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{ ABSTRACT

Capacitors of six designs were designed, constructed and measured
for various electrical characteristics. Two designs were chosen

for further work in Phasge II on the basis of these measurements and ;
100, 000 charge-discharge life test data, ‘

In Phase II, two designs were constructed in three variations and
further discharge life tested for a total of 10, 000, 000 charge-
discharge cycles or until failure. The best design was chosen for
work in Phase III.
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In Phase III, capacitors were constructed and discharge life tested
for 50, 000, 000 charge-discharge cycles or until failure. One
capacitor failed at 10, 000, 000 charge-discharge cycles while the :
remaining five capacitors completed 50, 000, 000 charge-discharge {
cycles. All six capacitors met the contract requirements of deliver- :
ing 12 joules of energy at 900 V and weighing less than six ounces.
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. SECTION I

INTRODUCTION

1. General

The object of this research effort was the development of
high-energy capacitors of minimum weight for moderate repetition
rate, non-oscillatory discharge applications, such as target and
area illuminators. Specifically, the capacitors, when charged to
900 volts and discharged through a 1 ohm resistor in series with
a 30 microhenry inductor, had to deliver not less than 12 joules
for the entire temperature range of -40°C to +85°C. The corre-
sponding capaci‘ance for this requirement was 30puF, minimum,
The repetition .=:iwe tor discharge of the capacitors was to be 10
pulses per second (pps), and the minimum life objective was
5.0 x 107 discharges at ambient temperature of 40°C. The capacitor
weight objective was six (6) ounces maximum., Emphasis in the
effort was placed on the maximizing of the energy-to-weight ratio.

2, Discussion

There are a number of ways in which the energy-to-weight
ratio of capacitors may be increased. The most obvious method
is to employ a dielectric and/or impregnant system having a high
dielectric constant, More efficient is the use of a dielectric system
capable of withstanding high voltage stresses. The energy density
increases as the square of the voltage rating, and is also propor-
tional to the dielectric constant.

Still another method involves the use c¢f metallized electrodes.
This improves the weight efficiency (energy-to-weight ratio) in two
ways. First, metallized electrodes are much thinner than the foil
electrodes commonly used. This means a lighter capacitor than
obtainable with an energy-comparable foil electrode. Secondly, a
metallized capacitor is capable of operating at higher voltage

PG S
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stresses for a given dielectric thickness. This is due to the "self- '
healing'' character of metallized capacitors, In ths event of a
dielectric failure in a foil type capacitor, high currents flow at

the point of rupture, and the adjacent dielectrics and foils are
damaged. Thus, the capacitor shorts, and is rendered inopercble,
On the other hand, as the case of a dielectric failure in a metallized
capacitor, an electric arc is drawn between the two electrodes.

This arc vaporizes the metal film from around the area of the
breakdown, The vaporized metal and gases released from the
dielectric increases the Pressure in the area of the breakdown,

Both the arc length and the pressure increase until the arc can

no longer be sustained. The capacitor, thus, remains operable
with little or no change in its electrical properties,

i,
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NARRATIVE AND DISCUSSION

BTN

1. Objective

The objective of this development effort was the development
of a light weight high energy capacitor supplying 12 joules of energy
at 900 volts, The energy of a capacitor is described by the equation:

E =1/2¢Cv?
E = Energy

SO, e N A AT

¥ © = Capacity in Farads )
V = Voltage in Volts
b The capacity iz determined by the equation:

AKe

C ==

C = Capacity

A = Area of the plates in square meters

K = Constant 8,85 <10~!2 coulombs? 2)
Newtcn meters

¢ = Dielectric constant
T = Distance between the plates in meters

Since mass is determined by the equation:

AN PR T AR P 1 T, T o £ e ey L

5
3

g
g—“i
£
;ﬁé
k
o

M=ATD

M = Mass

A = Area in meters (3)
T = Thickness in meters

D = Density in Kg/m3

f

b

Substituting Equation 3 into Equation 2, the result is

C=771¢ (4)




Substituting Equation 4 into Equation 1, the result is

_1/2MKe Ve

E ~—Tp (5)

Since in this development effort:

E =12 joules
V =900V
the result is:
M = 3.36x100T2D

€

An equation which relates mass, thickness of the dielectric, density
of the dielectric and the dielectric constant results.

From this equation it becomes evident that the mass of a cap-
acitor section excluding margins, extensions and end spray is a
balance between the thickness of available material, the density of
the material and the dielectric constant. The thickness is the
dominant factor, The mass and thickness of the electrodes can be
neglected because we are dealing with metallized capacitors, Using
this equation a review was made of available dielectric films which
would be capable of operating at 900V, The results of this survey
are shown in Table I. As can be seen, the most promising dielectrics
were Polyethylene Terephthalate (PETP), Polycarbonate and Polysulfone,

2. Phase I Designs

The designs chosen for Phase I were:

Design A - 0,00027" metallized coated* Polyethylene Terephthalate (PETP)
Design B - 0,00022" metallized coated* Polyethylene Terephthalate

Design C - 0.00026" metallized coated* Polycarbonate

Design D - 0.00027'" metallized coated* Polysulfone

Design E - 0,00027" metallized coated* PETP, silicone oil impregnated
Design F - 0,00027" metallized coated* PETP, Bareco wax impregnated

All the dielectric films were coated to aid in the clearing (self
healing) of the capacitors, During the clearing the coating helps form

*Metzallizing and Coating are Sprague Proprietary Processes
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gases and reduces the chances for formation of low resistance deposits.
A comparison of clearing for coated and uncoated PETP is shown in
Figure 1. All designs utilized film which was 4" wide with 3/16"
margins,

After metallizing, coating and slitting, sections were rolled,
vacuum dried, end-sprayed and had leads attached in the normal
manner, The sections were then cleared at 1000 VDC. Sections of
Design B failed to withstand the voltage and shorted between 700 -
800V. Further work on this design war discontinued.

The sections were then encapsulated in steel cans even though
the final units were encapsulated in aluminum cans. There was no
advantage to warrant the additional cost of aluminum cans in Fhase I,
Designs E and F were impregnated using standard impregnation
techniques.

3. Capacitance Change

AY

The finished units were read for capacitance, dissipation factor
and leakage current at -40°C, +25°C, +40°C and +85°C. The results
of these measurements are shown in Tables II - VI. The high
leakage current of Design D was due to the base polysulfone film
being attacked by the solvents during the coating process. The high
dissipation factor reading of Design C was due to the long leads
necessary for measuring inside the temperature cycling chamber,
The change in capacitance with temperature for Designs A, C, D,

E and F are shown in Figures 2 through 6. As shown in Figure 7,
Designs A, E and F exhibit approximately the same shape curve for
percentage capacitance change versus temperature, Design D
exhibits an almost perfectly flat profile from -55°C to +85°C,
changing only -.11% over the entire temperature range,

4, Breakdown Test

A sample of each design was tested for breakdown voltage. The
results of this testing are shown in Table VII. Because breakdown
voltage of Design B was below the contract specified operating voltage,
further work on this design was discontinued. The slightly higher
breakdown voltages of Designs E and F compared to Design A in-
dicated that little dielectric strength was gained by impregnation of
this type of unit.




COMPLETELY CLEARED FAULTS - METALLIZED COATED PETP FILM
(No carben deposits)

COMPARISON OF COATED vs UNCOATED PETP FifM

Figure 1
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TABLE IIA
PHASE IB - ELECTRICAL EVALUATION (-40°C)
DESIGN A UNITS - 0.00027" METALLIZED COATED* PETP FILM ;
(Encapsulated in Steel Cans) ?
Dis s.ipai:ionl
Capacitance1 Factor Leakage Current? Leakage Current3

Unit No, (BF) (%) (LA) (+A)

41 35.7 1,75 0.22 0.39

42 31,1 1,56 0.18 0.32

43 30.6 1.62 0.20 0.36

44 31.6 1,54 0.20 0.38
45 31,7 1,46 0.35 0.63
46 31,4 1,72 0.35 0.67
47 32,1 1,48 0,27 0.48 i

48 31,7 1,48 0.29 0.52
49 31,5 1,62 0.20 - 0.54 ‘
50 31.8 1,40 0.16 0.47 :;
51 31.5 1.46 0.18 0.35
52 30.8 1,54 0.14 0.27
53 29,7 1,68 0.20 0.33
54 31,2 1,49 0.21 0.44 g
*Metallizing and Coating are Sprague Proprietary Processes
Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz
Note 2 - Leakage Current Measured at 500 Volts
Note 3 - Leakage Current Measured at 900 Volts, \
DAABO?-71.G+0049 :
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TABLE IIB

et 3 ¢ Y o i Kb e e S TR

PHASE IB - ELECTRICAL EVALUATION (+25°C)
DESIGN A UNITS - 0,00027"* METALLIZED COATED* PETP FILM

(Encapsulated in Steel Cans)

Dissipationl
Capacitance Factor Leakage Current2 Leakage Current3
Unit No, (1F) (%) (pA) (BA)
\-
41 37.4 1,05 0.41 0.75 :
42 32.6 1.05 0.22 0.39
43 31,8 1.10 0.26 0.43
44 33.3 0.95 0.25 0.45
45 33.2 0.94 0.40 0.70
46 32.9 0. 96 0.38 0.72 ;
47 33.3 0.97 0.26 0.47
48 33.2 0.97 : 0,32 0,58
49 32.8 0.96 ‘ 0.32 0.56
50 33.4 0.97 0.42 0.72
51 32,8 0,96 0.32 0.59
52 32,2 0.97 0.24 0,41
53 31.0 0.96 0.20 0.34
54 32,5 0.96 0.26 0.45

B N A

*Metallizing and Coating are Sprague Proprietary Processes
Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz
Note 2 - Leakage Current Measured at 500 Volts

Note 3 - Leakage Current Measured at 900 Volts,

DAABN?.71.C.0040 |
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TABLE I1C 7
PHASE IB - ELECTRICAL EVALUATION (+40°C)
DESIGN A UNITS - 0,00027* METALLIZED COATED* PETP FILM
(Encapsulated in Steel Cans)
Dissipatmn1
Capacitance1 Factor Leakage Current2 Leakage Current3 _
Unit No, (WF) (%) (1A) (pA)
41 37.8 1,05 0.61 1.6
42 32,7 1,08 0.88 1.1 ;
43 31,9 1,10 0.38 0.73
44 33.3 1,09 0.68 0.73
45 33.4 1,12 1.0 2.3
46 32.8 1,00 1.4 2.3 !
47 33.4 1,09 0.72 1.0
48 33,0 0.97 0.58 1.3
49 32.8 1,05 0,53 1.0
50 33,5 1,05 0,72 1.5 '
51 33.0 1,06 0.65 1.0

& 52 32.3 1.06 0.48 0.9¢
53 31.2 1,04 0.52 0.92 ;
54 32,7 1.09 0.66 0.90 -‘.
*Metallizing and Coating are Sprague Proprieta:y Processes ;
Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz 3
Note 2 - Leakage Current Measured at 500 Volts ;
. Note 3 - Leakage Current Measured at 900 Volts,
DAADOT.71.C. M0 ]
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TABLE IID

PHASE IB - ELECTRICAL EVALUATION (+85°C)
DESIGN A UNITS - 0,00027" METALLIZED COATED* PETP FILM

(Encapsulated in Steel Cans)

R N S T e N S T AR R oy
BRI ! R G A R S U e S S R A

Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz

Note 2 - Leakage Current Measured at 500 Volts
It is noted that the leakage current is higher than anticipated
but it is considered that the values listed are within acceptable

design limits.
Note 3 - Leakage Current Measured at 900 Volts.
If DAABOT-71.C. 0049

AR

Dissipation]
Gapatcitance1 Factor Leakage Current? Leakage Current3
Unit No, (LF) (%) (nA) (1uA)
41 39.0 0,34 17 35
‘ 42 33,2 0.30 13 27
; 43 34.8 0.30 10 20
3 44 34,9 0.26 12 21
5 45 34,3 0,27 . 20 35
i 46 34,7 0.26 17 38
: 47 34,2 0.25 18 33
¢ 48 34,0 0.27 21 40
¢ 49 34.5 0.28 13 27
E 50 34.2 0.29 18 39
¢ 51 33.2 0.27 12 25
52 32,2 0.28 12 22
53 33.8 0. 29 25 45
54 34,5 0. 29 23 43
{ ’ *Metallizing and Coating are Sprague Proprietary Processes
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Unit No,

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

E

TABLF IIIA

PHASE IB - ELECTRICAL EVALUATICN (-40°C)
DESIGN C UNITS - 0.00026" METALLIZED COATED* POLYCARBONATE ¥ILM

(Encapsulated in Steel Cans)

-

Dissipation™’ 3 5 4
Capacitance Factor Leakage Current” Leakage Current

(1F) (%) (124) (wA)

Off Scale 0.19 0.36
32.95 6.83 0.70 1.40
32.38 2.82 0.20 0.53
37.78 2.95 0.12 G.30
33.60 3.77 0.18 0.35
33.00 12.88 0.24 0.40
33.68 4.05 0.26 0.50
32.65 4.78 0.26 0.60
33.68 3.25 0,76 0.90
34,45 5.57 0.20 0.36
33.57 4.12 0.50 0.98
33.30 3.95 0.18 0.36
36,74 3.35 0.22 0.40
32.82 4,24 0.75 1.00
34,15 3.40 0,20 0.46
34.78 3.717 0.20 0.36
36.70 4.45 0.20 0.34
34.70 3.40 0.10 0.30

*Metallizing and Coating are Sprague Proprietary Processes.

Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz,

Note 2 - Leakage Current Measured at 500 Volts.

Note 3 - High Dissipation Factor due to long leads necessary for

measuring inside the temperature cycling chamber.
Note 4 - Leakage Current Meagured at 900 Volts.

12
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TABLE lIIB

PHASE [B - ELECTRICAL EVALUATION (+25°C)
DESIGN C UNITS - 0.00026" METALLIZED COATED* POLYCAR BCNATE FILM

(Encapsulated in Steel Caas)

5
¢
£
¥
-F': v
S
t
5
3
&
i:,
£

I‘)iuipationl' 3 4
_ Capacitance Factor Leakage Curre at? Leakage Current
Unit No, (pF) {%) (pa) (na)
: 109 Off Scale 0.32 0. 60
110 33.44 5.32 0.36 0.66
111 32.92 3,00 0.14 0.30
112 28,15 3.27 0.18 0.34
113 34.08 4.31 0.28 0,50
114 34.50 9.50 0.22 6.36
115 34.15 4,27 0.11 0.20
116 33.10 5.98 0.30 0.60
117 34.38 3.33 0,44 0.80
{ 118 34.96 6.45 0.35 0.66
119 34.10 4.81 0.48 0.90
120 33.68 4.34 0.17 0.35
i 121 37.32 3.55 0.20 0.38
P 122 3330, 4,28 0, 25 0.46
123 - 34.64 3.53 0.28 0.58
124 33.30 3.20 0.16 0.32
125 37.25 3.90 0.36 0.68
126 35,22 3.87 0.3 0.6
#Metallizing and Coating are Sprague Propristary Processes,
Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz,
: Note 2 - Leakage Current Measured at 500 Valts.
5 Note 3 - High Dissipation Factor due to long leads necessary for
§ measuring inside the ternperature cycling chamber.
? Note 4 - Leakage Current Measured at 900 Volts,
§ WAABITFL.C. MM
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TABLE llIC

PHASE IB - ELECTRICAL EVALUATION (+40°C)
.DESIGN C UNITS - 0,00026" METALLIZED COATED* POLYCARBONATE FILM

£ T N A D TN B 2

{Encapsulated in Steel Cans)

Qiseipationl' 3 2 4 g
. Capacitance Factor Leakage Current Leakage Current i
Unit No, (uF) _(%) (n4) (p4A) i
109 Off Scale 0.60 1.20 '
110 33,58 6.87 0.20 0.46
111 34.80 2.80 0.92 1.80
112 28,24 4,23 0.72 1.50 ;
113 34.35 7.30 0.84 1.55 E
114 34.60 9.03 0.72 1.40 ;
115 | 34,28 5.40 0.26 0.60 K
116 33.22 5.97 0.20 0.40 3
117 34, 47 5.24 0.30 0.60 3
118 35.04 7.64 0.50 0.90 /
119 34,18 5.82 0.90 1.50 i
120 33.78 6,00 0.28 0.60 ;
121 37.45 5.55 0.18 0.40 ;
122 33.20 . 9.10 0.26 0.60 ;
123 34.70 5.10 0.40 0.75 3
124 35.39 5.06 0.50 0.98
125 37.34 6.60 0.58 0.90 ;
126 35.30 4.77 0.42 0.90 ;
*Metallizing and Coating are Sprague Proprietary Processes. 3
Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz, 3

Note 2 - Leakage Current Measured at 500 Volts.

Note 3 - High Dissipation Factor due to long leads necessary for
measuring ingide the temperature cycling chamber.

Note 4 -~ Leakage Current Measured at 900 Volts.

BDAABOT.11.C. 0044
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;L TABLE 11D
! PHASE IB - ELECTRICAL EVALUATION (+85°C)
SN DESIGN C UNITS - 0,00026" METALLIZED COATED* POLYCARBONATE FILM :
{ {Encapsulated in Steel Caas) ;
Dissipation!s3 . .
b Capacitance -Factor Leakage Current® Leakage Current :
Unit No. (BF) (%) . Y.)) {nA)
18] . 3
A 109 Off Scale 12.0 20,0 ;
o 110 33.77 4.95 8.0 11.6 i
o 111 33.24 4.60 4.0 6.8 :
J 112 28,38 2.50 4.0 7.0 1
" 113 34.35 7.10 17.0 35.0 i
s 114 34,70 4.06 13.0 27.0 :
115 34.45 5.45 4.8 9.5 ;
4 116 33.44 5.44 3.6 7.2
117 34,62 5.00 6.2 12.0
118 35.15 5.28 6.2 11.5 1
119 34.40 5.72 5.8 11.0 !
e 120 33.90 6.00 6.4 12.3 ]
2 121 37.62 5.80 4.2 7.6 i
g 122 32.25 10.62 4.2 8.2
123 34,82 5.20 6.2 10.8
S 124 35,50 3.35 5.6 11.0
. 125 37.45 5.62 17.0 28.0
L o 126 35.46 5.10 7.2 15.0
*Metallizing and Coating are Sprague Proprietary Proceases.
. Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz.
- Note 2 - Leakage Current Measured at 500 Volts.
' 3 Note 3 - High Dissipation Factor due to long leads nzcessary for
measuring inside the temperature cycling chamber.
e £ Note 4 - Leakage Current Measured at 900 Voits.
2 SAABIY.IICo000¢ ;




TABLE IVA

PHASE 1B - ELECTRICAL EVALUATION (-40°C)
DESIGN D UNITS - 0.00026" METALLIZED COATED* POLYSULFONE

(Encapsulated in Steel Cans)

ﬁgslipaﬁonl 3
4 - Capacitancel Factor Leakage Current’ Leakage Curreut
Ef Unit No. (BF) (%) (s A) (2 A)
3 —_—
0 133 34.54 1.13 4.0 7.8
B 134 33.08 1.21 4.7 10.2
135 34.43 1.06 5.2 7.4
136 34.54 1.06 3.1 12.0
138 34.62 1.13 4.8 8.3

A 139 33.82 1.06 3.6 7.4
140 34.87 1.10 3.8 6.9
141 34.84 1.07 4.2 8.3
142 41.38 1.10 2.6 6.6
143 34.35 1.13 3.4 5.9
144 36.68 1.21 2.8 7.1
145 34.68 1.13 2.7 6.4

- 147 35.18 1.13 2.9 6.3
148 28.27 1.21 2.4 6.0

3 149 36.44 l.19 2.7 5.8

X 150 34.13 1.17 2.4 5.7
*Metallizing and Coating are Sprague Proprietary Procesases.,

Note 1 = Capacitance and Dissipation Factor Measured at 1000 Hs.

3 Note 2 - Leakage Current Measured at 500 Volts,

Note 3 - Leakage Current Measured at 900 Volts.

DAABIY-P1.C- M43
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TABLE IVB

3‘ PHASE IB - ELECTRICAL EVALUATION (+25*C)
g % DESIGN D UNITS - 0,.00026' METALLIZED COATED* POLYSULFONE

(Encapsulated in Steel Cans)

WL e

e o BN A NI I S G

Dlglipatlonl 2
. Capacitance Factor Leakage Current” Leakage Current
Unit No, (uF) (%) (wA) (uA) ‘

3

; 133 34,57 0.75 9 67 ;

134 35,08 0.83 43 67
135 34.46 1.06 41 58
136 34,55 0.83 38 58
138 34,63 0.75 38 56
139 33.78 1.06 36 54
140 34.98 1.06 35 54
: 141 34,82 0.83 34 50
Lo 142 41.38 0,91 40 56
Loy 143 34.37 1.05 24 50
) 144 36,70 0.91 34 52
2 145 34.55 0.98 36 62
147 35,15 1.06 36 62 ]
U 148 28,26 1.06 27 48 ;
r{ : 149 36.50 0.98 33 58
! 150 34.18 1.06 31 53

*Metallizing and Coating are Sprague Proprietary Processes.
Note 1 ~ Capacitance and Dissipation Factor Measured at 1000 Hz.
Note 2 - Leakage Current Measured at 500 Volts,

Note 3 - Leakage Current Measured at 900 Volts.
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PHASE IB - ELECTRICAL EVALUATION (+40°C)
DESIGN D UNITS - 0.00026'" METALLIZED COATED* POLYSULFONE

TABLE IVC

{Encapsulated in Steel Cans)

RS

e o e

H
i
&
E
;
H
2
x
2
7
b

*Metallizing and Coating are Sprague Proprietary Processes.
Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz,
Note 2 - Leakage Current Measured at 500 Volts.

Note 3 ~ Leakage Current Measured at 900 Volts.

Di.nipat!.onl
. Capacitance Leakage Current? Leakage Current
Unit No, _(pF) {nA) {nA) '
133 34,58 1.58 48 11
134 35.04 1.73 48 81
135 34,43 2.04 49 84
136 34,51 1,73 42 72
138 34.62 1.81 43 79
139 33,80 1,96 40 68
140 34.97 1.58 40 68
141 34,82 1,57 40 70
142 41.30 2.11 45 77
143 34.38 1.73 27 47
144 36.65 1.96 36 62
145 34,55 1.51 27 81
147 35.15 1,58 30 85
148 28,26 1.13 22 63
149 36.44 1.66 27 82
150 34.17 1.51 24 13

DAABIT-11-C-004 9
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g TABLE IVD
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PHASE IB - ELECTRICAL EVALUATION (+85°C)

b DESIGN D UNITS - 0,00026" METALLIZED COATED* POLYSULFONE

(Encapsulated in Steel Cans)

. Diuip;tionl 2 3
Capacitance Factor Leakage Current Leakage Current
Unit No, (1F) (%) (pA) (pA)
133 34,62 1.89 82 160
134 35.07 1.81 94 190
135 34.43 1.89 88 140
136 34,57 1.96 82 160
138 34,62 2.04 68 130
139 33.87 2.11 80 145
140 35.04 1.96 76 160
141 34.82 1.81 93 170
142 41,4 1,81 83 180
143 34.42 2,04 43 110
144 36.70 2.11 75 170
145 34.55 2.11 84 160
147 35.14 1.96 98 185
148 38.31 1.96 75 110
i 149 36.45 2.11 89 170
150 34.21 1,81 70 150

*Metallizing and Coating are Sprague Proprietary Processes,
Note 1 - Capacitance and Dissipation Factor Measured at 1000 Hz,
Note 2 - Leakage Current Measured at 500 Volts,

Note 3 - Leakage Current Measured at 900 Volts.
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: TABLE VA
PHASE 1B - ELECTRICAL EVALUATION (-40°C) _
DESIGN E 0.00027" METALLIZED COA TED* PETP SILICONE OIL IMPREGNATED
(Encapsulated in Steel Cans)
Diuipationl Leakage Current Leakage Current
.Unit Capacitancel  Factor at 500 VDC at 900 VDC
' No. BF) (%) A) BA)
77 32.30 1,23 0.14 0.34
3 78 32,80 . 1,25 0.14 0.43
79 33,20 1,25 S 0,13 0.138
: 80 32,40 1.26 0.12 0,30
81 33,20 1,28 0.13 0.80
82 34,40 1,29 0.13 0.35
3 83 32,30 1,28 0.11 0.35
84 32.20 1,28 0.11 - 0,30
i 85 33,20 1,28 0.10 0.32
86 34,70 1,26 0.12 0,31
3 87 33.80 1,27 0.13 0,35
88 32,30 1,26 0.14 0.35
g 89 33,10 1,27 0.14 0.33
9 90 33,20 1.23 0.15 0.31
91 32,10 1,25 0.15 0.28
92 32,50 1,25 0.14 0,43
93 33,20 1.25 0.13 0.23
94 33,20 1,25 0.12 0.29
95 32,90 1,27 0.13 0.27
\ *Sprague Propristary
( Note 1 - Capacitance and Dissipation Factor measured at 1000 Hz
J DAABSY-11.C- 0049
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TABLE VB

PHASE I3 - ELECTRICAL EVALUATION (+25°C)
DESIGN E 0. 00027 METALLIZED COATED* PETP SILICONE OIL IMPREGNATED

(Encapsulated in Steel Cans)

Diuipationl Leakage Current Leakage Current

Unit Capac.:ita.m:el Factor at 500 VvDC at 900 VDC
" No. BF) (%) (+A) (rA)
7 32,80 0.49 0.58 1.8
78 34,00 0.48 0.54 2.1
79 33.70 0.47 . 0,50 1.7
80 33.40 0,47 0.48 1.7
81 34,30 0,48 0.48 2,5
82 35.40 0.38 0.46 1.5
83 33,900 1,37 0,43 2.1
84 33,30 0.41 0.40 1.4
85 33.80 0.38 0.59 2,1
86 35,20 0.31 0.49 2.0
87 35,50 0.35 0.41 1.8
88 33,40 0.33 0.43 3.2
89 33.80 0.41 0.44 2.3
90 34.60 0.32 0.40 3.1
91 32,70 0.32 0.39 2.7
92 33.30 0,33 0.37 2.6
93 32,80 0.38 0.37 2,2
94 37.38 0.33 0.36 2.1
95 33.70 0,34 0.35 2.0

*Sprague Proprietary
Note 1 - Capacitance and Dissipation Factor measured at 1000 Hz
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. . TABLE VC
G PHASE IB - ELECTRICAL EVALUATION (+40°C)
4 DESIGN E 0. 00027 METALLIZED COATED* PETP SILICONE OIL IMPREGNATED
(Encapsulated in Steel Cans)
Dissipation! Leakage Current Leakage Current
- Unit Capacitance! Factor at 500 vDC at 900vVDC
No. __(uF) (%) (BA) (#A)
' 77 32,80 0.49 1.3 3.5
3 ; 8 34,00 0.48 1.2 3.6
a 79 33,70 0.47 1,2 4.8
80 33.40 0.47 1.2 4.0
2 8l 34,30 0.48 1.2 3.6
82 35,40 0.38 1.0 2.9
83 33,00 0.37 1.1 2.7
v 84 33.80 0,41 1.0 2.7
: 8s 33,80 0.38 1.0 2.4
A 86 35,20 0,31 0.9 2.6
-4 87 35,50 0.35 0.9 2.6
88 33,40 0.33 1.1 4.1
89 33.80 0.41 1.0 1.8
; 90 34,00 0.32 0.7 2,2
9 91 32,70 ‘0.32 0.8 1.6
92 33,30 0.33 1.0 2,0
5 93 32,80 0,28 0.9 2,2
94 32.80 0.33 0.7 2.6
95 33.20 0.34 1,2 1.9

*Sprague Proprietary
Note 1 - Capacitance and Dissipation Factor measured at 1000Hz

DAADIT T1.C. 0048
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: TABLE VD
f PHASE IB - ELECTRICAL EVALUATION (+85°C)
f DESIGN E 0, 00027 METALLIZED COATED* PETP SILICONE OIL IMPREGNATED
£ (Encapsulated in Ste:l Cans)
E Diuipation! Leakage Current Leakage Current
! Unit Capacitance!  Factor at 500 VDC at 900 VDC
No. (WF) (%) {A) (+A)
77 33,00 0.60 35.0 43,0
78 34,41 0,58 35.0 60.0
.19 34,20 - 0.58 31,0 38.0
50 33,40 0.60 32.0 75.0
81 34,30 0.58 32,0 57.0
82 35,70 0.60 28.0 38,0
83 33,50 0.60 32,0 71.0
84 34,00 0.59 28,0 48,0
85 33,90 0,59 29.0 53.0
86 35,20 0.60 31.0 20,0
87 35,90 0.60 32,0 60,0
88 34,20 0,62 28,0 62.0
89 34,10 0.64 34,0 41,0
90 34,40 0.62 26,0 43,0
; 91 33.00 ‘0,62 31.0 52,0
92 33,70 0.59 37.0 63.0
93 32,20 0.59 33.0 59.0
4 94 34,30 0.60 40,0 58.0
95 34,10 0,61 37.0 57.0
i *Sprague Proprietary
i Note 1 - Capacitance and Dissipation Factor measured at 1000Hs

DAABST.T1.Cat4s
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TABLE VIA

PHASE IB - ELECTRICAL EVALUATION (-40°C)
DESIGN F 0.00027" METALLIZED COATED#* PETP WAX IMPREGNATED

(Encapsulated in Steel Cans)

1

Dissipation® Leakage Current Leakage Current

' Unit Capacitance!  Factor at 500 VDC at 900 VDC
No, (LF) (%) _(#A) _(pA)
1 59 33,30 1,22 0.14 0.39
- 60 32,60 1,23 0.13 0.37
61 33,20 1,22 0.10 0.43
62 33,10 1.23 0.11 0. 41
63 34,00 1,24 0.10 0.43
64 33,60 1,24 0.10 0.44
65 33.50 1,23 0.11 0.38
66 34,30 1,22 0.12 0. 36
67 33,20 1,21 0.11 0.28
68 32,80 1,22 0.13 0.31
69 32.70 1,21 0.10 0.34
70 39.40 1.23 0.13 0.29
71 33.80 1,24 0.12 0.34
72 33,30 1,24 0.11 0.33
73 33.50 1.23 0.13 0.38
74 34.70 1.23 0.11 0. 36
75 32.70 1.24 0.12 0.33
76 32.80 1,23 0.13 0.34

*Sprague Proprietary
Note 1 - Capacitance and Dissipation Factor measured at 1000Hz
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TABLE VIB

PHASE IB - ELECTRICAL EVALUATION (+25°C)
DESIGN F 0.00027"* METALLIZED COATED* PETP WAX IMPREGNATED

(Encapsulated in Steel Cans)

Dissi.pation1 Leakage Current Leakage Current

Unit Capacitancel Factor at 500VvDC at 900 vDC
No. (LF) (%) (=A) (A)

59 34,50 0.42 0.63 2,7

60 33,60 0.50 0.66 2,7

61 34,20 0.50 0.58 2.4

62 34,20 0.49 0.57 2.4

63 35,20 0.50 0.57 2.3

64 34,60 0.48 0.52 2.5

65 34,70 0.50 0.48 2,2

66 35,20 0.48 0.46 2.1

67 34,20 0.49 0.43 2,0

68 34,00 0.48 0.40 1.7

69 33.20 0.51 0.38 1.7 '
70 35,40 0.50 0,37 1.7

71 35,20 0.50 0.36 1.6

72 34,00 0.48 0.81 2.3

73 34,10 0.47 0.72 2.3

74 34,50 0.47 0.68 2,2

75 33,70 0.47 0.66 2.2

76 33,70 0.49 0.61 1.9

*Sprague Proprietary
Note 1 - Capacitance and Dissipation Factor measured at 1000 Hz

DAARAY-T4-C 0048
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TABLE VIC
i PHASE IB - ELECTRICAL EVALUATION (+40°C)
DESIGN F 0,00027" METALLIZED COATED* PETP WAX IMPREGNATED
: (Encapsulated in Steel Cars)
Dis sipat:ion1 ‘Leakage Cu. ent Leakage Current
Unit Capacitancel Factor at 500 vDC at 900 vDC
No, “F) (%) (LA) (£A)
59 34.70 0.43 2.2 3.8
: 60 33.40 0. 46 2,1 3.5
61 34,40 0,47 2,1 3.7
62 34.50 . 0.47 1.8 3.4
63 35.30 0.47 1.8 3.3
64 34,80 0.47 1.8 3.1
65 34,80 0.49 1.7 3.1
66 35,40 0.47 1.6 2,8
67 34,20 0.46 1.5 2.6
68 34.50 0.48 1.4 2.3
69 33,60 0.49 1.3 2.3
70 35,50 0.50 1.3 2.3
71 35,10 0.48 1.3 2,4
SN 72 34.00 0,48 1.2 3.0
73 34,20 0.48 1.9 5.1
S 74 34.60 0.49 1.9 4.5
75 33,80 0.49 1.9 5.1
76 33.80 0.50 i.6 4.2
*Sprague Proprietary
Note 1 - Capacitance and Dissipation Factor measured at 1000 Hz
»' Du.mor.n.c-mo
A




TABLE VID

PHASE IB - ELECTRICAL EVALUATION (+85°C)
DESIGN F 0, 00027'* METALLIZED COATED* PETP WAX IMPREGNATED

(Encapsulated in Steel Cans) ;

Dissipationl Leakage Current Leakage Current , :
Unit Capa.citance:l Factor at 500 vDC at 900 VvDC
No. (BF) (%) (A) {sA)
59 35.60 0.57 5.0 7.0
60 34.00 0.57 4.4 6.2
61 34,60 0.58 4.3 7.3
62 34,50 0.60 4,1 6.7
63 35.50 0.60 4.0 6.6
64 35,30 0,60 3.8 6.2
65 35,30 0.58 3.8 6.3
66 35,50 ' 0,59 3.3 4.6
67 34,30 0.60 3.2 5.3 _3
68 34,20 0,59 2,8 4.2 i
69 33,60 0.59 2,8 4.0 ;
70 35,60 0.60 3.0 5.1 :
71 35,30 0.58 3.2 8.6
72 34,20 0.60 4.7 5.8
73 34,30 0.60 4.8 8.3
74 35.00 0.60 4.3 5.7
75 34,20 0.60 4.5 8.8
76 34.10 9.58 3.8 4.8

*Sprague Proprietary
Note 1 - Capacitance and Dissipation Factor measured at 1000Hz

DAAROY.F1.C. 0040
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g Design F = 0.00027"
: Metallized Coated* -Desigri D e 0. 0002%"
3] PETP Wax - - “Metallized Coated#
g . Impregnate§ » Polysulfone
<
¥ . %
5] Design E « 0,00027" '
¢ @// Metallized Coated* o .
_ & PETP Silicone Oil ‘
b 8 -2 P # 4 ) -4 s=~—~--—- - lmpregnated [ e
/ y | ! , o ;
£ @ /4\ R T POV
& : Design A « 0,00027" o - ~
. 4 /  Metallized Coated o ‘ |
) .3 p——p- - -PETP e
. ;
; .
4 4 e e e e e e e e me
C : *Sprague Proprietary
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TEMPERATURE *C
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Percentage Capacitance Change vs Temperature

Figure 7
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TABLE VII

BREAKDO“RJVOLTAGE(ROONITEMPERATURE)

Design A, 0.00027" Metallized Coated* PETF

Breakdown Voltage {(VDC}

1400
1300
1500
1400
1500
1300

Design G, O. 00026!" Metallized Coated* Polycarbonate

1500
1400
1300
1500
1400
1400

Design D, 0,00027" Metallized Coated* Polysulfone

1300
1400
1200
1300
1500
1200

Design E, 0,00027'" Metallized Coated* PETP
(siliconc Oil Impreguated)
1500
1400
1500
1500
1400
1600

Design F, 0,00027" Metallized Coated* PETP
(Barcco Wax lmpreguated)

1600
1600
1500
1600
1400
1600
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4 5. Dielectric Absorption

S, £

4 A sample of each design was tested for dielectric absorption,

* - The results of these tests are tabulated in Tables VIII - XII. The

b dielectric absorption measurements were made in accordance with

‘ . MiL-C-19978C paragraph 4.7.15, The data indicate that there is

‘ a small decrease in dielectric absorption between -40°C and +25°C

] and a large increase in dielectric absorption between 25°C and 85°C.

Another point is that the dielectric ajsorption of the impregnated
3 coated PETP units is less than that of the dry PETP units, For

'- uncoated PETP the reverse is true,
' 6. Test Equipment
It was necessary to design and build special test equipment

capable of charging and discharging 32uF at 900V ten times per
second because of the high repetition rate required by this contract.
It was decided to build six test units utilizing conventional thyratron
tube switching and one test unit employing a special SCR solid state
switch. This test equipment is shown in Figure 3,

Safety features of this test equipment included automatic shut-
off in case of test capacitor short; pre-setable counter, time delay

« required for thyratron tubes; and interlock on test chamber door.
A three amp fuse was added to the transformer after one of the
3 transformers failed during use,

1 Each test set was a self-contained unit. The test voltage was
2 variable from zero to 1200 volts peak and the repetition rate was

: adjustable from one to over ten pulses per second. Because of the
high power requirements, special care was taken in the design and
winding of the high voltage transformers. The internal discharge
circuitry included a 30 uH coil and a one ohm non-inductive resistor.
Charging voltage could be monitored on a peak reading voltmeter.

a3

A pulse voltage divider, and pulse current monitoring jacks
were provided on the front panel. Controls also included a five digit
pre-setable panel-mounted counter to shut down the test station after
. a predetermined number of charge-discharge cycles.

After completion of Phase [I testing, it was decided that certain
modifications to the CADET IIl test equipment were necessary.
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' TABLE VIII g
.

: DIELECTRIC ABSORPTION MEASUREMENTS AT VARIOUS TEMPERATURES

DESIGN A 0.00027"" METALLIZED COATED* PETP

B e ke o e PN

Unit Dissipation Factor Recovery Voltage Dielectric
A No. (%) (Volts) Absorption (%)

-40°C

47 1.48
48 1.48
180 1.48

o~
RN SR
o
o

+25°C ;

47 0.97

0.68
48 0.97 0.58
180

» : ' 0.56

.

B

w.e O O
(=2

s ores R

+40°C

gl < i

47 1.09 19 2.12
| 48 1.09 15 1.67
180 12 1.33

+85°C

47 0.25 03
48 0.27 55
180 66

-~ O
wo— o

.

Charge Voltage 900 VDC
Discharga Resistor 5
Discharge Time 10 sec,
Recovery Time 15 min,

Dissipation Factor at 1000Hz DAABOT.21-C- 0049
*Sprague Proprietary
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TABLE IX

3
]
4
£
k
3
r

DIELECTRIC ABSORPTION MEASUREMENTS AT VARIOUS TEMPERA TURES
4; DESIGN C 0, 00026 METALLIZED COATED: POLYCARBONATE

3 }

, ¥

k ; Unit Dissipation Factor Recovery Voltage Dielectric

i No, (%) (Volts) Absorption (%)

-40°C

121 0.48
125 0.43
: 126 0.48

U Un
« o e
o N~
o
o~
ot

+25°C

L 121 0.48 3.4 0.38
125 0.45 5.4 0.60
126 0. 47 5.1 0.63
S +40°C

L 121 0.45 5.5 0.61
T 125 0.42 16 1.78
9 ? 126 0.45 :5 1,67

+85°C
121 0.40 38
125 0. 41 30
126 0.42 30

W oW
. .
(ISR N

Charge Voltage SJ0VDC

Discharge Resistor 5

Discharge Time 10 sec,

Recovery Time 15 min, BAABOY-11.Co0008
Dissipation Factor at 1000 Hz

*Sprague Proprietary
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TABLE X

DIELECTRIC ABSORPTION MEASUREMENTS AT VARIOUS TEMPERATURES
LLYSULFONE

DESIGN D 0,00026" METALLIZED COATED* #

Dielectric
£.bsorption (%)

Unit Dissipation Factor Recovery Voltage
No. (%) {(Volts)
-40°C
140 1,10
141 1.07 Unable to read
145 1.13
+25°C
140 1,06 >10
141 0. 83 >10
145 1,98 >10
+40°C
140 1,58
141 1,567 Unable to read
145 1.51
+85°C
140 1. 90
141 1,81 Unable to read
145 2. 11

Charge Voltage 300 VDC
Diascharge Resistor 5Q
Discharge Time 10 sec,
Recovery Time 15 min,
Dissipation Factor at 1000 Hz
*Sprague Proprietary

Unable to read

>1.1
>1.1
>1.1

Unable to read

Unable to read

DAABOY. .20
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DIELEC (RIC ABSORPTION MEASUREMENTS AT VARIOUS TEMPERATURES

Unit
No,

TABLE XI

DESIGN E 0,00027* METALLIZED COATED* PETP

SILICONE OIL IMPREGNATED

Dissipation Factor

(%)

Recovery Voltage

{Volts)

Dielectric
Absorption (%)

Charge Voltage 900 VDC
Discharge Resistor 502

Discharge Time 10 sec,
Recovery Time 15 min,

77

84
85

77
84
85

77
84
85

77
84
85

~40°C

+25°C

+40°C

+85°C

Dissipation Factor at 1000 H=z

¥Sprague Proprietary
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54
64
60

0.73
0.7%
0.75
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TABLE XII

DIELECTRIC ABSORPTION MEASUREMENTS AT VARIOUS TEMPERATURES
DESIGN F 0.00027" METALLIZED COATED* PETP

e WAX IMPREGNATED ‘
3 x

o o AT g AR TS WO RIS

Unit Dissipation Factor Recovery Voltage Dielectric !
(%) (Volts) Absorption (%) §

”-B:: 5k
Z
°

-40°C

y 66 1,22
69 1.21
4 72 1,24

0.69
0.79
0.78

-

~ o
*
o~

.

+25°C

66 0
,l,l 69 O.
- 0

.

P

W W W
-

N o
o
N
o

e it

+40°C

66 0.47 . 0.53 j
4 69 0.49 0.51

o0

o~
1

[C I N

- 72 0,48 .0 0.56 :
_.3-;' +85°C :
i 66 0.59 63 7.0
69 0.59 55 6.1
3 72 0.60 66 7.3
Charge Voltage 300 VDC
3 Discharge Rasistor 5Q
Discharge Time 10 sec.

Recovery Time 13 min, DAABO?.71.C.0040 b
Dissipation Factor at 1000He
* ¢*Sprague Proprietary *

3 40
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After approximately 20 million charge-discharge cycles, the
thyratron tubes had aged to the extent that replacement was necessary,
Since the test station of solid state design had performed flawlessly
for more than 20 million charge -discharge cycles, and this was the
second set of thyratron tubes, it was decided to convert the conven-
tional test stations to solid state switching. This was accomplished
on a one-at-a2-time basis, so that the testing schedule was not dis-
rupted. It was also decided at this time to increase the range of the
counters by a factor of ten, Additional circuitry was added to the
basic counter circuit to accomplish this extension.

A schematic drawing of one of the test sets is shown in Figure 9.
Figure 10 shows the CADET III test equipment and test oven.

An eighth test station was constructed in an effort to provide
backup capabilitiea in case of equipment failure, and to gain addi-
tional information at higher repetition rates, Thie test station had
capabilities of from 1 - 30 pps at voltages ranging from 200 - 1200
volts, A much larger transformer was required because of the much

higher power requirements necessitated by the higher repetition rate.

Also, a change in basic design was required by the high repetition
rate and resonant charging utilized, This test station also utilized
solid state switching and all the safety features included in stations
ane through seven as well as extended counter range. A drawing
of the circuit is shown in Figure 11,

7. Testing and Evaluation

A six-piece sample of Designs A, C, D, E and F were charge-
discharge life tested utilizing CADET III test equipment at 10 pps and
40°C, Design C was partially tested «n CADET II because CADET III
had not been completed. Design A was tested on both CADETS II and
I11. Photographs showing a typical discharge current wave for both
CADETS II and III are shown in Figure 12. It is interesting to note
that while the duration of the current wave from CADETS II and 111
are about equal, the amplitude is considerably higher for CADET III.
Because of differences in the circuitry, there is no undershoot on
CADET I1II. The results of the initial charge-discharge testing are
tabulated in Tables XIII - XVII, Tables XIII and XIIIA indicate t!at
there is little difference in the results between the two pieces of
test equipment. Each group of capacitors had one failure, The unit
(#51) which shorted on CADET III was a catastrophic failure caused
by a rapid rise in the dissipation factor (DF). This caused the unit
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100A/cm
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s ieeh
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7

200A/cm

CADET HI (30 see/em )

: Typical Wave Shapes O Discharge Current
Figure 12 :
(The circuitry of these two pieces of equipment is entirely different

. CADET II has two 32pH inductors together while CADET III has

- only a single 30 pH inductor. Also the discharge devices are different, i
i CADET II uses spark gaps while CADET III uses SCR switching). ’
! ‘
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TABLE X1

PHASE IB - CHARGE-DISCHARGE LIFE TEST **
DESIGN A 0,00027 METALLIZED COATED* PETP FILM

(Encapsulated in Steel Cans)

Dissipation
Unit Capacitance Factor Leakage Current
No. _ (BF) (%) (LY}
0 Cycles
41 37.40 0.86 0.41
42 32,60 0.73 0.22
43 31,80 0.80 0.26
44 33,30 0.95 0.25
45 33,20 0.94 0.40
46 32.90 0.96 0.26

5000 Cycles

41 38,53 0.94 2.0
42 33,77 0.34 1.3
43 33,58 0.84 0.25
44 34,34 0.94 0.22
45 34,38 0.84 1,0
46 33,83 0.84 1,25

= 10, 000 Cycles

: 41 38,54 0.84 2.3
42 33,77 0.74 2.0
43 33,60 0.84 0,27
44 34,36 0.94 0,27
45 34,38 0.74 1.1
46 33,84 0.84 1.5

25,000 Cycles

41 38.53 1,04 3.7
42 38,77 0.84 2.35
43 33,51 0.94 0.60
44 34,35 0.94 0.38
45 34.36 0.94 1.5
46 33,81 0.94 1.9

50, 000 Cycles

41 38.50 1,04 0.16
42 33,80 0,74 1.9
43 29,28 5.34 0.75
44 34.31 0.94 0.3
i 45 34,37 0.84 1,25
§ 46 33.77 0.84 1,65

100, 000 Cycles

41 18,57 1.04 2,25

: 42 33.94 0.94 1.8
- 42 29,28 5.34 0.80
. 44 34,28 1.04 2.5
45 34,38 0.84 1,7
; 46 33,83 0.84 1.8

*Moetallizing and Coating are Sprague Proprietary Processes,
*2Test Conditions: Capacitance and Dissipation Factor at 1000Hz,
% Leakage Current at 500 VDC
Test Temperature 40°C
3 Measurement Temperature 25°C,
Load 30uH plus | ohm resistor,
Repetition Rate 0.1 pps.+
3 Test Voltage 900 VDC,
Peak Current 300 amps.
+CADET Il test equipment usod in accordance with proposal. This
equipment is limited to 0. Ipps for capacitors in the 30-35u} range,
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PHASE IB

TABLE XUIA

=~ CHARGE -DISCHARGE LIFE TEST®*

DESIGN A 0.00027" METALLIZED COATED* PETP FILM

(Encapsulated in Steel Cans)

Dissipution
Unit Capacitance Factor Leakage Current
No. (BF) (%) (pA)
0 Cycles
49 32.82 0.97 0.32
50 33.43 0,97 0.42
51 32.81 0,96 0,32
52 32.24 0,97 0.24
53 31.05 0,96 0,20
54 32,53 0.96 6.26
100,000 Cycles
49 33.87 0.94 1.0
50 34.42 0.94 1.25
51 34.00 0.65 1.35
52 failed 37,000 cycles,
53 32,19 0.94 1.3
54 33.69 1.24 1.25
200,000 Cycles
49 33,85 0.9%4 0.0022
50 34.43 0.92 2.05
51 34,00 0.9 1,61
53 32,22 0.94 1.45
54 33,68 1.24 2,05
500,000 Cycles
49 37,82 0.94 0,08
50 34,37 1.04 0.08
5] 33.97 0.61 0.10
53 % 0.0019 3,64 0,125
54 33.72 1.34 0.08
Unit No. 53 failed to charge after 241, 000 cycles.
1,000,000 Cycles
49 33.82 0.94 0.0026
50 34,30 0.94 2,5
51% 34,04 0,94 8,6
54 33.50 2.44 1.75
Unit No. 51 removed from test 901, 000 cycles,
1,500,000 Cycles
49 33.85 0.49 2,55
50 34,30 1.04 S 2.9
54 Off acale , removed from test |, 028,402 cycles,
2,000,000 Cycles
49 33,82 0.9 1.85
50 34.31 0.94 1.90

*Metallizing and Coating are Sprague Proprietary Processes.
**Test Conditions: Capacitance and Dissipation Factor at 1000 He.

Leakage Current at 500 VDC,
Test Temperatuve 40°C,
Mcasurcement Temperature 25°C.
Load 30uH plus 1| chm resistor,
Repetition Rate 10 pps. ¢

Test Voltage 900VDC, .

Peak Current 450 amps,

+CADET Il Test equipment used. (Dusigned to run 10 pps repetition ratu)
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TABLE XIV

PHASE (B ~ CHARGE -DISCHARGE LIFE TEST**
DESIGN € 0.00026” METALLIZED COATED* SOLYCARBONATE FILM

(Encapsulated in Steel Cans)

Disaipation 3

Unit Capacitance Factor Leakage Current 9

No._ (£F) — A) -

g

0 Cycles .

109 34,65 0.70 0.38 %
110 33,45 0,47 0.18
111 32.90 0.45 0.16
112 28,15 0.45 0.16
113 34.45 0, 56 0.130
114 34,08 0.61 0, 20

1000 Cycles

109 33.18 6.94 0.36
110 33.39 0,32 0.12
1981 - 32,92 0.51 - 0,105
112 28,18 1.04 0,11
113 34.43 0.53 0.235
114 34.04 0.45 0.22

10,000 Cycles

109%x Off Scale (High DF)
110 33,4} 0.62 0. 20
11 32,88 0.62 0,17
y 112 28.18 0.62 0.17
; 113 34,04 1,04 0,32
; 114 34,45 0.62 0.23
i1 25, 000 Cyclesr¥**
iy
i \ 110 33,40 0,39 0. 24 3
111 32.81 0.45 0,22 3
112 28,16 0,32 0.25 p-
; 113 34,05 1,24 0,50 3
: 114 34,41 0.57 0.38 4
, 3
r 50,000 Cycless#ss
. 110 33,41 0.42 0,24
- 11 33,90 0.45 0,23 b,
e 28,11 0.40 0.25 :
13 34,04 1.30 0,60
114 34.43 0.6 0. 45
100, 000 Cyclegw#as
110 33,40 0.36 0. 265
; m 32,97 0,41 0,22
112 28,14 0. 54 0.30 -
] 113 34.08 1.04 2,0 b
§ 14 34,40 0.62 0.32 :

*Metallizing and Coating are Sprague Proprictary Processes,
*$Test Conditions: Capacitance and Dissipation Factor at 1000 Hz.
Leakage Current at 500VDC.
Test Temperature 40°C,
Measurement Temperature 25°C,
Load JOpH plus | chm resistor,
+Repotition Rate 0.1 pps up to and including 10, 000
cycles
10 pps from 10,000 cycles upward,
Test Voltage 900 VDC, ;
Peak Current 450 amps, F
+33109 Failed 6469 Cyclea.
$$35CADET 11! teut equipmunt used from 10,001 to 100,000 vycles,

Repetition vate increaswed from 0,1 ppu ta 10 pps, £
+CADET 11 tent equipment was linuted to 0, Tpps and CADET 11 test 3
squipmont designed to run toat at LUppa in accordance with proposal, §
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TABLE XV 4
PHASE IB - CHARGE -DISCHARGE LIFE TEST**
4 DESIGN F 0.00027" METALLIZED COATED* PETP WAX IMPREGNANT
% (Encapsulated in Steel Cans)
]
' H
! Dissipation i
: Unit Capacitance Factor Leakage Current !
No, BF) (%) (BA)
0 Cycles

59 34,50 0, 42 0.63

62 34,20 0.49 0.57

63 35,20 0,50 0.57

67 34.20 0. 49 0.43

68 34,00 0.48 0,40

71 35,20 0.50 0.36
5000 Cycles j
Sogees 25,54 6.14 Short g
62 34.00 0.94 0.475 g
63 34,84 1,04 0.28 %
67 14,03 1,04 0.165 3
68 33.68 1,04 0.15 1
7n 14,75 1,04 0,35 2

10,000 Cycles

62 33.99 0.94 0.50
63 34.81 1,04 0.28
67 34,01 0.94 0.195
68 33.69 0.94 0.0045
71 34.76 0.94 0.31

20,000 Cycles

62 34,00 0. 94 0. 285
. 63 34,82 0. 94 0.245
3 e 67 34,00 0.94 0.15

3 ) o 68 33,62 0. 94 0.145
(.. . A n 34,73 0. 94 0.335

40, 000 Cycles

A 62 34,01 0. 94 0.26

., 63 34,82 0.94 0,235

: 61 33.99 0.94 0.135

! 68 33.69 0,94 0.125
Tiesks Cannot Read (Shor!)

100, 000 Cycles

A R e R

62 34.03 0,94 0.49

63 34.87 1,04 0,50

) 61 34,02 0,94 0.23
68 33.68 0. 94 0.25

© *Metallizing and Coating are Sprague Proprietary Processes,
. ssTest Conditions: Capacitance and Dissipation Factor at 1000Hze,
© Leakage Current at 500 VDC.
. Test Temperature 40°C.
. g Measurement Temperature 25°C,
2 Load 30pH plus ! ohm resistor.
3 +Repetition Rate ! 0pps,

v . 2 Test Voltage 900 VDC,
- Peak Curront 450 amps, .
3 +CADET Il teat equipmont used. (Dexigned to run 10pps repetition rate,)
: : #8459 Failed 3200 Cycles.
; , @8 #+4471 Failed 13,800 Cycles. fusme
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TABLE XVI

PHASE IB - CHARGE -DISCHARGE LIFE TEST#*

(Enclpuulate_d in Steel Cans)

DESIGN E 0,00027" METALLIZED COATED* PETP SILICONE OIL IMPREGNATED

s e v

i
K
H
£

. Dissipation
Unit Capacitance Fagtor Leakage Current
No, (BF) (%) f1a) ;
7 0 Cycles
78 34, vy 0.67 0.54
80 33,40 0.97 0.48 i
83 33,00 0.67 0.43
90 34,00 0.80 0.40
92 33,30 0.77 0.37 :
94 33.38 0.66 0.36
5000 Cycles
78 33.85 1,04 0,25
80 34,20 0.32 0.0016
83 33.11 0.65 5.0
90 34.19 0.94 0.14 3
o3 92 33.51 0.%4 N, 245 i
24 94 34.15 0.4 0.29
b 10,900 Cycles
4 78 33.87 0.94 0.1 ]
E 80 34,18 0.94 0.7 :
‘ 83 33,11 0.94 0.8
90 34,18 0,96 0.07
92 33,57 0.94 0.13 E
94 34.13 0.94 0,17 :
25,000 Cycles
78 3387 0.94 0.14 .
80 34,23 1,04 0,10 3
83 33,15 0.94 1,35
90 34,25 0,94 0.175 ;
92 35,61 0.94 0.25 3
94 34,17 0.57 0.315
50, 000 Cycles
78 33.88 0.65 0.25
80 34,19 0,94 0.002
83 33,15 0.84 0.90 3
90 34,21 0,57 0,15 3
92 33,58 0.84 0.20 i
94 34,14 0.94 0.265
100, 000 Cycles
78 33,88 0.65 0. 24
80 34,18 0.94 0.0015
83 33,15 0.84 0.95 ;
90 34,22 0.74 0.16 g
92 33,59 0,84 0,24 4
94 34.14 0.94 0.25 3
*Metallizing and Coating are Sprague Proprietary Processes, 3

*$Test Conditions: Capacitance and Dissipation Factor at 1000 Haz.
Leakage Current at 500vVDC,
Test Temperature 40°C.
Measurement Temperature 25°C.
Load 30uH plus ! ohm resistor.
Repotition Rate 10 pps.
Test Voltage 900 VDG,
Peak Current 450 amps, .
CADET I[II test oquipment used,
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TABLE XVII
S PHASE IB - CHARGE-DISCHARGE LIFE TEST:x
DESIGN D UNITS - 0.00026" METALLIZED COATED#*POLYSULFONE
¢ 0 Cycles
: Unit Capacitance Dissipation Factor Leakage Current
No. (BF) (%) (+4)
134 34,95 0.56 2.5
| 135 34.30 0.52 3
136 34.38 0.68 2.4
138 34,78 0.49 1.8
139 33.62 0.32 1.2
140 34.80 0.55 3.0
100 Cycles
134 Shorted 42 cycles
; 135 Shorted 86 cycles
136 Shorted 56 cycles
138 Shorted 95 cycles
139 Shorted 36 cycles
140 Shorted 50 cycles

*Metallizing and Coating are Sprague Proprietary Processes.,

**Test Conditions: Capacitance and Dissipation Factor at 1000 Hz,
Leakage Current at 500 VDC.
Test Temperature 40°C,
Measurement Temperature 25°C.
Load 30uH plus 1 ohm resistor.
Repetition Rate 10 pps, +

- Test Voltage 900 VDC,

' Peak Current 450 amps,

4 +CADET III test equipment used. (Designed to run 10pps repetition rate).
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to heat which eventually caused the dielectric to melt, For the type
of units tested, the higher repetition rate of CADET III only seems

to accelerate the rate of failures, The higher repetition rate of
CADET III quickens the loss of connection between the electrode and
end spray, thus raising the DF and causing the unit to heat, This
heat rise can become so high that the dielectric can no longer with-
stand the voltage and the unit faile, A photograph.showing loss of
metal along the end connection edge of the film is shown in Figure 13,

After this limited testing the discharge life test data indicate
that Design E performed the best with no failure after 100, 000
charge-discharge cycles, Designs A, C and F exhibited life test
results of approximately the same level of performance. This level
was only slightly lower than that exhibited by Design E. Units of
Design D failed before 100 cycles, again indicating dielectric of poor
quality.

8. Design Selection

Design A was chosen over Design C for use in Phase II because
the PETP is much easier to coat and metallize with consistently good
results than the polycarbonate. The lower DF of the coated polycar-
bonate compared to the coated PETP would not be a distinct advantage
at a 10 pps repetition rate. At higher repetition rates, the coated
polycarbonate should perform better than coated PETP. Design F
was not chosen because the wax impregnation did not improve the
breakdown voltage significantly and increased the weight. Also wax
would not conduct the heat out of the section as well as the silicone
oil,

Design D was eliminated because of the extremely poor discharge
life test results, Design B had previously been eliminated when units
of this design would not withstand the necessary voltage,

9, End Connection

Considerable time was spent in an effort to develop better
mechanical and electrical connections between the electrode and
the metal end spray. Sections were rolled using 2" wide 0, 00052"
metallized coated* PETP film, The sections were processed in
the normal manner with the exception of the end spray - lead

*Metallizing and Coating are Sprague Proprietary Processes
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NO LOSS OF EMG COMNNECTION

COMPAPRISON OF FILM

WITH AND WITHOUT LOSS OF END CONNECTION
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attachment method, All the experimental groups received 10, 000
charge-discharge cycles at 2500 volts and 40°C or were removed
from test due to excessive failures, The result of this testing is
shown in Table XVIII. The data indicate that Spray Process C,
control solder method gave the best results, Table XVIII also
indicates a slight advantage using Spray Process A and lead attach-
ment using Solder Process I.

10, Phase ] Extension

It was decided to extend the testing on Design E units because
of the extremely good initial results achieved with this design. This
was easily done because test equipment would be idle during the
initial stages of Phase II.

The extended life test data on Design E is shown in Table XIX.
As the extended data indicate, Design E performed extremely well.

11, Phase I

A decision was made to include three end-connection g~ "~ 2tric
variations for both Design A (0.00027' metallized coated:PL ind
Design E (0,00027" metallized coated*PE TP, silicone oil im: . 2ted)
in the Phase II program. The three variations were:

Variation 1 - A different geometry with a longer electrode
length terminated with Spray Process C, Solder Process I,
The purpose of these units was that the longer electrode
length would reduce the peak current per linear inch and
extend the life of the end connection.

Variation 2 - Standard design with Spray Process C, Solder
Process I, This experimental group used the best spray
process from the end spray evaluation,

Variation 3 - Standard design with Spray Process A, Solder
Process I. This was the second best spray process of the
end evaluation,

These capacitors were rolled and process.d using the same
techniques as in Phase 1. The only deviation from the processes
used in Phase | was the variations in end spray. The 4" long units
were encapsulated in aluminum cans while shorter units were en-
capsulated in steel cans because aluminum cans were not available
at that time and the delay required to secure the cans was unnecessary,

*Metallizing and Coating arc Sprague Proprietary Processes
55
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LEGEND FOR TABLES XVIIIA - XVIIIC

Report
Heading
Control Spray

Spray Process A

Spray Process B

Spray Process C
Spray Process D

Spray Process E

Spray Process F

Control Solder

Solder Process 1

Solder Process 2

Actual Description

Endspray applied in conventional state-of-the-art
manner.

Endspray was applied at a distance of approxi-
mately 8" between the spray nozzle and the
top of the section.

Capacitor chilled to -55°C temperature before
spraying to prevent shrinkage of the film due to
end spray heat.

Pure tin metal used as endspray material.

Four coats (approximately 1-3 mils each) of
normal eundspray formulation per end.

State-of-the-art vacuum deposition of aluminum
precoat prior to standard endspray.

A 45° angle was used in applying the spray to
obtain maximum theoretical contact of spray
and electrode.

Leads attached onto endspray using 60/40 tin/lead
solder with electric soldering iron (state-of-the-art
soldering procedure).

Pre-tinned leads attached to endspray using carbon
tip resistance soldering (no added solder).

Pre-tinned leads attached to endspray during the
endspraying process using the heat of the melting
endspray to solder the lead to the endspray,
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DESIGN E - 0.00027"

TABLE XIX

CONTINUATION OF PHASE IR ¢

HARGE-DISCHARGE LIFE TESTING

METALLIZED COATED* PETPSILICONE OIL IMPREGNATED

Dissipation
Unit Capacitance Factor Leakage Current
No. {nF) (%) (1A)
0 Cycles
78 34.00 0.67 0.54
80 33.40 0.97 0.48
83 ' 33.00- 0.67 0.42
90 34.00 0.80 0.40
. 92 33.30 0.77 0.37
94 33.38 0.66 0.36
5,000 Cycles
78 33.85. 1.04 0.25
80 34.20 0.32+ 0.0016+
83 33.11 0.65 5.0
90 34.19 0.94 0.14
92 33.51 0.94 0.245
94 34.15 0.94 0.29
10,000 Cycles
78 33.87 0.94 0.1
80 34.18 0.94 0.7
83 3.1 0. 94 0.8
90 34.18 0,96 0. 07
92 33.57 0.94 0.13
94 34.13 0.94 0.17
25,000 Cycles
78 33.87 0. 94 0.14
80 34.23 1.04 0.10
83 33,15 0.94 1.35
0 34.25 0.94 0.175
92 35.61 0.94 0.25%
94 34.17 0.57 0.315
50, 000 Cycles
78 33.88 0. 65 0.25
80 34.19 0.94 0,002+
83 33.15 0. 84 0.90
90 34.21 0.57 0.15
92 33,58 0.84 0.20
94 34.14 v, 94 0.265
100, 000 Cycles
78 33.88 0.65 0.24
80 34.18 0.94 +0.0015+
83 33,15 0, 84 0.95
90 34,22 0.74 0.16
92 33.59 0, 84 0.24
94 34.14 0,94 0.25
60 Coatract No. DAANOI.T1.C.0049
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TABLE XIX (CONTINUED)

CONTINUATION OF PHASE 1B CHARGE-DISCHARGE LIFE TESTED

P A e

DESIGN E - 0.00027" METALLIZED COATED*PETP SILICONE OIL IMPREGNATED
s
4 Dissipation
¢ 8 Unit Capacitance Factor Leakage Current

] No. (uF) (%) (1A)

500, 000 Cycles

78 34.05 0.84 0.3
80 34.20 0.99 o 0.70
83 33.30 0.94 1.30
90 34.55 0. 84 0,22
92 33.6p 0.94 : 0.80
94 34.10 0.94 0.55

1, 000, 000 Cycles

78 33.88 0.79 0.32
, 80 34.10 0.70 0.75
: 83 33.10 0,76 1.80
3 90 34,10 0.70 0.25
2 92 33.48 0.72 0.98
i 94 34.04 0.70 0.50
- 2, 000, 000 Cycles
. 78 33.80 0.84 0.28
b 80 34. 00 0.84 0.68
L 83 33.00 0.75 0.90
. 90 34.00 0.79 0.22
1 92 33.25 0.79 0.80
94 34.20 0. 84 0.50

78 33.75 0.74 0. 34
80 34.09 0.74 0.92
83 34.12 0.74 1.40
90 34,06 0.74 1.30
92 33.90 0.74 0.2¢
94 36.04 0.74 0.88

z; 78 33, 65 0.9 0.48
80 33,84 0. 84 0.98
k. 83 32.85 0.74 0.27
90 33.78 0.65 0.22
92 33,27 0.76 0.94
94 35,68 0.74 0.68

st 1 S s s Aot 5 b s o o e

#Sprague Proprietary 3
Capacitance and Dissipation Factor at 1000Hz i
Leakage Current at 500V '
Test Temperature 40°C up to 100, 000 cycles 25°C after 100, 000 cycles
Measuring Temperature 25°C

Repetition Rate 1 Opps

Load 32uH + 101 resistor

Current = 450 anip,

‘Reading error

Contract Mo, DAADIY.TL-C.0048




The finished encapsulated units were cleared at 1000 volts at
70°C. The number of audible clearings was recorded. These data are
recorded in Table XX,

A sample cf each design was measured for inductance. The
readings are shown in Table XXI. The inductance measurements
were in the range of values expected for capacitors of this size and
construction.

12, Testing and Evaluation

A sample of six units of each design variation was discharge
life tested for 10, 000, 000 charge-discharge cycles (at 10 pps and
40°C) or until failure. The results of this testing are shown in
Tables XXII - XXVII,

Two things are evident from these data:

Silicone oil impregnated units performed better than
their dry (unimpregnated) counterparts,

Variation 1 units performed better than standard
design units,

The reason that the silicone oil impregnated units performed
better than the unimpregnated ones was not due to any appreciahle
increase in dielectric strength caused by the impregnant, but
rather from the silicone oil acting as a heat transfer medium to
conduct heat away from the end connections and windings to be
dissipated by the can.

The probable reason for the greater success of Variation 1
capacitors was that the longer electrode length of these units
lowered the peak discharge current per unit of length to a value
at which a connection between the metallized electrode and end
spray metal could be maintained,

On the basis of the discharge life test data, silicone oil
impregnated units of Variation 1 design were selected for use in
Phase III.
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TABLE XXA
AUDIBLE MOMENTARY BREAKDOWN
AT ELEVATED TEMPERATURE AT 1kV
DESIGN A VARIATION 1
(0.00027* METALLIZED COATED* PETP, DIFFERENT GEOMETRY:
SPRAY PROCESS C, SOLDER PROCESS I
Unit No. No. of Breakdowns
151 26
152 20 |
153 21 :
L § 154 26 :
155 33
¥ 156 17 ;
] 157 17
158 22
Test Voltage 1000 VDC )
Test Temperature 70°C DAABO.71-C.004%
. *Sprague Proprietary
\I 3
I
a
i} :
: i
3

;“ 63
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TABLE XXB

AUDIBLE MOMENTARY BREAKDOWN
AT ELEVATED TEMPERATURE AT 1kV
DESIGN A VARIATION 2
(0.00027"* METALLIZED COATED* PETP, STANDARD DESIGN)
SPRAY PROCESS C, SOLDER PROCESS I

;
Unit No, No. of Breakdowns %
200 10
201 12
202 18
203 20 ;
204 15 i
205 22 i
206 18 §
207 16
Test Voltage 1000 VDC
Test Temperature 70°C DAABSY.11-C-004 4
*Sprague Proprietary
4
!
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TABLE XXC

bk AUDIBLE MOMENTARY BREAKDOWN
AT ELEVATED TEMPERATURE AT 1kV
DESIGN A VARIATION 3 ;
(0. 00027'* METALLIZED COATED* PETP, STANDARD DESIGN)
SPRAY PROCESS A, SOLDER PROCESS. I
Unit No. No, of Breakdowns
i 174 18
\ 175 22 .
176 17 s
3 177 15 j
178 10
179 19
|,

Test Voltage 1000 VDC
Test Temperature 70°C DAABOT-71-C-0049
*Sprague Proprietary
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TABLE XXD

AUDIBLE MOMENTARY BREAKDOWN
: AT ELEVATED TEMPERATURE AT 1kV
g DESIGN E VARIATION 1
(0.00027* METALLIZED COATED* PETP, DIFFERENT GEOMETRY,
SILICONE OIL IMPREGNATED)
SPRAY PROCESS C, SOLDER PROCESS I

i
3
e

H

¥

g.

b
¢
¢
:
?
g
§
i
;

Unit No., No. of Breakdowns
i 180 10
181 12
182 16
? 183 9
184 11
185 18

Test Voltage 1000 VDC
Test Temperature 70°C

DAABOT.71.C.0049
*Sprague Proprietary




TABLE XXE
’ AUDIBLE MOMENTARY BREAKDOWN
AT ELEVATED TEMPERATURE AT 1kV
DESIGN E VARIATION 2
] : (0.00027* METALLIZED COATED* PETP, STANDARD DESIGN,
e SILICONE QIL IMPREGNATED)
G SPRAY PROCESS C, SOLDER PROCESS 1
B
Unit No, No, of Breakdowns
193 20
194 18
195 14
196 22
197 17 ::
198 19 |
Test Voltage 1000 VDC 4
Test Temperature 70°C DAABOY.11-C-0048 ‘
*Sprague Proprietary :
;
i

NLadad AL . ca2oanir s 2 s S Tk
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TABLE XXF

AUDIBLE MOMENTARY BREAKDOWN
AT ELEVATED TEMPERATURE AT 1kV
DESIGN A VARIATION 3
(0.00027" METALLIZED COATED* PETP, STANDARD DESIGN,
SILICONE OIL IMPREGNATED)
SPRAY PROCESS A, SOLDER PROCESS I

Unit No, No., of Breakdowns
186 10
187 15
188 16
189 19
190 27
191 18
192 22

Test Voltage 1000 VDC
Test Temperature 70°C
*Sprague Proprietary

DAABOY-11.C.0049
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TABLE XXII

CHARGE-DISCHARGE LIFE TESTING
DESIGN A VARIATION 1
(0.00027" METALLIZED COATED* PETP, DIFFERENT GEOMETRY)
SPRAY PROCESS C, SOLDER PROCESS 1

Uait . Leakage
N, Capacitance {uf) Dissipation Factor (%) Current (pA)
0 Cycles

153 32,65 0.69 2,00

154 31.40 0.71 1.00

155 33,35 0. 74 0.82

156 33.58 0.71 1.40

157 31.90 0.66 0.68

158 31,43 0. 66 0,30

1, 000, 000 Cycles

153 32,25 0.75 1.82
154 31,72 0.57 0.60
155 33,16 0.70 0 32
156 34,16. 0.74 1,30
157 30.40 0.74 0.68
158 3i.28 0,57 0.40

5,000,000 Cycles

153 s$6HORT

154 31.22 0,62 1.90
155 32.97 0,62 2.50
156 32.85 0.64 1.60
157 27.70 0.65 0.92
i58 31.10 0.56 2.00

=Failed 2. 433,283

*Sprague Proprietary

Capacitance and Dissipation Factor at 1000 Hz
Leakage Current at 500V

Repetition Rate 10 pps

Test Temperature 40°C

Measuring Temperature 25°C

Load 30uH + (2 resistor

Test Voltage 900V

Peak curreAnt = 450 Amps DAABOT.T1.C. 0048
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TABLE XXIi1 (CONT'D)

CHARGE-DISCHARGE LIFE TESTING
DESIGN A VARIATION 1
(0.00027* METALLIZED COATED* PETP, DIFFERENT GEOMETRY)

SPRAY PROCESS C, SOLDER PROCESS I

Unit Leakage
No. Capacitance (pF) Dissipation Factor (%) Current (1A)

10, 000, 000 Cycles

154 30.15 0.66 0.80
155 32.77 0.64 0.44
156 31.62 0.81 3.50
157 24.50 0.62 0.70
158 30.80 0.63 0.85

#Sprague Proprietary

Capacitance and Dissipation Factor at 1000 Hz
Leakage Current at 500V

Repetition Rate 10 pps

Test Temperature 40°C

Measuring Temperature 25°C

Load 30pH + 1Q resistor

Test Voltage 900V

Peak current = 450 Amps. DAABOT-71-C-0049

71




TABLE XXIII

CHARGE-DISCHARGE LIFE TESTING
DESIGN A VARIATION 2

(0.00027 METALLIZED COATED* PETP STANDARD DESIGN]}

SPRAY PROCESS C,

SOLDER PROCESS |

0 Cycles
Unit Capacitance - Disasipation Factor Leakage Current
No, {uF) (%) (uA)
200 30.40 0, 54 0.50
201 29.00 0.64 0.80
202 28,65 0.64 0.60
203 29.98 0.64 0.80
204 29,38 0.64 0.78
205 30.45 0.66 0.90
1, 000, 000 Cycles
200 Fajled 238, 950
201 28,65 0.75 : 0.98
202 =8.50 0.85 0.75
203 Failed 938, 652
204 29,00 0.82 0,95
205 Failed 256, 322
5, 000, 000 Cycles
201 Failed 1, 098, 506
202 Failed 2, 568, 300
204 Failed 1, 687, 352
Capacitance and Dissipation Factor at 1000H2 DAABOT-T1.C.0000

Leakage Current at 500 v

Test Temperature 40°C
Measuring Temperature i5*C
Repetition Rate 10 pPps

Load 3CpuH + 12 resistor

Test Voltage 900 v

Peak Current =z 4504,

*Sprigue Propristary 72
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TABLE XXIV

CHARGE-DISCHARGE LIFE TESTING
DESIGN A VARIATION 3
(0.0%027* METALLIZED COATED* PLTP, STANDARD DESIGN)
SPRAY PROCESS A, SOLDER PROCESS I

Unit Leakage
No. Capacitance (uF) Dissipation Factor (%) Current (pA)
0 Cycles
200 30.40 0.54 0.50
201 29.00 0.64 0.80
202 28.65 0.64 0.60
203 29.98 0,64 0.80
204 29.38 0.64 0.78
205 30.45 0.66 0.90

1,000,000 Cycles

200% Short
201 26.65 0.75 0.98
202 28.50 0,82 0.75
203t Open
204 29,00 0.82 0.95
2054 Open

*Failed 238, 950
+Failed 938, 652
#Failed 256, 322

5,000, 000 Cyc}es

20 % Short
202++ Open
204#4# Short

**Fajled 1,098,506
++Failed 2,568,300
##Failed 1,681,352

Capacitance and Dissipation Factor at 1000 Hz
Leakage Current at 500V

Test Temperature 40°C

Measuring Temperature 25°C

Repetition Rate 10 pps

Load 30pH + 1Q resistor

Test Voltage 900 V
Peak Current™ 450A.

#Sprague Proprietary 7 DAABEY.T1.C.004
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TABLE XXV

CHARGE-DISCHARGE LIFE TESTING
DESIGN E VARIATION 1
(0.00027" METALLIZED COATED* PETP, DIFFERENT GEOMETRY,
SILICONE OIL IMPREGNATED)
SPRAY PROCESS C, SOLDER PROCESS 1

Unit Leakage
No. Capacitance (uF) Dissipation F ictor (%) Current (1A)
0 Cycles
180 32,13 0.61 0.32
181 31.78 0.57 0.76
182 32,30 0.53 0.38
183 31,20 0.57 0.75
184 32,29 0.54 0.70
185 30,60 0.53 0.90

1,000,000 Cycles

180 32.10 0,65 0.25
181 31.70 0.61 0.25
182 3z.30 0,63 0.18
183 31.10 0.65 0.68
184 32.35 0.63 0.70
185 30.90 0.63 0.25

5,000,000 Cycles

180 32.30 0.62 0.15
181 31.74 0.62 0.12
182 32,45 0.65 0.24
183 31.40 0.61 0.25
184 32,37 0.62 0.78
185 30.95 0.62 0.72

10,000,000 Cycles

180 32.25 0.57 0.18
181 31,65 0.57 0.16
182 32.44 0.53 0,22
183 31.35 0.57 2.00
184 32.32 0.53 0.32
185 30.94 0.53 G.98

Capacitance and Dissipation Factor at 1000 Hz i
Leakage Current at 500V

Teat Temperature 40°C

Measuring Temperaturs 25°C

Repetition Rate 10 pps

Load 30uH + 1Q re:istor :
Test Voltage 900 V i
Peak Current ¥ 450 A,

*Sprague Propristary

DAARST.T1.C 0040
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TABLE XXVI1

CHARGE-DISCHARGE LIFE TESTING
DESIGN E VARIATION 2

SILICONE OIL IMPREGNATED)
SPRAY PROCESS C, SOLDER PROCESS I

(0.00027" METALLIZED COATED* PETP STANDARD DESIGN

0 Cycles
Capacitance Dissaipation Factor Leakage Current
S 3.3 H (%), 500V (pA)
34.17 0.69 0.40
34,09 0.74 0.38
35.75 0.74 0.38
34, 35 0.74 0.95
34,14 0.74 0.95
33.74 0.74 0.40
5,000, 000 Cycles
34.10 0.70 0.30
Open 2,567,323
35.79 0.70 0.40
34.29 0.70 1.60
34.10 0.70 0.30
33.70 0.70 0.34

34.08 0.73
35,70 0,73
34.35 0.74
34.06 0.74
33,67 0.74

Capacitance and Dissipation Factor at 1000Hz
Leakage Current at 500VDC

Repetition Rate 10 pps

Test Temperature 40°C

Measuring Temperature 25°C

Load 30uH plus 1 ohm resistor

Test Voltage 900VD(

Peak Current = 450 amps.

*Sprague Proprietary
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TABLE XXVII

CHARGE -DISCHARGE LIFE TESTING
DESIGN E VARIATION 3
(0.00027* METALLIZED COATED* PETP, STANDARD DESIGN,
SILICONE OIL IMPREGNA TED)
SPRAY PROCESS A, SOLDER PROCESS [

Unit . Leakage
No, Capacitance (uF) Dissipation Factor (%) Current (nA)
0 Cycles
186 33.56 0.76 0.68
187 39.43 0.74 1.50
188 34,05 S 0,71 0.80
190 33.71 0.74 0.40
191 33,55 0.69 0.98
192 35,22 0.74 0.40

1,000, 000 Cycles

186 33.50 0.70 0.46
187 34.40 0.71 0.30
188 34.10 0.70 0.40
190 33.65 0.73 0.60
191 33,50 0.7 0.40
192 35.20 0.69 0.60

5,000, 000 Cycles

186 33. 72 0.70 0.23
187 34.42 0.71 0.38
188 34,88 0.69 0.35
190* Open

191 33.62 0.69 0.30
192 35,25 0.69 0.45

#Failed 3,226, 368

10,000,000 Cycles

186 33.56 0.68 0.26
187 34.30 0.74 0.20
188 33.95 0.74 0.50
191 33.70 0.80 0.30
192 35,15 0.81 0.24

Capacitance and Dissipation Factor at 1000 Hz
Leakage Current at 500V
Test Temperature 40°C
Repetition Rate 10 pps
Measuring Temperature 25°C
Load 30puH + 12 resistor
Peak Current® 450 A

Peak Voltage 300V,

“Sprague Proprietary 76
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13, Phase III

Units of Design E Variation 1 were produced in the same manner
as in Phase II with the exception that plated aluminum cans and covers
were used., The cans and covers were plated with electroless nickel
followed by a hot tin dip. With the plating, the units could be hermeti-
cally encapsulated using standard tin-lead solder. A comparison
among the state-of-the-art metallized paper capacitor, the initial
contract design units and the final design is shown in Figure 14.

After initial electrical measurements shown in Table XXVIII,
six capacitors were discharge life tested. Twelve additional capacitors
were shipped to the U, S. Army Electronics Command, Fort Monmouth,
New Jersey. The results of this testing are shown in Table XXIX, It
can be seen that only one unit of the six which were tested failed to
meet the 50, 000, 000 charge-discharge cycles objective, This unit
was removed from test after 10, 000, 000 charge-~discharge cycles
because of loss of capacitance from an initial reading of 31,65uF to
19, 25uF after 10, 000, 000 charge-discharge cycles, It should be
pointed out that this was not a catastrophic failure such as a short
or open but was still operable, The dissipation factor had also risen
to 3,30%. It is interesting to note that the large loss of capacitance
and rise in dissipation factor occurred between 5, 000, 000 and
10,000, 000 discharge cycles, It should be noted that the capacitance
on this unit dropped about 6% between 0 and 2.5 million cycles, This
is a considerably higher capacitance drop than was exhibited by the
other units. Because of this capacitance change, it may be possible
to screen out infant mortalities such as this unit by use of a burn-in,
It appears that a burn-in of less than 10% of the expected life could
eliminate possible early failures.

Apparently, new methods of measurements will have to be
devised to screen out early failures. However, on the basis of
present state-of-the-art capacitors, a failure at 10, 000, 000 charge -
discharge cycles could not be considered an early failure, especially
when the repetition rate of 10 pps is considered.

Late in Phase III, a new film (Polyvinylidene Fluoride) became
available in engineering sample quantities, This is an extruded
biaxially oriented film with a dielectric constant of 11,0, A sample
of the film was processed and capacitors were rolled., Because of
the limited amount of film available, it was decided to roll capacitors
of only approximately 5uF, The initial electrical measurements on

77




(Left to Right) State-of-the-Art, Final Design and Initial Design Capacitors

Figure 14
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TABLE XXVIII

' INITIAL MEASUREMENTS OF DESIGN E VARIATION 1
‘_ 0.00027" METALLIZED COATED* PETP, DIFFERENT GEOMETRY

SILICONE OlL IMPREGNATED

L S T I L o AL ST

4
-
.
4 ‘ Unit Capacitance Dissipation Factor Leakage Current Weight in
] { No, (LF) (%) (WA) Grams
{ ;,% 208  30.65 0.72 0.38 164
3 " 209 31,10 0.62 0,72 162
4 - 210 31,65 0.62 0.50 162
3 C g 211 36,25 0.75 0.54 165 :
] : 212 35,22 0.62 0.84 166 1
: f 213 36.68 0.62 0.84 169 i
] 3 214 31.96 0.69 2.5 174 i
! - 215 32,60 0.55 14,0 176 i
1 b 216 32.85 0.59 3.2 175 2
: 1. 217 32,41 0.55 2.6 176 1
b » 218 32,41 0.57 3.0 176 |
U 219 32,27 0.60 2.8 172 §
| 220 31.24 0.54 2.3 175 ]
1 - 221 33.51 0.64 3.0 173 ]
3 5L 222 32.48 0.65 1.2 171 s
é . 223 32.32 0.62 3.0 174 i
: 224 31,63 0.42 3.0 178 3
225 32,90 0,52 1.3 181 ;
226 31,67 0.59 2.4 176 i
227 32.26 0.56 2.7 175 i
228 32.37 0,56 3.6 175 :
229 32.11 0.55 4,2 177
230 32.39 0.53 6.0 177
231 31.04 0.53 2.5 178
232 32,99 0.55 7.4 175
233 32,67 0.59 0.15 175

Capacitance and Dissipation Factor at 1000Hz
Leakage Current at 500VDC DAABO?-71.C-064% 3
*Sprague Proprietary
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TABLE XXIX
]
CHARGE-DISCHARGE LIFE TESTING
DESIGN E VARIATION 1
0.00027'* METALLIZED COATED* PETP, DIFFERENT GEOMETRY,
SILICONE OIL IMPREGNATED

0 Cycles
Unit Ca.pacitance. Dissipation Factor Leakage Current
No. (1F) {%) (pa)
208 30.65 0.72 0.38
209 31.10 0.62 0.72
210 31.65 0.62 0.50
211 36.25 0.75 0.54
212 35.22 0.62 0.84
213 36,58 0.62 0.98

2,500, 000 Cycles

S R

208 31.75 0.68 0.40
E 209 31.00 0.75 0. 68
2 210 30, 66 0.68 0.75
211 36. 00 0.75 0.54
212 35,20 0,60 0.80
: 213 36. 60 0,61 0.85

0
otk 2

5,000, 000 Cycles

b N2,

208 31.50 0.66 0.45
R 209 30.90 0.76 0.75
210 30. 00 0.75 0.70
- 211 36. 50 0.76 0.60
212 34.90 0.72 0.76
: 213 36,50 0. 69 0.85

10, 000, 000 Cycles

208 31.15 0.61 0.32
209 30,62 0.61 0.18
210 19.25 3.30 0. 54
211 36. 00 0.75 0. 68
212 34.75 0.70 0.70
213 36.40 0.69 0.80

DAARST ¥].C. 0044
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TABLE XXIX (CONT'D)

CHARGE-DISCHARGE LIFE TESTING
DESIGN E VARIATION 1

DTN SINY SUEPIPRSEL2 S L U

12,500, 000 Cycles

Unit Capacitance ° Dissipation Factor

208 31.18 0.62

209 30.55 0.65

210 Removed from test

211 36.08 0.75

212 34.70 0.70

213 36.00 0.76
15, 000, 000 Cycles

208 31.10 0.60

209 30.25 0.70

211 35.95 0.69

212 34,15 0.65

213 36, 05' 0.71
17,500,000 Cycles

208 31.15 0.57

209 29.65 0.75

211 35.90 0.69

212 34.45 0,65

213 36.05 0.71
20,000, 000 Cycles

208 31.05 0.60

209 29.9% 0.70

211 35.95 0.65

212 34. 55 0. 60

213 36.10 0.70

81

0.00027'* METALLIZED {:DATED* PETP, DIFFERENT GEOMETRY,
SILICONE OIL IMPREGNATED

Leakage Current
(uA)

0.40
0.25

0.96
0.36
0.58
0.40
0.65

0.75
0.45
0.58
0.42
0.68

DAABIT 11 G004y
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TABLE XXIX (CONT'D)

CHARGE-DISCHARGE LIFE TESTING
DESIGN E VARIATION 1
0.00027" METALLIZED COATED* PETP, DIFFERENT GEOMETRY,
SILICONE OIL IMPREGNATED

22, 500, 000 Cycles

Unit Capacitance Dissipation Factor Leakage Current
No. (uF) (%) (bA)
208 31.00 0.70 0.65
209 29,75 0.69 0.80
211 35.70 0.65 0.60
212 35.50 0.70 0.45
213 36.08 0.69 0.70

208 31.05 0.70 0.70
209 29.65 0.65 0.70
211 35,10 0.75 0.60
212 39.50 0.70 0.68
213 35.95 0.75 0.80

208 31.08 0.70 0.65
209 29.60 0.70 0.80
210 35.10 0.70 0.60
212 34,48 0.70 0.80
213 35,60 0.80 0.65

30, 000, 000 Cycles

208 31.10 0.70 0.80
209 29.55 1.70 0.80
211 35,06 0.53 0.25
212 34.40 0.71 1.00
213 35.50 0.90 6.80

DAABSY.¥1.C.004¢
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TABLE XXIX (CONT'D)

CHARGE-DISCHARGE LIFE TESTING
DESIGN E VARIATION 1
0.00027" METALLIZED COATED* PETP, DIFFERENT GEOMETRY,
SILICONE OIL IMPREGNATED

32,500, 000 Cycles

Unit Capacitance Dissipation Factor Leakage Current
No, (1F) (%) {A)
208 31.09 0.65 0.75
209 29,05 1.60 0.60
211 34,68 0.60 0,58
212 34.00 0.63 0. 60
213 35,55 0.65 0.80

35, 000, 000 Cycles

208 "31.00 0.60 0.80 f
209 29.60 0.60 0.70 ;
; 211 34.75 0. 62 0.65
212 33.60 0.60 0.70
; 213 35.50 0.60 0.85

37,500, 000 Cycles

208 31,08 0.56 0.80
209 29.50 0. 66 0. 88 -
211 35,08 0.70 0.90 ;
212 32,56 0,66 0.74 ;
213 35,60 0.50 0. 80

Rt R s

40, 000, 000 Cycles

2 AP e

208 31.07 0.57 0.12
209 29, 44 1.75 0.82
211 35.00 0.57 0.62
£ 212 35.25 0.57 0.62
] =2 28.86 0.57 0.50

SAABIT LG 00e0

i it
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TABLE XX!X (CONT'D)

CHARGE -DISCHARGE LIFE TESTING

DESIGN E VARIATION 1

0.00027" METALLIZED COATED* PETP, DIFFERENT GEOMETRY,

SILICONE OIL IMPREGNATED

42,500, 000 Cycles

Unit Capacitance Dissipation Factor Leakage Current

No. {uF) (%) (pA)

208 31.05 0.52 0.26

209 29.35 1.60 0.80

210 35,08 0.66 0.70

211 35.30 0.60 0.68

212 35,30 0.60 0. 68

213 27.65 0.60 0.58
45, 000, 000 Cycles

208 31.00 0.58. 0. 60

209 29,30 1.50 0.85

211 35,05 0.60 0.76

212 35,50 0.58 0.46

213 27.00 0.66 0.44
47, 500, 000 Cycles

208 31,00 0.58 0.25

209 29.28 1.60 0.75

212 33,40 0.68 0. 40

213 26,08 0.58 0. 60
50, 000, 000 Cycles

208 31,05 1.56 0.20

209 29.25 1.74 0.82

211 35.23 0.56 0.84

212 33,35 0. 66 0.22

213 24,82 0.59 0.40

Capacitance and Dissipation Factor at 1000 Hz

Leakage Current at 500VDC

Repetition Rate 10 pps

Test Temperature 40°C

Measuring Temperature 25°C

Load 30 uH plus 1 ochm resistor

Peak Current = 450 amps. DAABOT11-Cos000

*Sprague Proprietary
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these units are shown in Table XXX, The leakage currents and
dissipation factors are much higher for these capacitors than for
any of the designs used in Phase I, This is due to the basic nature
of the film and not because of any degrading of the film's properties
due to coating.

The electrical characteristics were measured at various
temperatures, There was a tremendous capacitance loss at the
lower temperatures which would necessitate a much larger size
unit at room temperature to maintain a constant amount of energy
at the lower temperature, Capacitance change vs, temperature
is shown in Figure 15,

These units failed before 500 charge-discharge cycles because
of the high DF and high ieakage currents on discharge life testing at

10 pps.

Very late in Phase III the eighth test station of CADET III was.
received, Because of the luck of time very little data was gathered
with this unit, The results of the discharge life test at 30 pps are
shown in Table XXXI., It ig interesting to note that the Design E
Variation ! type units performed well with only 1 failure in six
units tested for 10, 000, 000 charge-discharge cycles.
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TABLE XXXA

INITIAL ELECTRICAL RESULTS

0,00036" METALLIZED COATED«POLYVINYLIDENE FLUORIDE

Capacitance and Dissipation Factor at 1000Hz

Leakage Current at 500VDC
*Sprague Proprietary
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Unit Capacitance Dissipation Factor
No.  ___(uF) (%)
1 4.957 1.20
2 4.995 1.20
3 4.993 1,20
4 5.001 1.20
5 4.993 1.2
6 4.956 1.2
7 5.318 1.2
8 4.986 1.2
9 5.236 1.2
10 4.981 1.2
11 5.015 1.2
12 4.970 1.2
13 5.149 1.3
14 5.076 1.2
15 5.040 1.2
16 4.980 1.2
17 5. 047 1.2
18 5.106 1.5
19 5.082 1.2
20 5.164 1.2

Leakage Current

(uA)

4,0
3.6
Short
Short

. 3 Y Y . .
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TABLE XXXB

BREAKDOWN VOLTAGE
0.00036" METALLIZED COATED*POLYVINYLIDENE FLUORIDE

VR iy A s e i 3 e R

Breakdown Voltage j
Unit No., (Volts)

1400
2100
1800
1300

BN -

*Sprague Proprietary

DAABOT.71-C. 0049
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TABLE XXXC

CAPACITANCE AND DISSIPATION FACTOR FOR VARIOUS FREQUENCY
0.00036" METALLIZED COATED*POLYVINYLIDENE FLUORIDE

Unit Capacitance Dissipation Factor Capacitance Dissipation F2ctor

No. (LE) (%) (pF) (%)
.1Hz 1. kHz
5 5.017 0.95 4,9516 1.16
9 Cannot Read 5,2040 12.90
16 4,9892 0.93 4,9282 1.14
19 5.0920 0.95 5.0316 1.21
" 2KHz 5 kHz
5 4,9373 1, 37 4,9214 2.084
9 5,1972 16,10 5.2167 29,405
16 4,9260 1.34 4,8980 1.94
19 5.0173 1,51 5.0008 2.33
10kHz
5 4.9362 3,08
9 5.3001 58.6
16 4,9094 2.96
19 5.0162 2.03

*Sprague Proprietary

DAABOT«71.C-0049
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TABLE XXXI

CHARGE -DISCHARGE TESTING 30 pps DESIGN E VARIATION 1
(0.00027" METALLIZED COATED* PETP, DIFFERENT GEOMETRY,
SILICONE OIL IMPREGNA TED)

SPRAY PROCESS C, SOLDER PROCESS I

0 Cycles
Unit Capacitance Dissipation Factor Leakage Current
No. (LF) (%) (nA)
234 30,94 0.53 0.98
235 31,35 0.57 0.20
236 32,25 0.87 0,18
237 32,36 0.55 0.26
238 32,55 0.65 0.53
239 31,82 0,77 0,65

10,000, 000 Cycles

234 30,80 0,75 0. 88
235 31,00 0,64 0,20
236 31,32 0,70 0, 80
237 Shorted 7, 860, 553

238 31,62 0.85 0,75
239 31,60 C.79 0,70

Capacitance and Dissipation Factor at 1000 Hz
Leakage Current at 500VDC

Test Voltage 900 VDC

Test Temperature 40°C

Measurement Temperature 25°C

Load 32pH plus 1 ohm resistor

Pulse Rate 30 pps

Peak Current = 400 amps.

*Sprague Proprietary

DAABO?.T1.C«0049
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SECTION III

CONCLUSIONS AND RECOMMENDA TIONS

1, Capacitors weighing approximately six ounces, and capable of
supplying 12 joules of energy for 50, 000, 000 charge-discharge
cycles at 10 pps can be produced using metallized coated*
0.00027" PETP and silicone oil as an impregnant, The
design objectives of the contract were accomplished.

2, At a repetition rate of 10 pps, silicone oil impregnated units
exhibit longer life than do dry unimpregnated units of the
same construction,

3. Silicone oil acts more as a heat transfer medium to conduct
heat away from the capacitor windings and end connectors
rather than increase the dielectric strength of the unit,

4, By increasing the length of the eli:ctrode, the life of a metallized
coated energy storage capacitor is increased due to the reduction
in current per length of electrode.

5. Polysulfone with the present coating system is not a satisfactory
dielectric for high repetition rate energy storage capacitors.,

6. Coated polycarbonate performed satisfactorily as a dielectric
for energy storage capacitors and it may be superior to coated
PETP at higher repetition rates,

7. Additional work may prove coated Polyvinylidene Fluoride to be
a good dielectric at low repetition rates and where loss of
capacitance at low temperatures is not a critical factor.

8. A coated PETP silicone oil impregnated capacitor will operate
satisfactorily at 30 pps for at least 10, 000, 000 charge-discharge
cycles,

*Metallizing and Coating are Sprague Droprietawy Dpegcesses
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10,

Additional work should be conducted at higher temperature s and
repetitica rates on metallized coated capacitors.

Additional work should be conducted in an effort to measure the
determining tactors of the life of a capacitor,
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