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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. ®bserve all circuit

5 ; peautio. 3V “od snder diagrams in this

Lt res I should

#‘ 5"_‘;1‘7/& used onty
having sufficient cross-/57/
sulation for the service.

Adjustments and repairs "x.
made only by skilled meter men famiitar
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 ds-

stuck, as a cracked jewel or ruined piVot
will result. Sticking is a sign that friction
or misalignment is present, and te pre-
vent further trouble, this .must@be
corrected properly.

ALTERNATING CURRENT
INSTRUMENTS

1. Type HA @mmeters,and voltmeters
operate on/the fepulsion iron vane
principle. Two flatd hipernick iron
vanes, one on a §tatiénary bracket and
one on the moving element, are mounted
axially within the coil and are magnet-
ized with like polarities. The resulting
forcejof repulsion between the like poles
causesithe 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
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loosening the small clamping \screw,
The zero adjuster should beWleft in‘mid-
position, the pointer being setito zero'by
shifting the small tail piece of the,inner
spring adjuster locatéd beneath the
spring, using a smalltbore aluminum
tube as a wrenchg®The“outer spring
clamping screw [ must hbe tightened

. before shiftifighthe inner/spring adjuster.

2. Typé HY/ watsateters are of the
dynamometer{ type. Polyphase watt-
metersimay be,checked by testing each
element separately, or the current coils
may/’begconnected in series and the
potentijal coils in parallel, and both ele-
ments|tested at the same time. Cali-
bratich 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 cofinections to the first
and third potentialfterminals should be
interchanged omythe line side of external
resistors ifgany are,used. Should the
pointer rémain ‘at,one end of the scale
regard’ess'off change in power factor the
current “gonneections should be inter-
chafiged. Ampangular error of 60 degrees
or, 1200degrees, caused by the current
transformer being in the wrong phase is
indicated by pointer remaining at one
endjof 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-
tancein theresistancecircuit. Increasing
the air gap shortens the scale length
and vlce 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
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Types HA, HX and HY Instruments
OUTLINE DIMENSIONS IN INCHES
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 Types HA,

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 in-
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. Stickingis a sign that friction
or misalignment is present, and to_pres
vent further trouble, this must be
corrected properly.

ALTERNATING CURRENT
INSTRUMENTS

1. Type HA amimetefs and woltmeters
operate on they repulsiody iron vane
principle. Two “flat Ahipernick 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 Tepulsion between the like poles
causéshithe moving element to move the
pointerup seale until theforce is balanced
by the'spring torque. Calibration adjust-
ments are made by shifting the outer
endy of the spring in its holder after

Westinghouse

I. L. 1968-B
(Filing No. 43-000)

HX and HY Instruments

INSTRUCTIONS

loosening the small clamping™serew:
The zero adjuster should be, left“in, mid-
position, the pointer being set to zerolby
shifting the small tail piecefof theyinner
spring adjuster located “beneath the
spring, using a smallsbore ‘aluminum
tube as a wrench. [The outer spring
clamping screwMjmust/ be  tightened
before shifting the inner spring adjuster.

2. Type HY, waitmeters are of the
dynamometer type. Polyphase watt-
meters may beéychecked by testing each
element geparatel®, or the current coils
may be connecéted in series and the
potential ¢oilsiin 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 towardftheglead side of
the scale the comnectiéns to the first
and third potential%erminéls should be
interchanged ongthe lin&side of external
resistors if afy arefused. Should the
pointer remain at one end of the scale
regardless of‘@hange in power factor the
current eonnections should be inter-
changed. Anafgular 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-
tancein the resistancecircuit. 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

Newark, N. J.
Printed in US.A, (12-35)

- B e bt A n kit

.¢\.J‘

P

e A .t et = b i . e



pointer does net 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
cleaned. Corn pith is often usedgfor
this purpose. 3. The control springs
should be carefully inspected to)sée that
convolutions are not touchingWeach
other or adjacent mechanicalfprojections.

4, Lint may project from ‘the station-

ary coils of a dynamometer‘type in-

strument, and rub on/thefméving coil.

5. The pointer Orjits tail-piece rubbing

on adjacent gparts, Qalthough a rare

occurrence, At is well to'watch for this
condition.

Friction eliminated, there remain as
causes of inaccudracies, zero error,
partial short-circuits, and loose con-
nections. A partial short-circuit in
the,element coils of ammeters, voltme-
tersiand wattmeters will cause a low
réading while a short-circuit in the re-
sistors “of voltmeters and wattmeters
willl 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

Types HA, HX and HY Instruments

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
horizontal to right and with pointer
horizontal 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

All type HX instruments operate on
the d’Arsonval principle.

8. Type HX rvoltmeter calibration
adjustments are made by changing the
value of resistance in series with ‘the
element. When used withWan external
resistor on voltages higher than thelin-
sulation rating of the imStrument, one
terminal of the instrumentisheuld be
kept at ground potential.

9. Type HX ammeter, calibration
adjustments are made By, changing the
resistance ofsthe wire lead in series with
the elemefit. When'@dnnected to an ex-
ternal shunt,deads listed for use with
the instrument, or leads of specified re-
sistance ‘shouldybe used.

104MType " HX milliammeter calibra-
tion adjustments are made by chang-
ing the resistance of the internal shunt.
Somegranges 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 tempera-
ture indicators are adjusted for balance
by changing the resistance of the bridge
arm windings in the external boxk.
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 cfcle
pure sine wave. The frequency ‘error
is about 149, per kilocycle. Theymags-
nitude of the temperature error depefids
upon the range; the magnitudelof wave
form error is dependent upon the form
factor.

14. Type HX speed indicator cali-
bration adjustment is made by changing
the series resistante ofgthe circuit or by
changing thelsesistance of the shunt of
the element if a‘shuntis provided.

POINTS TO/BE: CHECKED IN CASE
OF INCORRECT INDICATIONS

The motien of the pointer when
brought, down slowly from full scale,
should be free and constant. If the
movement is interrupted, stops, or
1sjerky, 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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Types HA, HX and HY Instruments
OUTLINE DIMENSIONS IN INCHES
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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 bLoxes 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 in-
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 acracked jewel or ruined pivot
will result. Sticking isa 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 jfon,vane
principle.  Two flat ghipernick iron
vanes, one on a stationaryjbracketfand

- one on the moving elément, aréynounted
axially within thegeoil afid 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 forceis balanced
by the spring torque.4Calibration adjust-
ments are@made by shifting the outer
end of gthe\gpring in its holder after
loosening), the )small clamping screw.
The;Zére,adjuster should be left in mid-
positien, the pointer being set to zero by

INSTRUCTIONS

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 adjustery

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 gerigspand the
potential coils in parallel; and both ele-
ments tested atdthe samettime. Cali-
bration adjusiments are made by chang-
ing the resistance'@ffthe potential circuit.

3. Type HY ‘powerifactor meters are
of the crossed-coilidynamometer type.
Highest a¢curacyhis obtained when cur-
rent in the cdurrent coils is from 2 to 5
amperes and,véltage 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
fromthestationary 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 anv 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 thegwrong phase is
indicated by pointer remaining) at one
end of the scale againgt, thegstop. Cali-
bration may be cheeked with a standard
power factor met€r, or with a voltmeter,
an ammeter and”’al wattmeter. Poly-
phase power factor ‘meters are adjusted
by changing the ‘value of resistance in
the potentially circuits. Single-phase
instrumentshare adjusted by changing
the sizeyof thewair gap of the iron in the
reagtor orjchanging the value of resis-
tanceinithe resistance circuit. Increasing
thefair/gap shortens the scale length
and vite 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 shouid
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
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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 H A 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.

INSULATION RATING

HA ammeters and voltmeters are in-
sulated for 750 volt service, HY watt-
meters, power factor meters, frequency
meters and HA power factor meters,
synchroscopes and position indicators
for use on 115 volt and 230 volt circuits
are insulated for 250 volt service, those
for use on 460 volt circuits are insulated
for 500 volt service and those for use on
575 volt circuits are insulated for 600
volt service. All type HX instruments
are insulated for 750 volt service.
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 severegjar the
vanes might rub against theywalls of
the damping chamber. 2. PiVets and
jewels may become dirtygand must be
cleaned. Corn pith is often used for
this purpose. 3. The_controlf springs
should be carefully ifispected to see that
convolutions Qre net touching each
other or adjagent mechanical projections,
4, Lint ma@y prejectfsom the station-
ary coil§ of @ dynamometer type in-
strument, afid rubfon the moving coil.
5. The pointerdof 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-

{ resistanice of the wire lead in series with

Types HA, HX and HY Instruments

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
horizontal to right and with pointer
horizontal 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

All type HX instruments operate on
the d'Arsonval principlé:

8, Type HX voltmeter, calibration
adjustments are madelby changing the
value of resistancefn seties, with the
element. When uSed, with an external
resistor on voltages higher than the in-
sulation rating of/theépinstrument, one
terminalg@fpthe [instrument should be
kept at ground potential. | e,

). Yokype. HX ammeter calibratio
aJsLments are made by changing the

thé'elementy When connected to an ex
ternal shunt, leads listed for use with
thelinstrument, or leads of specified re-
‘sistance should be used.
" Type 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 tempera-
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 afe calit
brated by changing the strengthlef the
magnet. Rectox type instfuments in-
dicate correctly at 25°C. with 60l cycle
pure sine wave. The frequefié¥ error
is about 4% 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 seriés resistance of the circuit or by
changing the resistance of the shunt of
the €lementyif a shunt is provided.
BROINTSTO 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 cleanand if
dirty should be cleaned with corn pith.

All connections whether soldered or
otherwise must be cle n 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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CIRCUIT PRECAUTIONS
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instruments should be grounded. terminals of the secondary winding
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Tvpes HA, HX and HY Instruments
OUTLINE DIMENSIONS IN INCHES

Projection Mounting

Flush,Mounting

For 20to 75 amp insts-§-28thd.
For alf ather insts.~)90-32 thd.
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or 360%power Factor.

Aocagrance of front
plate For position

!E:rg’ lanrfg%e:a/ swbd,use Strews for maunting instrument & far berminals wodicator.
For} tolswbd, use studs For mounting instrument & serews For terminals.
For all other swhds., use studs For mounting instrument & for termenals.
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Por Frequency Meter
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For Palvphase Wail or Var Meiers, 3 Potf§lerms.
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