Radio Editors of

magazines and news-

papers are hereby
given permission to
reprint in whole or
in part, with proper
credit to the Aerovox
Corporation, the con-
tents of this issue of
the Aerovox Research §

B The Aerovox Re-
search Worker is a
monthly house organ
of the Aerovox Cor

poration. [t is pub-
lished to bring to
the Radio Experi-

menter and Engineer
authoritative, first
hand information on
condensers and resis- Hi
tances for radio work.

I

VOL. 8, NO. 9

SEPTEMBER, 1936

§0c per year in U.S.A.
80c per year in Canads

Methods of Testing Low-Voltage
High-Capacity Condensers

By the Engineering Department, Aerovox Corporation

HE methods of measuring the ca-

pacity and power factor of low-ca-
pacity condensers are sufficiently well
known but they are not suitable for
the high capacity types. This article
describes two ways of measuring the
capacity and series resistance of low
voltage high capacity condensers
(from 100 to 10000 microfarads).

The first method, illustrated in Fig-
ure 1, employs the least amount of
equipment. It rests on the principle
of measuring the impedance of the
condenser at a known frequency by
the voltmeter-ammeter method. As-
suming for the moment that the con-
denser does not have any resistance,
it will be seen that the reactance of
the condenser is equal to E/I, these
values to be read simultaneously with
the switch S closed. Then the capacity
can be found from the relation

(1)

1,000,000
=" MICROFARADS
C=—%7Fx

or, expressing C directly in terms of
E and I,

1,000,000 I
2TfE

c= MICROFARADS \2)

In these expressions, E and I are in
volts and amperes.

Of course, no condenser has zero
power factor and therefore, the above
equation is somewhat in error but the
error is never more than 2 or 3 per-
cent so that it may not outweigh the
advantage of this simpler method.
Also, the error is in such a direction
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as to make the condenser appear
smaller than it really is.

Accurate determination of the capa-
city and of the series resistance of
the condenser under test can be found
with the circuit of Figure 1 in the fol-

lowing way. First close the swtich §
and read the values of E and I which
will here be denoted by E; and I.
Then open switch S and again read
the voltmeter and ammeter which
gives the quantities E, and I,. The de-
sired quantities, Cx and Rx, can then
be obtained from the readings by the

expressions:

E2\2_ (E 3 3
=(I_:) (I') R OHMS()
X 2R

(4)
Cy= 1,000,000 MICROFARADS

b /F'q) _R 2
fVA3,) Rx
This is equivalent to the so-called
“three voltmeter method” of measur-

Fig. 2

ing resistance and reactance. If E//L
== Z, and E,/I, = Z,, the relation of
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the various impedance vectors is as in
Figure 2, The triangle having the
sides Z,, Z, and R is completely known
since the three sides are given. The
angle a can then be figured out by the
rule of cosines (this is the phase
angle) and the values of Rx and Zx
follow immediately.

All the above might seem rather
complicated but the measurements are
- easily taken and the chart of Figure 4
avoids all calculations.

CIRCUIT DETAILS

The power supply for the measure-
ment should consist of a variable
transformer or some variable source
of voltage. In the making of the chart
60 cycle a.c. has been assumed. The
condenser must be given a polarizing
voltage which is larger than 1.4 times
the a.c. voltage to be applied. If the
polarizing supply is a power pack, it
must be bypassed by a condenser, C,
which should be a condenser of about
the same capacity as the condenser
under test, or at least 200 mfd. The
resistor R should be of a value to be
given in a table below and should be
able to stand the current.

The a.c. voltmeter is to be con-
nected in series with another con-
denser, C,, which should be an oil or
wax condenser. This is to keep the
voltmeter from being affected by the
polarizing voltage. The proper size of
C: depends on the resistance of the
voltmeter. If it is a high-resistance
rectifier type, the value of C. can prob-
ably be about 1 or 2 mfd. paper type
for a 10,000 ohm instrument. Its rangs
should be 0-10 volts.

The a.c. ammeter employed can be
a movable iron type or a thermo-
couple type. It has some extra current
flowing through it which is not de-
sired; the voltmeter current and the
d.c. leakage of the condenser. If the
voltmeter is of the high-resistance
type, its current is so small as to be
negligible. However, it is easy to cor-
rect for it if one would care to go to
the trouble. In order to avoid the
leakage current one might employ
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thermal meters which add the d.c. and
a.c. straight and make a correction. It
is also possible to employ a meter with
a current transformer or to substitute
a voltmeter in series with a condenser
across a resistor but the error is prob-
ably not large enough to warrant these
precautions.
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MAKING THE MEASUREMENT

Make the polarizing voltage about
15 volts, connect the unknown con-
denser, close switch S and adjust the
a.c. supply until the a.c. voltmeter
shows 8 volts. Read the a.c. ammeter;
this is the value to be known as I.
With an applied potential of 8 volts,
there is 3 ma. per microfarad, so the
capacity is known immediately. (ac-
cording to equation 2).

Next open the switch S, readjust the
a.c. supply to 8 volts and again read
the ammeter. This is I,; the chart of
Figure 4 shows the value of Rx for

any combination I, and I,. The chart ~

is direct reading for the range 1000-

TS

3400 microfarads, when R equals 1
ohm and the ammeter range is 0-10
amps. For other ranges, the Table
I shows the required value of R,
the recommended ammeter range and
the factors where one must multiply
the values of the chart so as to make
it cover that range.

The second method is illustrated in
Figure 3. In additon to the meters
employed in Figure 1 it also requires
a wattmeter and then the resistance
and switch are not necessary. One set
of readings is sufficient to find both
the capacity and the resistance of the
unknown condenser.

The wattmeter must be a “low
power-factor” wattmeter, its current
coil should be able to carry a larger
current than the wattmeter range
would indicate. The voltmeter coil
can be connected to the same terminal
of condenser C. as the other volt-
meter; in this way only one condenser
is required. When all three readings
have been taken, Cx and Rx are found
from the following equations,

w =
Ry =? OHMS (‘J)
(6)

Cx= 1,000,000 MICROFARADS

ScEay

Due to the fact that wattmeters
with low ranges are not available, it
will be necessary to employ a higher
applied voltage for the low ranges.
The recommended ranges with the re-
quired meter ranges are shown in
Table II.

TABLE 1
Range in R Ammeter In Fig. 4, multiply or divide
microfarads range I, and I, Rx
100-340 10 ohms 0-1 amp divide by 10 multiply by 10
340-1000 3.0 ohms 0-3 amps divide by 3 multiply by 3
1000-3400 1  ohm 0-10 amps direct reading direct reading
3400-10000 0.33 ohm 0-30 amps multiply by 3 divide by 3
TABLE 11
Rangein Ammeter range Wattmeter range Volts
microfarads applied
340- 1000 0- 3 amps 0-20 24
1000- 3400 0-10 amps 0-20 8
3400-10000 0-30 amps 0-50 8

Page 2




AEROVOX

BUILT BETTE
CONDENSERS AND RESISTORS

10.4

[ X~
Riig:

10.2
10.0

HRx= 2

©
o
3

&
[o)]
R

©
N
.

o
n
Rx=_4

o
o
.

&
®
=

o4
[2)]

(52
>

o
r
X

oo
o

-
o

=
)

o
EN
8

]
')
R

Py
o

o
[0}
Ry

(&
o
o

[}
KN
Risr

‘(CURRENT WITH & CLOSED)

(o]

n

=
*-‘:x-

o
o

6,4
o]
=

o
(o)}
=
=
N
~q

PERES

M
o
I

SWR
-
=

T
=
[
1
[
I

w
N

1

I

2

o
SIS

>
®
=

&
o
d

»
I

»
N
~
-
IS

)
QA A 2R

ARERER B ,,,:‘ E1 = E2 = 8 VOLTS
- R=1 OHM

2
O
=

=
@
-y

o
o
3

o
»

o
~

| NS
IR

3.0F

2.6 = - -
24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 1.0

I, AMPERES (CURRENT WITH S OPEN)
Fig. 4

Page 3



Ekov;x- e

OTOR STARTING
NDENSER

Motor Startmg Condenser
Replacements

i I ELECTRIC refrigerators with condenser-starting motors have

”H e “{ u‘m been in use for several years. In many instances their con-

”H ‘l densers are now worn out. Most servicing jobs disclose defec-

illl“ nm»lﬂ ““I”[ ' H ’ tive condensers. But what replacements to get and where to
Wl e Hm IM
,{ e A%

S ,““

get them—that's been the hitch until now.

Many AEROVOX jobbers have begun to stock AEROVOX motor-
starting condensers. Also, AEROVOX has just issued a special
Industrial Condenser Replacemenfs Catalog listing electrolytic
and oil condensers employed by the standard types of condenser-
start motors., This data gives you the precise tacts you need for
a satisfactory replacement. Meanwhile your jobber can supply

the precise unit called for.

) 'f i . Just state that you are interested in

|T ' Write fOT Data servicing electric refrigerators and

‘ _" other motor-driven appliances using condensers, and we shall

‘ m |, m “l" 1 send latest bulletins. And if your jobber does not stock the units
1‘ l||| l' l i "" NH you call for, let us know.
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