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POWER FACTOR MEASUREMENTS IN OIL ANALYSIS

AY YES” became a familiar

method of  determining

mc end of i useful lfe of
et

ok tomile of an ini

campaign some months ago. However
satisfactory this test may have been to

Insulating oils may gradually deteri-
orate due cither to continued operation
igh voltages or to fouling. If

such a condition is neglected, break-
down with loss of service will eventually
occur. In order to avoid failures of this
type, some companies have adopted
the "Say Yes” policy—that is, have
simply changed their oil at intervals
which they considered sufficient. This
has resulted in a reduction in failures
as well as a considerable waste of oil.
It has been determined that the de-
terioration of the oil is accompanied
an increase in power factor. Pure oils
have power factors o closely approach-
ing zero as to suggest that were all the
impurities removed the power factor

would be zero. Progressive power com-
panies are, therefore, inaugurating
routine testing of transformer and
cable oils <o that all oils may be re-
moved from service before the da
point is reached, while insuring the
maximum safe use of the oil. Such
servicing is resulting in savings for
those companies which have inaugu-
rated them sufficient to more than pay
for the serv

e it is not likely that the corner
service station will install a power-
factor bridge to determine the state of
the lubricating oil in your crankcase in
the immediate fature, it is true that
mpurities in lubricating oil can also be
detected by the power-factor method.
This method of study
increasing interest by all oil tech
cians, and there isa growing probability
that electrical tests of oil purity will
become a standard part of refinery
technique for all types of oils.
Measurements of this sort are among
the more difficult to make because of
the very low power factors which must
be measured. This has resulted in a
considerable study of power-factor
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surements and the development of
a standard measuring
power factor liquids by Professor
Balebaugh of the Massachusetts Tnsti-
tute of Technology. This work was
rried on under the sponsorship of the
National Electric Light Association.
To so fine a degree have the mea-
surements of power factor been carried
in this work that not only the effect of
slight dust deposits on the condenser

cell for low-

plates but also that of occluded gas in
the plates themselves have been de-
tected.

The General Radio Company has in-
stituted the manufacture of cells for the
measurement of dielectric constant of
oils after Professor Balsbaugh's design
and under
available the cell described in the fol-
lowing article. Einrron.

The measurement of dielect
stant and power factor of a liquid such
as an oil requires the use of a test cell,
condenser which may be filled

c con-

an

power factor of the liquid may be de-
termined from the values of power fac-
tor observed for the two sets of capac-
itance measurements.

with the liquid and whose cap

and power factor may be measured,

first when it is empty and second when

itis filled with the liquid.
The ratio of the “filled” c:

10 the “empty”

electric constant of the lig

pacitance
capacitance is the di

d. The
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For rough di
two-terminal shielded condenser will
yield satisfactory results, but there are
two sources of error which make this
simple cell useless for precision wor
The first error is that due to fringing ef-
fects at the edges of the condenser
plates. The second error is that due to
the capacitance and losses introduced
by the solid diclectric supports, the
losses entering into hoth measure-
‘ments. When both the power factor and
capacitance of these supports are small
as compared with the power factor and
capacitance due to the liquid, the a
curacy of the power factor determina-
tion as calculated from formulae will be
satisfactory. On the other hand, for
liquids with small power factors, errors
due to losses in the solid dielectric sup-
ports will be relatively large and the a
curacy of the final result will be unsat-

isfactory. Both sources of error can be
eliminated by suitable design of the

cell.

Except for special purposes, the two
electrodes of the cell can be either par-
allel circular plates or concentric
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~ inders. Tn order to climinate the effect
of fringing, a guard ring can be placed
around one plate, insulated from it but
kept at the same potential. The second
electrode is then allowed t0 extend for
some distance past the gap between the
guard ring and the guarded electrode.
In this way the lines of force between
the two principal electrodes of the cell
are uniform over the whole surface of
the smaller one.

Such an arrangement of clectrode:
shown in Figure 1 but before discussing
the constructional details it will be
essary to consider the capacitance net-
work it represents.

There are three distinet capacitances
involved, the direct capacitance Cpy
between the two main electrodes and
the direct capacitances Cyc and Coy
between the guard ring and each of the

~ two main electrodes. These are related
clectrically as shown in Figure 2. Each
of the three capacitances is called a
“direct” capacitance to distinguish
from the “total” capacitance hetween
the two corresponding terminals. The
total capacitance is Lumpv.n,enl of one

GUARD

Ficune 2. Capacitance network for a 3-termi-
B e

Figures 1,3, and 4

In a cell constructed like the one
shown in Figure 1 the effect on the di-
rect capacitance Cpy of the solid di:
electricsupports which serveto hold the
electrodes in posit
by so placing these supports that t
do not extend into the electric field be-
tween the main clectrodes. In

direct the
of the other two direcl capacitances in
series.®

The direct capacitance C;

which the gaard
nd the low-potential elec
trode brought to the same potential.
The magnitude of Cy; and ey, al-
though entering into the preliminary
adjustments of the bridge, will have no
effect on the measurement of the dircct
~ capacitance Cy.

e s Mosmurens,”Hobert -
Eperimentr, VITL, November,

1035

b) insulating spacers 1o the guard ring
which in turn is suspended from and di-
rectly connected to the shield.

lindrical electrodes

o these the elec-
mounted on an

also be built, and
Imd‘-i are most cas
axial insulating rod. Both the high-po-
tential clectrode and the guard rings
are mounted on this rod and the low-
potential electrode supported on insu-
lators bridging the two guard rings.
in both designs, the direct ca-
pacitance Cyy; contains no solid dielec-
tric, the ratio between Cyy when the
cell is filled to Cy when it is empty
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and 4 is the General Radio <~

gives directly the dielectric
constant of the liquid. For the
same reason there s no di-
electric loss associated with

arrangement of parts being
due to Professor Balshaugh.
The electrodes and all the
metal used for mounting
them are of polished nickel
and the stem, supporting
mdm and  container are
glass. The  high-
polemml electrode and the
two guard rings are welded
to nickel discs which fit
tightly over the glass tubing
at the center. are
punched in these discs o al-
Tow circulation of the liquid.
The  low-poty

Cur, and its power factor is
zero when the cell is empty,
hence the power factorof Cryr,
as measured when the cell
is filled, is the true power
factor of the liquid.

This is strictly true at low

I

1o produce ionization, there
a le losses in the
air between the plates as
well as in the gas oceluded
in the clectrodes
themselves. Pro-
fessor J. C. Bals-
baugh of the Massachusetts
Institute of Technology has
shown that the power factor
due 10 oceluded gas may be
as great as 0.001% at room
temperature for a_potential
difference across the cell of
800 volts. This power factor
increases rapidly with tem-
perature and may amount
10 0.02% at 100°C. By de-
gassing the electrodes, the
power factor may be reduced
to much less than 0.001%
and made practically con-
stant with temperature. The
small losses in the a
be climinated by making the
cell air tight and removing
the air.

The cell shown in Figures 3

supported ~mid-
¢ between the two guard
ngs by means of the two ~
pyrex supporting rods.
Theelectrodestructure sup-
ported by the axial tubin
itself mounted in a two-piece
pyrex. container. The lower
portion of the container is
provided with two_tubula-
tions s0 that the whole cell
can be evacuated and the lig-
uid under test introduced at
low pressure or in an atmos-
phere other than air. The joint
between the two section:
ground to help maintain an
ir-tight seal, at the same
me  permitting the  dis-
mounting of the assembly
for cleaning. Both the con-
tainer and the electrodes
can be cleaned satisfactorily
by several flushings with ~

of the Franklin Iy tructure shown in carbon
o v 98kcon 7% Fig. v suspended  The lead wire for the high-

1. C. B

ot hy Barmeabiy,
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_~ potential electrode is brought out
/

through the central tubing in which a
thermometer or a thermo-couple may
be placed for measuring the tem-
perature of the liquid. Connections
to the low-potential electrode
and the guardring arcbrought
out by nickel wires through
seals in the upper section of
the container. The low-poten-
tial electrode lead is shiclded
for its entire length. This
method of bringing out the
terminals increases the guard-
capacitances as
shown in Table I.

All the nickel parts are
heated in a vacuum to
move occluded gases and are
then given a treatment in
which the oceluded gas is re.
placed by hydrogen. This
markedly decreases the en
ergy losses in the cell due to
occluded gas.

An important feature of
the General Radio oil cell is
its ability to operate with a
very small sample of oil. The
external container has a
volumetric capacity of only
200 ce. This not only provides
cconomy of samples but it
also means that the temper-
ature-controlled water bath
usually used need not be
large. The over-all length of
the cell s 17 inches, and the
over-all width across the tabulations
is approximately 8 inches. The out-
side diameter of the glass container is
214 inches.

GuarD

electrode

re-

i
the two i

@
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The spacing between the electrodes
is5 /32 of an inch, a knowledge of which
enables one to caleulate the voltage
gradient in the sample under the test
conditions employed. The direct ca-
pacitance of the measuring
electrodes in air 7 upf. Val-
ues for the other capacitances
are given in Table I together
with values for the electrode
structure only, as shown in
Figure 4.

HiGH

TasLe I

Direot Capacitances for

Tyrs 683-A Ol Cell
) Ve

‘. Con ©i

16
Cellcomplete 7,,3|zmlza ok
Electrodes only|7 | 8 | 7 puuf
In use the oil cell should
Le surrounded by a grounded
shield. The
tainer for the water bath may
serve, or, if a water bath is
not used, tin-foil can be
wrapped around the lower
portion of the container and
grounded so that the slight
leakage over the surface of
the glass will not introduce a
loss in the capacitance of
the measuring electrodes.
The price of the Tyre
683-A Oil Cell s $150.00,
complete as shown in Fig-
ure 3. For those who wish
to adapt the cell for use
with existing equipment, the electrode
structure itself can be obtained sepa-
rately, price $125.00.
—Rongxr F. Fiewo

metal con-

uard
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POWER SUPPLIES

problem of obtaining d-c power
to supply
nstallations

T

amounts necessary

are generally used, namely,
filter equipme c
d wet or dry batteries. Making
a choice between a power supply or a
battery installation requires a_ careful
consideration of the particular
cumstances involved. In general, recti-
| ment

possible to nate the
and expense of maintenance and re-
placements required in all battery
installations.

There are two general types of power
supplies, depending on the particular
use for which they are designed. The
first type consists essentially of trans-
former, rectifiers, and filter, with no
means of changing the d-c output volt-
age level. The sccond type necessarily
involves the same equipment, but in

s used whenever

ter equi

nconvenience

addition embodies a means of inde-
pendently controlling the output level
of the d-c voltage. The first type of
power supply is designed usually for
ial installations where  the

Txen 672:A Power Supply. This is one of 1
new power-supply units in which the output
oltage is adjustable

534 Main Strost, Wostbury, NY 11590
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unit is 0 be permanently installed to
supply, say, Class A or Class B modu-
lators. The second type, which incl
the first as a 5
purpose instrument, such as would be
used for manifold purposes in the
experimental laboratory.

It is not difficult to design a power
supply that will yield a good regulation
ata given voltage level. When a vari-

des

ial case, is a general

able voltage level instrument is de-
signed, however, care must he taken

that the regulation and effci
up at all voltage levels. The most
obvious way to vary the voltage level
of a power supply is to place a resist-
ance in series with or a potentiometer
0ss the output. Either one of these
methods very seriously impairs the
regulation and the efliciency of the
power supply. and the method is of
little practical use unless the power
supply is to be operated at a fixed load.
Placing the resistance arrangement in
the primary of the plate transformer
avails nothing as it is merely reflected
into the secondary or high-voltage
. A tapped transformer may be
used to secure various voltage levels,
but such devices besides being incon-
venient are limited in their range and
afford no continuous voltage control.
The General Radio Company has
accordingly brought forth two power
supply units that incorporate the use
of the Variac, a continuously variable
auto transformer. in the primary of the
plate transformer. The Variac is de-
seribed in the June-July, 1933, and the
January-February, 1031, issues of the
Exoerimenter. The Variac operates as a
nearly variable voltage device that is
independent of load current. Unlike

ney hold
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Tyek 673-A Power Supply. Practically any
voltage from 7ero up to the rated max

the potentiometer control, there is no
appreciable serics or parallel resistan
troduced into the line to impair
efficiency and regulation. Consequently
any voltage and current up to full load
may be obtained without sacrifice i
regulation or efficiency by merel
manipulating the variable tap of the
Variac mounted on the pancl. Accom-
plishing the same ends with resistances
would entail a great deal of bother
order 10 locate at the correct point in
the output current and voltage re;
The filters are of the choke input
type, and are carefully designed to
yield a low ripple voltage and a good
regulation at any particular setting of
the Variac. The characteristics of the

Voltage-Current Ratings

two power supply units are briefly given
below.

The Type: 672-A Power Supply Unit
will deliver 45 watts at 300 volts, full
load. It may be used to supply vacuum-
tube circuits of any description what-
soever as long as the voltage and cur-
rent ratings are not exceeded. A vay
able bias voltage up to 100 volts is also
provided. The hum is less than 0.1%
of full load voltage on cither the anode
or bias supplies, expressing hum as the
ratio (in per cent) between the r.m.s.
ripple and the d-c voltage. Hums of
this order of magnitude are not objec-
tionable in any type of circuit.

The TxrE 673-A Power Supply Unit

or power up o
watts at a voltage of 1500 volts. Tube
installations of any deseription may he
supplied by this unit as long as the
current and voltage ratings are not
exceeded. The hum is less than 0.2
of full load voltage.

Both power supplies have panel
meters that read the output cu
and voltage. Any ground connec
may be employed and each un
suitable for table or relay rack mount-
ing. The ratings are given below.

= Code

Type  High Voliage Bias Heater Vord __ Price

6724 | 300varls0ma | 100v,2ma Aroor | $130.00
300 v at no load

673-A 1500 v at 150 ma ‘ AGONY 180.00

v atno load

534 Main Strost, Wostbury, NY 11590
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A VARIAC FOR HIGH POWER ~

ez mauiap pl
ariac conlmuoully .nl‘usulnle
transformer has found in industry have

le. This instrument is suitable
ing voltage on devices req
ing considerable power, and it is
well adapted to problems of
ght control.
The new Variac follows the same
toroidal core construction as those Fl('l‘lllz TheTvrl 100-L Varis
i ed i with the
o e oA B it u,,m..m.zzmmu lesigned for operation
on 230volt circuits

open iron frame which serves as pro-

tection against casual contact with

current-carrying parts, but is not presents somewhat of a problem, si

totally enclosed. both the maximum current and maxi

The rating of this type of device mum kva that it can handle safely

functions of the output voltage. The _
00 Variac has been rated at the

70— SR ari
o P i -ampere rating of the resistive load
B s I i
Sk I whic
(" | That is, the instrument will control at
$ 21 ] 1
3 (@l any setting a load which draws 2 kva
o o RATED CURRENT | ]|
F
€ ]
S e I /
4 s carrying capacity of the
§ s ‘minimum at nppmxlmltel)
& ol G e
SN Figure 1 shows current-carrying ca-
< e
I I n of the output
oo

Toweaososoroscso e voltage of the Variac. The Tyes 100

* Variac is available in 115-volt and 230-

volt models. Complete specifications

D e ilable on request. Price, both
plotied as a function of output voliage $10.00.

L2

GENERAL RADIO COMPANY
30 State Street - Cambridge A, Massachusetts s

OUTPUT -VOLTS
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