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ELECTRICAL NETWORKS FOR
ZERO SUPPRESSION

HE CONVENTIONAL

method of suppressing a por-
tion of the scale range of electri-
cal instruments by control spring
rotation generally results in in-
strument characteristics which
are acceptable in return for im-
proved scale readability at the
point of greatest interest. Sup-
pressions greater than two scale
lengths, however, tend to develop
undesirable characteristics such
as spring fatigue with the result
that the scale calibration is not
permanently preserved.

scale lengths is impracticalle and
must be abandoned in favor of an
electrical method employing a dif-
ferential network by which sup-
pressions of four or five scale
lengths may be readily accom-
plished without undesirable effects
on the control springs or the
scale distribution.

To provide adequate electrical
suppression it is necessary that op-
posing or differential torques be
produced without merging the
battery and measuring circuits;
otherwise resistance changes in

Figure 1—Conventional Scale—Mechanical Suppression

Another effect of zero suppres-
sion by mechanical means using
conventional mechanisms, is the
scale distortion shown in Figure
1. This is due to expanding, by
the suppression, the otherwise re-
latively minor lack of perfect flux
uniformity in the gap. Since zero
suppression is aimed at improved
scale readability, its purpose is
defeated if the divisions are seri-
ously crowded at one end of the
scale.

For these reasons mechanical
suppression of more than two

the battery voltage compensation
network would be reflected in the
measuring circuit with conse-
quent error in indication. The
necessary differential torques are
obtained by wusing a center
tapped moving coil, one-half of the
winding being the “suppression”
winding, and the other half the
“deflection” winding.

The former is made part of a
resistance network capable of
dividing the battery current be-
tween the suppression winding
and a by-pass and inverting this
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current division without change
in total network resistance. The
regrouping of the network resist-
ances is controlled by a switch.
(See Figure 2)
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Rp Suppression Current Regulation

Figure 2—Schematic diagram for
electrical zero suppression.

With the deflection winding
disconnected, the battery current
is adjusted by means of rheostat
R, until the instrument pointer
reads exactly full scale. By re-
versing the battery polarity and
re-grouping the network resist-
ances, the current in the suppres-
sion winding is reversed and
increased to the desired multiple
of its former value, thus pro-
ducing the desired amount of
zero suppression torque without
change in total battery current.

Since the battery load is insig-
nificant with relation to battery
capacity, the torques produced in
the suppression winding will be
strictly proportional to the resist-
ance relationship within the net-
work. This alone, therefore,
determines the amount of sup-
pression. Once the suppression is
adjusted, the deflection winding
of the moving coil is connected
into its circuit and the instrument
functions as a conventional in-
strument with zero suppression.
Yet, it does possess the conven-
tional zero corrector. Moreover,
the amount of zero suppression
can be re-checked at any time by
moving the switch from the
operating position back to the
“CHECK” position. (See Figure
2.))

Figure 3 shows the suppression
circuit arranged in the two fun-
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damental positions of the control
switch, reduced to its simplest
form. It is necessary (a) to pro-
vide equal battery currents for
both switch positions to eliminate
the effect of the adjusting resist-
ance R;,, (b) to shunt the sup-
pressing current and reduce it
to a full scale deflection of the
pointer in the check position, and
(c) to provide the correct current
value in the suppression winding
in the measuring position. W is
the resistance of the suppression
winding, R, and R, are the main
elements of the resistance net-
work. These requirements are
satisfied when the resistance of
R, — W, and when R, — (n-1)
R, = (n-1) W, where n equals the
number of scale lengths to be
suppressed.

SWITCH | SCHEMATIC | RESISTANGE
POSITION | “DIAGRAM __|RELATIONSHIP
Ws
CHECK Ws +Rp=nR,
W
MEASURE R,+Rp =nWs

From The Two Resistance Relationships Follows
Rp=R, (7=1)

Figure 3—Simplified checking and
measuring circuits.

Let the problem be that of
measuring speeds from 900 to
1100 rpm on one scale length.
This means n» — 4.5. Let either
section of the moving coil by it-
self permit full scale pointer de-
flection at 1 milliampere. With
R,/R, adjusted to 3.5 and the
switeh in “CHECK?” position, and
with absolute resistance values in
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the network properly adjusted,
there will be 1 milliampere in the
suppression winding when the
pointer reads full scale, and 4.5
milliamperes will be diverted
through shunt R,. The total bat-
tery current is 5.5 milliamperes.
When the switch is moved into
the operating position, the bat-
tery polarity is reversed; 4.5 MA
is now flowing through the sup-
pression winding, 1 milliampere
is diverted through shunt R, + R,
and the total battery current is
still 5.5 milliamperes. This pro-
duces the desired scale range and
the proper amount of suppres-
sion.

Figure 4 shows the scale of
such an instrument. Comparison
with Figure 1 shows that the
scale of an electrically zero sup-
pressed instrument is uniformly
divided.

As shown in Figure 5, the
master switch is conveniently
mounted in a separate box with
binding posts for connection to
the instrument proper, the circuit
under test (for instance, a tach-
ometer magneto) and the suppres-
sion current source with its regu-
lating rheostat. In addition to the
various operating positions and
the “CHECK” position the switch

carries an “OFF” position in
which all circuits are discon-
nected.

In order to keep the physical
complexities of the switch and
network within practical limits,
instruments with electrical sup-
pression are produced with a
maximum of four different sup-
pressions, one of which may be,
but need not be, zero, meaning

Figure 4—Conventional Scale—Electrically Suppressed.
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that one range may start at 0 on
the scale. For reasons of network
adjustment to practical constants
the maximum suppression offered
is in the order of 4.5 scale lengths.
The number of ranges per instru-
ment may exceed the number of
suppressions if several ranges
share equal amounts of suppres-
sion.

Accuracy

The objective of zero suppres-
sion is the stretching of the scale
for the sake of improved read-
ability near the point of greatest
interest. If such greater readabil-
ity is achieved without sacrifice
of accuracy, it may assist greatly
in the use of the instrument.

For a 1% instrument arranged
with mechanical zero suppression,
it is a conservative practice to
state its long term accuracy as
2% . In the case of electrical zero
suppression the achievable accu-
racy can be estimated as follows:

Barring improper means of
regulation, the suppression cur-
rent can be adjusted to an ac-
curacy determined by that of the
basic (unsuppressed) instrument
itself. If n is the number of scale
lengths suppressed, any error in
suppression current adjustment

: : : n
7ill translate itself into ——
will translate itself into ————
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times that error in suppression
torque. If the accuracy of the
basic instrument is 1% of full
scale (of length “1’’), the sup-
n%
n 4 1
of full scale (of length “n + 17).

pression accuracy will be

Figure 5—The Weston Model 273, multi-

range instrument with external control
box.
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An actual reading made with
the same instrument will again
be accurate within 1% of the
visible scale length. Set in rela-
tion to the stretched scale length
this tolerance will seem reduced

1%

to n + 1
event, the basic accuracy of the
instrument is at least sustained
in the process of electrical zero
suppression, and this conserva-
tive statement is fully substan-
tiated by instruments actually
made and tested.

of full scale. In any

Electrical zero suppression has
opened the way to range com-
binations not hitherto possible. In
contrast to mechanical suppres-
sion which remains fixed, electri-
cal suppression can be varied by
suitable switching and network
variations, with or without simul-
taneous change in the instrument
range. Instruments of this type
have been manufactured with
multi-ranges of 0 to 2000 rpm
with a scale span of 500 rpm per
range, and 500 to 4000 rpm also
with a scale span of 500 rpm per
range. Other ranges can be read-
ily made available as required.

—M. C. Kunz

E. N.—No. 49 —H. Berring

THE MEASUREMENT OF REACTIVE POWER - PART I

THREE-PHASE circuit is a
L X combination of circuits en-
ergized by electromotive forces
which differ in phase by 120°.
The two most common forms are,
three-wire systems in which the
source may be connected Y or
Delta with three line wires avail-
able for the load, and four-wire
systems which have, in addition
to the three line wires, a neutral
which is also connected to the
load. If the neutral does not carry
current the system may be treated
as a three-phase three-wire sys-
tem. If the neutral does carry

THREE-PHASE CIRCUITS

current a special treatment must
be made which will be described
later.

The vector diagram of the
three-phase three-wire system
Figure 9 shows the three electro-
motive forces represented by
V10, Vio and Vi, each positioned
120° from the other and becom-
ing a maximum in the order
named signifying counter clock-
wise rotation. The phase currents
are represented by the vectors 7,
I; and I., which are assumed to
be lagging the associated EMF’s
by equal angles of ¢ degrees.

When the electromotive forces
are all equal and positioned with
respect to each other as shown,
the system is considered to be
balanced for voltage. If the load
circuit is such that the currents
are equal in magnitude and dis-
placed by equal angles with re-
spect to the electromotive forces,
the system is also balanced for
current.

The measurement of active or
reactive power in three-phase
three- or four-wire circuits may
be accomplished by several meth-
ods. In general, the method to be
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used will be determined by the
circuit load conditions, that is,
balanced or unbalanced current or
voltage, etc.

The most common and pre-
ferred method for measuring ac-
tive or reactive power in the
three-phase three-wire system
requires the use of two single
element electrodynamometers or
a two element instrument and is
known as the “Two Wattmeter
Method.”

Three-Phase Three-Wire
Circuits

To measure active power, one
element is connected with its cur-
rent circuit in line A and its po-
tential circuit connected from
line A to B. The other element
is connected with its current cir-
cuit in line C and its potential
circuit connected from line C to
B. These connections are shown
schematically in Figure 11 and
vectorially in Figures 9 and 10.

ACTIVE POWER
Vag I COS (30°+0)

VAB

Figure 9—Angular
relation between
currents and poten-
tials in a three-
phase system, when
currents lag poten-
tials.

VGB
ACTIVE POWER

.
Veg Ig COS (30°-9)

MENT NO. |
ACTIVE POWER SEEREND-S0
Vag Tp COS (30°—¢)
Vas Vao

Vee
ACTIVE POWER

o
Vep T COS (30 +¢)

ELEMENT NO. 2
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ELEMENT %1
™M F
Figure 11—Schema- r
tic connections for
a two-element )
wattmeter to a SOURCE
three-phase three-
wire system.
C
4
A /m
ELEMENT #1

Figure 12—Schema-
tic connections for
a two-element var-
meter to a three-

LOAD phase three-wire

ELEMENT #2

system when the
neutral is available.
Current transform-
ers are used.

[} \u'as oy
In a balanced system having a
sinusoidal wave form the torque
developed in element #1 is pro-
portional to Vs I, Cos (30 + ¢)
and represented by the projection

ELEMENT NO.1  peAGTIVE POWER
Voo I €OS(60°=9)
Vao Voc

REACTIVE POWER
Voa I COS(60°+9)

ELEMENT NO. 2

REACTIVE POWER
I, COS (60°+§)

VOO

Figure 10—Angular
relation between
currents and poten-
tials in a three-
phase system, when
currents lead po-
tentials.

Voa
REACTIVE POWER
Vo I COS(60°—9)

of I, on V,; marked OD for
systems having lagging currents.
For leading currents the torque
developed in element #1 is pro-
portional to V zl, Cos (30 — ¢).
The torque developed in element
#2 is proportional to V.l Cos
(30 — ¢) represented by the pro-
jection of I, on V., marked OF
for lagging currents and Vil
Cos (30 + ¢) for leading cur-
rents. The total power is propor-
tional to the sum of these torques,
that is,
Vaig I, Cos (30 + ¢) +
VesIo Cos (30 — ¢)

which after assigning the numeri-
cal value for Cos 39, may be sim-
plified to VI /3 Cos ¢. where V
represents line-to-line potential
AB or CB and I the line current
[,orl,.

Although the above equations
are based on a balanced system
having sinusoidal wave form they
are derived from the well known
two wattmeter method which is
entirely independent of balance or
wave form and true for sys-
tems connected in /\, or in Y
when no connection is made be-

tween neutrals of source and
load*.

“The proof of this general statement may be
found in technical books on the subject, such as
“Principles of Alternating Currents” by R. R.
Lawrence.
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This method and basic instru-
ment may be used to measure
reactive power directly by select-
ing or constructing potentials dis-
placed by 90 degrees from the
potentials used to measure the
active power.

To measure reactive power the
potential connections to V.; are
shifted, so as to effect a 90 degree
clockwise rotation to V,. as
shown in the vector diagram,
Figure 9, and the torque devel-
oped in element #1 will be pro-
portional to the component of I,
in phase with V,, marked OF
resulting in a positive or up-
scale indication proportional to
Vol Cos (60 — ¢) when [, lags
V.o by ¢ degrees.

The potential connections for
element #2 are also shifted from
Vs to V., which is represented
in the vector diagram, Figure 9,
as a 90 degree clockwise rotation,
resulting in a negative or down-
scale indication proportional to
Voi I, Cos (60 + ¢) when I, lags
Vo by ¢ degrees. The indication
of element #2 will be down-scale
because the projection of I, on
V., marked O, is actually 180
degrees from V ,,. This is opposite
to the indication of element #1.
The total reactive power will be
the algebraic sum of these indica-
tions which for ¢ = O, should be
0.

WESTON ENGINEERING NOTES
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Figure 14—Schema-
tic connections for 0 8 ¢

ELEMENT |
#1

- LOAD

a two-element var- SOURCE »
meter to a three-
phase three-wire
system using poten-
tial and current
transformers. q

N

artificial neutral, », is adjusted
equal to either » plus its movable
coil or to r, plus its movable coi!
since they are both equal.

Figure 14 shows the connec-
tions of the varmeter when poten-
tial transformers are needed be-
cause of high line potentials. As
will be evident from the diagram
the potential transformer #2 may
be omitted if not used for other
instruments.

In transferring between line
potentials and phase potentials al-
lowance must be made for the
fact that the line potential is \/3
times the phase potential. A watt-
meter calibrated for 1000 watts
full scale and adjusted for a
three-phase, three-wire circuit
using line connections for its po-

A /’
RCa e
ELEMENT # | \h
I Figure 13—Schema-
r _J/ tic connections for
F a two-element var-
0 B8 meter to a three-
SOURCE 5 LOAD phase three-wire
system when the
E neutral is not avail-
Iz r ! able. Current trans-
M, formers are used.
ELEMENT #2
o \u'a's o
When the currents lead their tential circuit, if connected to

respective potentials by ¢ these
relations are shown in vector dia-
gram, Figure 10. Figure 12
shows the connections for the
varmeter when the neutral is
available and Figure 13, the con-
nections to provide an artificial
neutral when the true neutral is
not available. In constructing the

measure Vars by shifting its po-
tential connections to phase con-
nection, will have its potential
reduced by 1/ /3. The angular
deflection of its movable coil, and
therefore its indication, will be
reduced by 1/ \/3 for the same
power supplied to the load, and

'||| - r ? m

the ful! scale value will become
1000 /3 or 1730 Vars.

When using a two element elec-
trodynamometer which has been
adjusted and calibrated to meas-
ure watts for a three-phase
three-wire system each element
alone and both together should
indicate as shown in Table 1.

The reading on the watt scale
will be equal to the total volt-
amperes of the load, VI /3 where
V is the line potential and I the
line current, times the factor in
Table I. The indications will be
up-scale (+) or down-scale (—)
as shown.

The table shows that when
measuring active power, the total
deflection is always positive or in
the up-scale direction and when
measuring reactive power the
total deflection is positive for lag-
ging phase angle and negative
for leading phase angle accord-
ing to usual conventions. If a
positive deflection for leading
phase angle is desired, when meas-
uring reactive power, each ele-
ment should be reversed. This is
often conveniently carried out by
reversing the connections to the
current circuit.

Current transformers are
shown so that the movable and
stationary coils may be connected
together to avoid electrostatic ef-
fects.

A very convenient and simple
method is to use the so-called
auto-transformer in the potential
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TABLE I
THREE-PHASE THREE-WIRE CIRCUITS
POTENTIALS AND CURRENTS BALANCED
TWO ELEMENT INSTRUMENT

Cos O
or Lagging () Leading 0
O Power Element Element Element Element
Deg.  Factor #1 #2 Total #1 #2 Total
Connected to Measure Watts (See Figure 11)

0 1.00 (+) .50 (+) .50 +)1.00 (+) .50 (+).50 (+) 1.00
30 .86 (+) 29 (+) .58 +) .87 (+).58 (+).29 (+) .87
60 .50 0 (+) .50 +) .50  (4).50 0 (4+) .50
90 0 (=) .29 (+) .29 0 (+) .29 (—) .29 0

Connected to Measure Vars (See Figures 12 and 13)
Reading Watt Scale as Vars. Multiply by /3 for True Vars

0 1.00 (+) .17 (—) .17 0 (+) 17 (=) .17 0
30 .86 (+) .29 0 (+) .29 0 (—=).29 (—) .29
60 .50 (+) .33 (+).17  (+) .50 (—).17 (—) .33 (=) .50
90 0 (+) .29 (+) .29 (4+) B8 (—) .29 (—) .29 (—) .58

circuit to shift the phase and cor-
rect for the change in potential
The auto-transformer consists of
two branches tapped and con-
nected as shown in Figure 15.

Considering the line potentials
AB, BC, CA as representing an
equilateral triangle, the auto-
transformer when connected as
in Figure 15 also forms an equi-
lateral triangle as shown in Fig-
ure 16. The extensions of B4,
and B,C, as represented by A,G
and C,N respectively are used to
increase the potential applied to
to the varmeter. To measure vars
it is necessary to produce a poten-
tial in-phase with OC and equal
to AB for element #1 and a po-
tential in-phase with OA and
equal to BC for element #2. From
the geometry of the figure, DN is
parallel to OC,, and therefore in-
phase with it. By the extension
C,N, the value of DN is made
equal to A,B,.

The tap D is midway from B,
to G and top E is midway from
B, toN.

DN P
W: CO0S a« =— ¢o0s 30 :7\9

But DN — B,C, — B,A, by con-
struction.

Then,
B,C, S
BN =S > V3 — 0.866
1 ~
Therefore,
B,C, — 0.866 B,N or BN —
1.153 B,C,

If the complete branch BN is
100 %,

Section B,E = 50%

Section B,C, — 86.6 %
Likewise in Branch B,G,

Section B,D —50%

Section B,A, — 86.6 %

This method is most satisfac-
tory as it supplies not only a
potential having the proper phase

Figure 15—Schema-
tic connections for
a two-element var-
meter to a three-

SOURCE g LOAD phase three - wire
system using a
phase shifting reac-

E tor and current
transformers.

c c,

N
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but also of the proper magnitude.
Therefore, the instrument is ad-
justed exactly as a wattmeter and
may then be connected as in Fig-
ure 11 for watts and Figure 15
for vars. A single instrument
may thus be used with a four-
pole double-throw switch to meas-
ure either active or reactive
power.

This method is dependent on
the potentials being balanced, but
is independent of the current un-
balance.

Where a three-phase three-
wire system is completely bal-
anced, the watts or vars may be
measured by means of a single
element instrument. The active
power in watts may be measured
in one phase and the reading mul-
tiplied by three or the scale cali-
brated in terms of total power
when connected as shown in Fig-
ure 17. The reactive power of
such a circuit in vars may also

Figure 16—Relation of potentials in a
phase shifting reactor for use on three-
phase three-wire systems.

be measured with a single ele-
ment instrument by selecting a
potential in quadrature with OB
which as shown in Figure 18 is
AC. When using this connection,
it should be recognized that po-
tential AC is /3 times potential
OB and proper allowance should
be made in the instrument ad-
justment or indication.

An extra resistance may be ar-
ranged with a double-pole double-
throw switch so that a single in-
strument adjustment and scale
may be used for either watts or
vars.
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Figure 17—Schema-
tic connections for
a single-element

LOAD wattmeter to a
balanced three-
phase three-wire
system.

A
Figure 18—Schema- r i
tic connections for 3
a single-element
varmeter to a bal- B8
anced three-phase SOURGE 0 i e * LOAD
three-wire system.
A current trans-
former being used.
C
Three-Phase Four-Wire (—I3) Cos (60 — ¢). Likewise ele-
Circuits ment #2 will have a total torque

Where the neutral is used and
the wire connecting to it carries
current, the measurements of ac-
tive or reactive power must take
into account the current in the
neutral wire.

A modified form of the two-
element electrodynamometer,
called the 2145 element electro-
dynamometer is quite commonly
used, in which the current of the
third wire is introduced into each
element by dividing the field coils.
Figure 19 shows the connections
for using this instrument to meas-
ure the active power.

The vector diagram, Figure 20,
shows that the total torque de-
veloped in element #1 is propor-
tional to the algebraic sum of the
two torques, Vol Cos ¢ and V4,

proportional to the algebraic sum
of the two torques Vol Cos ¢
and Vr'() (_Ib’) Cos (60 + (]5).

V.ol cos ¢ represents the ac-
tive power in phase A. VoI, cos ¢
represents the active power in

ACTIVE POWER

VaoIa COS B + Vuo (=Ig) COS(60°-)

VA ]

Figure 20—Angular
relation between
currents and poten-
tials in a three-
phase four-wire sys-
tem when currents
lag potentials.

ACTIVE POWER

Voo Ic €OS § + Vo (= I;) COS(60°+@)

NOTES @
phase C, and V., (—I;) cos (60
— ¢) added to Vo (—Iy) cos
(60 + ¢) results in the équivalent
to Violp cos ¢ which represents
the power in phase B. The sum
therefore represents the total
power in the circuit.

To measure reactive power, the
potential connections are shifted
from V., and V., to Vg and
V.is respectively, so as to effect a
90 degree clockwise rotation when
referred to the vector diagram,
Figure 20. The connections for a
214 element instrument to meas-
ure the reactive power are shown
in Figure 21. It will be observed
that in making this transposition
of potential connections, the po-
tentials applied to the instrument

are increased by /2 and must be
taken care of in the series resist-
ance, or the range of full scale
value will be reduced by this
factor. This is opposite from the
three-phase three-wire instru-
ment.

ELEMENT NO. |

REACTIVE POWER
Vo I5COS(90%-@) + V5T, COS(30°+9)

Vao Vec

Voo ELEMENT NO.2

REACTIVE POWER
V491 COS(90°-9) +V,(~I.) COS(30°- )

ELEMENT # )

o) o LOAD

ELEMENT %2

A — A
ELEMENT # |
8 8
SOURCE oA LOAD SOURCE
() ()
© c

Figure 19—Schematic

connections for a two and one-half
element wattmeter to a three-phase, four-wire system.

Figure 21—Schematic connections for a two and one-half
element varmeter to a three-phase four-wire system using
current transformers.
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TABLE 1I
THREE-PHASE FOUR-WIRE CIRCUITS
21, ELEMENT INSTRUMENT, ADJUSTED FOR ACTIVE POWER
POTENTIALS AND CURRENTS BALANCED

Cos 0
or Lagging () Leading 0
Power Element Element Element  Element
Deg.  Factor #1 #2 Total #1 #2 Total
Connected to Measure Watts (See Figure 19)

0 1.00 (+) .50 (+) .50 (+)1.00 (+).50 (+).50 (+) 1.00
30 .87 (+) .58 (+).29 (4+) .87 (+).29 (+) .58 (+) .87
60 .50 (+) .50 0 (+) .50 0 (4+).50 (+) .50
90 0 (+) .29 (=) .29 0 (=) .29 (+) .29 0

Connected to Measure Vars (See Figure 21)
Reading Watt Scale as Vars. Divide by 3 for True Vars

0 1.00 (=).50 (+4) .50 0 (=) .50 (+).50 Ok
30 .87 0 (+) 87 (+) 87 (—) .87 0 (=) .87
60 .50 (4+).50 (4)1.00 (4)1.50 (—)1.00 (—).50 (=) 1.50
90 0 (+).87 (+) .87 (+)1.74 (-—) .87 (—).87 (—)1.74

Referring to Figure 20, when
measuring the reactive power, ele-
ment #1 will indicate in terms
of Vigel, cos (90 — ¢) + Vo Iy
cos (30 + ¢) and element #2 in
terms of V,zl. cos (90 — ¢) +
Vg (—Iz) cos (30 — ¢) when
the currents lag their respective
potentials by the angle ¢.

With the 2145 element electro-
dynamometer connected to meas-
ure the active or reactive power,
the indication of either element or
both together should be equal to
the volt-amperes taken by the load,
VI \/3 where V is the line volts
and I the line current, times the
factor found in Table II. The in-
dication will be up-scale (+) or
down-scale (—) as shown.

As previously described for
three-phase, three-wire systems,
a convenient method is to use an
auto-transformer to shift the
phase and correct the potential
value thus allowing the instru-
ment adjusted for active power,
to be used for either active or
reactive power.

The potential connections for
active power as shown in Figure
19 and represented vectorially in
Figure 20 are AO and CO. The
potential connections for measur-
ing reactive power are BC and
AB as shown in Figure 21. Since
BC is \/3 times AO, a tap is made
on BC at E (See Figure 22) so
that BE AO. This tap BE

should be 57.7% of BC. Likewise
a tap D is taken on branch AB
so that BD — CO — 57.7% of
AB. By means of a four-pole
double-throw switch it is possible
to use one instrument, adjusted
for measuring active power, to
measure both active or reactive
power.

Figure 22—Schematic connections for a
two and one-half element varmeter to
a three-phase four-wire system using
current transformers and a phase
shifting reactor.

Reactive power measurements
made with the 214 element instru-
ment are independent of current
unbalance, but require the poten-
tials to be balanced.

LOAD

SOURCE 8
0

Figure 23—Schematic connections for a
three-element wattmeter to a three-
phase four-wire system.
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A third form of electrodyna-
mometer, composed of three
mechanisms so assembled that the
potential, or movable coils are
mounted to the same staff which
carries the pointer and control
springs, is available.

When connected as shown in
Figure 23 the indication will be
the sum of the active power of
each phase and is therefore cor-
rect for any unbalance. The reac-
tive power may be measured with
connections shown in Figure 24.
This measurement, however, de-
pends upon the voltage being
balanced.

The preceding discussion has
been based upon the shifting of
the potential connections so as to
obtain the quadrature relation.
There are variations of this
method which include a shift of
the current connections. This dis-
cussion, however, serves to show
the plan most generally used.
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Figure 24—Schematic connections for a
three-element varmeter to a three-phase
four-wire system using current
transformers.

The connection diagrams are
shown in schematic forms so as
to show more readily the changes
desired. Instruments are suitably
marked and accompanied by con-
nection diagrams which if fol-
lowed will take care of the matter
of polarity.

E. N. No.—50 —A. H. Wolferz

The previous article on this
subject appeared in WESTON EN-
GINEERING NOTES, Vol. 2, No.2
and discussed the measurement
of single- and two-phase cir-
cuits.
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