....cveec000000eeee O
"'_" < ,_‘_i Number of opens at the end of the test . ....cc0000e. B
sR o ot
Sy
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Twenty~-five , 25 Mfd,

single .5 mil
Metallized Mylar C Units

NObsr M #42

The units (21) were wired to a Life Test rack, and the total
capacitance measured at room temperature. Following this,
they were heated in an oven to 125° C, for ose-half hour,

The capacitance was measured at 125~ C,
The units were then exposed to 400 v.d.c. pre-breakdown test

for one-haif hour. During this period, there were no breakdowns.
The capacitance was again measured before the Life Test commenced,

Temporary Breakdowns Total Capacitance Elapsed Time
0 5.3 Mfd, Start of Test
) 5.6 " 69 hours
6 5.4 " 9%
6 5.2 " 143 v
‘ 6 4,95 ¢ 24 "
6 4.80 " 234 ¢
6 4,75 ¢ 257 v

Test Completed

- ® W ® WM e TEm P W e R e @ ~ N Em O G T E® e " ® e e ®® e B

Number of units startedontest............. 21 {
Numberfini.h"d ® 0 0 0 00 08 0 s O 00 O PO O O 90N lz
Total capacitance before Life Test at room temperature .. 4.85 Mfd, g |

Total capacitance before Life Test at 125° G teeneenees 5.90 Mfd.
Total capacitance after pre-breakdown test ,........... 5.3 Mfd,
Total capacitance after Life Teat ......ccic0cv0e0.es 4.75% Mfd. " |

Number of permanent failures ,.....c0009000 0
Number of temporary failures cccvceieesesce 6
Number of opens at the end of the test . ...... 9

8-E-C-U-R-1-T-Y FEFN-F-O-R-M-A-T-FO-N R-E-§-T-R-FC-T-E-D
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Twenty-five .25 Mifd,
single . 5 mil
Metallized Mylar C Units

NObs«r M #43

The units {21} were wired to a Life Test rack, and the total
capacitance measured at room temperature. Following this,
they were heated in an oven to 125° C. for one-half hour. The

capacitance was measured at 125° C,

Next, the units were exposed to 500 v.d,c. pre-breakdown test
for one-half hour, During this period, there were 57 self-healing
breakdowns. The capacitance was again measured before the Life
Test commenced,

Temporary Breakdowns Total Capacitance - Elapsed Time
0 6.00 Mid, Start of Test
303 3.42 Mfd, 67 hours
349 4.0 Mid, 94 i
349 3.85 Mid, 141 "
349 3.85 Mfd, 212 "
349 3.80 Mfd. 232 "
349 3,70 Mfd; 25¢ "

Test Completed

Number of units startedontest .....cc0c000-0.. &1

Number finished .......... s)io) e Te)fo! ol atte s [sidc ol sl siuite e 7
Total capacitance before Life Test at room temperature ,...5.25 Mid.
Total capacitance before Life Test at 125° (I, vees. 5.90 Mid,

Total capacitance after pre-breakdowntest .......000c00. 0,00 Mid,
Total capacitance after Life Test .. ..ccvevtacecncses eeo. 3.70 M,
Number of permanent failures ........c.cc00000 1
Number of temporary failures ¢...0vco00e0e. o 346
Number of opens at the end of the teat . ...... 13

S EL-U-R I-T-Y EN-F-O-R M~-A-T- FO-N R-E-S5-T R-I-C-T~- E-D
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