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Westinghouse I. L. 1968-D (Filing No. 43-1100 ) 

Types HA, HX and HY Instruments 

GENERAL 
Unpack instruments carefully noting 

that bag containing terminal and mount­
ing hardware, and any external re­
sistors or reactor boxes required are 
present. 

Drill panel according to information 
on last page, mounting the instrument 
according to instructions. Before tight­
ening instrument in position it is rec­
ommended that alignment of instru­
ments be checked with a spirit leveL 
If vibration is present on the mounting 
it should be damped or filtered out by 
springs or soft rubber bushings. 

Connect instruments according to ex­
ternal wiring diagram on this leaflet or 
according to switchboard wiring diagram 
if instrument is furnished as part of a 
switchboard order. Observe all circuit 

WJ���.:_:: ;:;�::iagr/ ma;s !�:�� 
' *�,:};;;:+=��; vSed only " �vire 

havmg sufficient cross·'5'0J/ · 
sulation for the service. •.• '-'•' "· 

Adjustments �nd repairs st • .  J=== 
made only by sktlled meter men fam<t.a.r 
with the instruments. 

Do not disturb the balance of the 
moving element. Balance adjustments 
should be made only by skilled repair 
men. 

Do not jar or strike the instrument to 
free the moving element in case it is · 
stuck, as a cracked jewel or ruined pivot 
will result. Sticking is a sign that friction 
or misalignment is present, and to pre­
vent further trouble, this must be 
corrected properly. 

ALTERNATING CURRENT 
INSTRUMENTS 

1. Type HA ammeters and voltmeters 
operate on the repulsion iron vane 
principle. Two flat hipernick iron 
vanes, one on a stationary bracket and 
one on the moving element, are mounted 
axially within the coil and are magnet­
ized with like polarities. The resulting 
force of repulsion between the like poles 
causes the moving element to move the 
pointer up scale until the force is balanced 
by the spring torque. Calibration adjust­
ments are made by shifting the outer 
end of the spring in its holder after 

INSTRUCTIONS 

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 adjuster located beneath the 
spring, using a small-bore aluminum 
tube as a wrench. The outer spring 
clamping screw must be tightened 
before shifting the inner spring adjuster. 

2. Type HY wattmeters are of the 
dynamometer type. Polyphase watt­
meters may be checked by testing each 
element separately, or the current coils 
may be connected in series and the 
potential coils in parallel, and both ele­
ments tested at the same time. Cali­
bration adjustments are made by chang­
ing the resistance of the potential circuit. 

3. Type BY power factor meters are 
of the crossed-coil, dynamometer type. 
Highest accuracy is obtained when cur­
rent in the current coils is from 2 to 5 
amperes and voltage on the potential cir­
cuit from 75 to 125 per cent of normal. 
Transformers should be selected accord­
ingly. Single-phase instruments are used 
on single-phase, two-phase, and three­
phase four-wire circuits. Polyphase 
power factor meters are designed to in­
dicate correctly on balanced load. Poly­
phase power factor meters must be con­
nected to three-phase, three wire circuits 
with proper sequence of voltage con­
nections. A trial connection may be 
checked by shunting part of the current 
from the stationary coil with a low resis­
tance 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. Should the 
pointer remain at one end of the scale 
regard)ess of change in power factor the 
current connections should be inter· 
changed. An angular error of 60 degrees 
or 120 degrees, caused by the current 
�rar:sformer being in the wrong phase is 
md1cated by pointer remaining at one 
end .of the scale against the stop. Cali­
bratton may be checked with a standard 
power factor meter, or with a voltmeter 
an ammeter and a wattmeter. Poly� 
phase power factor meters are adjusted 
by changing the value of resistance in 
�he potential circuits. Single-phase 
Instruments are adjusted by changing 
the size of the air gap of the iron in the 
reactor or changing the value of resis­
tance in the resistance circuit. Increasing 
the air gap shortens the scale length 
and_ �ce versa. 

4. Type BY frequency meters are 
of th� crossed-coil dynamometer type, 
the cotls being connected into a network 
consisting of a reactor and a capacitor 
forming a resonant circuit. Calibration 
may be checked by comparing the read· 
ings to those of a revolution counter 
applied to the generator, or by checking 
with a synchronous clock. If errors are 
found, they may be corrected by adding 
to or removing iron from the reactor 
or adjusting internal shunt. Decreas� 
ing the shunt resistance decreaseii the 
range of frequency and vice versa. 
Reactor adjustments shift the whole 
scale to the right or left. 

5. Type HA synchroscopes operate 
on the moving iron vane principle, the 
moving element being free of brushes 
slip-rings or mechanical connection� 
of any kind. Iron vanes on the moving 
element shaft are magnetized by a coil 
connected to one circuit, and are caused 
to rotate by an encircling rotating field 
set up by coils connected to the other 
circuit which is being synchronized with 
the first circuit. Calibration may be 
checked by connecting both circuits 
to the same source. The pointer should 
then indicate synchronism. If the 

Westinghouse Electric & Manufacturing Company 
Newark Works, Newark, N.J. 
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Types 1-IA, I-IX and 1-IY Instruments 
OUTLINE DIMENSIONS IN INCHES 

Projection Mountin• Flush Mounting: 
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Westinghouse 
I. L. 1968-B 

(Filing No. 43-000) 

Types HA, HX and HY Instruments 

GENERAL 

Unpack instruments carefully noting 
that bag containing terminal and mount­
ing hardware, and any external re­
sistors or reactor boxes required are 
present. 

Drill panel according to information 
on last page, mounting the instrument 
according to instructions. Before tight­
ening instrument in position it is rec­
ommended that alignment of instru­
ments be checked with a spirit level. 
If vibration is present on the mounting 
it should be damped or filtered out by 
springs or soft rubber bushings. 

Connect instruments according to ex­
ternal wiring diagram on this leaflet or 
according to switchboard wiring diagram 
if instrument is furnished as part of a 
switchboard order. Observe all circuit 
precautions listed under diagrams in this 
leaflet. All external connections should 
be made with approved type of wire 
having sufficient cross-section and m­
sulation for the service. 

Adjustments and repairs should be 
made only by skilled meter men familiar 
with the instruments. 

Do not disturb the balance of the 
moving element. Balance adjustments 
should be made only by skilled repair 
men. 

Do not jar or strike the instrument to 
free the moving element in case it is 
stuck, as a cracked jewel or ruined pivot 
will result. Sticking is a sign that friction 
or misalignment is present, and to pre­
vent further trouble, this must be 
corrected properly. 

ALTERNATING CURRENT 
INSTRUMENTS 

1. Type HA ammeters and voltmeters 
operate on the repulsion iron vane 
principle. Two flat hipernick iron 
vanes, one on a :;tationary bracket and 
one on the moving element, are mounted 
axially within the coil and are magnet­
ized with like polarities. The resulting 
force of repulsion between the like poles 
causes the moving element to move the 
pointer up scale until the force is balanced 
by the spring torque. Calibration adjust­
ments are made by shifting the outer 
end of the spring in its holder after 

INSTRUCTIONS 

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 adjuster located beneath the 
spring, using a small-bore aluminum 
tube as a wrench. The outer spring 
clamping screw must be tightened 
before shifting the inner spring adjuster. 

2. Type HY wattmeters are of the 
dynamometer type. Polyphase watt­
meters may be checked by testing each 
element separately, or the current coils 
may be connected in series and the 
potential coils in parallel, and both ele­
ments tested at the same time. Cali­
bration adjustments are made by chang­
ing the resistance of the potential circuit. 

3. Type HY power factor meters are 
of the crossed-coil, dynamometer type. 
Highest accuracy is obtained when cur­
rent in the current coils is from 2 to 5 
amperes and voltage on the potential cir­
cuit from 75 to 125 per cent of normal. 
Transformers should be selected accord­
ingly. Single-phase instruments are used 
on single-phase, two-phase, and three­
phase four-wire circuits. Polyphase 
power factor meters are designed to in­
dicate correctly on balanced load. Poly­
phase power factor meters must be con­
nected to three-phase, three wire circuits 
with proper sequence of voltage con­
nections. A trial connection may be 
checked by shunting part of the current 
from the stationary coil with a low resis­
tance 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. Should the 
pointer remain at one end of the scale 
regardless of change in power factor the 
curr�nt connections should be inter­
changed. An angular error of 60 degrees 
or 120 degrees, caused by the current 
transformer being in the wrong phase is 
indicated by pointer remaining at one 
end of the scale against the stop. Cali­
bration may be checked with a standard 
power factor meter, or with a voltmeter, 
an ammeter and a wattmeter. Poly­
phase power factor meters are adjusted 
by changing the value of resistance in 
the potential circuits. Single-phase 
instruments are adjusted by changing 
the size of the air gap of the iron in the 
reactor or changing the value of resis­
tance in the resistance circuit. Increasing 
the air gap shortens the scale length 
and vice versa. 

4. Type HY frequency meters are 
of the crossed-coil dynamometer type, 
the coils being connected into a network 
consisting of a reactor and a capacitor 
forming a resonant circuit. Calibration 
may be checked by comparing the read­
ings to those of a revolution counter 
applied to the generator, or by checking 
with a synchronous clock. If errors are 
found, they may be corrected by adding 
to or removing iron from the reactor, 
or adjusting internal shunt. Decreas­
ing the shunt resistance decreases the 
range of frequency and vice versa. 
Reactor adjustments shift the whole 
scale to the right or left. 

5. Type HA synchroscopes operate 
on the moving iron vane principle, the 
moving element being free of brushes, 
slip-rings or mechanical connections 
of any kind. Iron vanes on the moving 
element shaft are magnetized by a coil 
connected to one circuit, and are caused 
to rotate by an encircling rotating field 
set up by coils connected to the other 
circuit which is being synchronized with 
the first circuit. Calibration may be 
checked by connecting both circuits 
to the same source. The pointer should 
then indicate synchronism. If the 

Westinghouse Electric & Manufacturing Company 
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Types IIA, IIX and IIY Instruments 

pointer does not indicate synchronism, 
the set screw in the hub should be backed 

off, the pointer shifted to the position 

indicating synchronism, and the set 

screw tightened. Should any electrical 

adjustments be necessary, the currents 

in the reactor branch and resistance 

branch should be equalized. 

6. Type HA 360-degree scale power 
factor meters are similar in mechanical 

construction to the type HA synchro­

scope. The electrical characteristics are 

different, the inner coils being wound 

as current coils and the outside stator 

coils wound as potential coils. Connec­

tions may be checked the same as type 

HY 100 degree scale power factor 
meters. It is essential that the moving 

element be in mechanical balance 

so that the pointer will remain in any 

position it is placed when all circuits 

of the instrument are de-energized. 

7. Type HA position indicators are 

similar in mechanical construction to 

the type HA synchroscope, the electrical 

characteristics being different. Leads 

must be connected in the proper sequence 

to have the indicator follow the control­

ler properly in the right direction. 

POINTS TO BE CHECKED IN CASE 
OF INCORRECT INDICATIONS 
Friction is the most common cause 

of inaccuracy. Possible points of fric­

tion in alternating-current instruments 

are: 1. The clearances between the 

aluminum vanes and the walls of the 

damping chamber are necessarily small 

and sometimes after a severe jar the 

vanes might rub against the walls of 

the damping chamber. 2. Pivots and 

jewels may become dirty and must be 

cleanec. Com pith is often used for 

this purpose. 3. The control springs 

should be carefully inspected to see that 

convolutions are not touching each 

other or adjacent mechanical projections. 

4. Lint may project from the station­

ary coils of a dynamometer type in­
strument, and rub on the moving coil. 

5. The pointer or its tail-piece rubbing 

on adjacent parts, although a rare 

occurrence, it is well to watch for this 

condition. 

Friction eliminated, there remain as 
causes of inaccuracies, zero error, 

partial short-circuits, and loose con­

nections. A partial short-circuit in 

the element coils of ammeters, voltme­

ters and wattmeters will cause a low 

reading while a short-circuit in the re­

sistors of voltmeters and wattmeters 

will cause a high reading. A partial 

short-circuit in the element coils, or 

reactor or resistors of power factor and 

frequency meters will cause erratic 

readings. Loose connections cause 

variable and erratic indications. 

An unbalanced movement will cause 

inaccurate readings at some points 

on the scale. Balance adjustments 

should be made only by skilled repair­

men. The pointer should stay on zero 

with the instrument face up and with the 

instrument face vertical with pointer 

horiwntal to right and with pointer 

horiwntal to left. Power factor and 

frequency meters have no control 

springs, so the pointer should stay at 

any point it is placed on the scale if the 

movement is in balance. 

DIRECT-CURRENT AND 
RADIO FREQUENCY 

INSTRUMENTS 
AU type HX instruments operate on 

the d'Arsonval principle. 

8. Type HX 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 in­

sulation rating of the instrument, one 

terminal of the instrument should be 

kept at ground potentiaL 
9. Type HX 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 re­

sistance should be used. 
10. Type HX milliammeter calibra­

tion adjustments are made by chang­

ing the resistance of the internal shunt. 

Some ranges not provided with element 

shunts are adjusted by changing the 

strength of the magnet. 

11. Type HX radio frequency in� 
strument calibration adjustments are 

made by changing the value of the re­

sistance in series with the thermocouple. 

To avoid burning out the thermocouple, 

the instrument should not be loaded 

above full scale. 

12. Type HX search coil tempeta­
ture indicators are adjusted for balance 

by changing the resistance of the bridge 

arm windings in the external box. 

After balance is correct, calibration of 

other points on the scale is done by ad­

justing the series resistance spools in 

the external box. For further particu­

lard see Westinghouse Instruction Leaf­

let No. I. L. 948. 
13. Type HX rectox type voltmeter 

calibration adjustments are made by 

changing the value of series resistance. 

Rectox type milliammeters are cali­

brated by changing the strength of the 

magnet. Rectox type instruments in-

2 

dicate correctly at 25°C. with 60 cycle 
pure sine wave. The frequency error 

is about �% per kilocycle. The mag­

nitude of the temperature error depends 

upon the range; the magnitude of wave 

form error is dependent upon the form 

factor. 

14. Type HX speed indicator cali­

bration adjustment is made by changing 

the series resistance of the circuit or by 

changing the resistance of the shunt of 

the element if a shunt is provided. 

POINTS TO BE CHECKED IN CASE 
OF INCORRECT INDICATIONS 
The motion of the pointer when 

brought down slowly from full scale, 

should be free and constant. If the 

movement is interrupted, stops, or 

is jerky, friction exists at some point 

and must be eliminated. A common 

cause of friction in d'Arsonval type in­

struments is the presence of dirt or iron 

chips in the air gap. A piece of white 

paper placed back of the air gap will 

reflect light through the air gap so any 

foreign material can be detected and 

removed. 

The spring convolutions should not 

touch each other or any adjacent parts. 

Pivots and jewels must be clean and if 

dirty should be cleaned with corn pith. 

All connections whether soldered or 

otherwise must be clean and tight. 

Loose connections at any point in the 

circuit will cause a variation in the 

readings. 

Pivots must have proper end-play 

and side-play in the jewels. Jewel 

screws in any instrument should never 
be screwed in too far as this will result 

in cracked jewels and ruined pivots. 
A good method of checking end play 

is to carefully move the element back 

and forth at right angles to the shaft 

by means of the pointer. The side 

play is normally several times the end 

play and can be more easily estimated. 

RENEWAL PARTS 
When ordering renewal parts, give 

the name of the part wanted and the 

style number and serial number of the 

instrument, which appear on the dial. 

Failure to give this information may re­

sult in delay. 

REPAIRS 
If an instrument is to be returned to 

the factory for repairs, write to the 
dealer or nearest ·westinghouse Sales 

Office, for a return material tag, so that 

the apparatus will be properly identified 

at the factory. 
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Self Contamed 

Ammeter 

N 3 2 I 

Polyphase Wattmeter 
(Delta CoM CT) 

D-C. Ammeter 
(External Shunt) 

NJ 2 I 

Types HA, HX and HY Instruments 

j� 
Ammeter with 
Current Trans 

2' ( 2 I 

Voltmeter 

J 2 

Voltmeter with 
f'otent10! Trans 

Polyphase Power 
factor 11eter 

�Extl<es 
used only 

� '::.:::7 above !50V 

5/nq/e Phase 110ttmeter 
on Smqle Phase Lme 

oloq 
i-'�=::::1�� i�cole reverse 

H-4--- --+---...J current cot! 
conr;ect tons 

RVA.11eter wtth Re­
octtve Component Compensator 

( Std Watt !1eter Colibrohon) 

ll2 
NJ 
rz 

-==!-.__ ___ -+-.._ Smqle Phose 
-+--"--1-----<i�Jnc. --+-------'- A-C.Supply 

2 Ph 4Wire Polyphase 
Wattmeter 

--------+--Pun Controller Type HA Postlton 
___ _.___Common lndtcotor 
Synchrostope 

[)-[Ammeter or 
111//iameter 

(Self Contained) 

N 3 Z I 

+ 

Used only 
above 800V. 

D-C. Voltmeter 
(Self Contained) 

Reactive Component 
Compensator 

4 For o-laq scale 
reverse current 
cod connections 

.1 .•. �Speed hcqn�/ndtcator 

Speed lndtcator 

Rear Vtew 
External Wrrmq Dioqram 

3Cur coil polyphase wattmeter 
3 Current coil R.VA. f1eter with reac­
tive component compensator 

(Standard Jc.c Watt 11eter Calibration) 

REAR VIEWS-All phase rotation, A, B, C. 

The secondary circuits of all instru­

ment transformers and the cases of all 

instruments should be grounded. 

CIRCUIT PRECAUTIONS 

When opening the secondary cir­
cuit of a current transformer, the 

terminals of the secondary winding 

3 

must be short-circuited to prevent 

damage to the transformer. 
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Types HA, HX and HY Instruments 
OUTLINE DIMENSIONS IN INCHES Projection Mounting Flush Mounting 

For ZIJto 75amp insls·J.lBthd. ------� r-·---�-�--!'or all other mst..-190 -JZI:M. 
.. 6}$ .jJi 
r----- .. 64 ' I JIS__ Jiff 

I 
l 

T3e e 
HF==----.n 

6Ji: 
Appear-ana •' k"ont pla/e for :tynei>=cope 
/Jf 36Q'power frJ<tor. 

rn 
ForJ�r//1-net.ai swbd.,use screws for mountiru; instrument l.for term/ntJ/s 
f"or J to I swbd., use studs for mountin9 ins/nJment & screws for terminals. For all other swl>ds.,use studs for mountmq instrument £ for termiMis. 

�rOf!CI of front 
plate for position 
itulkator. 

DRILLINGIFORIPROJECTION MOUNTING 
-------;----------, i Far Synch .. 360" Sc ale P. F. or Pos. Ind. Drill Holes 1-2-3-4-5-6-8 

I • For Polyphase Watt ar Var Meiers, 3 Pot. Terms. " " 1-2-3-4-5-6-8-9-11 
/�r? _

_ 

oly:Phase
_ 
Wal

·

t

· 

or Var A-
·
feters, 4 Pot. Terms, " 1-2-3-4-5-6-7-8-9·11 I �C.C. P'-ph. Wall or_ 

Var Met .. 3 Pot.Terms. " 1-2-3-4-5-6-7-8-9-10-11 . 

jDia Drill 

/Diet Dr/!/ 

I 
I 
I 
� 
L\ ----.3 

0 
0 

0--------.,-..t 
0 !J 8 ----t.-

7 

0�---'---+-
NOT£: 

This dr/1/inq plan is actual 
size and may be used for 
a drillinq template. 

I 
FOR PROJECTION f1DUNT/NG 

DRILL HOLES SPECIFIED IN TABLE 
FOR FLUSH t10UNTIN6 CUT OUT 

PANEL AS SHOWN BY DOTTED LINES 

JDia. Drill 

- ---- - - , 
.'\. 

c_.2 8 

aR.or square 
cornl!rs optional f-4-----/3 + I -----'!+----/ §.+ .J. ---�'-....Jool 
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• 
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Westinghouse 
I. L. 1968-E 

(Filing No. 43-000 

Types HA, HX and HY Instruments 
INSTRUCTIONS 

GENERAL 
Unpack instruments carefully noting 

that bag containing terminal and mount· 
ing hardware, and any external re­
sistors or reactor boxes are 
present. 

Drill panel according to information 
on last page, mounting the instrument 
according to instructions. Before tight­
ening in;trumcnt in position it is rec­
ommended that alignment of instru· 
ments be checked with a spirit 1e\·el. 
[f vibration is present on the moLmting 
it should be damped or filtered out by 
springs or soft rubber bushings. 

Connect instruments according to ex­
ternal wiring diagram on this leaflet or 
according to switchboard wiring diagram 
if instrument is furnished as part of a 
switchboard order. Observe all circuit 
precautions listed under diagrams in this 
leaflet. All external connections should 
be made with approved type of wire 
having sufficient cross-section and in­
sulation for the service. 

Adjustments and repairs should be 
made only by skilled meter men familiar 
with the instruments. 

Do not d1sturb the balance of the 
moving element. Balance adjustments 
should be made only by skilled repair 
men. 

Do not jar or strike the instrument to 
free the moving element in rase i� is 
stuck, as a cracked jewel or ruined pivot 
will result. Sticking is a sign that friction 
or misalignment is present, and to pre­
vent further trouble, this must be 
corrected properly. 

ALTERNATING CURRENT 
INSTRUMENTS 

1. Type HA ammeters and voltmeters 
operate on the repulsion iron vane 
principle. Two fiat hipernick iron 
vanes, one on a stationary bracket and 
one on the moving element, are mounted 
axially within the coil and are magnet­
ized with like polarities. The resulting 
force of repulsion between the like poles 
causes the moving element to move the 
pointer up scale until the force is balanced 
by the spring torque. ·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 tail piece of the inner 
spring adjuster located beneath the 
spring, using a small-bore aluminum 
tube as a wrench. The outer spring 
clamping screw must be tightened 
before shifting the inner spring adjuster. 

2. Type HY wattmeters are of the 
dynamometer type. Polyphase watt­
meters may be checked by testing each 
element separately, or the current coils 
may be connected in series and the 
potential coils in parallel, and both ele­
ments tested at the same time. Cali­
bration adjuscments arc made by chang­
ing the resistance of the potential circuit. 

3. Type HY power factor meters are 
of the crossed-coil, dynamometer type. 
Highest accuracy is obtained when cur­
rent in the current coils is from 2 to 5 
amperes and voltage on the potential cir­
cuit from 75 to 125 per cent of normal. 
Transformers should be selected accord­
ingly. Single-phase instruments are used 
on single-phase, two-phase, and three­
phase four-wire circuits. Polyphase 
power factor meters are designed to in­
dicate correctly on balanced load. Poly­
phase power factor meters must be con­
nected to three-phase, three wire rircuits 
with proper sequence of voltage con­
nections. 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. Should the 
pointer remain at one end of the scale 

regardless of change in power factor the 
current connections should be inter· 
changed. An angular error of 60 degrees 
or 120 degrees, caused by the current 
transformer being in the wrong phase is 
indicated by pointer remaining at one 
end of the scale against the stop. Cali­
bration may be checked with a standard 
power factor meter, or with a voltmeter, 
an ammeter and a wattmeter. Poly­
phase power factor meters are adjusted 
by changing the value of resistance in 
the potential circuits. Single-phase 
instruments are adjusted by changing 
the size of the air gap of the iron in the 
reactor or changing the value of resis­
tance in the resistance circuit. Increasing 
the air gap shortens the scale length 
and vice versa. 

4.' Type HY frequency meters are 

of the crossed-coil dynamometer type, 
the coils being connected into a network 
consisting of a reactor and a capacitor 
forming a resonant circuit. Calibration 
may be checked by comparing the read· 
ings to those of a revolution counter 
applied to the generator, or by checking 
with a synchronous clock. If errors are 
found, may be corrected by adding 
to or removing iron from the reactor 
or adjusting internal shunt. Decreas� 
ing the shunt resistance decreases the 

range of and vice versa. 
Reactor shift the whole 
scale to the right or left. 

5. Type HA synchroscopes operate 
on the moving iron vane principle, the 
moving element being free of brushes, 
slip-rings or mechanical connections 
of any kind. Iron vanes on the moving 
element shaft are magnetiz.ed by a coil 
connected to one circuit, and are caused 
to rotate by an encircling rotating field 
set up by coils connected to the other 
circuit which is being synchronized with 
the first circuit. Calibration may be 
checked by connecting both circuits 
to the same source. The pointer should 
then indicate synchronism. If the 
pointer does not indicate synchronism, 
the set screw in the hub should be backed 
off, the pointer shifted to the position 
indicating synchronism, and the set 
screw tightened. Should any electrical 
adjustments be necessary, the currents 
in the reactor branch and resistance 
branch should be equalized. 

Westinghouse Electric & Manufacturing Company 
Newark Works, Newark, N.J. 
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Types HA, HX and HY Instruments 

6. Type HA 360-degree scale power sistors of voltmeters and wattmeters changing the value of series resistance. 
factor meters are similar in mechanical will cause a high reading. A partial Rectox type milliammeters are cali­
construction to the type HA synchro- short-circuit in the element coils, or brated by changing the strength of the 
scope. The electrical characteristics are reactor or resistors of power factor and magnet. Rectox type instruments in­
different, the inner coils being wound frequency meters will cause erratic dicate correctly at 25°C. with 60 cycle 
as current coils and the outside stator readings. Loose connections cause pure sine wave. The frequency error 
coils wound as potential coils. Connec- variable and erratic indications. is about Yz% per kilocycle. The mag­
tions may be checked the same as type An unbalanced movement will cause nitude of the temperature error depends 
HY 100 degree scale power factor inaccurate readings at some points upon the range; the magnitude of wave 
meters. It is essential that the moving on the scale. Balance adjustments form error is dependent upon the form 
element be in mechanical balance should be made only by skilled repair- factor. 
so that the pointer will remain in any men. The pointer should stay on zero 14. Type HX speed indicator cali­
position it is placed when all circuits with the instrument face up and with the bration adjustment is made by changing 
of the instrument are de-energized. instrument face vertical with pointer the series resistance of the circuit or by 

7. Type HA position indicators are horizontal to right and with changing the resistance of the shunt of 
similar in mechanical construction to horizontal to left. Power factor and the element if a shunt is provided. 
the type HA the electrical frequency meters have no control POINTS TO BE CHECKED IN CASE characteristics being different. Leads springs, so the pointer should stay at OF INCORRECT INDICATIONS 
must be connected in the proper sequence any it is placed on the scale if the The motion of the pointer when to have the indicator follow the control- movement is in balance. brought down slowly from full scale, ler properly in the right direction. 

DIRECT -CURRENT AND should be free and constant. If the 
INSULATION RATING RADIO FREQUENCY movement is interrupted, stops, or 

HA ammeters and voltmeters are in- INSTRUMENTS is jerky, friction exists at some point 
and must be eliminated. A common sulated for 750 volt service. HY watt- All t HX · t t t ype ms rumen s opera e on cause of friction in d'Arsonval type in-meters, power factor meters, frequency th d'A 0 a! n'nc1"ple e rs nv P · · struments is the presence of dirt or iron meters and HA power factor meters, 8. Type HX voltmeter calibration chips in the air gap. A piece of white synchroscopes and position indicators adjustments are made by changing the paper placed back of the air gap will for Use On 115 volt and 230 volt circuits 1 f · t · · "th the va ue o rests ance m sertes W1 reflect light through the air gap so any are l·nsulated for 250 volt service, those 1 t uTh sed 'th an external e emen · vv en u W1 foreign material can be detected and for use on 460 volt circuits are insulated resistor on voltages higher than the in- removed. for 500 volt service and those for use on sulation rating of the instrument, one The spring convolutions should not 575 volt circuits are insulated for 600 terminal of tne instrument should be touch each other or any adjacent parts. volt service. All type HX instruments .._::k� e�t�a:::, t�g:: r;,:o.:;:u�n�drp�o:::te;:n:: t::; ia� l:;·:-��'::'i:i::::::-;:J Pivots and j-ewels mu3t be clean and if are insulated for 750 volt service. 9. y e ammeter dirty should be cleaned with corn pith. 

POINTS TO BE CHECKED IN CASE a JUStments are made by changing the All connections whether soldered or 
OF INCORRECT INDICATIONS . resistance of the wire lead in series with otherwise must be clean and tight. 
Friction is the most common cause the element. ·when connected to an ex Loose connections at any point in the 

of inaccuracy. Possible points of fric- ternal shunt, leads listed for use with circuit will cause a variation in the 
tion in alternating-current instruments the instrument, or leads of "IJ'"'u'"u readings. 
are: 1. The clearances between the 'sistance should be �u�se::;:d;:;·�-----"' Pivots must have proper end-play 
aluminum vanes and the walls of the ype iiillliammeter calibra- and side-play in the jewels. Jewel 
damping chamber are necessarily small tion adjustments are made by chang- screws in any instrument should never 
and sometimes after a severe jar ilie ing the resistance of the internal shunt. be screwed in too far as this will result 
vanes might rub against the walls of Some ranges not provided with element in cracked jewels and ruined pivots. 
the damping chamber. 2. Pivots and shunts are adjusted by changing the A good method of checking end play 
jewels may become dirty and must be strength of the magnet. is to carefully move the element back 
deane<'.. Corn pith is often used for 11. Type HX radio frequency in- and forth at right angles to the shaft 
this purpose. 3. The control springs strument calibration adjustments are by means of the pointer. The side 
should be carefully inspected to see that made by changing the va�ue of the re- play is normally several times the end 
convolutions are not touching each sistance in series with the thermocouple. play and can be more easily estimated. 
other or adjacent mechanical projections. To avoid burning out the thermocouple, 

RENEWAL PARTS 4. Lint may project from the station- the instrument should not be loaded · When ordering renewal parts, give ary coils of a dynamometer type in- above full scale. 
strument, and rub on the moving coil. 12. Type HX search coil tempera- the name of the part wanted and the 

. . '1 . bb" ture indicators are adJ'usted for balance style number and serial number of the 5. The pomter or 1ts ta1 -p1ece ru 1ng 
instrument, which appear on the dial. on adjacent parts, although a rare by changing the resistance of the bridge 

arm Wl.ndl'ngs 1·n the external box. Failure to give this information may re­occurrence, it is well to watch for this 
condition. After balance is correct, calibration of suit in delay. 

Friction eliminated, there remain as other points on the scale is done by ad­
causes of inaccuracies, zero error, the series resistance in 
partial short-circuits, and loose con- the external box. For further particu­
nections. A partial short-circuit in lard see Westinghouse Instruction Leaf­
the element coils of ammeters, voltme- let No. I. L. 948. 
ters and wattmeters will cause a low 13. Type HX rectox type voltmeter 
reading while a short-circuit in the re- calibration adjustments are made by 

2 

REPAIRS 
If an instrument is to be returned to 

the factory for write to the 
dealer or nearest Westinghouse Sales 
Office, for a return material tag, so that 
the apparatus will be properly identified 
at the factory. .. 
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Types HA, HX and HY Instruments 

ttL if§J 100 sed on! 
�IR" 

bove s:fov w� 
Self Contomed Ammeter with Voltmeter Voltmeter with Ammeter Current Trans Potentta! Trans 

Ext res used only 
1�2 1 _ Dl re� used o.�ly 

t WJ! 4= b 

"���above u;J R , UJ� . ·'t�_wJ __ i�
. 

,�
.
�sSt! ·,, A:.==rr�pv 

j}l= !! [Em . . • ,\ !� � 
Sinqle Phase ResonanJ. Type Std Po/yplwse Polyphase Power fi:Jdor Polyp!1ose Power ower Factor Heter lfeq t;der, • Wattmeter tfeter when us<?d wtti? factor Heter 

(Complete conn IJ 'J {current tronsfurm-
before connecbf!q ers as shown to /me) 

R A 
R L 

Used only 
above/50 v. 

--+-......_-+-_._ 1 nc. 
T1 

��''" usee/ ,m/y 
abov£ 150V 

Smc;le Phase it10ttmet?r 
on J;nr;le Phose Lme 

li 
For o-/aq ·r-tz===1;:s:::} scale r-rverse 

HH----t----" current cot! 
connNttons 

Polvphose PVA.11eter wtt.'l Re­
acttve Component C'omp,•nsator 

(Std Watt 11eter Colibrolion) 

Hz 
113 
Tz 

-r-----r--+- Sinqle Phase 

Polyphase Wattmeter (Delta Conn C T) 
2' !' 2 I 
2 Ph 4 Wke Polyphase 

WottmetPr 

-4---+-- Run �..__ _ _.__C'ommM 
____ _..,__ A-c.Su!J{)Iy 

Controller Type HA Position 

Synchroscope Indicator 

Coltbroted 

·. I� Speed /1cqne nd!C(J!or 

l Leads 

-
[x!emol 
Thermocouple 

Used only 
above 800V. 

-
0-C.Ammeter 
(External Shunt) 

D-CAmmeter or 
11t!liometer (Self Coofotned) 

D·C. Voltmeter 
(Self Cootained) 

Speed lndtcator Radto frequency Ammeter 
(Ex!ernd Themocouple) 

NJ 2 I 

Rear View 
External Wirmq Oioqram 

3Cur:coil polyphase wattmeter 

N 3 C I 

REAR VIEW5-All phase rotation, 1-2-3. 

The secondary circuits of all instru­
ment transformers and the cases of all 

instruments should be grounded. 

CIRCUIT PRECAUTIONS 
When opening the secondary cir­

cuit of a current transformer, the 
terminals of the secondary winding 

3 

n �To 6 Volt. � Source 

For All Instruments 

With Illumination. 

must be short-circuited to prevenl 
damage to the transformer. 
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Types HA, HX and�HY Instruments 
OUTLINE DIMENSIONS IN INCHES Projection Mounting Flush',Mounting 

For 20ro7Sompinsl•·i-28thd. 
,-----ror all other inst..-J$0-32/hd. 

----, 

6}$� 
IS 1 !§ -3!4__,...--364 - . I 

3& ® ® 
--·-64 s! ..(// � 2� 

i 
llJ JL2 64 

DRILLING FOR PROJECTION MOUNT.NG 

!r-Pane/ 

Appear,_ of front 
plate far $ynchroscope 
or 36tJQpower factor: 

m 
Appeqrance of front plate for poSition 
indl,ator.. 

Top 
![• . · --� 

I 2!§ +64 -----�r- ----------·-32 -o 

t of Instrument e.. Te�':'!!_als � . ! 
I ", \ 1 40ia. Drill 

1 
I 
I 
I 
I 
I 

I 
I 

--1---� Oia. On// QE 
I 

2li+ff4 3Z -o 

This dnJ!inq plan is actual 
s;ze and may be used for a 
dri/1/na template. s0. 7 - !(} I 8Drili 

FOR PROJECTION MOUNTING 
DRILL HOLES SPECIFIED IN TABLE 

FOR FLUSH /'IOUNT!NG CUT OUT 
PANEL AS SHOWN BY DOTTED LINES 

2 JDia.Drill 

;!! 
32 I 

2j I 
I 
I 
I 
I 
I 
I 

�---- lj !:f4 ==:j�s�R. /j 
- ',, t_(/f �� 

�s ?ff J ----- '-3Z ------+------ '-i.l ------�. 
DRILLING PLAN-FRONT VIEW www . 
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