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ABSTRACT 

PHASE     I. 

All   testing r.t 85    c.  has been completed.    Sufficient in- 
o 

formation on the characteristics of Mylar at 85    C     has 

been gathered ao that   capacitors may be designed for 

operation up to this temperature. 

o 
The testing program is new continuing at 125      C, 

PHASE   II.. 

In the metallized version of a Mylar Capacitor,,   considerable 

information has been accumulated on the . 25 MFD.  Capacitors, 

constructed of a single . 0C05"   Metallized Mylar film. 

Method and equipment to produce the margin required for 

other film comoinations has been developed. 

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

binations, 
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• 
Part   I. 

PURPOSE 

A,      Develop Film Dielectric Capacitors,  high-temperature, 

utilising DuPont "Mylar" Film (V-200) or equivalent,,  as 

a capacitor dielectric,  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 IS September,   1951,   as follows; 

B      Phase   I. 

1. Evaluate a V-200 film or equivalent in accordance with 

paragraph 3  I  1 of referenced Bureau of Ships Contract 

Specification SHIPS F-498. 

2. Furnish fifty (50) each of various capacitors as described 

in paragraph 3  2  1   of referenced Bureau of Ships Con 

tract Specification SiF.PS F-498 

3. Submit reports as specified therein 

C     Phase   II. 

1,    Evaluate a V-200 film or equivalent vith metallized 

electrodes? in accordance with pareigraph 3. 2, 2.  of 

referenced Bureau of Ships Contract Specification 

SHIPS F-499- 

2      Furnish fifty (30) each of various capacitors as 

described   in   paragraph 3a2„l of referenced Bureau 

oi Ships Contract Specification SHIPS F-499, 

S-E-C J-R-I-T-Y J-N-F-C R-M-A-T-I-ON R- E- S -T~ RI-C-T-E-D 

W^ ..;**.- j«i£^*A 
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Pha3C   IJ.   (continued) 

3. Furnish one (!) set u£ Type D,  Class IV   Manufacturing 
Drawings in accordance with Bureau of Ships Specifi- 
cation   16D19 ( RE )e    dated   15 January 1946,  and 
Amendment   No,  2,  dated 1 May 1948„ 

4. Submit reports as specified herein. 

-0-0-0-0-0-0-0-0-0- 

GEN E R A L FACTUAL DATA Phase      I, 

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 

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. 

When a large number of Mylar units were placed on Life Test at 125     C, 

during this last quarter;   it was noted that an unfoi ^een amount of current 

was required from the Life Test power supply, 

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

Myla;   Capacitors showed a considerable variation with applied test 

voltage at 125     C, 

S-E-C-U-R-I-T-Y 1 .N_p. O-R-M^-T'I-O-N R -E-S-T-R-I-C -T-E 43 
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GENE R A L        FACTUAL        DA  f A       (continued) PHASE     I 

Thi.s characteristic of Mylar had not been revealed ac the 85     test 

point,  and it was -lecessavy to reduce the number of units on teat 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. 

Examinations of the Life Test failures reveal that the Mylar undergoes 
o 

significant physical changes at 125      c,    It loses much of its flexibility 

when observed in combination -«• that is*  four layers of Mylar and two 

of A luminum Foil 

Whei the individual layers are separated, the change is less apparent^ 

but :here is a definite crispness to the material that formerly was very 

soft. 

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

doer; not fall in a shapely mass, 

..0-0-0-0-0-0-0-0-0- 

G E N E R A L  FACTUAL        DATA PHASE     II. 

To date,   all information ht.s been gathered on the , 25 Mfd.,  unit   con- 

struction of a single layer of . b and    £5 Metallized Mylar as a cUelactiie. 

This limitation is due to the fact that margining equipment to produce 

margins of any other width than those normally used on Metallised Paper 

have not been available. 

S -E -C- U-R-I-T-Y I-N- F-O-Pr M-A-T-I-ON R-&S-TR- I-C- T -E-D 
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GENERAL F  \ C T UA I A    [continued)     P-:>.SE   I) 

During this last: c.u arter,  we huve  icveloped a  machine and tb? 

necessary technique to margin any width requited lor Mylar 

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

reasonable rate, 

0-0-0-0-0.0-0-0-l-i 

D E T AIL FACTUAL DA  T A PHASE      I 

According to plan,   the work done this past quarter was conducted 

at the elevated temperature of 125     C.    The type unit which was 

used for investigation was the 1 Mfd.  capacitorc   constructed with 

two layers of   , 0C05"   Mylar C Film between foils     The ;jauge of 

the. individual rolls   of Mylar used,   varied between a low of ,00048" 

and a high ->f , 0006".    The high rolls were b?.lanced against the low 

oner; to maintain a maximum total thickness not to exceed , 00112". . , 

the margins in all cases being 1/4", 

A.    Seventy-five unit9 were divided in':o three groups of 

Twenty-five each: 

1.    Tested at   1000 v. d, c,   one unit failed voltage 

test prior to Life r."est.    It was a mechanical 

failure.. 

The remaining twenty-four uni's were placed on 

Life Testr   and seventeen completed   83 hours 

All seven failures were caused by Mylar break* 
downs.    (See Part Jii,  F„   1.) 

S-E-C-UJI-5-T-Y I-N-F-O-R-M-A -T-tO-N R -E-S -T-R- :- G- T- E- D 
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DETAIL   FACTUAL,   DATA    --   Phase (continued) 

2t      Tesjed at 120C   v. d„;;. ,   one unit failed voltage 

test prior to Life Test.    It was a mechanical 

failure.    The remaining twenty-four   units were 

placed on Life Test,,   and five completed 75 hours, 

All aineteen failures were caused by Mylar break- 

downs.      (See Part III,  P.  2.) 

3,     Tested at 1500 v, d. c, ,  three units failed voltage 

teat prior to Life Test.    All were mechanical 

failures.      The remaining twenty-two units wer* 

placed on Life Testj   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 v0 d. c.,  three units failed voltage test 

prior to Life Test.    Two were mechanical failures,, 

and one a Mylar fault.    The remaining twenty-two 

units   were placed on Life Testa  and fifteen completed 

72 hours.    There were six Mylar failures and one 

mechanical.    (See Part IIL   P.  4.) 

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

prior to Life Testo    Both were mechanical failures. 

The remaining twenty-three units were placed on Life 

Test0  and fourteen completed   73 hours.    There were 

eight   Mylar failures,;  and one mechanical.  (See Part 

III,  P.  5,} 

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

BP1^ 
•    •    .-. 
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DETAIL   FACTUAL   DAI Phase   I      (continue.) 

3.     Teamed afc 1600 v.d. c   ,   cue unil: failed voltage 

test prior to   Life Testt    It was a mechanical 

failure.    The remaining twenty-four   units were 

placed on Life Test,  and thirteen completed   73 

hour^„       There were eight Mylar failures,  and 

three mechanical.    (See Part 11.1,    p.  6„) 

-0-0-0-0-0-0-0-0-0-0-0-0-0- 

DETAIL FACTUAL- DATA PHASE     II 

Similarly,   all tests performed during this last quarter were at 
o 

12^»       C.      The unit ased for test purposes was the .25 Mfd, 

capacitor,   constructed with a single layer of . 00<j5"   Metallized 

Mylar as the dielectric. 

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

twenty-five each: 

1. 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. 

The remaining twenty two   units w<   e placed on Life 

Test;,  and sixteen completed   250 hours.    Six units 

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

S-E-G- U-R-I-T-Y I-N-F-O-R-M. A-T- I-O-N R-E-S-T-R-I-C-T-E-D 
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DETAIL   FACTUAL.   DATA Phase     II     (cob' inuer') 

2 ""'ested af 500 v,d„c    all units   passed test3 

prior to   Life Test     All twenty-five   units 

.f/ere placed on   Life Testt   and fifteen completed 

2.51 hours. 

Eight units opened during Life Test,,   \nd two 

unit* failed during pre-breakdown tests*,    One 

was a Mylar failure; the other a mechanical 

(See Part   111    pp.   h.   12    13, ) 

3 Tested at 600 v, d c  three unit* opened prior to 

Life Te^l      The remaining twenty -two units, were 

placed on Life Test,    and five completed 251 hours. 

Fifteen unit? opened during   Life Test; one failed 

pre-breakdown te*t„  and one failed completely at 

the start of the Life Te*t    (See Part III,    PP    W,   15. 

16  ) 

Seven'y-five units were div«ded m*o three groups of 

twenty-five each 

1 Tf-^ted at 300 v d  c   ,   two units opened prior to Life 

Te^t      The remaining twenty-three units were   placed 

on Life Tr«t,   and eighteen completed   250 hours. 

Five units opened during Life Test.    (See Part III 

PP    17.   18 ) 

2 Tr«ted at 400 v  d   r. .   four units opened prior to Life 

Tcit      The remaining twenty-one unit? were placed 

on Life Test,  and twelve completed 2f)0 hourp.    Nine 

units opened during Life Test    (See Part III,   PP    19, 20. ) 

S-E-C-U-R-I-T-Y I -N-F-O-R-M-A -T-I-O41 R-E-S-T- R-I-C-T'E-D 
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R-E-S-T-R-I-C-T- Er-D 

DETAIL    FACTUAL    DATA     ----     Phase   il   (continued) 

3.      lestod at 500 v„ d„ c„  four units opened prior to 

Life Test,  and seven completed 254 hours*    Thirteen 

units opened during Life Test,  and one unit failed 

completely because of Mylar faults,    (See Part   III, 

pp.   21,  2?..  ) 

0     - 
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R-£ S-T-R-I-C- T-E- D 

CONCLUSIONS PHASE 

All the data gathered on Mylar Capacitors at 85     C.  up to this 

date point to the conclusion that Mylar is capable of producing 

a Capacitor of generally better characteristics than Kraft Paper 

capacitors over this same temperature range. 

However,,  the characteristics of 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 go that the bulk of the 

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 reasonable 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 tempex-ature as the voltage 

is increased. 

Not enough dai:a has been collected on this point to draw a con- 

clusion. 

S-E-OU-R-I-T-Y      I-N~F-0-R-M-A.-T-I-0-N R-E-3-T- R-I-C -T-E-D 
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Rr E -S -T-R- I-C-t & D 

CONCLUSIONS PHASE II 

All indications from these tests point   to one conclusion 

With the present quality of Mylar „  the Metallized version 

of the Mylar Capacitor seems to be the one which can produce 

a capacitor of consistent characteristic*. 

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, remain* 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 open- 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 thi» problem. 

S-E-OU-R.I-T-Y I-N-F-O-R-M-A- T- I-O-N R-E-S-T- R-I-G T-E-D 
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PROGRAM 

NEXT IN 

PHASE   I 

The number of tests conducted a'i  .25    C. with the ! M:.d.  capacitor 
cossvructed with two layers of ,0003" Myiar C betweea toils   are 

ins utf iciest co form a conclusion. 

Thus,    approximately 12 groups of 2'3 each of these u^its will be 

made and tested until a definite maximum vo.tage stress is 
o 

established tor 125     C.  teat. 

The 150   C. series of tests using the same number of samples as 

used to 

weeks , 

used tor 85    C.  - 125   C- series will begin ii approximately six 

PHASE II 

The greatest difficulty   encountered with Metaliized Myiar C to date 

has beer the aumber of "opens" Oat occur during   Life Test.    Our 

first objective during the next i itervnl. is to liud the cause of the 

phenomenon at»d elimir ate it. 

This is not a characteristic peculiar to Myiar -- but a reflection ojrt 

method used for making contact.    Development is required on contact- 

ing methods before proceeding with   further Life Test on this phase. 

Thee we   will repeat the Life Test at varying voltage .stresses with 

an attempt to establish a relationship between the jumoer of temporary 

or eelf-heaUag breakdowns to tke applied voltage s':res;s   per mil   of 

dielectric. 
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Page   9. 

NObsr M #38 
Twenty-five   . 25 Mfd. 

single . 5 mil 
Metallized Mylar C Units 

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- 
half hour.    The capacitance was measured at 125° C. 

Then the units were exposed to 400 v. d. c. pre-breakdown 
test for one-half hour.    During this period, there were 
33 self-healing breakdowns.    The capacitance was again 
measured before the Life Test commenced. 

Temporary Breakdowns Total Capacitance Elapsed   Time 

0 6.15 Mfd. Start of Test 

46 5.90 M 22   hours 

46 5.80 r i 46     " 

47 4.80 11 11 8     " 

47 5.00 II 140 

47 5.15 II 164      " 

47 5.65 il 186      " 

47 5.70 it 210      " 

47 5.60 ll 217 

47 5.40 n 239     " 

47 5.15 ll 244     " 

47 5.50 n 250     " 

Test Completed 

S-E-C-U-R-I-T-Y       X-N-F-O-R-M-A-T-I-O-N R-JS-S-T-R-I-C -T-E-D 
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R-E-S-T^R-I-C-T- E-D 

NObsr   M #38     {continued) 

Page   10. 

Number of units started on test <L?. 

Number finished    16 

Total capacitance before Life Test at room temperature ....    5. 70 M.Sxl. 

Total capacitance before Li£e Test at 125     C     6. 60 Mfd. 

Total capacitance after pre-breakdown test     6.15    Mfd. 

Total capacitance after Life Test      5. 5C   Mfd. 

Number of permanent failures     0 

Number of temporary failures     47 

Number of opens at the end of the test .........    6 

S-E-C-U-R-I-T-Y I-N-F- O-R-M-A-T-I-O-M R-JB-5-T-ft 1-C -T- E-D 
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P*«e   12. ' 

NUMBER   OF   TEMPORARY   BREAKDOWNS 

vs.    TEMPERATURE 

NObsr # 39 Twenty-five   . 25 Mfd. 
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 to   125    C. for one-half hour. 
The capacitance was measured   at 123    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 116 temporary   failures.    In all, there were 122 
self-healing failures during this period.    The capacitance was 
again measured before the .Life Test commenced. 

Temporary Breakdowns Total Capacitance Elapa ed   Time 

0 5.95 Mfd. Start of Test 

21 5.10 tt 22 hours 

26 5.70 n 44 II 

28 5.20 it 68 it 

29 5.40 it 135 II 

29 5.50 ii 158 II 

29 5.25 ii 180 ti 

29 5.25 it 228 ii 

29 5.40 it 251 it 

Test Completed 

S-E-C-U-R-I-T-Y I-N-F-OJUM.A-T-I-O.N 
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NObsr    M #39 {continued) 

Number of units started on test        25 

Number   finished ,    15 

Total capacitance before Life Teiit at room temperature,, . .   &. 20 Mfd. 

Total capacitance before Lf.fe Test at 125    G      7. 50 Mfd. 

Total capacitance after pre-breakdown test       5. 95 Mfd. 

Total capacitance after Life Teat       5. 40   Mfd. 

Number of premanent failures      0 

Number of temporary failures a     122 

Number of opens at the end of the test      8 

S-E-C U-Z-l-T-Y I-N-F-O-R-M-A-I-I-O-N R- E-S -T-R-l- C- T- E- D 
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NUMBER   OF    TEMPORARY   BREAKDOWNS 

vs,      TEMPERATURE 

NObsr M #40 Twenty- five   . 25 Mfd. 
single . 5 mil 

Metallized Mylar C   Units 

The units |22) were wired to a .Life Test rack,  and the total 
capacitance measured at room temperature.    Following thist 
they were heated in an oven to 125    C.  for one-half hour.    The 
capacitance was measured at 125    C.    The units were then 
exposed to 600 v. d. c.   pre-breakdown teat for one-half hour. 

Unit #19 failed completely 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   Breakdowns       Total Capacitance Elapsed   Time 

0 4, 35 Mfd. Start of Teat 

38? 3.95 ii 

#3 
0   hours 

failed   completely 

453 3.60 ii 19 hours 

830 3.90 '• 43 n 

947 2.90 >i 115 II 

950 2.55 11 138 II 

950 2. 80 n 162 it 

950 2,55 II 184 II 

951 2.20 n 251 II 

Test completed 

S^E-C-U-R- I-T-Y 1-N-F-O-R-M-A-T- I-O-N R -E-S -T-R-I-C -T-E-D 
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NObsr   M #40        (continued.' 

Number of units smarted on test     22 

Numbei finished 

Total capacitance before Life Test at room temperature     5.40 Mfd. 

o 
Total capacitance before Life Test at 125     C     6. 60 Mfd. 

Total capacitance after Life Test    2. 20 Mfd. 

Total capacitance after pre-breakdcwn test 4. 35 Mfd. 

Number of permanent failures 

Number of temporary failures     951 

Number of opens at the end of the Life Test 15 

S -E- C- U-R-I -T» Y       I -N-F- OR- M-A- T- I- O -N R-E-S-T- R. J-C-T-E-D 
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R-E- S- T-R-tC-T- E-D 

Twenty-five . 25 Mfd, 
NObsr M #41 single . 5 mil 

Metallized Mylar C Units 

The unit9 (23) were wired to a Life Test rack and the total capacitance 
measured at room temperature.    Following thia0  they were heated in 
an oven to 125    C. for one-half hour.    The capacitance wan 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. 

Temporary Breakdowns Total Capacitance Elapsed Time 

0 6.20 Mfd. Start of Test 

0 6.20     " 69 hours 

0 6.0       " 96     " 

0 5.90      " 143    " 

0 6.0 214    " 

0 5.90      " 234    " 

0 5.9C     " 256     " 

Test completed 

Number of units started on test    «... 23 
Number finished    18 
Total capacitance before Life Test at room temperature .... 5.60   Mfd. 

Total capacitance before Life Test at 125     c  6.2     Mfd. 

Total capacitance after pre-breakdown test      6.2    Mfd, 

Total capacitance after Life Test        5, 90 Mfd. 

Number of permanent failures  0 
Number of temporary failures    0 
Number of opens at the end of the test     5 

s-u-o-u-jerr-Y I-N-F-O-R-M-A -T-I-O-N R. E-S -T-R -I-C -T-E- D 
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NObir M #42 

Page   20. 

Twenty .five . 25 Mfd. 
•ingle . 5 mil 

Metallised Mylar C Units 

| 

e 
V 

The unite   (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. 
The units were then exposed to 400 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. 

Temporary Breakdowns Total Capacitance Elapsed  Time 

0 5.3 Mfd. Start of Test 

6 5.6   " 69   hours 

6 5.4   " 96    •• 

6 5.2   » 143    '• 

6 4.95   " 214   " 

6 4.80   " 234   " 

6 4.75   '• 257   » 

Test Completed 

Number of units started on test  21 
Number finished           12 
Total capacitance before Life Test at room temperature .. 4.85 Mfd. 
Total capacitance before Life Test at 125°   C .     5. 90 Mfd. 

Total capacitance after pre-breakdown test          5.3   Mfd. 
Total capacitance after Life Test             4.75 Mfd. 
Number of permanent failures   0 
Number of temporary failures    6 
Number of opens at the end of the test ,.    9 

S-E-C-U-R-I-T-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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NObar   M #43 

Page   22, 

Twenty-five     .25 Mfd. 
single , 5 mil 

Metallized Mylar C Units 

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° Q, £or 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. 

i 

I 

Temporary Breakdowns Total Capacitance Elapsed Time 

0 6.00 Mid. Start of Test 

303 3.42 Mfd. 67    hours 

349 4.0 Mfd. 94       " 

349 3.85 Mfd. 141        " 

349 3.85 Mfd, 212       " 

349 3.80 Mfd. 232       " 

349 3,70 Mfd. 254      " 

Test Completed 

Number of unite started on test  ...............    21 
Number finished  .................,.........<        7 
Total capacitance before Life Test at room temperature . 
Total capacitance before Life Test at 125    c.   ........... 
Total capacitance after pre-breakdown test ............. 
Total capacitance after Life Test  ...................... 
Number of permanent failures   .................   I 
Number of temporary failures 349 
Number of opens at the end of the teat .......        13 

5.25 Mfd- 

5.90 Mfd. 
6,00 Mfd. 
3,70 M'd. 

S-E-C-U-RI-T-Y I-N-F-OR- M-A-T- tO-N R-E-S-T- R-I-C-T- E-D 
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