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SWITCHBOARD INSTRUMENTS
SIX-INCH CLASSIFICATION

GENERAL
Cases
The first letter in type designates the
form of case used.
U =Rect. Proj. Base M't'd 514" x 515"".
K =Rect.Flush, FlangeM’t’d 614''x615"'.
M =Rect. Flush, Base M't'd 51377x 543,

Mechanisms

The second letter in type designates
the principle of operation.

A =Repulsion Moving Iron.

X =Permanent Magnet Moving Coil.

T =Thermocouple plus x.

C =Rectifier plus x.

Y =Electrodynamic.

I=Rotating Iron Vane.

Insulation Rating

All Ammeters and Voltmeters are in-
sulated for 750 volt maximum service.
Wattmeters, power. factor meters, fre-
quency meters and synchroscopes are
insulated for. 250 volt service.

Dial Notes

References to type, style number, use
of external shunts, calibration data, etc.,
ere referred to on dial.

The full scale marking of an indicat-
ing instrument is not necessarily the
same as the ratings of the current and
voltage coils. The coil ratings are based
upontemperaturerequirements. Fullscale
values are chosen to give clear, simple
scale markings of the values of 1, 1.2,
1.5, 2, 2.5, 3, 4, 5, 7.5, 8, or decimal
multiples of these values.

These coil ratings are given in the
data lines near the bottom of the dial
plate, and are not necessarily partgof
the calibration data of the instrument.
The calibration data are marked6f"the
dial and in the case of Wattmeters and
Varmeters comprise the calibration,con-
stant K and the ratios offthe current
and potential transformers\when| these
are used.

The constant I&'1s the product of the
ratios of the current and potential trans-
formers. It is equal to the number of
Kilowatts for Kilovars) indicated per
Kilowatt {or Kilovar)” applied to the
coils, on a single phase test circuit.

Installation

Unpack instruments carefuily. Termi-
nal @ndyoeunting hardware, and any
external, r=s1stors or reactors may be in
separate packages.

INSTRUCTIONS

THEjYES
INDUSTRY

Drill panels and connect according
to the diagrams in this teaflet, op ac-
cording to switchboard drawings if in-
struments are supplied as part ofa
switchboard.

On any instruments which “@perate
with spring control, such as ammeters,
voltmeters or wattmetersf’adjust 4the
pointer to zero by means of the zero
adjuster before energizing,the‘windings.
Power factor meters, positiomjindicators,
synchroscopes ganid frequency meters
do not havegzero adjusters.

CIRCUITWPRECAUTIONS

The secondary “€ircuits of all instru-
ment tramsformers should be grounded.

The fexternal connecting diagrams
for the A-C. instruments show the proper
locations forfground connections for the
secondary | circuits of the instrument
transformers, aud for the instrument
cases.

The ground connection of the cases
should be omitted when instruments
dre mounted on ‘live front” switch-
board panels.

CALIBRATION

A-C. Instruments

Types A-25 ammeters and voltmeters
operate on the repulsion iron vane
principle. Calibration adjustments are
made by shifting the outer end of the
spring in its holder. After loosening the
small clamping screw, the zero adjuster
should be left in mid-position, the
pointer being set to zero by shifting the
small tail piece of the inner spring ad-
suster iocated beneath the spring, using
& smail suitable tool. The outer spring
clamping screw must be tightened
hefore shifting the inner spring adjuster.

Type Y-25 wattmeters are the electre-
dynamic type. Polyphase wattmeters
may be checked on single phase circuits
by testing each element separately,
or the current coils may be connected
in series and the pétential coils in
parallel, and both, elements) tested at
the same time. Calibratiomsadjustments
are made by chamging the resistance of
the potential dircuit.

VarmeterSlare exactly like the watt-
meters, except that they indicate the
reactive volt-amperes by means of ex-
ternal phase shifting transformers. They
aref often “dmade with zero center
scales. 9 When used on unidirectional
circuits the scales are marked ‘“lag”
afid ‘flead’”’ as in power factor meters.
When intended for tie lines or other
duo-directional circuits, the lag and
lead notations are generally omitted
and directional markings are substitut-
ed, to show direction of reactive power
flow.

Type Y-25 power factor meters are
of the crossed-coil, electrodynamic type.
Maximum accuracy is obtained when cur-
rent in the current coils is from 40 to 125
per cent of coil rating and voltage on
the potential circuit from 75 to 125 per
cent of normal. Polyphase power factor
meters are designed to indicate correctly
only on balanced load.

In order to test external 3 phase con-
nections first check in reference to phase
sequence (1—2—23).

A trial connection may be checked
by shunting part of the current from
the stationary coil with a low resist-
ance wire (about 0.1 ohm) across the
current terminals. If the pointer move-
mentis toward the lag side of the scale,
connections are correct. If the pointer
movement is toward the lead side of
the scale the connections to the first
and third potential terminals should be
interchanged on the line side of external
resistors if any are used.

Further incorrect action may be due
to the current connection being in the
wrong phase, or reversed, giving six
possible vector directions on three
phase, one of which is correct for the
power factor meter.

Should the pointer remain at one end
of the scale regardless of change in power
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factor the current connections should
be interchanged. Polyphase power
factor meters are adjusted by changing
the value of resistance in the potential
circuits. Single-phase instruments are
adjusted by changing the air gap of
the iron in the reactor or changing the
value of resistance in the voltage circuit.

Type Y-25 frequency meters are of
the crossed-coil electro dynamic type,
the coils being connected into a network
consisting of a reactor and a capagitor
forming a resonant circuit.

If errors are found, the calibration
may be corrected by adjusting the
external reactor box. For this purpose
an iron screw is provided, accessible
through a hole in the perforated metal
case. Changing the internal resistor
which shunts one of the moving coils
varies the over-all width of the scale
range.

Type I-25 synchroscopes operate
on the rotating iron wvane principle.
Calibration may be checked by con-
necting both circuits to the same source.
The pointer should then indicate syn-
chronism. If the pointer does not indi-
cate synchronism, it should be shifted
to the vertical position. If the rotation
is irregular, the currents in the reactor
branch and resistance branch should
be equalized.

Type I-25, 360-degree scale power
factor meters are similar in mechanical
construction to the synchroscope. The
inner coils are wound as current coils
and the outside stator coils wound as
potential coils. Connections may be
checked the same as for type Y-25-one
hundred degree scale power factormeters.

Type I-25 position indicators are
similar in mechanical constructiofi” to

the synchroscope, the electrical char-
acteristics being different. Leads must
be connected in the proper sequence
to have the indicator follow the control-
ler properly in the right direction.

Permanent Magnet Moving Coil Types

Type X-25 voltmeter calibration ad-
justments are made by changing the
value of resistance in series with the
element. When used with an external
resistor on voltages higher than the in-
sulation rating of the instrument, one
terminal of the instrument should be
kept at ground potential.

Type X-25 ammeter calibration ad-
justments are made by changing the
resistance of the wire lead in series with
the element. When connected to an ex-
ternal shunt, leads listed for use with
the instrument, or leads of specified re-
sistance should be used.

Type X-25 milliammeter calibra-
tion adjustments are made byfchang-
ing the resistance of the internalishunt.
Some ranges not provided with element
shunts are adjusted by ‘changing “the
strength of the magnet.

Type T-25 radio frequengy ,instru-
ment calibration adjustments are made
by changing the value of the resistance
in series with thé thetmocouple. To
avoid burning,_out fthe ) thermocouple,
the instrument shouldénot be loaded
above full scale.

Radio, frequency instruments have
the left terminal, as viewed from the
rear,4#bonded to the metal chassis and
diall of ghe linstrument. This prevents
electrostatic effects between pointer and
dial and provides points of zero poten-
tial inside the instrument.

Radio frequency instruments, particu-
larly when operated from external
thermocouples, should be arranged with
effective R.F. by-pass and ground ‘¢on-
nections to minimize the effect ofsféapacs
ity currents.

Type C-25 rectifier type voltmeter
calibration adjustments are made by
changing the value of series resistance.
Rectifier type milliammeters fare cali-
brated by changing_the strength of the
magnet. Rectifier typefinstruments in-
dicate correctly, at¥25C. /with 60 cycle
pure sine wave.

REPAIRS/AND RENEWAL
PARTS

Repair work can be done most satis-
factorily, at the factory. When return-
ingMan instrument for repairs, obtain
a returnied material tag from your dealer
orpyour nearest Westinghouse Sales
Office? to assure proper identification
at the factory.

Orders for renewal parts should in-
clude the name of the part and the
style and serial number of the instru-
ment, appearing on the dial.

Spare Lamps

Internally illuminated instruments
use #46 Mazda Lamps (6.3 volts 0.25
amp.) Westinghouse Style No. 1,001,663.
These are rated at 3000 hour life at
rated voltage. 10 percent overvoltage
greatly decreases life.

For 110 to 140 volts, Type MT min-
iature transformer, Style # 1246352 (6.3
volt secondary) is available.

Special Notes

For 3 element A-25 instruments, tem-
perature indicators, Z-25 D-C. Watt-
meters or for special instruments, see
separate leaflets.

EXTERNAL CONNECTION DIAGRAMS

(REAR VIEW)

Ditect Current, Radio Frequency Instruments

and Lighting Circuit

- -+
H -+
+ — + -
¥ [
Calibrated
[ Leads
External Shunt Res. Used Only
Above 800 Volts
F16. 1—AMMETER AND Fi1G. 2—~AMMETER WITH Fic. 3—VOLTMETER

MILLIAMMETER, SELF-
CONTAINED

EXTERNAL SHUNT

F1G. 4—For ALL INSTRU-
MENTS Wi1H ILLUMINATION

External
Thermocouple

Grounded or

Not Grounded
—(— Depending

- -LUpon Installation

To 6 Volt
Source

Instrument

Fic. 5—RF AMMETER Ex-
TERNAL THERMOCOUPLE

Alternating Current Instruments

One Phase of Circuit

&

F1G. 6—AMMETER
SELF-CONTAINED

FiG. 7— AMMETER WITH
CURRENT TRANSFORMERS

F1G. 8— VOLTMETER

External Resistor used
only above 300 Volts

& & To one phase
S of meter

P. T. as in diagrams,

Connections for A-C, Voltage Cir-
cuits in Voltmeters, Wattmeters,
Freq. Meters or Power Factor
Meters when P.T. are not required.

Fic. 9—VOLTMETER
wiTH POTENTIAL
TRANSFORMERS

£)

£
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(Complete connections
1tol, 3to3 before

connecting to line) Y L
Fi1G. 12—FREQUENCY F1G. 13— WATTMETER,
ETER SINGLE PHASE
321 Type Y-25 requires external

ALTERNATING CURRENT INSTRUMENTS—Continued

ADS
Transmitter

Controller

F1G. 10—PosITION INDICATOR

External Resistor used
only above 150 Volts

External Resistor used
3 only above 300 Volts

External
Reactor Box

in this diagram,

i L

F1G6. 16—~PowEgER FACTOR METER, 3 PHASE,
3-WIRE

External Resistor used

Used only above
— 150 Volts
Single Phase
A-C. Supply

resistors to lines 1 and 3 for
voltages above 300 only.

- Below 300 no external resistors
are used. Type I-25 requires

3 3 external resistors as shown

9 3 2 1 only above 300 Volts
B, B2 gExternal Résistor used
b :ﬁ# A1}A2|/ only above 300 Volts
i $30% 4 o
3 3
1 <
I | i 5L
<> <> j> <, <>
g 4 <.‘ -«
\B B i YT ==
Fig. 18—WATTMETER, 3-PHASEN 4 F1G. 19—WATTMETER, 2-PHASE,
Wire (Y.C.T.) 4-WIRE
0 2

I es
e

i
5555 ii‘_\_l:

v Y =

F1G. 21—VARMETER
3-PHASE, 4-WIRE

Standard Phase Rotation (1-2-3) used.

R :uzl'n,q',jL External

= Reactor
Box

||}—-

p | External Resistor
used only above
— 150 Volts
l Inc.
Run

»—-—— Common
F1G. 11—SYNCHROSCOPE

—————

External Resistor used

3 21 only above 300 Voits External Resistor

used only above

150 Volts
r—

3@1 L External
b React

AA,
A,

L

hNi R

AA,

L Box
p——a b
b ?MAI

F1G. 14— WATTMETER,
3 PHASE, 3 WIRE

For resistors used
See Fig, 14 and 16

0

d
r I F—" w——————
Std. Polyphase Polyphase Power Factor
wattmeter Meter when used with 2
Current Transformers

as used for Wattmeter

F16. 17—} 2: yPHASE WATTMETER
AND Po'.vxR FACTOR METER

q

V N\

2 e

2 1 Phase Shifting

Hatgh

Y9 T

vay

Y =

P1G. 22—VARMETER,
SINGLE PHASE—2 WIRE

FiG. 15—PowgRr FacTor
METER, SINGLE PHASE

Transformer
D For 0-Lag Scale Reverse
Current Coil Connections



OUTLINE DIMENSIONS IN INCHES

Projection Mou
Type U-25
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Flush Mounting
Type K-25

For 20to 75 amp.insts-4-28thd
For all other insts.~190-32thd.
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for,’fr,{‘?mta/ swbd,use screws For mounting instrument & for terminals
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For all other swbds.,use Studs for mounting instrument & For ¢
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3
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N /
Dia. 2 holes for mtg.
name plate (when specified)

(Not Furnished with instrument
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Strument (@ holes)

Eb

5
FOR PROJECTION MOUNTING

DRILL HOLES SPECIFIED IN TABLE,
FOR FLUSH MOUNTING CUT QUT

PANEL AS SHOWN BY DOTTED LINES
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ibia. 32
rifl
zJV 4Dia Dritt g D

i
I
|
1
|
I
|
]
i
|
1
N A '
l d
I
|
|
|
[}
i
i
]
]
!
|

311 ~ 3.t 3
—lis — e e —8f | |
B - / Vit
5 Zé N ~ J‘(
574 32 1
F1G. 26

For A-C.or D-C.Ammeter or Volimeter|Drill Holes 1-2-6-8
For Frequency Meter ” ¥ 1-2-6-7-8
For Single Phase Wattmeter v 1.2-3-5-6-8
For Power Factor Meter ” 7 [2-3-4-5-6-8

For Synch., 360° Scale I’. F. or Pos. Ind. Drill Holes

1-2-3-4-5-6-8

7 ”

For Polyphase Watt or Varmeters, 4 Pot. Terms.

1-2-3-4-5-6-7-8-9-11

For 3 C.C. P'-ph. Watt or Varmet., 3 Pot. Terms ” ”

1-2-3-4-5-6-7-8-9-10-11

For Instruments with Internal [llumination v

12 and 13

Westinghouse Electric Corporation

Me
Westinghouse Press
Peinted in U.S.A. (Rep. §2.48)

ter Division, Newark, N. J.



OUTLINE DIMENSIONS IN INCHES R
| Projection Mounting Flush Mounting . ]
Type U-25 Type K-25 |

For 20to 75amp.insts-4-28thd.
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For A-C.or D-C. Ammeter or Voltmeter|Drill Holes 1-2-6-8
For Frequency Meter ” 7 1-2-6-7-8
For Single Phase Wattmeter 7o 1.2-3-5-6-8
For Power Factor Meter ” 7 ]-2-3-4-5.6-8

For Synch., 360° Scale P. F. or Pos. Ind.

Drsll Holes 1-2-3-4-5-6-8

For Polyphase Watt or Varmeters, 4 Pot. Terms. ” 7 1-2-3-4-5-6-7-8-9-11
For 3 C.C. P'-ph. Watt or Varmet., 3 Pot. Terms 7" 1-2-3-4-5-6-7-8-9-10-11

For Instruments with Internal Illumination

12 and 13
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ALTERNATING CURRENT INSTRUMENTS—Continued !

Tewe)], External
Reactor

L 3 Box -

y | External Resistor

7L/"l‘z L'used only above
Used only above 150 Voits

l—- 150 Volts . —@ )l
Single Phase Inc.

A-C. Supply Run

o)

M3

ADS
Transmitter

Controller
————— ———————— Common
FI1G. 10—PosITION INDICATOR F1G. 11—SYNCHROSCOPE
External Resistor used
External Resistor used
only above 150 Volts' 3 21 only above 300 Volts External Résistor

External Resistor used" used,only above
3 only above 300 Volts I % 150Volts
-
External : R ») L External
Reactor Box L —‘h Reactor
- R1 L Box
(Comple.te connections 9*3 dm___ <» 9"“5

1to1, 3to3 before 9 h =
connecting to line) A L 3 i
Fi1G. 12—FREQUENCY : F1G. 13—WATTMETER, F1G. 14— WATTMETER, Fi1G. 15—PoweRr Factor
METER SINGLE PHASE 3 PHASE, 3 WiRE METER, SINGLE PHASE
For resistors used
3 21 See Fig, 14 and 16
. b~
, NOT
321 Type Y-25 requires external g
resistors to lines 1 and 3 for
voltages above 300 only. ﬁ &
H Below 300 no external resistors |
are used. Type I-25 requires ) L |
3 external resistors as shown 9q, 4, o) ® ;
in this diagram. <\ q‘
YvYyy 4 L—‘-————J
} Std. Polyphase Polyphase Power Factor !
P d - e = watticeter Meter whan used with 2 ) S
I 4 Current Transformers :
Yy = as used for Wattmeter ‘
F1G. 16—PowWER FACTOR METER, 3 PHASE; F1G. 17--1" - YPHASE WATTMETER '
3-WIRE AND rewiR FACTOR METER !
External Resistor used 321 p’;l:::sfs:;g?f :
® 3 2 1 onlyabove 300 Volts el Weior usea B For 0-Lag Scale Reverse
,_:2} A? MBZ only above 300 Volts 215 Current Coil Connections
3
S o E EZ?;
f 3 4 1 1
l NI 1, j
et s, B Lo {1l
44 <114 > d
>34 L% R
N1 n "] 1 j
Y Y ¥ Y -1 (£L = 1' v Y 2
FI1G. 18—WATTMETER, 3-PHASE, 4- F1G. 19—WATTMETER, 2-PHASE,
WirE (Y.C.T.) 4-WIRE > F1G. 20—V ARMETER, 3-PHASE, 3-WIRE

0 3 2 1 Hzg:—-[’_{

b
o &2
Wt
r—
\
o
——

31— AN N \
> | | \
<{ <> I-. & v \" . ) ¢
1% < b3 : A '
B K] = 1 :'—':1?_ A
F1G. 21—V ARMETER F1G. 22—VARMETER, ' [ .
3-PHASE, 4-WIRE SINGLE PHASE—2 WIRE
AY
Standard Phase Rotation (1-2-3) used. \
3 d .
g T ‘
! L
T L :
N 1
2 ' I




factor the current connections should
be interchanged. Polyphase power
factor meters are adjusted by changing
the value of resistance in the potential
circuits. Single-phase instruments are
adjusted by changing the air gap of
the iron in the reactor or changing the
value of resistance in the voltage circuit.

Type Y-25 frequency meters are of
the crossed-coil electro dynamic type,
the coils being connected into a network
consisting of a reactor and a capacitor
forming a resonant circuit.

If errors are found, the calibration
may be corrected by adjusting the
external reactor box. For this purpose
an iron screw is provided, accessible
through a hole in the perforated metal
case. Changing the internal resistor
which shunts one of the moving coils
varies the over-all width of the scale
range.

Type I-25 synchroscopes operate
on the rotating iron wvane principle.
Calibration may be checked by con-
necting both circuits to the same source.
The pointer should then indicate syn-
chronism. If the pointer does not indi-
cate synchronism, it should be shifted
to the vertical position. If the rotation
is irregular, the currents in the reactor
branch and resistance branch should
be equalized.

Type I-25, 360-degree scale power
factor meters are similar in mechanical
construction to the synchroscope. The
inner coils are wound as current coils
and the outside. stator coils wound as
potential coils. Connections may be
checked the same as for type Y-25-one
hundred degree scale powerfactormeters.

Type I-25 position indicators are
similar in mechanical construction to

the synchroscope, the electrical char-
acteristics being different. Leads must
be connected in the proper sequence
to have the indicator follow the control-
ler properiy in the right direction.

Permanent Magnet Moving Coil Types

Type X-25 voltmeter calibration ad-
justments are made by changing the
value of resistance in series with the
element. When used with an external
resistor on voltages higher than the in-
sulation rating of the instrument, one
terminal of the instrument should be
kept at ground potential.

Type X-25 ammeter calibration ad-
justments are made by changing the
resistance of the wire lead in series with
the element. When connected to an ex-
ternal shunt, leads listed for use with
the instrument, or leads of specified re-
sistance should be used.

Type X-25 milliammeter calibra-
tion adjustments are made by chang-
ing the resistance of the internal §hunt.
Some ranges not provided with element
shunts are adjusted by changing the
strength of the magnet.

Type T-25 radio frequenCy instru-
ment calibration adjustmefits ate made
by changing the value ofithe resistance
in series with the themmocouple. Tc
avoid burning out fthe/ thermocouple,
the _instrumentgshould’ not be loaded

. R
above full scale. i

Radio frequency instruments have
the left “terminaly, as viewed from the
rear, bondedWto theé metal chassis and
dial ofgthedinstriment. This prevents
electrostatic effects between pointer and
dialgand (provides points of zero poten-
tial inside the instrument.

Radio frequency instruments, particu.
larly when operated from external
thermocouples, should be arranged with
effective R.F. by-pass and ground con/
nections to minimize the effect of capacs
ity currents.

Type C-25 rectifier type voltmeter
calibration adjustments are made by
changing the value of series resistance.
Rectifier type milliammeters are cali-
brated by changing the strength ‘of the
magnet. Rectifier typéfinstruments in-
dicate correctly ,at 25C#with 60 cycle
pure sine wave.

REPAIRS#AND "‘RENEWAL
PARTS

Repair work cangbe done most satis.
factorily, at thedfactory. When return-
ing an instrument for repairs, obtain
a returned material tag from your dealer
org your mearest Westinghouse Sales
Officelpto assure proper identification
at the factory.

Ornders for renewal parts should in-
clude the name of the part and the
style and serial number of the instru-
ment, appearing on the dial.

Spare Lamps

Internally illuminated instruments
use ¥46 Mazda Lamps (6.3 volts 0.25
amp.) Westinghouse Style No. 1,001,663.
These are rated at 3000 hour life at
rated voltage. 10 percent overvoltage
greatly decreases life.

For 110 to 140 volts, Type MT min-
iature transformer, Style ¥ 1246352 (6.3
volt secondary) is available.

Special Notes

For 3 element A-25 instruments, tem-
perature indicators, Z-25 D-C. Watt-
meters or for special instruments, see
separate leaflets.

EXTERNAL CONNECTION DIAGRAMS

L (REAR VIEW)
Direct Current, Radio Frequency Instruments
o and Lighting Circuit
. External
— B -t Thermocouple
et - "
.1 + 0 + - — Grounded or
1 Not Grounded
Calibrated i 4,_\. 4’ Depending
[ Leads ' | -~1.Upon Installation
External Shunt Res. Used Only . N
| To 6 Volt Instrument
l Y | Above 800 Volts Source

FiG. 1—AMMETER AND
MILLIAMMETER, SELF<
CONTAINED

F1G. 2—AMMETER WITH
EXTERNAL SHUNT

Fic. 3—VOLTMETER

Fic. 4—For ALL INSTRU-
MENTS WITH ILLUMINATION

Fic. 5—RF AMMETER Ex-
TERNAL THERMOCOUPLE

Alternating Current Instruments

One Phase of Circult

o

F1c. 6—AMMETER
SELF-CONTAINED

External Resistor used
only above 300 Volts

[——=
E < To one phase

2 of meter

P. T. as in diagrams,

Connections for A-C, Voltage Cir-
cuits in Voltmeters, Wattmeters,
Freq. Meters or Power Factor = ‘

Meters when P.T, are not required,
Fi1G. 7— AMMETER WITH
CURRENT TRANSFORMERS

F1c. 8— VOLTMETER

FiG. 9—VOLTMETER
WITH POTENTIAL
TRANSFORMERS
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SWITCHBOARD INSTRUMENTS
SIX-INCH CLASSIFICATION

GENERAL
Cases
The first letter in type designates the
form of case used.

U =Rect. Proj. Base M't'd 514" x 515"
K =Rect.Flush, FlangeM't'd 612''x614"".
M =Rect. Flush, Base M't'd 5}3"'x543"".

Mechanisms

The second letter in type designates
the principle of operation.

A =Repulsion Moving Iron.

X =Permanent Magnet Moving Coil.

T =Thermocouple plus x.

C =Rectifier plus x.

Y =Electrodynamic.

I =Rotating Iron Vane.

Insulation Rating

All Ammeters and Voltmeters are in-
sulated for 750 volt maximum service.
Wattmeters, power. factor meters, fre-
quency meters and synchroscopes are
insulated for 250 volt service.

Dial Notes

References to type, style number, use
of external shunts, calibration data, etc.,
are referred to on dial.

The full scale marking of an indicat-
ing instrument is not necessarily the
same as the ratings of the current and
voltage coils. The coil ratings are based
upon temperaturerequirements. Fullscale
values are chosen to give clear, simple
scale markings of the values of 1, 1.2,
1.5, 2, 2.5, 3, 4, 5, 7.5, 8, or decimal
multiples of these values.

These coil ratings are given in the
data lines near the bottom of the dial
plate, and are not necessarily part of
the calibration data of the instrumeént.
The calibration data are marked on the
dial and in the case of Wattmeters and
Varmeters comprise the calibration con-
stant K and the ratios of the current
and potential transformerS wheny these
are used. :

The constant Kdis thelproduet of the
ratios of the currént and potential trans-
formers. It islequal to the number of
Kilowatts (or Kilovars){indicated per
Kilowatt (or Kilovar)fapplied to the
coils, on a single phase test circuit.

Installation

Unpdek instruments carefully.. Termi-
nal and “mounting hardware, and any
externaliresistors or reactors-may be in
séparate, packages.

INSTRUCTIONS

THE EYES

INDL?STRY

Drill panels and connect according
to the diagrams in this leaflet, or ac-
cording to switchboard drawings@fyin-
struments are supplied as part of ‘@
switchboard.

On any instruments which, operate
with' épring control, such as ammeters,
velr ‘s or wattmeters, <adjust the
pcis -r to zero by meang of thegZzero
aujuster before energizing the windings.
Power factor meters, position indicators,
synchroscopes and (frequeney meters
do not have zéfoladjusters

CIRCUIT PRECAUTIONS

The sécendary,circuits of all instru-
ment transtormers‘should be grounded.

The xternal@connecting diagrams
for the/A-Clinstruments show the proper
locations for ground connections for the
se¢ondary, circuits of the instrument
transformers, aud for the instrument
cases.

The ground connection of the cases
should be omitted when instruments
arée mounted on “live front” switch-
board panels.

CALIBRATION

A-C. Instruments

Types A-25 ammeters and voltmeters
operate on the repulsion iron vane
principle. Calibration adjustments are
made by shifting the outer end of the
spring in its holder. After loosening the
small clamping screw, the zero adjuster
should be left in mid-position, the
pointer being set to zero by shifting the
small tail piece of the inner spring ad-
juster located beneath the spring, using
a small suitable tool. The outer spring
clamping screw must be tightened
before shifting the inner spring adjuster.

Type Y-25 wattmeters are the eleetro-
dynamic type. Polyphase wattmeters
may be checked on single phase circuits
by testing each element separately,
or the current coils may be connected
in series and the pé6tential coils in
parallel, and beth elements) tested at
the same time. Calibrationdadjustments
are made by changingithe resistance of
the potential éircuity

Varmeters,are(exactly like the watt-
meters, excepththat they indicate the
reactive wolt-amperes by menns of ex-
ternalfphase shifting transformers. They
are| oftenfy,made with zero center
scalesh, When used on unidirectional
cirGuits “the scales are marked ‘‘lag”
and f‘lead’” as in power factor meters.
When intended for tie lines or other
duo-directional circuits, the lag and
lead notations are generally omitted
and directional markings are substitut-
ed, to show direction of reactive power
flow.

Type Y-25 power factor meters are
of the crossed-coil, electrodynamic type.
Maximum accuracy is obtained when cur-
rent in the current coils is from 40 to 125
per cent of coil rating and voltage on
the potential circuit from 75 to 125 per
cent of normal. Polyphase power factor
meters are designed to indicate correctly
only on balanced load.

In order to test external 3 phase con-
nections first check in reference to phase
sequence (1—2—3).

A trial connection may be checked
by shunting part of the current from
the stationary coil with a low resist-

ance wire (about 0.1 ohm) across the’

current terminals. If the pointer move-
mentis toward the lag side of the scale,
connections are correct. If the pointer
movement is toward the lead side of
the scale the connections to the first
and third potential terminals should be
interchanged on the line side of external
resistors if any are used.

Further incorrect action may be due
to the current connection being in the
wrong phase, or reversed, giving six
possible vector directions on three
phase, one of which is correct for the
power factor meter.

Should the pointer remain at one end
of the scale regardiess of change in power
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‘ . . OUTLINE DIMENSIONS IN INCHES
‘ -
: Projection Mounting Flush Mounting .
; ) Type U-25 . Type K-25 ]
{ For 20t075amp. insts-4-28thd. o 3
‘ : oL 2l For all other insts.~190-32 thd. s ;
' % [, 5 / 27 |
i 5 z‘/ pe~— 2 632 > i’z I 453 {
: h—-z‘-‘i —-4—233—— i e 36/—‘:_-’*'_36%-’ i
’ 3os B
, - p
| 11e @) ®
r 2f
» / B
2z
| | k) 4
L] \ [
For §8r 8 metal swbd,use screws For mounting instrument & for terminals
farf to/swbd, use studs For mounting m.slmment & screws far temma/s
For all other swbds.,use studs for m ¢ & for
FiG. 23 Me. 24
t
e /7\\\_ o £ 0F instrument & terminals '
Z AN VT AT~ T T
g §R zDia, I
| [ F 3R /{L)/ zDia Drifl - )
‘ ; N :
g
*. &3 I !
5/6 g -4 | 22_5 v‘s'é 4 23 :
E H . o 1€52-0 g,
o ) l ] /55 |
| T !
o | /7 f
7 54 — i KR !
_L_j_ - 16 . 9 A 1 H | -
25— /&P 0] 1 1 —+
2zt o] o | §DiaDrill ‘
13 3 _l : ; 3p ‘ !
£ / F4 Y -
l5/s Mtg. bkt length to suit panel | ,25r60 8% or 5‘7“'[0,’ ”0/’ ” s 1E ‘
. (Wot Furnished with instrument WeIe-o ers opliona 50 0{/7' 253 |
} » . 1 @l |
Dl fonie NS L1/ e, /'
4 YOUNTING CUT
\ 2 p 54‘1’ ument (2 holés ) | E PANEL 43 SHom 8¢ DOTTES LneS M
- 25— M —TvpE M- { / o i3
FiG. 25—FLusH MOoUNTING—TYPE M-25 1 - ZKL/ 5’0/{2 Drill 5
LA )
| N, S S, | |
le—

FiG. 26

For A-C.or D-C. Ammeter or Voltmeter|Drill Holes 1-2-6-8 '
For Frequency Meter 7 1.2-6-7-8 *
For Ssngle Phase Wattmeter ” 7 1-2-3-5-6-8 *
For Power Factor Meter 77 1-2-3-4-5-6-8 \

For Synch., 360° Scale . F. or Pos. Ind. Drill Holes 1-2-3-4-5-6-8

For Polyphase Watt or Varmeters, 4 Pot. Terms. ” 7 1-2-3-4-5-6-7-8-9-11

For 3 C.C. P'-ph. Watt or Varmet., 3 Pot. Terms v 1-2-3-4-5-6-7-2-9-10-11

For Instruments witk Internal Illumination 7" 12and 13

Westinghouse Electric Corporation

Meter Division, Newark, N. J.
Westitighouse Press
Printed, in U.S.A. (Rep. 12-48)
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ALTERNATING CURRENT INSTRUMENTS—Continued

Used only above
{-—— 150 Volts

Single Phase

Controller

External Resistor used
only above 150 Voltg

External
Reactor Box

(Complete connections
1to1, 3to3 before
connecting to line)

F1G. 12—FREQUENCY
ETER

A-C. Supply

F1G. 10—PoOSITION INDICATOR

External Resistor used
only above 300 Volts

)

il

F1G. 13— WATTMETER,
SINGLE PHASE

Type Y-25 requires external
resistors to lines 1 and 3 for
voltages above:300 only.

Below 300 no external resistors
are used. Type I-25 requires

3 external resistors as shown
in this diagram.

<l g

1YY =

F1G. 16—PowER FACTOR METER, 3 PHASE/

3-WIRE

External Resistor used

9 3 2 1 onlyabove 300 Volts

3
=t

)

B 2 External’ Resistor used

=
vd
“hoh

Fic. 18—WATTMETER, 3-PHASE
Wire (Y.C.T.)

Al AL? only above 300 Volts
3
| -

YT

2 €

Nt h ]

Y% _—

. 4 FIG. 19—WATTMETER, 2-PHASE,
4-WiRE
0 2 1

"; 3 1
rvo_qlxll
fr v
<J< q L
PR ¢
LR
}\ v Y 3

F1G. 21 —VARMETER
3-PHASE, 4-WIRE

Standard Phase Rotation (1-2-3) used.

Ri "u"vba IL External

Reactor
t Box

.“——

y { External Resistor
used only above
-— 150 Volts

_@l

Inc,

Run
Common
F1G. 11—SYNCHROSCOPE

External Resistor used
3 21 only above 300 Volts

ExternalfResistor

used only above
J% 150 Volts
Eﬁ} L External
s — Reactor
Ry | L Box
<"“‘] 4 - =
h ]
- -
F1G. 14— WATTMETER, F1G. 15—PoweRr FacTor

3 PHASE, 3 WIRE

METER, SINGLE PHASE

For resistors used
2 1 see Fig, 14 and 16

H:%L

£ 0
i

) L

21T

Std. Polyphase
wattmeter

Polyphase Power Factor
Meter when used with 2
Current Transformers
as used for Wattmeter

FI1G. 17— ©; yPHASE WATTMETER
AND Po.v»rR FACTOR METER

321 Phase Shifting

Transformer
; 2]5
A

‘;@
ALES

For 0-Lag Scale Reverse
Current Coil Connections

FiG. 20—VARMETER, 3-PHASE, 3-WIRE

2 0]
—h [
i —

Fi1G. 22—VARMETER,
SINGLE PHASE—2 WIRE




factor the current connections should
be interchanged. Polyphase power
factor meters are adjusted by changing
the value of resistance in the potential
circuits. Single-phase instruments are
adjusted by changing the air gap of
the iron in the reactor or changing the
value of resistance in the voltage circuit.

Type Y-25 frequency meters are of
the crossed-coil electro dynamic type,
the coils being connected into a network
consisting of a reactor and a capacitor
forming a resonant circuit.

If errors are found, the calibration
may be corrected by adjusting the
external reactor box. For this purpose
an iron screw is provided, accessible
through a hole in the perforated metal
case. Changing the internal resistor
which shunts one of the moving coils
varies the over-all width of the scale
range.

Type I-25 synchroscopes operate
on the rotating iron wvane principle.
Calibration may be checked by con-
necting both circuits to the same source.
The pointer should then indicate syn-
chronism. If the pointer does not indi-
cate synchronism, it should be shifted
to the vertical position. If the rotation
is irregular, the currents in the reactor
branch and resistance branch should
be equalized.

Type I-25, 360-degree scale power
factor meters are similar in mechanical
construction to the synchroscope. The
inner coils are wound as current coils
and the outside stator coils wound as
potential coils. Connections may be
checked the same as for type Y-25-one
hundred degree scale power factor meters.

Type I-25 position indicators are
similar in mechanical construction to

the synchroscope, the electrical char-
acteristics being different. Leads must
be connected in the proper sequence
to have the indicator follow the control-
ler properly in the right direction.

Permanent Magnet Moving Coil Types

Type X-25 voltmeter calibration ad-
justments are made by changing the
value of resistance in series with the
element. When used with an external
resistor on voltages higher than the in-
sulation rating of the instrument, one
terminal of the instrument should be
kept at ground potential.

Type X-25 ammeter calibration ad-
justments are made by changing the
resistance of the wire lead in series with
the element. When connected to an ex-
ternal shunt, leads listed for use with
the instrument, or leads of specified re-
sistance should be used.

Type X-25 milliammeter calibra-
tion adjustments are made by chang?
ing the resistance of the internal §hunt.
Some ranges not provided with element
shunts are adjusted by changing ‘the
strength of the magnet.

Type T-25 radio frequency instru-
ment calibration adjustments are made
by changing the value ofithe resistance
in series with the thermocouple. To
avoid burning out/the’ thermocouple,
the instrumentgshould not be loaded
above full seale.

Radio, frequency instruments have
the left ‘terminaly as viewed from the
rear, bondedito the metal chassis and
dial offthejinstriument. This prevents
electrostatic effects between pointer and
dialsand ‘provides points of zero poten-
tial inside the instrument.

Radio frequency instruments, particu-
larly when operated from external
thermocouples, should be arranged with
effective R.F. by-pass and ground con=
nections to minimize the effect of capacs=
ity currents.

Type C-25 rectifier type voltmeter
calibration adjustments are made“by
changing the value of series resistance.
Rectifier type milliammeters are cali-
brated by changing the strength“cf the
magnet. Rectifier typ@¥instruments in-
dicate correctly,at 25C#with 60 cycle
pure sine wave.

REPAIRSFAND“RENEWAL
PARTS

Repair work canfbe done most satis-
factorily at thepfactory. When return-
ing an imstrument for repairs, obtain
a returned material tag from your dealer
ory your ‘pearest Westinghouse Sales
Officepto assure proper identification
at the factory.

Orders for renewal parts should in-
clude the name of the part and the
style and serial number of the instru-
ment, appearing on the dial.

Spare Lamps

Internally illuminated instruments
use ¥46 Mazda Lamps (6.3 volts 0.25
amp.) Westinghouse Style No. 1,001,663.
These are rated at 3000 hour life at
rated voltage. 10 percent overvoltage
greatly decreases life.

For 110 to 140 volts, Type MT min-
iature transformer, Style % 1246352 (6.3
volt secondary) is available.

Special Notes

For 3 element A-25 instruments, tem-
perature indicators, Z-25 D-C. Watt-
meters or for special instruments, see
separate leaflets.

EXTERNAL CONNECTION DIAGRAMS

(REAR VIEW)

Diréct Current, Radio Frequency Instruments

+ = e

7 ®

l HExternal Shunt
Y

FiG. 1—AMMETER AND
MILLIAMMETER, SELF-
CONTAINED

Calibrated
[ Leads

F1G. 2—AMMETER WITH
EXTERNAL SHUNT

and Lighting Circuit

Res. Used Only
T Above 800 Volts

Fic. 3—VOLTMETER

FiG. 4—For ALL INSTRU-
MENTS WiTH ILLUMINATION

External
Thermocouple

Grounded or

Not Grounded
4’ Depending
~LUpon Installation

To 6 Volt
Source

Instrument

Fic. 5S—RF AMMETER Ex-
TERNAL THERMOCOUPLE

Alternating Current Instruments

N

One Phase of Circuit

F1G. 6—AMMETER
SELF-CONTAINED

External Resistor used
only above 300 Volts

& & To one phase
S of meter

P. T. as in diagrams.

Connections for A-C, Voltage Cir-
cuits in Voltmeters, Wattmeters,
Freq. Meters or Power Factor

Meters when P.T. are not required.
F1G. 7— AMMETER WITH
CURRENT TRANSFORMERS

Fi1G. 8— VOLTMETER

FiG. 9—VOLTMETER
WITH POTENTIAL
TRANSFORMERS

()
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SWITCHBOARD INSTRUMENTS
SIX-INCH CLASSIFICATION

GENERAL
Cases
The first letter in type designates the
f_orm of case used.
U =Rect. Proj. Base M't'd 515" x 514"".
K =Rect.Flush, FlaqgeM't’d 614''x614"".
M =Rect. Flush, Base M't'd 53/ x513".

Mechanisms

The second letter in type designates
the principle of operation.

A =Repulsion Moving Iron.

X =Permanent Magnet Moving Coil.

T =Thenmocouple plus x.

C =Rectifier plus x.

Y =Electrodynamic.

I =Rotating Iron Vane.

Insulation Rating

All Ammeters and Voltmeters are in-
sulated for 750 volt maximum service.
Wattmeters, power. factor meters, fre-
quency meters and synchroscopes are
insulated for. 250 volt service.

Dial Notes

References to type, style number, use
of external shunts, calibration data, etc.,
are referred to on dial.

The full scale marking of an indicat-
ing instrument is not necessarily the
same as the ratings of the current and
voltage coils. The coil ratings are based
upon temperaturerequirements. Fullscale
values are chosen to give clear, simple
scale markings of the values of 1, 1.2,
1.5, 2, 2.5, 3, 4, 5, 7.5, 8, or decimal
multiples of these values.

These coil ratings are given in the
data lines near the bottom of the dial
plate, and are not necessarily part of
the calibration data of the instrument.
The calibration data are marked on“the
dial and in the case of Wattmeters and

- Varmeters comprise the calibration con-

stant K and the ratios of the, current
and potential transformersf{when gthese
are used.

The constant K i§ the'groduét of the
ratios of the current and potential trans-
formers. It is{egualdto the, number of
Kilowatts {or Kilevars) dndicated per
Kilowatt {(or XKilovar)yfapplied to the
coils, on a single phase test circuit.

Installation

Unpacgk instruments carefully. Termi-
nai and Tounting hardware, and any
external%tesistors or reactors may be in
separatejpackages.

INSTRUCTIONS

THE EYES

INDUSTRY

Drill panels and connect according
to the diagrams in this leaflet, or ac-
cording to switchboard drawings ifjin-
struments are supplied as part of)a
switchboard.

On any instruments which operate
with spring control, such as ammieters,
voltmeters or wattmeters, adjust the
pointer to zero by means (of theyzero
adjuster before energizing the windings.
Power factor meters, poSition 1indicators,
synchroscopes and freqienéy meters
do not have zer6 adjusters.

CIRCUIT PRECAUTIONS

The seéondary circuits of all instru-
ment transformers should be grounded.

The estérnal Geonnecting diagrams
for the A-C/instruments show the proper
locations for ground connections for the
secondaryy circuits of the instrument
transformers, aud for the instrument
cases.

The, ground connection of the cases
should be omitted when instruments
are” mounted on ‘live front” switch-
board panels.

CALIBRATION

A-C. Instruments

Types A-25 ammeters and voltmeters
operate on the repulsion iron vane
principle. Calibration adjustments are
made by shifting the outer end of the
spring in its holder. After loosening the
small clamping screw, the zero adjuster
should be left in mid-position, the
pointer being set to zero by shifting the
small tail piece of the inner spring ad-
suster iocated beneath the spring, using
a smail suitable tool. The outer spring
clamping screw must be tightened
before skifting the inner spring adjuster.

Type Y-25 wattmeters are the electro-
dynamic type. Polyphase wattmeters
may be checked on single phase circuits
by testing each element separately,-.
or the current coils may be connected
in series and the pgfential coils in
parallel, and both elements|jtested at
the same time. Calibration.adjustments
are made by changing‘the resistance of
the potential circut.

Varmetersjare exactly like the watt-
meters, exceptythat they indicate the
reactive ‘volt-amperes by means of ex-
ternalgphase shifting transformers. They
are,(oftenymade with zero center
scales)y, When used on unidirectional
fircuits ‘the scales are marked ‘lag”
and “lead” as in power factor meters.
When intended for tie lines or other
duo-directional circuits, the lag and
lead notations are generally omitted
and directional markings are substitut-
ed, to show direction of reactive power
flow.

Type Y-25 power factor meters are
of the crossed-coil, electrodynamic type.
Maximum accuracyis obtained when cur-
rent in the current coils is from 40 to 125
per cent of coil rating and voltage on
the potential circuit from 75 to 125 per
cent of normal. Polyphase power factor
meters are designed to indicate correctly
only on balanced load.

In order to test external 3 phase con-
nections first check in reference to phase
sequence (1—2—3).

A trial connection may be checked
by shunting part of the current from
the stationary coil with a low resist-
ance wire (about 0.1 ohm) across the
current terminals. If the pointer move-
mentis toward the lag side of the scale,
connections are correct. If the pointer
movement is toward the lead side of
the scale the connections to the first
and third potential terminals should be
interchanged on the line side of external
resistors if any are used.

Further incorrect action may be due
to the current connection being in the
wrong phase, or reversed, giving six
possible vector directions on three
phase, one of which is correct for the
power factor meter.

Should the pointer remain at one end
of the scale regardless of change in power



OUTLINE DIMENSIONS IN INCHES

Projectien Mounting Flush Mounting
Type U-25 Type K-25 e,

For 20to 75amp. insts-4-28thd.
fFor all other insts=/30-32thd.

4——-41 ———
g 65 2 227 |
st 52 52 32
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53 1
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Ml | J)
i{.\/’ane/
forg or,a “hetal swbd,use screws For mounting instrument & for terminals
for L tol swbd, use studs For mounting instrument & screws For terminals.
For'all other swbds. use studs For mounting instrument & For terminals.
Fic. 23 F16.24
2z /
25464, 25164
~ 22 g ¢ of 25370
/ N nstru, 7
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a iR / 4 Dia. Drill N
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T8 prg bkt /enyt/) to suit panel I %162 tonal 5o /33 |
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; 0R PROJECTION MOUNT
m[: ot ztehé’le}fef or ";’3.' ed) /2ia. hole§ For Thx ! o/{/éz /;ozsjf%g%o W e, |
na a wnen R FLUSH MOUNTING CUT OUT
2 specifi 5” ument (@hgles) | PANEL A3 SHOMN by OOTTES UnES |
_ _T R 1 3
FiG. 25—FLusH MouNTING—T1YPE M-25 X 2 /D/a Drill |
| e
3t/ 3 IS
1y i34 \ o 8. !
L M Y i
5 (RN ST SRS
52 X7 2|
F1G. 26
For A-C. or D-C. Ammeter or Voltmeter| Drill Holes 1-2-6-8
For Frequency Meter ” ”1-2-6-7-8
For Single Phase Wattmeter 7o 1-2-3-5-6-8
For Power Factor Meter 7" 1-2-3-4-5.6-8
For Synch., 360° Scale P. F. or Pos. Ind. Drill Holes 1-2-3-4-5-6-8
For Polyphase Watt or Varmeters, 4 Pot. Terms. ” 7 1-2-3-4-5-6-7-8-9-11
For 3 C.C. P'-ph. Watt or Varmet., 3 Pot. Terms ” 7 1-2-3-4-5-6-7-8-9-10-11
For Instruments with Internal Illumination 7" 12and 13
P N

Westinghouse Electric Corporation

Meter Division, Newark, N. J.
Westinghouse Press
Printed in U.S.A, (Rep. 12-46)



ALTERNATING CURRENT INSTRUMENTS-=Continued

w M2
k M3 M1
M3
oy M2
T2 Ml T1 T2
TraQsDnS)itte,I;-l ! Used only above
J‘—’” 150 Volts
Single Phase
Controller A-C. Supply

F1G. 10—PosSITION INDICATOR

External Resistor used
only above 150 Volts

External
Reactor Box

(Complete connections
1to1, 3to 3 before
connecting to line)

F1G. 12—FREQUENCY

External Resistor used
only above 300 Volts

5]
=1

F1G. 13—WATTMETER,
SINGLE PHASE

Type Y-25 requires external
resistors to lines 1 and 3 for
voltages above 300 only.

Below 300 no external resistors
are used. Type I-25 requires

3 external resistors as shown
in this diagram.,

METER
321
3
o '
" *] g ]
Y =

F1G. 16-—~PowER FACTOR METER, 3 PHASE,

3-WIRE
External Resistor used
0 3 2 1 only above 300 Volts
p; B2 External’Resistor used
j gq_‘{/ A1laz] only‘@bove 300 Volts
Q._ s -
J I 3 -2—1

1 Mg

-t L
<> <;l <> :;“
q i——r

l <§ 11 N J
YUY T 1Y =
FiG. 18—WATTMETER, 3-PHASE, 4- F1G. 19—WATTMETER, 2-PHASE,
Wire (Y.C.T.) 4-WIRE
0321
"% 360%]1
Ji) 4
—1
>

AA

£l

ot Ve

F1G. 21-—VARMETER
3-PHASE, 4-WIRE

Standard Phase Rotation (1-2-3) used.

R [e¢1emelr, External
Reactor
—
[T 2 eos

External Resistor
used only above
150 Volts

_@1

Inc.

Run
Common
F1G. 11—SYNCHROSCOPE

External Resistor used
3 21 only above 300 Volts

|
5 ]

External Resistor
used only above
150 Volts

:} ‘-;1:_-“; ) L
—h

R\ L
gﬂ

p—
b

A\

F1G. 14 —WATTMETER,
3 PHASE, 3 WIRE

For resistors used

3 { see Fig. 14 and 16
|2
h.égg .
J R
|
<\
fiy neay S—————

Polyphase Power Factor
Meter when used with 2
Current Transformers
as used for Wattmeter
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factor the current connections should
be interchanged. Polyphase power
factor meters are adjusted by changing
the value of resistance in the potential
circuits. Single-phase instruments are
adjusted by changing the air gap of
the iron in the reactor or changing the
value of resistance in the voltage circuit.

Type Y-25 frequency meters are of
the crossed-coil electro dynamic type,
the coils being connected into a network
consisting of a reactor and a capacitor
forming a resonant circuit.

If errors are found, the calibration
may be corrected by adjusting the
external reactor box. For this purpose
an iron screw is provided, accessible
through a hole in the perforated metal

. case. Changing the internal resistor
which shunts one of the moving coils
varies the over-all width of the scale
range.

Type I-25 synchroscopes operate
on the rotating iron vane principle.
Calibration may be checked by con-
necting both circuits to the same source.
The pointer should then indicate syn-
chronism. If the pointer does not indi-
cate synchronism, it should be shifted
to the vertical position. If the rotation
is irregular, the currents in the reactor
branch and resistance branch should
be equalized.

Type I-25, 360-degree scale power
factor meters are similar in mechanical
construction to the synchroscope. The
inner coils are wound as current coils
and the outside stator coils wound as
potential coils. Connections may be
checked the same as for type Y-25-one
hundred degreescale powerfactormeters.

Type I-25 position indicators are
similar in mechanical construction to

the synchroscope, the electrical char-
acteristics being different. Leads must
be connected in the proper sequence
to have the indicator follow the control-
ler properly in the right direction.

Permanent Magnet Moving Coil Types

Type X-25 voltmeter calibration ad-
justments are made by changing the
value of resistance in series with the
element. When used with an external
resistor on voltages higher than the in-
sulation rating of the instrument, one
terminal of the instrument should be
kept at ground potential.

Type X-25 ammeter calibration ad-
justments are made by changing the
resistance of the wire lead in series with
the element. When connected to an ex-
ternal shunt, leads listed for use with
the instrument, or leads of specified re-
sistance should be used.

Type X-25 milliammeter calibra-
tion adjustments are made by chang-
ing the resistance of the internal shung.
Some ranges not provided with element
shunts are adjusted by changing the
strength of the magnet.

Type T-25 radio frequen€y instru-
ment calibration adjustmerits\are made
by changing the value ofgthe resistance
in series with the thermocouple. To
avoid burning outythe ghermocouple,
the instrument{ should not*be loaded
above full scale.

Radio frequencyjinstruments have
the left terminaly as viewed from the
rear, bonded te the metal chassis and
dial of the instrument. This prevents
electrostatio efféects between pointer and
dial @nd provides points of zero poten-
tial inside the instrument.

Radio frequency instruments, particu-
larly when operated from external
thermocouples, should be arranged with
effective R.F. by-pass and ground con-
nections to minimize the effect of capae-
ity currents.

Type C-25 rectifier type voltmeter
calibration adjustments are made by
changing the value of series resistance.
Rectifier type milliammeters are €ali-
brated by changing the strength of the
magnet. Rectifier, typé insfruments in-
dicate correctly at“25C. with{'60 cycle
pure sine wave.

REPAIRS ANDYRENEWAL
PARTS

Repair work can,be done most satis-
factorily at'the factory. When return-
ing an/instrument for repairs, obtain
a retarned material tag from your dealer
oryourh nearest Westinghouse Sales
Officelto “assure proper identification
at the factory.

Orders for renewal parts should in-
clude the name of the part and the
style and serial number of the instru-
ment, appearing on the dial.

Spare Lamps

Internally illuminated instruments
use #46 Mazda Lamps (6.3 volts 0.25
amp.) Westinghouse Style No. 1,001,663.
These are rated at 3000 hour life at
rated voltage. 10 percent overvoltage
greatly decreases life.

For 110 to 140 volts, Type MT min-
iature transformer, Style % 1246352 (6.3
volt secondary) is available.

Special Notes

For 3 element A-25 instruments, tem-
perature indicators, Z-25 D-C. Watt-
meters or for special instruments, see
separate leaflets.

EXTERNAL CONNECTION DIAGRAMS

(REAR VIEW)

Direct Current, Radio Frequency Instruments

and Lighting Circuit
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Westinghouse
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1.L.43-250-B

SWITCHBOARD INSTRUMENTS
SIX-INCH CLASSIFICATION

GENERAL
Cases
The first letter in type designates the
form of case used.

U =Rect. Proj. Base M't'd 514" x 5}5"".
K =Rect.Flush, FlangeM't'd 614"'x615".
M =Rect. Flush, Base M’'t'd 538"/ x5}3".

Mechanisms

The second letter in type designates
the principle of operation.

A =Repulsion Moving Iron.

X =Permanent Magnet Moving Coil.

T =Thermocouple plus x.

C =Rectifier plus x.

Y =Electrodynamic.

I =Rotating Iron Vane.

Insulation Rating

All Ammeters and Voltmeters are in-
sulated for 750 volt maximum service.
Wattmeters, power factor meters, fre-
quency meters and synchroscopes are
insulated for 250 volt service.

Dial Notes

References to type, style number, use
of external shunts, calibration data, etc.,
are referred to on dial.

The full scale marking of an indicat-
ing instrument is not necessarily the
same as the ratings of the current and
voltage coils. The coil ratings are based
upontemperaturerequirements. Fullscale
values are chosen to give clear, simple
scale markings of the values of 1, 12;
1.5, 2, 2.5, 3, 4, 5, 7.5, 8, or decimal
multiples of these values.

These coil ratings are given in the
data lines near the bottom ofmthe “dial
plate, and are not necessarily paft of
the calibration data of the mstrument.
The calibration data aré marked on the
dial and in the case of, Wattmeters and
Varmeters comprisejthe ealibfation con-
stant K andhe ratiogpof the current
and potential trafisformers when these
are used.

The constant K, is{the product of the
ratios of the current’and potential trans-
formers. It is equal to the number of
Kilowatts (om Kilovars) indicated per
Kilewatt (or Kilovar) applied to the
coils,“on a single phase test circuit.

Installation

WUnpack instruments carefully. Termi-
nal and mounting hardware, and any
external resistors or reactors may be in
separate packages.

INSTRUCTIONS

THE EYES

INDUSTRY

Drill panels and connect according
to the diagrams in this Jeaflet, or ac-
cording to switchboard drawingsmflin-
struments are suppliedlpds part of a
switchboard.

On any instruments, which”operate
with spring controlsuchas ammeters,
voltmeters or wdttmeters,  adjust the
pointer to zero by fmeans of the zero
adjuster béfore energizing the windings.
Power fdctor meters, position indicators,
synchroscopes’ and frequency meters
do not have z€ro adjusters.

CIRCGUIT PRECAUTIONS

Thefsecondary circuits of all instru-
ment trafnsformers should be grounded.

The, external connecting diagrams
for thie A-C. instruments show the proper
locations for ground connections for the
secondary circuits of the instrument
transformers, and for the instrument
cases.

The ground connection of the cases
should be omitted when instruments
are mounted on ‘live front” switch-
board panels.

CALIBRATION

A-C. Instruments

Types A-25 ammeters and voltmeters
operate on the repulsion iron vane
principle. Calibration adjustments are
made by shifting the outer end of the
spring in its holder. After loosening the
small clamping screw, the zero adjuster
should be left in mid-position, the
pointer being set to zero by shifting the
small tail piece of the inner spring ad-
juster located beneath the spring, using
a small suitable tool. The outer spring
clamping screw must be tightened
before shifting the inner spring adjuster.

Type Y-25 wattmeters are the electro-
dynamic type. Polyphase wattmeters
may be checked ofi single phase circuits
by testing €each‘wélement separately,
or the current ‘coils May be connected
in series afidy thefpotential coils in
parallel, and /bothy elements tested at
thesametime. Calibration adjustments
are made'by changing the resistance of
the Potential circuit.

Varmeters are exactly like the watt-
meters, Jexcept that they indicate the
redgetive volt-amperes by means of ex-
ternal phaseshifting transformers. They
are often made with zero center
§cales. When used on unidirectional
circuits the scales are marked ‘lag"
and ‘“lead” as in power factor meters.
When intended for tie lines or other
duo-directional circuits, the lag and
lead notations are generally omitted
and directional markings are substitut-
ed, to show direction of reactive power
flow.

Type Y-25 power factor meters are
of the crossed-coil, electrodynamic type.
Maximum accuracyis obtained when cur-
rent in the current coils is from 40 to 125
per cent of coil rating and voltage on
the potential circuit from 75 to 125 per
cent of normal. Polyphase power factor
meters are designed to indicate correctly
only on balanced load.

In order to test external 3 phase con-
nections first check in reference to phase
sequence (1—2—3).

A trial connection may be checked
by shunting part of the current from
the stationary coil with a low resist-
ance wire (about 0.1 ohm) across the
current terminals. If the pointer move-
ment is toward the lag side of the scale,
connections are correct. If the pointer
movement is toward the lead side of
the scale the connections to the first
and third potential terminals should be
interchanged on the line side of external
resistors if any are used.

Further incorrect action may be due
to the current connection being in the
wrong phase, or reversed, giving six
possible vector directions on three
phase, one of which is correct for the
power factor meter.

Should the pointer remain at one end
of the scale regardless of change in power
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Supersedes LL. 3235
Dated June, 1940

'INSTRUCTION LEAFLET

T-43-250%

DECEMBER, 1943

WESTINGHOUSE PosiTION INDICATOR

Pacell

120 Volt Styles

S% 1009966 — 9 positions
S%1009967 — 17 positions
S% 1156644 — 33 positions

GENERAL

The Type UI-25 position indicator
is used for the remote indication of the
positions of mechanisms. The style num-

bers listed on this leaflet are principally’

used for indicating the positions of the
tap changer on transformer equipment
and operate on the rotating iron princi-
ple, similar to that used in synchrono-
scopes. A 33 position indicator is illus-
trated in Fig. 1.

CONSTRUCTION AND
OPERATION

The Type UI-25 instruments operate
as duplicate position telemeter receiv-
ers. The operating instruments, both
sending and receiving, are similar to
miniature synchronous motors excited
by alternating current. The sending
units are geared or otherwise mechani-
cally driven by the mechanisms, the
positions of which are to be indicated
at a remote point, in such a way ag™to
turn the transmitter armature. [ The
sending and receiving instruments‘aze
tied together electrically by segeralieon-
necting wires in a manner similar to the
connections between a synchronouis mo-
tor and a generator. With sueh eennec-
tions, the rotor of thel receiving instru-
ment automatically remains in' duplicate
position to that ofgtheytransmitter. The
name, ‘‘Synchrotie”’,4s descriptive of the
action.

% Supersedes I. L. 3235

Position Indicator
Type UI-25
INSTRUCTIONS

THE EYES

INDl?STRY

The Type UI-2S receives, movement
is enclosed in a sqhiare'§witchboard type
instrument case ‘designed to match other
instruments ofgthe ‘B, or 25 line types.
The transmjtting unit 1s actuated by the
tap changer Operating mechanism to
whi¢h it Jis mechanically connected so
thateachtap changer position is definite-
ly, geared to the same angular position
of ‘the tramsmitter.

Note:

This instruction leaflet pertains only
toythe style numbers listed on this sheet
and furnished for use with a complete
transformer equipment. For general in-
structions on other styles of position
indicator equipment refer to I. L. 43-
249, copies of which are obtainable from
the Meter Division at Newark, N. J. or
through the district office.

INSTALLATION

If the indicator is shipped as a sepa-
rate item it should be unpacked carefully

240 Volt Styles

S¥ 1009968 — 9 positions
S¥ 1009969 — 17 positions
SHII156645 — 33 positions

and mounted on the switchboard as usual
foriAdicating instruments. The connec-
tions should be made as per Fig. 3 and
as shown on the general wiring diagram
supplied with the transformer apparatus.
After installing the indicator it should
be checked by operating the tap changer.

A half-revolution error in the indica-
tions of any receiving instrument is
caused by the reversal of the leads to
the single phase supply line. Reversed
direction of operation is caused by in-
correct sequence of the three wire sys-
tem of rotor connections, M;, M,, M.
A ‘“‘phase’’ error of 120 degrees indicates
that the leads M,, M,, M;, are not con-
nected to the corresponding terminals
of the transmitter.

MAINTENANCE

The indicator should not require any
field adjustments. Keep the indicator
clean with cover tightly in place. Avoid
excessive vibrations or shocks.

REPAIRS AND PARTS

Major repairs can be most satis-
factorily done at the'factory or West-
inghouse Service Shops: However, for
customers equipped to do their own
work, parts may be furnished on order.
In ordering any part or requesting any
other information, always give entire
nameplate reading.

,



INSTALLATION

Westinghouse 1.L. 43-250-E
OPERATION e MAINTENANCE

INSTRUCTIO NS
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SWITCHBOARD INSTRUMENTS
SIX-INCH CLASSIFICATION

GENERAL

Cases

The first letter in type designates the form of
case used.

U =Rect. Proj. Rase M’t’d 5%” x 5",

K =Rect. Flush, Flange M’t’d 6%” x 6%%°.

M =Rect. Flush, Base M’t’d 5-13/16” x 5-13/16".

Z =Permanent Magnet Moving Coil with Electromagnet.

Mechanisms

The second letter in type designates the principle
of operation.

A =Repulsion Moving Iron.
X =Permanent Magnet Moving Coil.
T =Thermocouple plus x.
C =Rectifter plus x.
Y =Electrodynamic.
I =Rotating Iron Vane.

Insulation Rating

All Ammeters and Voltmeters are, insulated for
750 volt maximum service. Wattmeters, power factor
meters, frequency meters and synchrescopes are in-
sulated for 250 volt service.

Dial Notes

References to type, style number, use of external
shunts, calibration data, etc., are referred to on dial.

The full scale markingfof an indicating instrument
is not necessarily‘the same as the ratings of the cur-
rent and voltage coils. The coil ratings are based
upon temperature'requirements. Full scale values are
chosen to give,clear, simple scale markings of the
values of 1, 1.2, 1.5, 2, 2.5, 3, 4, 5, 7.5, 8, or decimal
multiples of these values.

These coil ratings are given in the data lines near
thepbottom of the dial plate, and are not necessarily
part Yof the calibration data of the instrument. The
calibration data are marked on the dial and in the case
of \Wattmeters and Varmeters comprise the calibration
constant K and the ratios of the current and potential

SUPERSEDES I.L. 43-250-E

transformers when theseqare used.

The constant K is the product of the ratios of the
current and potential transformers. It is equal to the
number of Kilowatts, (or |Kilovars) indicated per Kilo-
watt (or Kilovar)yapplied to the coils, on a single
phase test circuit.

Installation

Unpack ( instruments carefully. Terminal and
mounting hardware, and any external resistors or re-
actors,may be in separate packages.

Drill panels and connect accarding to the diagrams
in“this leaflet, or according to switchboard drawings
if instruments are supplied as part of a switchboard.

On any instruments which operate with spring
control, such as ammeters, voltmeters or wattmeters,
adjust the pointer to zero by means of the zero ad-
juster before energizing the windings. Power factor
meters, position indicators, synchroscopes and fre-
quency meters do not have zero adjusters.

CIRCUIT PRECAUTIONS

The secondary circuits of all instrument trans-
formers should be grounded.

The external connecting diagrams for the A-C in-
struments show the proper locations for ground con-
nections for the secondary circuits of the instrument
transformers, and for the instrument cases.

The ground connection of the cases should be
omitted when instruments are mounted on “live front”
switchboard panels.

CALIBRATION

A-C. Instruments

Types A-25 ammeters and voltmeters operate on
the repulsion iron vaae principle. Calibration adjust-
ments are made by shifting the outer end of the spring
in its holder. After loosening the small clamping
screw, the zero adjuster should be left in mid-position,
the pointer being set to zero by shifting the small

EFFECTIVE AUGUST 1959



25 LINE SWITCHBOARD INSTRUMENTS

tail piece of the inner spring adjuster located beneath
the spring, using a small suitable tool. The outer
spring clamping screw must be tightened before shift-
ing the inner spring adjuster.

Type Y-25 wattmeters are the electrodynamic
type. Polyphase wattmeters may be checked on single
phase circuits by testing each element separately, or
the current coils may be connected in series and the

potential coils in parallel, and both elements tested

at the same time. Calibration adjustments are made
by changing the resistance of the potential circuit.

Varmeters are exactly like the wattmeters, except
that they indicate the reactive volt-amperes by means
of external phase shifting transformers. They are
often made with zero center scales. When used on
unidirectional circuits the scales are marked “lag”
and “lead” as in power factor meters. When intended
for tie lines or other duo-directional circuits, the lag
and lead notations are generally omitted and direc-
tional markings are substituted, to show direction of
reactive power flow.

Type Y-25 power factor meters are of the crossed-
coil, electrodynamic type. Maximum accuracy is ob-
tained when current in the current coils is from 40 to
125 per cent of coil rating and voltage on the potential
circuit from 75 to 125 per cent of normal. Polyphase
power factor meters are designed to indicate correctly,
only on balanced load.

In order to test external 3 phase connectiens first
check in reference to phase sequence (1—-2-3).

A trial connection may be checked by, shunting
part of the current from the stationary‘ceil with a low
resistance wire (about 0.1 ohm) aeross“the current
terminals. If the pointer movement¥is toward the lag
side of the scale, connections{are correct. If the
pointer movement is toward thesleadwsside of the scale
the connections to the first @and third potential termi-
nals should be interchanged “on. the line side of ex-
ternal resistors if any are used.

Further incorrectiactiondmay be due to the current
connection being in theéywrong phase, or reversed,
giving six possible vector directions on three phase,
one of which is correct for the power factor meter.

Should, theypointer remain at one end of the scale
regardless ‘of ‘€hange in power factor the current con-
nections Sheuld be interchanged. Polyphase power
factor, meters are adjusted by changing the value of
resistance” in the potential circuits. Single-phase
instruments are adjusted by changing the air gap of

the iron in the reactor or changing the value of re-
sistance in the voltage circuit.

Type Y-25 frequency meters are of the crossed-
coil electro dynamic type, the coils being connected
into a network consisting of a reactor and a capacitor
forming a resonant circuit.

If errors are found, the calibration may be cor-
rected by adjusting the external reaetor®ox. For this
purpose an iron screw is providedjaccessible through
a hole in the perforated metal jcase. Changing the
internal resistor which shunts,one®f the moving coils
varies the over-all width of the ‘seale range.

Type 1-25 synchroscopes operate on the rotating
iron vane principle. “€alibration may be checked by
comnecting both fcircuits”to the same source. The
pointer should then indicate synchronism. If the
pointer does\net, indicate synchronism, it should be
shifted 4o _theWvertical position. If the rotation is
irregular, dthe “eurrents in the reactor branch and re-
sistance braneh should be equalized.

Type, 1-25, 360-degree scale power factor meters
are similar in mechanical construction to the synchro-
scopes The inner coils are wound as current coils
and the outside stator coils wound as potential coils.
Connections may be checked the same as for type
Y-25 one-hundred degree scale power factor meters.

Permanent Magnet Moving Coil Types

Type X-25 voltmeter calibration adjustments are
made by changing the value of resistance in series
with the element. When used with an external resistor
on voltages higher than the insulation rating of the
instrument, one terminal of the instrument should be
kept at ground potential.

Type X-25 ammeter calibration adjustments are
made by changing the resistance of the wire lead in
series with the element. When connected to an ex-
ternal shunt, leads listed for use with the instrument,
or leads of specified resistance should be used.

Type X-25 milliammeter calibration adjustments
are made by changing the resistance of the internal
shunt. Some ranges not provided with element shunts
are adjusted by chansing the strength of the magnet.

Type T-25 radio frequency instrument calibration
adjustments are made by changing the value of the
resistance in series with the thermocouple. Teq avoid
burning out the thermocouple, the instrument should
not be loaded above full scale.

P



25 LINE SWITCHBOARD INSTRUMENTS

1.14 43-250-F

Radio frequency instruments have the left termi-
nal, as viewed from the rear, bonded to the metal
chassis and dial of the instrument. This prevents
electrostatic effects between pointer and dial and
provides points of zero potential inside the instrument.

Radio frequency instruments, particularly when
operated from external thermocouples, should be ar-
ranged with effective R.F'. by-pass and ground con-
nections to minimize the effect of capacity currents.

Type C-25 rectifier type voltmeter calibration ad-
justments are made by changing the value of series
resistance. Rectifier type milliammeters are cali-
brated by changing the strength of the magnet. Recti-
fier type instruments indicate correctly at 25C. with
60 cycle pure sine wave.

Type Z-25 D-C Wattmeter calibration may be
changed when required by varying the internal re-
sistance which is in series with the moving element.
Under no condition must the external resistance in
series with the voltage coil be changed.

Use only the special leads furnished with the
instrument for connections to the ammeter shunt™or
leads of resistance specified on the dial. No special
leads are required for the voltage circuit conneetionss

REPAIRS AND RENEWAL TPARTS

Repair work can be done most satisfactorily at the
factory. When returning an instrument*for repairs,
obtain a returned material tag from your dealer or your
nearest Westinghouse Sales Officesto assure proper
identification at the factory.

Orders for renewalyparts should include the name
of the part and the stylet%and serial number of the in-
strument, appearing/©n the dial.

Spare Lamps

Internally,illuminated instruments use #46 Mazda
Lamps (6,3 volts,0.25 amp.) Westinghouse Style No.
1,001,663. ‘These are rated at 3000 hour life at rated
voltagé. 10ipercent overvoltage greatly decreases life.

Forpl110 to 140 volts, Type MT miniature trans-
former, Style #1246352 (6.3 volt secondary) is avail-
able.

Special Notes

For 3 element A-25 instruments, temperature indi-
cators, or for special instruments, see separate
leaflets.

EXTERNAL CONNECTION DIAGRAMS
(REAR VIEW)

Direct Current, Radio Frequency Instruments
and Lighting Circuit

+

- + -~ _ 3
+ = + -
|—_@ p
Calibrated

[ Leads
J External Shunt
{

F16{ 1 —AMMETER /AND F1G. 2—AMMETER WITH
MILLIAMMETER, /SELF- EXTERNAL SHUNT
CONTAINED

Res. Used Only
Above 800 Voits

FiG. 3—VOLTMETER

External
Thermocouple

Grounded or

Not Grounded
- Depending
—LUpon Installation
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25 LINE SWITCHBOARD INSTRUMENTS

ALTERNATING CURRENT INSTRUMENTS - Continued S

REAR VIEW

-

REAR VIEW

PHASE ROTATION -2-3

INCOHING

RUNK NG,

Fig. 10-Type 125 Single Phase
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OUTLINE DIMENSIONS

Projection Mounting Flush Mounting
Type U-25 Type K-25
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INSTRUMENTS

l.L. 43-2
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