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Methods of testing
characteristics of
electrolytic condensers

By W,

W. GERsTANGT
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N determining the worth of electro-
Iytic condenser units there are four
especially important factors to he
considered. These four factors he-
ing. in the order of their importance, the
capacity, the leakage, the resistance and
the power factor.
All four of these factors can be ac-
{ curately measured, but as a general rule
“such accurate determination requires
the use of apparatus not always availa-
ble and for that reason both the elabo-
.rate test methods suitable te the lab-
oratory, as well as the more simplified
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Fig- 2. Circuit for measuring current leakage
of electrolytic condensers.

methods adaptable to ecconomical pro-
duction testing, will he described.

Capacity

The effective capacity of an electro-
Iytic condenser is always shghtly less
than the eclectrostatic capacity due to
the effect of the resistance of the elec-
trolvte, this effect varying with fre-
quency. For this reason and the fact
that the anode or positive plate of the
coitdenser must be maintained positive,
with respect to the electrolyte, and fur-
ther that there 15 always current leak-
age, ordinary capacity ineasurements
are not suitable,

lin all meazureiments of electrolytic
condensers it is important to duplicate.
‘as closcly as possible, the conditions of
operation in the actual eircuit or flter
‘networks in which these condenser units
are used. For thizs reason it will he
noted that all tests are shown as being
made with a composite current consist-
ing of the direct current with a super-
mnposed alternating-curvent component.

One of the more commeonly used
methods of determining effective «ca-
pacity is o pass an alternating current
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through the condenser which is con-
nected in series with a standard miica
or paper dielectric condenser and from
the measurement of this current caleu-
late the eapacity. Such a measurement.
however, 15 not of sufficient accuracy
except for production testing as only
the impedance of the condenser is taken
into consideration with no allowance
for the resistance of the electrolyte.

A circuit is illustrated in Fig. 1 and
in connection with same the following
formula is wsed:
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Co = Capacity (farads) of unit un-
der test.

I = Alternating current {amperes}.

F. — Alternating current {volts),

In using this test method the applica-
tion of the formula iz simplified by
maintaining the a-e. voltage E at a
fixed value—say 100 volts. In this man-
ner a chart can be casily worked out
for quick capacity determination, Tle
direct-current voltage value i3 not im-
portant so long as it exceeds the peak
value of the altcrnating current, E.

If 50 volts is used at FE, the d-c. vols-
age should exceed E (27%, in this casze
50 x 1.414 or FO7 volts, say 100 wvolts
d-c.

Example: Capacity measurement of
an clectrolytic section, marked, say, &
mid, Upon connecting the wnit to be
measured 1 the test network we ret
the following readings: [—150 mil-
liampercs.  Applying this value to the
formula we have:
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Fig. 3. Millammeter shunt arrangement.

150
CT=
2 % 3.1416 x 60 x 50
150
18850

— 0000079 farads
ot J00007% » 108 — 7.9 mid.

Leakage Current

The average leakage current of clec-
trolytic condensers varies with the type
of condenser and type and conditions
of operation. The leakage curvent is
generally specified accordingly. In gen-
eral, however, there are a few factors
that hold rather constant under all con-
ditions. When a condenser unit has
been out of use for some time, there is
an apparent deterioration of the anode
film, or rather a lowering of the flm
resistance. This results in an increase
in  leakage current which, however,
drops to normal upon the placing of the
condenser in service,

[ncrease in temperature causes an in-
crease in leakage current, therefore, the
maximum operating temperature shonld
be considered as 30 deg. Centigrade,

Fig. 2 shows a citcuit recommended
for the measurement of leakage current.
This high voltage is terminated with a
100-watt,  30000-chm  potentiometer.
The wvoltineter 15 connected across the
variable voltage section and a milliam-
meter connected in series with the con-
denser under test. It is recommended
that a standard O to 1 milliammeter he
used anmd arranged with shunt resist-
ances for additional ranges of 0 to 10
milliamperes and O to 100 milliamperes
as in Fig. 3

MNormally lLoth resistanee units are in
parallel to the meter and the scale 0-100
ma. Pushing i slightly  disconnects
one resistance unit and the scale be-
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comes 0-10 ma., while pusling in hard
disconnects both resistance units and

the scale becomes 0-1 ma.

Resistance

The average resistance of an 8 mid.
condenser is approximately 8 ohms, al-
though this varies with type of electro-
Iyte, heat and frequency. The resist-
ance i an important factor in the di-
rect effectiveness of an electrolytic con-
denser for by-pass work in a flter net-
work becagse a condenser's effective-
ness is directly proporticnal to its im-
pedance at any given frequency. In
other words, the effectiveness of the
condenser is proportional to the vec-
tor sum  of the capacitative re-
actance and the resistance. The effect-
iveness then being equal to an equiva-
lent pure electrostatic capacity which
would give the same capacitative react-
ance as the total impedance referred to:

=R 4 X7

This holds true only where the con-
denser is not used in a tuned circuit.
In such a eircuit the resistance becomes
a vitally important factor. A quick and
convenient method of measuring im-
pedance is illustrated in the test set
shown in Fig. 4. B is a standard decade
resistance Dbox, while Ty is the con-

B

J 9% I "'H"*m

\'\ O
Iy ——

e

i

Fig. 4. Cireuit for measuring Impedance ol
wlectralytic condensers.

denser under test. The procedure is to
adjust B until the vacuum tube wvolt-
meter reads the same when the douable
pole, double throw switch is in either
position. When this condition exists the
reading on the decade box i3 the im-
pedance of the condenser,

For the accurate measurement of re-
sistance it i Necessary to use a capacity
bridge and this is illestrated in a fun-
damental layout, Fig. 5. This bridge
i% an accurate means of not only meas-
uring resistance, but capacity as well
In the use of the bridge the following
relationship exists when the bridge is
in balance.

Cx
R'L C.

R, and R, are standard decade re-
sistance boxes, while R, 15 & variable
resistance used to introduce resistance
in series with a standard low power
factor, paper or mica condenser C, un-
til a condition of balance exists in the
bridge or when relationship

R: C:L

RI. Cl
then B, will be of a value equal o the
resistance of condenser C. under test,

R,
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Fig. 5§ Circulr fgr resisizoce measurgment
af electrolytic condensess

In a like manner capacity measure-
ments are made.

For more complete details of a hridg'e
test network in which operating con-
ditiens of electrolytic condensers are
duplicated there is included Fig. 6,
Either 60 or 120 cycles may be used
with little variation.

In all the diagrams where & vacuum
tube wvoltmeter 15 indicated it is also
possible to use an audic amplifier
conneéction with an output meter,

Should elaborate tests be desired
with other fregquencies than the 80 indi-
cated then an aodio oscillator may be
substituted as the soorce of current

Power Factor

The power factor can be ascertained
from the other factors already dis-
cussed,

K
Fower factor =

. Vv R+ (Zxfc)

F =series resistance in ohms.

f == frequency.

¢ = capacity in farads.

In Fig. 7, an adaptation of the first
method given to large production tests
15 seen. Here, a source, either pener-
atar of vacuum tube power pack 15 used,
(It is difficult to state actual voltage on
specifications for any test equipment
inagsmuch ag condensers are manufae-
tared in voltages ranging from 5 to
3,000 volts and capacities from ¥ to
many thousand microfarads, but in this
instance we will consider testing con-
densers rated at 450 volts and 8 mid.)
300 wolts is impressed on the system.
A repister of 25,000 chms is in series
with each condepser. A small neon

Fig. 6. Bruﬂ‘u m:ﬂmﬂ. of measuring capacity,
power facter and leakage.
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lamp is attached across each resistor
s0 that a condenser with high leakage
can he spotted instantly. The lamp and
resistor are also adjusted so that when
the leakage falls below 4 milliamperes
the drop across the resistor will be less
than 100 volts, the lamp will go out
and the leakage can then be read, by
pressing a key, on the milliammeter in
each circuit. The capacity section uses
appraximately 30 volts a-c. and is read
by pressing a key.

As has been said, leakage and ca-
pacity specifications are individual re-
quirements of the manufactorers, buot
with a normal production run of eight
microfarad wunits rated at 450 wvolts,
the condensers should be loaded on the
rack, the cireuits closed by means of
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Fig. 7. Condenser test set for quantity test
of condensers.
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the toggle switches, and permitted to
run five minates before testing. At the
end of this Ave minutes the leskage
should not be over 2 milliamperes. This
will also indicate that the condensers
have 450 volts applied to them, as 2
midlimmperes through the 25,000 ohm
resistors would cavze a drop of 50 valts,
Any lower leakage would indicate that
the condenser had come up to above
its rated voltage.

This system for production has many
advantages and particularly in the speed
at which an operator may test. No
definite time limit 15 necessary as the
operator can judge the time by the
speed with which the lights go out.

The capacity test may be calibrated
pither directly in microfarads or as a
limit meter, depending upon the toler-
ance required by the manufacturers,
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