CASE 17

Evaluation of the Generic Function

of Film Capacitors

Abstract: This research focuses on parameter design to clarify (1) a generic
function to express a capacitor's functionality systematically, and (2) a prac-
tical measurement process to evaluate the generic function of a film capacitor.

1. Introduction

In applying quality engineering techniques to the
functional evaluation of a capacitor, we used the
following characteristics: (1) the charging charac-
teristic by direct current (dc), (2) discharging
characteristic by dc, (3) voltage and current char-
acteristics by alternating current (ac), and (4)
charging and discharging characteristics by a com-
bination of dc and ac. Additionally, to apply it only
to the technological development process to meet
the following conditions was desirable: (a) that a
large variation in SN ratios be obtained; (b) that a
voltage similar to the one in practical use be set; (c)
that a test sample not come up easily with missing
data, even if the sample was defective; (d) that a
time constant be easy to measure.

In applying quality engineering techniques to a
film capacitor, we concluded that item 4 above was
appropriate because we wished to evaluate energy
loss of charge and discharge at a given dc stress.

On the other hand, since a capacitor stores and
discharges energy proportional to charged voltage
in the form of an electric charge, if we define ca-
pacitance as C (farads) and charged voltage as V,
the electrical charge accumulated, Q (coulombs), is
expressed as

Q=cv (1)

In our study we considered this relationship to be a
basic function. We regard this as

y=BM (2)
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2. Study of Measurement

Figure 1 illustrates a measurement circuit, and Fig-
ure 2 depicts the waveforms measured. Figure 2a
indicates the waveform of a terminal voltage given
to a capacitor, and 2) shows the waveform of a cor-
responding charging or discharging current. We di-
vided a voltage waveform of one charge-to-discharge
cycle (Figure 2a) by 10 equal time frames and set
each of 10 voltage values (V; to V) at each point
of time (7 to T;,) to 10 different levels. However,
when we analyzed them, to assess the linearity of a
waveform, we combined voltage values V; to Vj at
charging points of time T; to T; with signal factors
M; to M,,. On the other hand, by subtracting Vj
from V; to V}, at discharging points of time 7j to
Ty, we created V¥ to V3, and then related each of
Vi, to V& with M, to M; in a reverse manner.
Since we established a relationship between ter-
minal voltage and electric charge as the generic
function, we needed to integrate the current over
the time. Dividing the current waveform shown in
Figure 2b at the same 10 points of time as those used
for (1), we calculated an integral of current from
zero (71;) to each point of time (the accumulated
area between a current waveform and the time axis)
and set each integral to each of the electrical
charges Q, to Q. In actuality, we measured Q, to
0, in Figure 2b by reading a waveform from a dig-
ital oscilloscope, computing the area at each time
frame divided into 10 equal lengths, and summing
up all areas. When analyzed, for the same reason as
in the case of signal factors, accumulated electrical
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Measurement circuit

charges Q,, to Qg were combined with measured
output values y;to y;, and Q; to Q, correspond to y,
to yio-

We set 2 maximum voltage value to a three-level
indicative factor and excluded their effects from er-
rors. This is done because if a commercial capacitor
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has variations in the voltage designed, we often ad-
just them:

P: 1kV
P 2kV
P;: 3 kV

For a noise factor, we chose two levels:
N;:  predegradation state
N,: postdegradation state

Our experiments are conducted based on an Lq
orthogonal array with eight factors assigned to it
(Table 1).

3. SN Ratio

Table 2 shows the data for experiment 1. We com-
puted the SN ratios and sensitivities of experiment
1, as follows.

Total variation:

Sy = (—11.67)2 + (—=11.05)% + - + 127.44*

(f = 60) 3)

169,473.52

Six effective dividers:
rn = (—38.01)2 + (—2.70)% + -+ + 7.112 = 149.30
r, = 283.36

r =569.16 1, = 869.50

1097.47

7 7, = 1697.48 (4)

Six linear equations:

L, = (—8.01)(—11.67) + = + (7.11)(50.98)

= 991.05
L, = 126493 L, = 394539 I, = 4558.54
L, = 754277 L, = 8726.45 (5)

Variation of proportional term:

Lt L+ L+ L+ L+ L)?
ntrntrntyt+trnt+oyg

(/=1 (6)

Variation of proportional term to indicative factor:

S

= 160,059.15
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Table 1 S, = Sp— S5 — Spp = 5092.99 9)

Control factors .
Error variance:

Control Factor Levels S
A: conducting film material 2 Vo=, = 9431 (10)
B: pre-treatment condition 3
) Combined error variance:
C: forming temperature 3
: Seve S,
D: forming pressure 3 Vy = % = 161.71 (11)
E: forming time 3
F: posttreatment A 3 SN ratio:
G: posttreatment B 3 1 S -V
P n = 10 log 4£2¢ ) _ _67adB (12)
H: impregnation condition 3 N
Sensitivity:
! 1 B
g _ (Ll + L2)2 N (L% + L4)2 N (L—) + Lﬁ)2 3 S=10 10g ;(‘SB - Vp) = 15.35 dB (13)
oPB "t o r T+ B
=197.16  (f=2) (7)

4. Response Graph and

Variation of proportional term to variability of Confirmatory Experiment

sensitivity:
22 12 12 12 I The SN ratios and sensitivities of experiments 1 to
Spvp = e e e R Sg — Spg 18 were calculated similarly. Figure 3 illustrates the
B corresponding response graph. Because the coeffi-
= 4194.99 (f=3) (8) cient of proportionality, B, in the generic function
is tantamount to the capacitor’s capacitance, we se-
Error variation: lected the largest-value level as the optimal config-
Table 2
Results of experiment 1
M, M, My, r/lL
P N, M —3.01 -2.70 7.11 n
Y -11.67 -11.05 50.98 L,
N, M —4.26 —3.63 8.36 I
Y —25.45 —28.03 39.38 L,
P> N, M =7.17 —6.86 13.74 Iy
Y —30.25 —28.03 105.81 Ly
N, M —7.48 6.55 15.30 I
Y —48.59 —42.38 81.84 L,
P N, M —8.98 —8.04 21.99 I
Y —38.81 —36.13 147.50 Ls
N, M —8.98 —8.04 21.99 Ie
Y —38.31 —34.69 127.44 Lg
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Response graphs

uration not only for the SN ratio but also for
sensitivity. Consequently, the following configura-
tions were chosen:

Optimal configuration: AyB;CiDoF, F; Gy H,

Current configuration: A\ B,CDE, F, G H,

Based on the optimal and current configurations
discussed above, we prepared prototypes and imple-
mented the same measurement and analysis. Table
3 shows the results of the confirmatory experiment.
As for the SN ratio, since the difference between
estimation and confirmation at the optimal config-
uration is small, the reproducibility can be regarded

as sufficient. This was validated by the difference in
the gains. However, the reproducibility of sensitivity
was poor. Although we gathered that this might
be due to different manufacturing conditions for
prototypes that we used in the confirmatory exper-
iment, we have not verified that assumption. There-
fore, we continue to investigate this issue.
Nevertheless, we do not consider it vital because
there are some factors that easily control sensitivity.

Figure 4 compares the characteristics of the op-
timal and current configurations. Considering the
gains in SN ratio and sensitivity, we can conclude a
12.5% improvement in capacitance at the optimal
configuration, and a 75% reduction in variability at

Table 3
Results of confirmatory experiment (dB)
SN Ratio Sensitivity
Configuration Estimation Confirmation Estimation Confirmation
Optimal 9.81 10.69 21.43 12.69
Current -3.63 —2.41 15.83 11.66
Gain 13.44 13.10 5.60 1.03
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Characteristic of film capacitor
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the optimal configuration. On the other hand, we
noticed that it was unnecessary to study the indica-
tive factor. We could conduct an equivalent experi-
ment with only a noise factor by fixing the indicative
factor at a maximum voltage (3 kV). By doing so,
we could have scaled down the experiment by one-
third.

Owing to the improved linearity of the generic
function by parameter design, tolerable voltage, one
of the important quality characteristics, was also
ameliorated as follows:

Optimal configuration: no failures with all samples

up to 5.00 kV

smoke-and-fire breakdowns
with all samples at 4.25 kV

Current configuration:
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