DESCRIPTION

I. L. 48-062-1A0

INSTALLATION

INSTRUCTIONS

Submersible

TEMPERATURE INDICATORS
Hot Oil Dial Type
No Switches and One Switch Diréect Mounted

FIG. 1. (A) Front and (B) Side View of Indicator With-
out Alarm Connections; (C) Front and (D))Side
View of Indicator With Alarm Connéctions.

TEMPERATURE INDICATORS, \designed

for application on Westinghouse transformers
or related apparatus to indicate, liqaid tempera-
tures, are self-contained, weatherproof and sub-
mersible instruments ofjthe dial type, operated
by means of bimetalliewelements immersed in
the liquid.

They are usually Jshipped mounted on the
transformer eases; sequire no maintenance, and
are suitableyfor@oil oFInerteen.

DESCRIPTION

The indicatorfis a dial type precision instru-
ment whose needle is directly coupled to a bime-
tallic, spiral actuating element in the stem,
which fits€losely into a well. The well is of thin-
walled construction and screws into a fitting on
theantransformer case, making an oil-tight con-
nection.

Note: Do not fill the well with a solid or
liquid before inserting the stem of the indicator

Supersedes 1. L. 48-062-1

since this may damage the instrument without
appreciably helping ir*the transfer of heat from
the oil to the heat sensitive element. The indi-
cator should nothbe tightened in the well any
more than ismecessary to place the dial in an
upright position.

The dial is, calibrated in degrees centigrade
andgis easily read because of the contrasting
blackyfaee with yellow characters, graduations,
and indicating pointer.

Aymaximum indicating pointer, red in color,
ISyused to indicate the maximum temperature
reached between readings. This hand is reset by
wiping a magnet across the face of the dial. The
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Instructions for Temperature Indicator

Hot Oil Two Switch, Dial Type,
Submersible, Direct Mounted

Front and Side
Alarm Contacts

Fig. 1. View of Indicator with

THE TWO SWITCH TEMPERATURE IN-
DICATOR designed for application on West-
inghouse transformers or related apparatus, is
used where both fan control and alarm circuits
are required. This leaflet covers the hot @1l
temperature type of indicator. It is a dialgtyp¢
instrument operated by a bimetallic#element,
and is made weatherproof and submerSible.

The two switches of the indicatomareyset to
operate at different temperaturel levels, the
lower level switch controls the fan ¢ircuit, and
the higher level switch controls thejalarm cir-
cuit. The fan circuit is usedgtowprevide added
cooling when the transformer temperature
comes within the range kefy the, switch. The alarm
circuit operates at a higheg temperature to give
warning in case the fafis, for-any reason, do not
limit the temperaturefyto a proper range. The
circuits are separat€9so that both a-c and d-c
may be used.

The indicator Syusually shipped mounted on
the transfernder case, requires no maintenance,
and is suitable for use in oil or Inerteen.

DESCRIPFION

The™andicator (Fig. 1) is a dial type precision
instbument whose needle is directly coupled to a
bimetallic spiral actuating element in the stem
which fits closely into a well. The well is of thin-
walled construction and screws into the tank
wall making an oil tight connection. NOTE: Do
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not fill the well with a solid”or_liquid before in-
serting the stem of the thermometer since this
may damage the instrumentwwithout appreci-
ably helping in the transfer ‘of heat from the oil
to the sensitive element” The thermometer
should not be tightenedsin the well any more
than is necessary, to place the dial in an upright
position. The instrament can be removed from
the well in the tamk wall without loss of liquid
and with no need for lowering the oil level. The
instrument s, weatherproof and submersible.
The gdialVis{ calibrated in degrees centigrade and
may ‘befeasily read because of the contrasting
black face®with yellow characters, graduations
and, indicating pointer.

A Ted maximum indicating pointer indicates
the "maximum temperature reached since last
reset. This hand may be easily reset by wiping
a magnet across the face of the dial provided the
magnet is held with the poles in the proper po-
sition so as to attract the maximum indicating
pointer. The magnet is attached to a small chain
in the Instrument case to prevent misplacing
after using and is self-supporting in a metallic
socket near the underside of the case. The
method of resetting the maximum indicating
pointer is shown in Fig. 2.

The alarm leads are brought through the un-
derside of the case by means of a triple seal

Fig. 2.

Method of Resetting Maximum Indicating
Pointer
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connector, the details of which aref§shown in
Fig. 3. This connector consistg of¥the following:

1. The male terminals apevméided into the
case together with a locating fpin to prevent
making incorrect connections.
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kig. 4. Indicator Mounted Vertical (A) and Tilted

Downward (B).
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BOTTOM VIEW OF CONNECTOR

SWITCH #14MAKES 60°C.
SWITEH, #2PMAKES 90°C.

BOTH SWHTLCHES BREAK AT 7%° = 2%°C.
BELOW MAKE, POINT.

Fig. 5. 0.0i “Temperature Relay With SPST Alarm

Swiiteh Wiring Diagram

20, The rubber female plug which has termi-
nal§ to mate with the terminals in the case,
and“a hole to match the locating pin. The ends
of the leads are tinned and crimped into the ter-
minals of the male plug.

3. A bushing to compress the female plug
against the male plug.

4. A grommet to make a seal between the
rubber covered cable and the bushings.

5. A ring to compress the grommet against
the cable.

6. A threaded cap to hold the component
parts of the connector tight in the case. This
threaded cap is screwed into place.

There are two micro-switches in this type
temperature indicator. Switch #1 is set to close
at 60°C. for the fan circuit, and Switch #2
closes at 90°C. for the alarm circuit. The switches
are adjustable over a range of £10°C. in relation
to the above mentioned values. The switches open
at 714° £214°C. less than the closing temperature.
The ratings for the switches are given in Table
No. 1, and the connection diagram are shown in
Fig. 5 and Fig. 6.



TABLE NO. 1

NON-INDUCTIVE | INDUCTIVE LOAD
VOLTAGE | | oAD—AMPS. | AMPS. L/R—.026"
125 A-C 10 10
250 A-C 5 5
125 D-C 0.5 0.05
250 D-C 0.25 0.025

*Equal to or less than .026. If greater, refer to factory
for adjusted rating

LOCATING KEY

¥ spsT J;\ *2 SPDT
N 7[ WHITE GREENF T

BOTTOM VIEW OF CONNECTOR

SWITCH #1 MAKES 60°C.
SWITCH #2 MAKES 90°C.

BOTH SWITCHES BREAK AT 7%°(x 24° Q)
BELOW MAKE POINT.

Fig. 6. Oil Temperature Relay§WithaeSPDT Alarm

Switch Wiring Diagram

Important: Relays, solenoids and motors
are inductive loads. When an inductive circuit
is opened, a voltage is,_induced which tends to
maintain current/ flow. The resultant arcing
may result ingfailuré of the contacts to interrupt
current.

Field Test. AReméve the thermometer from its
well and submerge the stem up to the brass fit-
ting in a closely controlled temperature, well
agitated, oil bath. Check the temperature by
placing a thermo-couple or other accurate tem-
perature measuring device on the stem about

two inches from the end. The thermometer
should be accurate withig” t22C. (allowing 15
minutes for the thermémetefto/come up to tem-
perature). To adjust a “Switch to a different
value, remove the correspending numbered seal-
ing plug at the top_of the case. Make the proper
adjustment of the switch®through the opening in
the case, and then reseal the case with the seal-

ing plug.

Important.®When changing the alarm setting
on thosg! temperature indicaters with adjustable
contaets, Be Sure to use a non-setting sealing
compound, on the threads of the sealing plug.
Plastic \Lead Seal #53351DA is recommended.
Loese or improperly sealed plugs will allow
moisture to collect in the indicators, and cause
eventual shorting of electrical circuits or de-
terioration of dial markings.

INSTALLATION

The instrument is shipped fixed to the tank
wall, so that no installation is necessary. When
mounted at a high point, the indicator may be
tilted so that it can be read easily from ground
level (See Fig. 4).

Important: When checking circuits through
this instrument it is necessary to follow Table
No. 1. This means that a low voltage bell ringer
cannot be used unless switched through a high
impedance relay. An indicating light type de-
vice is generally recognized as best for check-
ing circuits through instruments containing
micro-switches of similar capacities.

RENEWAL PARTS

If it becomes necessary to repair the instru-
ment, contact the nearest Westinghouse Office.
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Instructions for Thermal Relay Type TRO-2

with Overload Indicating Dial

gmcém
THERMAL LOMD

G THERM

Fig. 1 Front View of TRO-2 Relay

THE TYPE TRO-2 THERMAL RELAY, used
on power transformers of all types, com-
bines the initiation of autdmatic™ cooling
equipment with overload ‘protection and
thermal load indication. dt“ig mechanically
and electrically interchangeable with the
type TRO-1 relay.

The first twobimetal=operated switches,
in the order of inewreasing winding tempera-
ture. are generally used for the initiationof
successive, stagesyof auxiliary cooling while
the No. 3fcontact,is used for remote alarm
or tripping 6f a eircuit breaker upon excess
overload, Ondtransformers using only one
stage of auxiliary cooling the No. 2 contact
(as a general rule) is unused,

Regardless of how the relayisapplied, a
yellow indicating pointer shows continuously
the operating position of the relay relative to
the” zones of unsafe operation and gives a
reference reading expressed in "percent
thermal load". A red resettable maximum
indicator registers the highest attained po-
sition of the indicator needle since the last

Effective September, 1964
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resetting. Fig.1 showstheeéXternal appear-
ance of the dial-equipped relay.

The relay is designed for operation by
winding temperature, Ituses a bimetal ther-
mal element whichjis heated in part by the
top oil and in_pant by a heater coil carrying
current proportional to the load in the main
winding, It“igfactory-appliedto eachtrans-
former.#Proper selection of heater current
andgswitch a@perating temperatures causes
the relay 4o perform its functions at pre-
determined winding temperatures.

DESCGRIPTION

The internal construction of the TRO-2 relay
housing is shownin Fig, 2. The thermal ele-
ment consists of a spiral bimetal thatisheld
stationary at the inner end and is coupled to
a shaft at the other end. Rotating with this
shaft is a set of eccentric cams thatengage
the tripping arms onthe precision switches.
The bimetal and operating shaft are enclosed
in a steel tube mounted on the relaybase as
seen in Fig. 3. Anindicator shaftis directly

Fig. 2 Internal View of TRO-2 Relay Case
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coupled without intermediate gearing to the
main operating shaft,

The bimetal case is surrounded outside
the tube by a heating coil wound ona Micarta
tube and supplied with current from a source
proportional to the transformer winding
current,

Calibration of the precision switches can
be accomplished from the outside of the
case., The calibration screws are located on
the back side of the relay case.

All contacts are automatically self-re-
setting. For contact duty rating see Table
No. 1.

The bezel or outer assembly shown in
Fig. 1 features a spun-oncover andincludes
a 5-1/2" dial with indicating needle, maxi-
mum hand, and reset mechanism. The dial

HEATER

*TANK WELL

DIAL FACE TANK WELL

v — BIMETAL CASE

HEATER

FLEXIBLE CABLE

,s&.

Fig. 3 Assembly of TRO-2 Relay Tank Well,
Heater Coil and Cable Attachment

is marked to show the percentage thermal
loading and, since the relay is always de=
signed for a particular transformer'sther-
mal characteristics, the greatest recom-
mended loading coincides with the 100% in-
dex mark on the thermal load gcad€y On all
dials the No. 3 switch or#Trip!¥ switch
closes at approximately the “110% scale
mark, coincidental with (the “highest per-
missible thermal loading. (\The maximum
hand is resettable by means of a pushbutton
projecting out through the bottom of the dial
bezel. The button is Spring-loaded so asto
return to its inoperative position when re-
leased.

The relaygwellfis mounted on the tank
wall and extendswithinthetransformer case
(see Figy, 4)wmin the hot oil zone. The relay
base 1g'bolted to the well flange so that the
relayfcanygbe removed without taking the
transfermer out of service or lowering the
oil.

Table No. 1t Interruption Ratings of
Switches in Amperes

A.C. D.C.

NON -
INDUCTIVE INDUCTIVE LOAD
Loap L/R 2 .026*

125 | 250 | 125 250 125 250
VoLT|VoLT|VoLT | VoLT VoLT VoLT

TRO
PRECIS10ON
SWITCHES 10 5 .5 .25 .05 .025

*For L/R ratio greater than .026 refer to factory
for adjusted rating.

At the base of the relay case near the
front is a water-shieldedair inlet which pre-
vents the buildup of internal positive and
negative pressures. This greatly lessens
the danger of glass breakage or of water
being drawn into the case and remaining
trapped.

The control circuit leads are brought
through the underside of the case by means
of an 8-conductor plug-in cable attachment,
as shown in Figure 5 for the three switch
relay.
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Fig. 4 TRO-2 Relay mounted on Transformer, Wall

This conductor consists of the/following
items of which items 2 andf3form a sub-
assembly:

1. Eight protruding terminals moulded in
the case and a locatopkeyto prevent making
incorrect connections,

2. A rubber insulator which has eightter-
minals to mate withathe terminals in the
case, and a hole t6 match the locating pin.
The ends of the eablée leads are soldered to
the terminals ofdthe insulator.

3. A bushing £40 compress the insulator
against the‘instrument case. Wax surrounds
the wires within the cavity formed by the
bushing.

4, WA grommet to make a seal between the
rubber covered cable and the bushing.

oA ring tocompressthe grommet against
the cable.

6. A retaining nut, to hold the component
parts of connector tight in the case. This
retaining nut is screwed into place.
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The four switch relay is similar to the
three switch relay except the heater leads
are brought out seperately at the back of
the case. See Fig. 6.

INSTALLATION

In most cases, the relay” will be shipped
mounted on the trapsformer and will be
ready for operation.™If for any reason the
relay is shipped, separately, the well will be
installed sohat “the relay can be added in
the field without'opening thetransformeror
breaking the Seal. For separate shipping, a
blind flange ‘Wwill be bolted to the well flange
and{ &, screwed cap will be fitted into the
tapped hele in the relay for the cable con-
néetion, The relay and heater coil will be
shippedalready assembled in a dummy well
or, protective case.

The relay requires no special attention
at the time of installation other than a
superficial inspection to assure that there
has been no shippingdamage. Givethe relay
the care in handling due any precision in-
strument. Do not at any time handle the
relay by the bimetal protective tube. Undue
strain on this part maybe sufficient to throw
the unit out of calibration.

CALIBRATING SCREWS

MAXIMUM HAND
RESET _BUTTON

BREATHER

INSULATOR

Oil. TIGHT
TANK WELL

LOCATOR PIN
BUSHING
GROMMET

RiNG

RETAINING NUT

8-CONDUCTOR CABLE

Fig. 5 Bottom View of TRO-2 Relay (Three Switch)
Showing Cable Connector and Socket



Page 4

Fig. 6 Bottom View of TRO-2 Relay (Four Switch)
Showing Cable Connectors and-Sockets

To Install the Relay When Shipped Detail:

1. Remove the blind flange from the tank
well.

2. Remove the metal protective tube from
the relay heater assembly and retain for
future use.

3. Rotate heater assembly on bimetal tuibe
until the wires coil into rear flanggrecess,
then insert relayandheater coidin tank well.
Bolt securely against the gasket.

4, Remove the protective leap from tapped
hole in base of relay case®and retain for
future use.

5. Plug the flexible cableyifito the relay
socket and screw retaining nut on end of
cable securely intogtappedshole.

6. Push the mechanical reset knob upward
to reset maximum hand on face of relay dial.

7. The flexible cable is normally shipped
with one end already wired into aconnector
box or tank brage. Inthosecaseswhere the
cable is'shipped as a detail item, it will be
necessary o strip back the insulation and
connect ‘the cable leads to terminal points
as per the wiringdiagram furnished with the
unite, (See also Fig. 8) Among the details
shipped with each cable will be a cablegrip
entrance fitting and a cable entrance refer-
ence drawing for aid to installation

OPERATION

When the transformer and the relay are
first energized the dial needle will be below
the lowest scale reading. Barring unusually
high ambient temperature conditions, when
the transformer is loaded at, rated kva the
needle will seek a position,still somewhat
below the 100% scale mark.

As shown in Fig. 7, for coentinuous over-
loads there is a propertional difference be-
tween the temperatuxe 6fsthe relay bimetal
and the top oil. ;Whemgthe oil temperature
plus this differencetequals the temperature
for any conta¢t adjustment setting, the bi-
metal willjhave turned the cam engaging
the switch%arm and will have closed that
particdlag, switch contact. Since the temper-
ature, difference between bimetal and top oil
is in relation to the current, the relay oper-
ation is ceordinated with the actual hot spot
winding,temperature. Inorder to permithot
spot temperatures under various conditions
of (loading in line with ASA Recommended
Practices for Overloading Transformers,
this bimetal temperature difference is pur-
posely made less than the expected hot spot
temperature difference of the winding for
corresponding loads.

Refer again to Fig. 7 and the typical
thermal relationships existing in a trans-
former equipped with thermal overload re-
lay S#622D110GO5 or 622D111GO1., Each
point on the curves represents the ultimate
temperature that would exist in a typical
transformer if the load were carried con-
tinuously. The hot spot temperature canbe
assumed to follow the upper curve while
that of the thermal relay bimetal would fol-
low the middle curve. A temperatureof117
degrees C. is generally regarded as thetop
limit above which continued operation of
transformer insulation under the Insuldur
system would involve some loss of life
above normal., When the hot spot tempera-
ture reaches 117 degrees C. under these
conditions, the corresponding relay bimetal
temperature is 100 degrees C. at which point
the relay dial indicates 100% Thermal Load,
Any increase in the load which raises the
hot spot winding temperature to about the 130
degree level will raise the relay bimetal
temperature to 110 degrees, at which time

o



the relay closes a contact that may be used
to trip the unit off the line. The implication
here is that any continuous operation above
the 130 degree mark would involve excessive
loss of insulation life, This limiting tem-
perature is indicated whenever the dial
needle reaches the 110% mark,

The temperature limits just mentioned
apply only when held continuous for 24 hours.
Much higher temperatures are permitted for
shorter times with an equal loss of life,
Attaining the 100% level of loadingindicates
that the transformer is just passinginto the
zone of moderate loss of life, regardless of
the size and duration of the precedingover-
load.
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A typical application of this relayis in
the control of air blast cooling by winding
temperature. When more than one relay is
used, like contacts are paralléled in the
signal circuit. Currentsis supplied to the
heater coil froma 5;ampere secondary cur-
rent transformer (mounted in the trans-
former tank) through,a“small multi-ratio
saturating current transformer mounted in
a connector box or separate control cabinet,
The saturating current transformer limits
the cuzrent to theheater on a short-circuit
and hence retards the heating to give atime
delay charaeteristic to the relay and allow
other protective devices to operate first on
ovepcurrent, It also provides the factory
with\ ay meéans for adjusting the bimetal
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Fig. 7 Typical Thermal Relationships for Relay S#622D110G05 or S#622D111G01. See under

‘‘Continuous Overloads*’
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WIRING SCHEME FOR 4 SWITCH RELAYS

Fig. 8 Sketch of Internal Wiring

heater gradient with relation to the hot spot
winding gradient,

As the winding temperature 4heneée the
bimetal temperature) increases) thebhimetal
shaft rotates to close No, 1 switchyand ener-
gize the fan contactor. The fans'will continue
to operate as long as the bimetal tempera-
ture is greater thantheopeningtemperature
of No. 1 switch.

The opening, temperature is actually
about 4 to 10/4degrees, below the closing
temperature, {If the temperature now de-
creases, the bimetal will reverse its motion,
allowing the No. 1 switch to cut off the fans.
Thus, the TRO-2 relay will automatically
control the air Blast fans from windingtem-
perature,

If, however, the winding temperature
continuesito increase the bimetal element
will, turn until a second switch closes, In
most cases it is optional with the user if
and how the No, 2 switchisusedin the alarm
circuit. Its primary use is for the second
stage of cooling in forced oil systems,

If the temperature of the winding further
increases after the No. 2 switch closes, the
bimetal element will continue to turn until
the third switch closes to trip the circuit
breaker or soundanalarm, Withthesbreaker
open, the bimetal will coolyand reset the
switches,

Sometimes two switchesfare requiredin
addition to a pair of auxiliary*eooling control
switches, Consult theywiring diagram sup-
plied with the tramsformier for the exact
equipment supplied, Typical internal wiring
is shown in Fig..8.

Coincidental with the closingofthe high-
est contactthe,dial indicator on a standard
relay will,read 110% thermal load, signifying
to the operator that the transformer is now
entering theWzone of excessive (above 1% per
overload)“loss of life compared to the nor-
mal logss rate. Any further advance of the
pointexr, should not be allowed except under
extreme circumstances.

| MINIMUM SHORT GIRCUIT TRIP TIME
1~ FOR COORDINATION WITH RELAYS
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Fig. 9 TRO-2 Relay Coordination Curve for Overloads



Continuous Overloads

A new concept in thermal indication, the
term "percent thermalload' has a universal
meaning under any ambient condition and
may be interpreted as follows: When a
transformer is 90% thermally loaded it is
carrying approximately 9/10 of the load it
can continuously carry at the existing am-
bient temperature. A rise of 10 degrees C
in the ambient temperature or an 11% load
increase would under this condition bring
the transformer to the limit of its thermal
capacity, resulting in a dial reading of 100%.

Every transformer has some reserve
capacity which may be tapped from time to
time without undue loss of insulation life.
Any overload which carries the dial needle
above the 100% scale reading is using up
some of that reserve capacity and, if al-
lowed to continue, will shortentransformer,
life and possibly endanger an automatictrip-
out. For long and satisfactory transformer
life, it is recommended that the transformer
be operated at all times below 100% thermal
load with whatever marginexperienee/shows
to be advisable for anticipated rises inam-
bient. In that region of the dialmabove 80%,
a change of 1°C. in ambient témperature is
virtually equivalent to am=1% change in
thermal load.

Referring again to Eigy 7 "percentther-
mal load' has been shown in%itscorrectre-
lation to "percent rated l6ad" at anambient
temp. of 30 deg. CoThedial graduations are
indicated along the right vertical edge to
show that they cerrespond to ""percent ther-
mal load". The term "thermalload' should
not be confused with '"kva load" since rated
kva will’ seldom, if ever, cause the dial to
read as high as 100%. However, the dial is
so calibrated that (for a constant ambient
and a steady load) the needle will show the
approximate relation between the existing
kva andythat which would position the dial
needle at the 100% mark.

By using 100% as areference, the ability
of the transformer to withstand safely a
steady overload can thus be estimated from
the dial without resort tocomplicated curves
and tables.

Fig. 7 has been drawn for illustration
purposes only., The values of oil rise,
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bimetal temperature, and hot spot temper-
ature are not to be regarded as accurate
for every transformer to which relay
S#622D110GO5 or 622D111GO1 is applied.

Short-Time Overloads

The TRO-2 thermal'elayis designed with
sufficient time delaytopreventitsoperating
ahead of the regular proétective relays under
severe overcurrentsConditions. The time
delay characteristie is properly coordinated
through thesrelay/mass, lagging and the sat-
urating current transformer, and has been
designed toumeet the recommendations of the
NEMA( Relay Committee,

The ‘eoordination curve shown in Fig. 9
is for overloads following full load at anoil
temperature of 80 degree C. The band
form of curve is used because of the wide
range of normal heater currents, depending
upon the usual range of design constants for
Classes OA and FOA power transformers.
When an overload is placed on the trans-
former, the relay contacts will not close at
a time less than the overload duration
shown in Fig. 9.

The effect of such suddenly-occurring
heavy overloads on the transformer is
graphically depicted on the dial by the
farthest advance of the needle, shownby the
position of the maximum indicator. An
overload which does not carry the needle
above the 100% point isoflittle consequence
in the life of the insulation.

The effect of expected load cycles can be
predicted with the aid of the maximum in-
dicator. A record should be kept of maxi-
mum readings and ambient temperature.
Knowing the nature of the load cycle it is
possible to estimate the effect of similar
load cycles at some other ambient tem-
perature.

MAINTENANCE

No maintenance of the type TRO-2 thermal
relay is required. It is made of non-cor-
rosive parts. Itscalibrationis notimpaired
or affected by anynormal operating hazards
to which any transformer is subject, The
internal switches should require no replace-
ment when loaded in accordance with Table
No. 1 on page 2.
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CHECKING CALIBRATION

The following information is furnished to
permit field checking of the relay cali-
bration. The calibration may be checked
with the relay either mounted on the trans-
former tank or in an oil bath, where the
temperature can be controlled. Although the
method is not as rigorous, usually it will be
more desirable to test the relay mountedon
the transformer since this methodrequires
much less time and equipment. The oil bath
method may be used to check spare relays
without well and heater to verify the heater
coil method of checking the calibration, Ifa
spare heater and well or protective cover
tube are available, and oil tank of any tem-
perature may be used and the relay tested
as if on the transformer. No provision for
heating the oil is required fortheheater coil
method of testing the relay. For either
method of testing, one should take the fol-
lowing steps:

1. Obtain the correctcontact-closingtem-
peratures and the dial positioning directly
from a nameplate mounted on the top of the
relay case. Bear in mind that a plusér
minus 2°C, tolerance is normally allowed
for the temperature calibration.

2. Reset the maximum indicator needle
before beginning the test.

Checking Relav with Heater and Well"On a
Transformer. (Recommended Method

The calibration of the relay maybe¢hecked
at the panel (see Fig. 4) when, the trans-
former is in service and without disturbing
the relay unless adjustmeénts“dre required.

Opening the confection between saturat-
ing current transformer secondary ter-
minals 1 and 2"and’the“heater leads will
isolate each heater coil for test.

NOTE: There is no danger involved in
opening the current circuit on the secondary
side of the saturating current transformer
(SCT) while the main CT is carryingnormal
currentFheopen-circuit voltage appearing
on anyspair of output terminals will not ex-
ceed Syvolts.

An“adjustable voltage supply, such as can
be ‘obtained from a Variac, variable from
approximately 4 to 7 volts at up to 10 am-
peres, and a 10 ampere meter, are required.

The basic theory of the heater cail
method of testing is as follows:

For each style of relay there is a defi-
nite relationship between the bimetal tem-
perature andthedial position at an¥moment.
Table No. 2 shows this relationship.

For a relay that does net bear a style
number, check the relay nameplate for the
switch temperature corresponding to'110%
thermal load." Matchthistemperature with
those boxed in Table No,, 2 /and choose that
style for the refereficendata, Temperature
settings for individual switthes may alsobe
obtained from th€"relay nameplate.

Providedithat(the initial temperature of
the bimetal is, below thatof switch No, 1, the
operatiofivef all switches can be checked by
raising theybimetal temperature above that
of the highest numbered switch and noting
the dial reading as each switch closes. The
heatgsource for this rise in temperature is
provided by circulating an abnormal amount
of current through the heater coil.

1. Be sure voltage is supplied to any con-
trol relays and that the tripping circuit is
open to avoid dropping the load. Setfan con~-
trol (when supplied) for "automatic" oper-
ation (AM open).

To establish switch continuity directly
through a switch it is necessary to observe
the switch limitations of Table No. 1. This
means that a low voltage bell ringer should
not be used unless switched through a high
impedance relay. An indicating light type
device is generally recognized as best for
checking circuits through instruments con-
taining switches of similar capacities.

2. Apply test current to the heater coil
using the terminals left vacant by the re-
moval of the SCT leads. To shorten the
testing time fix the current at a value up to
a maximum of 10 amperes and observe the
dial reading at which the relay performs all
the functions inthefollowing sequence. (Shut
off the current immediately after the last
switch closes.)

(1) Starts the fans.

(2) Operates switch No. 2 or starts 2nd
fan bank.

{(3) Operates switch No, 3,



Table No. 2 Dial Reading (in Gy thermal load) versus Bimetal Temp. (°C)
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BiMETAL Temp. (°C.)
PERGENT 622D111GO1
THERMAL
LoAD 622D110GO1 622D110G02 622D110G03 622D110G04 | 622D110G05_[£622D110G06
50 . . 49.5 54.5 59.5 64.5
51 . . 50 55 60 65
52 . ; 50.5 55.5 60.5 65.5
53 . . 51.5 56.5 61.5 66.5
54 . . 52 57 62 67
55 . 47.5 52.5 57.5 62,5 67.5
56 . 48.5 53.5 58.5 63.5 68.5
57 . 49 54 59 64 69
58 . 49.5 54.5 59.5 64.5 69.5
59 . 50.5 55.5 60.5 65.5 70.5
60 46 51 56 61 66 71
61 46.5 51.5 56.5 64°.5 66.5 71.5
62 47 52 57 62.5 67.5 72
63 47.5 52.5 58 63 68 73
64 48.5 53.5 58.5 63,5 68.5 73.5
65 49 54 59 64,5 69.5 74
66 49.5 54.5 60 65 70 74.7
67 50.5 55.5 60.5 65.5 71 75.5
68 51.5 56 61.5 66.5 71.5 76
69 52 56.5 62 67 72 77
70 52.5 57.5 62,5 67.5 72.7 77.7
71 53,5 58.5 6345 68.5 73.5 78.5
72 54.5 59 64.5 69 74.5 79.
73 55 60 65 70 75 80
74 56 60.5 66 71 76 81
75 56.5 61.5 67 72 76.5 81.5
76 57.5 62.5 675 73 77.5 82.5
77 58.5 63.5 68.5 73.5 78.3 83.5
78 59.5 64 69 74.5 79 84
79 60 65 70 75.5 80 85
80 61 66 7 76 81 86
81 62 66.5 72 77 81.5 86.5
82 63 6745 72.5 78 82.5 87
83 64 68.5 73.5 79 83.5 88
84 64.5 695 74.5 80 84 89
85 65.5 70.5 75.5 81 85 90
86 66.5 71 76.5 81.5 86 91
87 67.5 72 77.5 82.5 87 92
88 68.5 73 78.5 83.5 88 93
89 69 74 79.5 84.5 89 94
90 70 75 80 85 90 95
91 71 76 81 86 91 96
92 72 77 82 87 92 97
93 73 78 83 88 93 98
94 74 79 84 89 94 99
95 75 80 85 90 95 100
96 76 81 86 91 96 101
97 77 82 87 92 97 102
98 78 83 88 93 98 103
99 79 84 89 94 99 104
100 80 85 90 95 100 105
101 81 86 91 96 101 106
102 82 87 92 97 102 107
103 83 88 93 98 103 108
104 84 89 94 99 104 109
105 85 90 95 100 105 110
106 86 91 96 101 106 1
107 87 92 97 102 107 112
108 88 93 98 103 108 113
109 89 94 99 104 109 114
1o | || o | | o5 | | 105 | [ 110 ] E]
1 91 96 101 106 111 116
112 92 97 102 107 112 117
113 93,5 98.5 103.5 108.5 113 118
114 94.5 99,5 104.5 109.5 114 119
115 95.5 100.5 105.5 110.5 115 120
116 96.5 101.5 106.5 111.5 116 121
117 98 102.5 107.5 112.5 117.5 122.5
118 99 104 109 114 118.5 123.5
119 100 105 110 115 120 125
120 101 106 1"t 116 121 126
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(4) Operates switch No. 4 (when used).

3. When the calibration run has been com-
pleted, the observed dial readings should
be compared with the data in Table No. 2.

Example:

To checkcalibrationof relay S#622D110GO2,
refer to Table No. 3. Switch No. 1 closes at
65 degrees; Switch No. 2 closes at 70 de-
grees C; Switch No. 3 closes at 95 degreesC,

The observed dial readings during the
heating cycle are as follows: SwitchNo, 1~-
80%, Switch No. 2--86%, Switch No, 3--109%.
From Table No. 2, curve for S#622D110G02
indicates that for these dial readings the
corresponding bimetal temperatures are
660C., 719C. and 94°C. These are within a
tolerance of plus or minus 29 of the correct
figures and the relay will not require cali-
bration.

Table No. 3  Standard Relay Switch Alignment

* SWITCH OPERATING TEMP. Di1AL
NAMEPLATE (°c.) READ ING
STYLE AT Curose
No. RANGE| RANGE | RANGE | RANGE [0F HIGHEST

60.95;70.105!80.115/90.125 Sw 1IChH

INo. 1| No., 2| No. 3 No. 4

4, Measurement of the differential ‘be-
tween switch closing and opening tempera=
tures is possible by observing the dial
readings coincident with switch opehing
while the bimetal is cooling down from the
above test., Refer to Table Na.2"again for
the corresponding bimetaltemperature.

Checking Relay In Oil Bath., “(Alternate
Method),

For checking calibration of, the relay with-
out heater or well, the relay may be mounted
over an oil bath with the bimetal tube point-
ing downwards, andywith the tube immersed
in the oil.

In removing the relay from the tank well,
the flexible\cable must first be unplugged
from the"relay case and the relay itselfun-
bolted from the well flange. Then the heater
coil leads must be detached from the relay
leads,at the rear of the housingto allow re-
moval ‘of the heater coil.

To remove the heater, untape the spliced
joints and unsolder the white leads fromthe
yellow leads. Thesecanlater be resoldered
and retaped.

IMPORTANT: The tube mustextend into the
oil at least 6-1/2 inches, but not more than
8 inches.

BROWN|YeLLOw] RED
GREEN| Brug [ORANGE

622D110GO!| 65 70 90 110%
622D110G02| 65 70 95 110%
622D110G03| 65 70 100 110%
622D110G04: 65 70 105 110%
GZZDIIOGOSE 65 70 110 110%

6220110606, 65 70 145 110%
|

{BROWN{ GREENW BLUE RED
GREEN| Yeyow | RED ORANGE

622D111GO1| 65 70 100 110 110%

REp |BLack |YELLOW |ORANGE
WH 1 TE,|BROWN BLUE |GREEN

261D378G0% [ 65 70 100 110 110%
SEE
S.0Q NUMBER SEE RELAY NAMEPLATE RELAY
NAMEPLATE

*ITolerance limits iZOC. Temperatures listed
here are bimetal temperatures~-not to be con-
fused with hot spot winding temperatures.

1. Connect the leads to signal lights so
that the operation of the switches can be
determined. The signal light circuit must
be kept within the capacity limits shown in
Table 1. Refer to Table No. 3 for switch
and wire color code. Do notusea low volt-
age bell ringer unless switched through a
high impedance relay.

2. Provide the oil bath with a source of
heat which can be controlled so thatthe rate
of rise of the oil bath temperature, for
checking the switch operating points, will not
exceed one-half degree C. per minuteinthe
zones of expected switch operation. For
checking the switch operating points the oil
bath temperature should then be held at the
desired temperature within+ 2 or-0°C, The
oil bath should be provided with an adequate
stirrer and the temperature measured at a
point about 3 inches from the lowest end of
the bimetal tube. With this setup the relay
contacts should close within the limits out-

Plia

e,



lined in Table No. 3. Observe the dial read-
ing at close of switch No. 3 in the case of a
3-switch relay; switch No, 4 inthe caseof a
4-switch relay.

There is a remote possibility that the
oil bath method may indicate the switches
to be closing at the correct temperature but
that the dial positioning is off by more than
2% 1in one direction. The relay should then
be returned to the factory for repair or re-
placement. While it is not essential to the
automatic protection of the transformer
that the relaydial registers correctly, there
is a good possibility of misleading operators
who are depending on the dial to show them
the true thermal loading.

SWITCH ADJUSTMENTS
Preparation

Do not make any adjustments to the relay
unless the precautions enumerated”in, the
previous paragraphs have been taken./Ad-
justment of a switch may be meceéssary:

1. If it is indicated by previousitests that
the relay is out of calibration bymo@re than
the normally allowed toleran€eés,

2. If it is desirable to changeé-the calibra-
tion from those settings engraved on the
relay nameplate, CAUTION: Before raising
any trip switch setting above the nameplate
temperature, the factoryshouldbe consulted
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CALIBRATION
SCREW
(3_TOTAL)

REAR VIEW
3-SWITCH RELAY

ALTERNATE
LOCAT ION
OF Sw.#3

JO5

CALIBRATION
SCREW

(4 TOTAL)

REAR VIEW
4 -SWITCH RELAY

as this reduces_thendesign margin of pro-
tection.

Provigion isymade for adjustment of the
calibrationsof any of the switches at the back
of the relay case. See Fig. 10, A cement
seal must figst be broken to permit adjust-
ment of the calibration screws. Refer to Fig.
10 for lecation of screws for each switch.

The relay may be recalibrated in place
on the tank wall if an offset screwdriver is
available. If such is not available, it will be
necessary to unbolt the relay from the well
flange. In some cases it may also be nec-
essary to unplug the flexible cable from the
relay case.

Fig. 10 TRO-2 Relay, Location Sketch
for Switch Calibration Screws

SWITCH RECALIBRATION

The required number of degrees adjustment
of a switch should be divided by the factor
15 to determine the exact part of aturn re-
quired to change the switch closing temper-
ature. Clockwise rotation of the adjusting
screw increases the temperature at which
the given switch will close. Counterclock-
wise rotation will reduce the temperature.
The switch may be adjustedto any tempera-
ture in the range shown in Table No.3. See
Fig. 10 for location of the correct alignment
screw,

Example:

It is desired to change the setting of
switch No. 2 from its standard operating
point of 700C. to a new operating point of
850C. The difference of 15° divided by 15
calls for 1 clockwise turn of the adjusting
screw. Insert a screw driver intothe No, 2
adjustment slot, then give it one full clock-
wise turn.
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The result of changing the calibration
should be verified before placing the relay
back in service. The method to be used is
at the tester's discretion. However, if the
recalibration was performed with relay in
place on tank wall, it is only necessary to
repeat the process by which the original
switch settings were verified.

If an oil bath is available, a simple
method of rechecking is as follows:

Bring the oil bath as quickly as possible
to a temperature at least 2 degrees above
that of the highest switch. Make sure all
relay switches to be tested are still wired
to lamp indicators. Don'tbegin the test until
the bimetal tube has been cooled below the
opening temperature of the lowesttempera-
ture switch to betested, Now placethe relay
in the hot bath and make a record of the dial
reading at the time each switch closes inthe
upward heat sequence. If the relay dialpo-
sitioning was originally established as cor-
rect, these new readings may be checked
against the data of Table No. 2 to determine
the corresponding bimetal temperatures.

For additional information on the usefof
these curves, see description underfieading
"Checking Relay with Heater and Well on a
Transformer'. (Page 8)

COMPONENT PARTS AND FIELD
TESTING EQUIPMENT

The following equipment for aid in thetest-
ing, calibration, andrepair of relay installa-
tions in thefieldis available from the Sharon
Works throughf any Westinghouse Office.

Flexible ConnectoryCable.
2 Foot Length--S#1800 792
5 Foot Length--S#1803 486

Spare Relay Heater--S#1800 790
Spare TankiWell--S#1483 920

Spare'Gasket
Between relay and well--S#1484 112
Between well and tank--S#1800 549

Replacement Bezel Kit--S#455C606GO1

Model TRO-2 relays are received witha
spun-on cover rim that cannot be reused
after removal. It is possible topurchaseat
anytime a bezel replacement kit that will
enable the glass to be replacedands;if nec-
essary, the dial plate remowedfér internal
inspection of the relay inthe field. It should
be clearly understood that/theypurchaser of
these kits assumes all risk for possible
malfunction of relays aftey thé replacement
bezels are installed.% Kit'S#455C606GO1
consists of the following €6mponents:

Replacement Bezel Mult. 1
Front Glass/Disc Mult, 1
Rubber,Rim Gasket Mult. 1
ClampingiLug Mult. 3
Bezel, Hardware 1 Set

Instructions for removal and replace-
ment (of relay bezel are as follows:

14 MWith"a pair of cutting pliers or a hack-
saw, cut and remove the aluminum spun-on
rim,

2. Remove glass disc.

3. At this point, if inspection of the relay
mechanism is desired do not loosen the
needles but proceedas indicated. Otherwise
skip to Step No. 11.

4, Push red reset button so that red hand
coincides with yellow hand.

5. Remove two screws holding dial plate.

6. Rotate dial plate until keyhole shaped
slot is directly opposite the pointer end of
both needles.

7. Tilt the dial plate so that portion con-
taining the keyhole slot passes above the
yellow needle,

8. Rotate dial plate 1/2 turn until keyhole
slot is directly underneath pointer end of
both needles.

9. With a combination lift and sliding
motion in the direction indicated by the dial
pointer, remove the dial plate completely.
If the needles become bent upward slightly,



they can be later straightened with the
fingers when the dial plate is reinstalled.

10. When inspection is completed, reset
maximum hand and then reverse the pro-
cedure covered in Steps 5 to 9 until dial
plate is back in position.

11. Lay the replacement bezel backside up
on a flat surface,

12. If glass has been broken or cracked, fit
new glass disc insidethebezel, making sure
rubber rim is in place, Be sureglass sur-
face is clean,

13. Lower the relay case into the bezel
ring and check location of thru-holes around
circumference of the case. Rotate if nec-
essary in order to position one of the holes

Westinghouse Electric Corporation

Power Transformer Division, Sharon, Pa.
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about half way between the air inlet and the
cable plug.

14. Position the clamping rings’such that
they overlap the narrow™flange around the
relay case.

15, Install screws/lockwashers andnuts, 9
total, from front offbezel. Do not tighten
completelyuntil alhscrews are fairly secure.

In case(it Becomes necessary to repair
the instrument itself, contact the nearest
Westinghouse ‘Office. Complete instructions
wilhbe'given by thedistrict Engineeringand
Service Division forthereturnoftheinstru~
ment“to the factory at Sharon, Pa., to have
ityrepaired and placed in first-class con-
dition.

Printed in U.S.A. (TP}












DESCRIPTION .

l.L. 48-062-10B

INSTALLATION . OPERATION

INSTRUCTIONS

TEMPERATURE INDICATOR
HOTTEST SPOT DIAL TYPE
Non-Submersible Three and Four Switch Direct Mounted

FIG. 1. Side View of Indicator

THE THREE OR FOUR SWITCH TEMPERATURE
INDICATOR designed for application on Westing-
house transformers or related appearatus/'is used
where both fan control and glarm circuits are re-
quired. This leaflet covers the, typefof indicator
which depends on the winding temperature. The
indicator is a dial type inS§trument operated by a
bimetallic element and jsya selfscontained weather-
proof unit designed for outdoor application on
transformers. The heating co6il is designed to heat
the bimetallic element’ o the temperature of the
hottest spot ifja transformer winding, when re-
ceiving a cé@rrentiproportional to that in the trans-
former winding:

The switches of the indicator cre set at different
temperature levels: the lower level switches oper-
ate the fan control circuit, and the higher level
switches cantrols the alarm circuit. The fan control
circuits serve to give added cocling when the trans-
former temperature comes within the ranges of the
switches. The alarm circuit operates at a higher
temperature range to give warning in case the fans,
for any reason, do not limit the temperature to a
proper range. The circuits cre separate so that
both a-c and d-¢ may be used.

EFFECTIVE SEPTEMBER, 1964
SUPERSEDES 1.L. 48-062-10A, November, 1963

FIG. 2. Front View of Indicator

DESCRIPTION

The internal construction of the indicator housing
is shown in Fig. 3. The thermal element consists
of a spiral bimetal that is held stationary at the
inner end and is coupled to a shaft at the other end.
Rotating with this shaft is a set of eccentric cams
that engage the tripping arms on the precision
switches. The bimetal and operating shaft are en-
closed in a steel tube mounted on the relay base
as shown in Fig. 4. An indicator shait is directly
coupled without intermediate gearing to the main
operating shatft.

The bimetal case is surrounded outside the tube
by a heating coil wound on a Micarta® tube and
supplied with current from a source proportional
to the transformer winding current.

The bezel or outer assembly shown in Fig. 1 and
Fig. 2 includes a 514" dial with indicating needle,
maximum hand and reset mechanism. The dial is
calibrated in degrees centigrade and is easily read
because of the contrasting black face with yellow
characters, graduations, and indicating pointer.
The maximum indicating pointer, red in color, is
resettable by means of a push button projecting out



TEMPERATURE INDICATOR

FIG. 3. Internal View of Indicator Case

through the bottom of the dial bezel. The button is
spring-loaded so as to return to its inoperative posi-
tion when released.

The control circuit leads are brought through
the underside of the case by means of an 8-conduc-
tor plug-in cable attachment, the details of which
are shown in Fig. 6. This connector consists of the
following items of which Items 2 and 3 form a
sub-assembly.

1. Eight protruding terminals moulded ifi" the
case and a locator key to prevent making incoerrect
connections.

2. A rubber insulator which has eightterminals
to mate with the terminals in the case, and a hole
to match the locating pin. Thependsjof the cable
leads are soldered to the terminalstef therinsulator.

3. A bushing to compress the insulator against
the instrument case. Wax surrounds/the wires with-
in the cavity formed by the’bushing.

4. A grommet to make a'sealbetween the rubber
covered cable and#he bushing.

8. A ring to €ompress the grommet against the
cable.

6. A retaining nut, to hold the component parts
of the connector tight in the case. This retaining
nut is screwed into place.

There@are\three precision switches in this
type temperature indicator. Switch No. 1 is set to
closeat 70°C for a control circuit. Switch No. 2 is
setltfoclose at 75°C for the other control circuit, and
switch No. 3 is set to close at 117°C for the alarm
circuit. These are nominal values and will be sup-

2

plied unless otherwise ordered. All switches opefi
at 72" + 2¥2°C less than the closing temperature.
The ratings for the switches are given in Table
No. 1, and the connection diagram is shown in‘Eig,
8. The switches are adjustable over a range of
=+ 17%2°C in relation to the above mentioned values.

The four switch indicator is similar_to the three
switch indicator except the heater leaddsare brought
out separately at the back of theycase, See Fig. 7.

TABLE NO. 1
VOLTAGE NON-INDUCTIVE INDUCTIVE LOAD
LOAD—_AMPSN, | AMPS.L/R.026*
125 AC | 10 | 10
250 AC 5 1 5
125 DC 05 1* 0.05
250 DC 0125 ; 0.025

*Equal to or lessghan .0264 1{ greater refer to factory for adjusting rating

A chiénge in the calibration of the precision
switches €an be’ accomplished by the switch cali-
bration‘screws at the rear of the case. (See Fig. 5).
Calibrating¥screws No. 1 and No. 2 are for the
control'eircuits. Calibrating screws No. 3 and No. 4

FIG. 4. Assembly of Indicator, Tank Well, Heater
Coil and Cable Attachments



TEMPERATURE INDICATOR

are for the alarm circuits or other required cir-
cuits. Clockwise rotation of the screw increases
the temperature at which the given switch will
close. Counterclockwise rotation will reduce the
temperature. The indicator may be adjusted to any
temperature in the range of 52%2 to 134%2°C. The
result of changing the calibration should be veri-
fied before placing the indicator back in service.

When checking circuits through this instrument
it is necessary to observe the switch limitations of
Table No. 1. This means that a low voltage bell
ringer cannot be used unless switched through a
high impedance relay. An indicating light type
device is generally recognized as best for checking
circuits through instruments containing precision
switches of similar capacities.

The heating coil leads ars spliced to the two
heater leads coming from the body of the indicator.
These two heater leads in turn are soldered to the
proper terminals moulded in the case.

The indicator well is mounted on the tank wall
and extends within the transformer case (See Fi@:
10) in the hot oil zone. The indicator base is_bolted
to the well flange so that the indicator cém be re-

|
CALIBRATION
SCREW
@ (3 TOTAL)
REAR)VIEW
3= SWITCH
INDICATOR
ALTERNATE
LOCATION
OF SW*3
CALIBRATION
SCREW
(4 TOTAL)
REAR VIEW
@ @ 4 - SWITCH
INDICATOR

FIG. 5. Temperature Indicator, Location Sketch for
Switch Calibration Screws

moved without taking the transformer out ¢t service
or lowering the oil.

\CALIBRATING SCREWS

MAUDMUN  HAND
\ RESEY BUTTON

INSULATOR

OIL TIGHT LOCATORDPIN

TANK WELL

BUSAING ——__,.

GROMMET ~—___

RING

RETAINING NUT

@-CONDUCTOR CABLE

FIG."6. Bottom View of Three Switch Indicator
Showing Cable Connections and Socket

SHIPPING AND RECEIVING

The current transformer is generally shipped as
part of the main transformer. It is usually of the
through type which is slipped over the lower end
of the bushing and mounted on the under side of
the cover. Sometimes it will be mounted on the top
of the terminal, bridges, or end frames. In this case,
a Micarta tube will probably be used to conduct
the current transformer leads to the terminal box.
This tube will be installed in place on the current
transformer. If the main transformer is not shipped

FIG. 7. Bottom View of Four Switch Indicator
Showing Cable Connections and Sockets
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FIG. 9. Connection Diagram for Current
Transformer and Heating Coil
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FIG. 8. Sketch of Internal)Wiring

in its tank, the tube is slid down ogremoved and
tied to the current transformer.

The hot spot temperaturé indicator and the heat-
ing coil are shipped mountéd _on the well on the
tank wall, so that né installation is necessary.

OPERATION

The current transformer is mounted inside the
case of the transformer, usually on a bushing. Its
primary winding carries the main current of one
of the transformers windings and its secondary
winding delivers to the heating coil a reduced cur-
rent whichyis“at all times proportional to the load
currefit. The)insulation of the current transformer
serves, to, protect the heating coil and temperature
indicating equipment from the high voltage of the

FIG. 10. Section View of Transformer Showing
Mounting of Indicator

main transformer windings.

The heating coil is placed in the hot oil and its
windings are worked at the same current density
as the main transformer. In addition, the insulation
of the heating coil winding has the same elevation
in temperature above the oil as the windings of the
main transformer. By these methods the tempera-
tures inside the transformer windings are duplicated
in the area surrounding the bimetal element of the
indicator,

RENEWAL PARTS

In case it becomes necessary to repair the in-
strument itself, contact the nearest Westinghouse
Office. Complete instructions will be given by the
district Engineering and Service Division for the
return of the instrument to the factory at Sharon,
Pa., to have it repaired and placed in first-class
condition.

WESTINGHOUSE ELECTRIC CORPORATION

POWER TRANSFORMER DIVISION, SHARON, PA.

Printed in U.5.A.
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Instructions for Load Break
Air Switch, Type LBF,
for Power Centers

The Westinghouse Type LBF Switch is an
air insulated, gang operated, three pole,
two position link type load interrupter
switch. The switch is mounted in a separate
free standing compartment which can be
bolted to air cooled or liquid filled power
center transformers. See Fig. 1. LBF
Switches, 5 KVor 15 KV, will interrupt load
currents of 600 amperes. In addition, the
LBF Switch will close on fault currents of
61, 000 amperes at 5 KV and 40, 000 am-
peres at 15 KV.

At times a feeder selector switch and an
LBF switchare combined within a single en-
closure. In these cases the feeder selector
switch is located in a separate compartment
immediately to the rear of the LBF Switch
in the same housing.

OPERATION

LBF Switch. The small operating, mecha-
nism door mustbeunlockedand the operating
handle withdrawn from the recepfacle at the
right hand of the opening. Insert the)/handle
into the socket provided in thefoperating cam
and move the handle to the desired position.
Theoperating mechanism is“powered by tor-
sion bars, and will not move the blades until
the handle is advanced beyonda certain point.
At this time, the blades will move at a pre-
determined speedwhich is independent of the
operator.

Feeder Selector Switch. In specific cases,
a no load feedew, selector switch is coupled
to an LB¥F Switch? To operate the feeder
switch, fipst place the LBF Switch in the
open positionpdising the procedure outlined
above. A mechanical interlock is thus re-
leased so that the main LBF Switch door can
be epened, revealing the feeder switch oper-
atingyhandle. Pivot the feeder handle hand
grip to disengage the locking pin, and rotate
thechandle 180° in the direction indicated to
select the proper feeder.

Since the feeder switchis ano load switch,
speed of operation is not essential to opera-

Effective February, 1966

@ I.L. 47-066-18A

tor safety. However, togmsure good contact
when changing feeders, (fiFst) disengage the
contacts, then rapidly%andsforcefully rotate
the operating handlemto the desired feeder
position.

Fuses. To gain access to the fuses, first
place the LBE Switeh in the open position.
This action(releases the mechanical inter-
lock so that%he main LBF Switch door can
be opened, jrevealing the fuses in the bottom
portien of/the compartment. Use caution at
this peoint tobe certain the transformer is not
energized¥by an additional source of power,
eitherhigh voltage or low voltage. The
switeh, cannot be reclosed until the main
doomghas been closed.

INSTALLATION

During the installation of the switch, a gen-
eral inspection should be made for shipping
or handling damage. The switch should be
operated several times to check the blade
alignment and operating mechanism. Check
the key interlock if supplied to be certain the
switch and breaker interlocks are keyed
alike.

MAINTENANCE

The LBF Switch and feeder selector switch,
if supplied should be inspected a minimum of
once a year. The following points should
receive special care during the inspection:

1. Main Switch blade contacts.
2. Quick-break blade contacts.
3. Arc chutes.

All blades with burned or pitted contacts
should be replaced toinsure trouble free op-
eration. Arc chute erosion, and/or burned
quick - break blade contacts would indicate
burned arc chute contacts, requiring re-
placement of the arc chutes.

Supersedes I. L. 47-066-18, December, 1965



Fig. 1 Load Bréak Air Switch, Type LBF

RENEWAL PARTS

If renewal parts are required, order from
the nearéstyWestinghouse Sales Office, giv -

Westinghouse Electric Corporation
Power Transformer Division, Sharon, Pa.

ing description of parts wanted, with trans-
former serial number and rating as stamped

on transformer instruction plate.

Printed in U. S. A.

(W.E)



DESCRIPTION J

LL. 48-062-.108

INSTALLATION & OPERATION

INSTRUCTIONS

TEMPERATURE INDICATOR
HOTTEST SPOT DIAL TYPE
Non-Submersible Three and Four Switch Direct Mounted

FIG. 1. Side View of Indicator

THE THREE OR FOUR SWITCH TEMPERATURE
INDICATOR designed for application on Westing-
house transformers or related appdratusf is used
where both fan control andlarm circuits are re-
quired. This leaflet covers thejtype” of indicator
which depends on the winding temperature. The
indicator is a dial type instrument operated by a
bimetallic element and issa selfécontained weather-
proof unit designed for ofitdoor application on
transformers. The heating,eoil is designed to heat
the bimetallic element ¢o the temperature of the
hottest spot ingja transformer winding, when re-
ceiving a ciirrent ‘proportional to that in the trans-
former winding.

The switches of the indicator are set at different
temperature levels: the lower level switches oper-
ate the fan control circuit, and the higher level
switches controls the alarm circuit. The fan control
circuits serve to give added cooling when the trans-
former, temperature comes within the ranges of the
switches. The alarm circuit operates at a higher
temperature range to give warning in case the fans,
for any reason, do not limit the temperature to a
proper range. The circuits are separate so that
both a-c and d-c may be used.

EFFECTIVE SEPTEMBER, 1964
SUPERSEDES I.L. 48-062-10A, November, 1963

FIG. 2. Front View of Indicator

DESCRIPTION

The internal construction of the indicator housing
is shown in Fig. 3. The thermal element consists
of a spiral bimetal that is held stationary at the
inner end and is coupled to a shaft at the other end.
Rotating with this shaft is a set of eccentric cams
that engage the tripping arms on the precision
switches. The bimetal and operating shait are en-
closed in a steel tube mounted on the relay base
as shown in Fig. 4. An indicator shaft is directly
coupled without intermediate gearing to the main
operating shaft.

The bimetal case is surrounded outside the tube
by a heating coil wound on a Micarta® tube and
supplied with current from a source proportional
to the transformer winding current.

The bezel or outer assembly shown in Fig. 1 and
Fig. 2 includes a 51” dial with indicating needle,
maximum hand and reset mechanism. The dial is
calibrated in degrees centigrade and is easily read
because of the contrasting black face with yellow
characters, graduations, and indicating pointer.
The maximum indicating pointer, red in color, is
resettable by means of a push button projecting out



TEMPERATURE INDICATOR

FIG. 3. Intemal View of Indicator Case

through the bottom of the dial bezel. The button is
spring-loaded so as to return to its inoperative posi-
tion when released.

The control circuit leads are brought through
the underside of the case by means of an 8-conduc-
tor plug-in cable attachment, the details of which
are shown in Fig. 6. This connector consists of the
following items of which Items 2 and 3 fomm o
sub-assembly.

1. Eight protruding terminals moulded ifi the
case and a locator key to prevent making incoxrect
connections.

2. A rubber insulator which has eight terminals
to mate with the terminals in the case, and a hole
to match the locating pin. Thejendsyof the cable
leads are soldered to the terminals'f the’insulator.

3. A bushing to compress the insulator against
the instrument case. Wax surrounds'the wires with-
in the cavity formed by the bushing.

4. A grommet to make a‘sealdbetween the rubber
covered cable and¢the bushing.

5. A ring to ompress ghe grommet against the
cable.

6. A retaining nut, to hold the component parts
of the connector tight in the case. This retaining
nut is screwed into place.

ThereQaze\three precision switches in this
type temperature indicator. Switch No. 1 is set to
close‘at 70°C for a control circuit. Switch No. 2 is
sef tonclose at 75°C for the other control circuit, and
switch No. 3 is set to close at 117°C for the alarm
circuit. These are nominal values and will be sup-

2

plied unless otherwise ordered. All switches opeft
at 7%2° * 2Y2°C less than the closing temperature.
The ratings for the switches are given in Table
No. 1, and the connection diagram is shown in‘Eig.
8. The switches are adjustable over a range of
+ 17%°C in relation to the above mentioned values.

The four switch indicator is similar to the three
switch indicator except the heater le@dsre brought
out separately at the back of theycase, See Fig. 7.

TABLE NO. 1
VOLTAGE NON-INDUBTIVE i’ INDUCTIVE LOAD
LOAD—AMPS: ‘ AMPS. L/R .026*
125 AC 10 i 10
250 AC 5 ‘ 5
125 DC 0.5 | 0.05
250 DC 025 0.025
*Equal to or lessthan .026{ If greater refer to factory for adjusting rating

A chénge in the calibration of the precision
switches ‘éan be accomplished by the switch cali-
bration“screws at the rear of the case. (See Fig. 5).
Calibrating®screws No. 1 and No. 2 are for the
control‘eircuits. Calibrating screws No. 3 and No. 4

FIG. 4. Assembly of Indicator, Tank Well. Heater
Coil and Cable Attachments



TEMPERATURE INDICATOR

are for the alarm circuits or other required cir-
cuits. Clockwise rotation of the screw increases
the temperature at which the given switch will
close. Counterclockwise rotation will reduce the
temperature. The indicator may be adjusted to any
temperature in the range of 52%2 to 134%2°C. The
result of changing the calibration should be veri-
fied before placing the indicator back in service.

When checking circuits through this instrument
it is necessary to observe the switch limitations of
Table No. 1. This means that a low voltage bell
ringer cannot be used unless switched through a
high impedance relay. An indicating light type
device is generally recognized as best for checking
circuits through instruments containing precision
switches of similar capacities.

The heating coil leads are spliced to the two
heater leads coming from the body of the indicator.
These two heater leads in turn are soldered to the
proper terminals moulded in the case.

The indicator well is mounted on the tank wall
and extends within the transformer case (See Eige
10) in the hot oil zone. The indicator base is bolted
to the well flange so that the indicator cém be re,

CALIBRATION
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@ (3 TOTAL)
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3-SWITCH
INDICATOR
ALTERNATE
LOCATION
OF Sw#3
CALIBRATION
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(4 TOTAL)
REAR VIEW
@ @ 4 - SWITCH
INDICATOR

FIG. 5. Temperature Indicator, Location Sketch for
Switch Calibration Screws

moved without taking the transformer out 6t seryice
or lowering the oil.

CALIBRATING SCREWS
N 7 “MAXIMUM  HAND

RESET _BUTTON

BREATHER

INSULATOR

OlL TIGHT
TANK WELL

LOCATOR, PIN

BUSHING

GROMMET ~—___

RING —

RETAINING NUT —

8-CONDUCTOR CABLE

FIG:\6. Bottom View of Three Switch Indicator
Showing Cable Connections and Socket

SHIPPING AND RECEIVING

The current transformer is generally shipped as
part of the main transformer. It is usually of the
through type which is slipped over the lower end
of the bushing and mounted on the under side of
the cover. Sometimes it will be mounted on the top
of the terminal, bridges, or end frames. In this case,
a Micarta tube will probably be used to conduct
the current transformer leads to the terminal box.
This tube will be installed in place on the current
transformer. If the main transformer is not shipped

FIG. 7. Bottom View of Four Switch Indicator
Showing Cable Connections and Sockets



TEMPERATURE INDICATOR
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FIG. 8. Sketch of Internal‘Wiring

in its tank, the tube is slid down orgremoved and
tied to the current transformer.

The hot spot temperaturefindicator and the heat-
ing coil are shipped meunted on the well on the
tank wall, so that nd installetion is necessary.

OPERATION

The current transformer is mounted inside the
case of the transformer, usually on a bushing. Its
primary winding carries the main current of one
of the transformers windings and its secondary
winding delivers to the heating coil a reduced cur-
rent whichiis®at all times proportional to the load
currert. The)insulation of the current transformer
serves, to) protect the heating coil and temperature
indicating’equipment from the high voltage of the

HEATING
coiL
BULB /:
CURR. ]
TRANSF. |

FIG. 9. Connection Diagram/(for’ Current
Transformer and Heating Coil

TANK
WALL

R —

HEATING

TEMPERAJURE
INDICATOR
BIMETALLIC
ELEMENT
ALARM
LEADS
bw

FIG. 10. Section View of Transformer Showing
Mounting of Indicator

main transformer windings.

The heating coil is placed in the hot oil and its
windings are worked at the same current density
as the main transformer. In addition, the insulation
of the heating coil winding has the same elevation
in temperature above the oil as the windings of the
main transformer. By these methods the tempera-
tures inside the transformer windings are duplicated
in the area surrounding the bimetal element of the
indicator.

RENEWAL PARTS

In case it becomes necessary to repair the in-
strument itself, contact the nearest Westinghouse
Office. Complete instructions will be given by the
district Engineering and Service Division for the
return of the instrument to the factory at Sharon,
Pa., to have it repaired and placed in first-class
condition.

WESTINGHOUSE ELECTRIC CORPORATION

POWER TRANSFORMER DIVISION, SHARON, PA.

Printed in U.S.A,



instructions for Temperature Indicator

Hot Oil Two Switch, Dial Type,
Submersible, Direct Mounted

Front and Side
Alarm Contacts

View of Indicator with

Fig. I

THE TWO SWITCH TEMPERATURE IN-
DICATOR designed for application on West-
inghouse transformers or related apparatus, is
used where both fan control and alarm circuits
are required. This leaflet covers the hot @il
temperature type of indicator. It is a dialgtypé
instrument operated by a bimetallic4element,
and is made weatherproof and submerSible.

The two switches of the indicatompareyset to
operate at different temperature! levels, the
lower level switch controls the fan ¢ircunit, and
the higher level switch control§ thegalarm cir-
cuit. The fan circuit is usedgtowprevide added
cooling when the transformer temperature
comes within the range lofy the, switch. The alarm
circuit operates at a higheg temperature to give
warning in case the fafis, for any reason, do not
limit the temperaturefto a proper range. The
circuits are separat€9so that both a-c and d-c
may be used.

The indicator iSyusually shipped mounted on
the transfernder case, requ1res no maintenance,
and is suitable f@r use in oil or Inerteen.

DESCRIPFION

The™andicator (Fig. 1) is a dial type precision
insthument whose needle is directly coupled to a
bimetallic spiral actuating element in the stem
which fits closely into a well. The well is of thin-
walled construction and screws into the tank
wall making an oil tight connection. NOTE: Do

Effective December, 1973 Supersedes 1.L. 48-062-2B, April,

1973

I L. 48-062:2C

not fill the well with a solid"or liquid before in-
serting the stem of the thermometer since this
may damage the instrumentwWithout appreci-
ably helping in the trafisfer ‘of heat from the oil
to the sensitive element> The thermometer
should not be tightenedysin the well any more
than is necessary, to place the dial in an upright
position. The instfument can be removed from
the well in the tamk wall without loss of liquid
and with no need for lowering the oil level. The
instrument is, weatherproof and submersible.
The gdialisfcalibrated in degrees centigrade and
may ‘beleasily read because of the contrasting
black face®with yellow characters, graduations
and, imdicating pointer.

A Ted maximum indicating pointer indicates
the “maximum temperature reached since last
reset. This hand may be easily reset by wiping
@ magnet across the face of the dial provided the
magnet is held with the poles in the proper po-
sition so as to attract the maximum indicating
pointer. The magnet is attached to a small chain
in the instrument case to prevent misplacing
after using and is self-supporting in a metallic
socket near the underside of the case. The
method of resetting the maximum indicating
pointer is shown in Fig. 2.

The alarm leads are brought through the un-
derside of the case by means of a triple seal

Fig. 2.

Method of Resetting Maximum Indicating
Pointer



TERMINALS INSTRUMENT
OF MALE PLUG CASE
KEYED
LOCATING PIN MAGNET

FEMALE PLUG

INSULATING SLEEVE

MMMET
5 RING

T~— THREADED CAP

NEOPRENE CABLE

Fig. 3. Triple Seal Connection Details

connector, the details of which a@aref§shown in
Fig. 3. This connector consists ofSthe following:

I. The male terminals aperméided into the
case together with a locating pin to prevent
making incorrect connections.

THERMOMETER o
WELL

d—THERMOMETER—

ALARM
LEADS -

kig 4. Indicator Mounted Vertical (A) and Tilted
Downward (B).

LOCATING KEY
%2 spPsT

T~ BLACK mo~
T ey T 5
| 3 () 7opHtimE,
1 .
- RED

|
A :

BOTTOM VUEW OF» CONNECTOR

SWITCH #1/MAKES 60°C.
SWITEH. #2°MAKES 90°C.

BOTH SWILCHES BREAK AT 7%° *2%°C.
BELOW MAKE, POINT.

Fig. 5 000il“Temperature Relay With SPST Alarm
Swiitch Wiring Diagram

25, The rubber female plug which has termi-
nal§ to mate with the terminals in the case,
and"a hole to match the locating pin. The ends
of the leads are tinned and crimped into the ter-
minals of the male plug.

3. A bushing to compress the female plug
against the male plug.

4. A grommet to make a seal between the
rubber covered cable and the bushings.

5. A ring to compress the grommet against
the cable.

6. A threaded cap to hold the component
parts of the connector tight in the case. This
threaded cap is screwed into place.

There are two micro-switches in this type
temperature indicator. Switch #l is set to close
at 60°C. for the fan circuit, and Switch #2
closes at 90°C. for the alarm circuit. The switches
are adjustable over a range of £+10°C. in relation
to the above mentioned values. The switches open
at 714° £214°C. less than the closing temperature.
The ratings for the switches are given in Table
No. 1, and the connection diagram are shown in
Fig. 5 and Fig. 6.

s,

P ™



TABLE NO. 1

NON-INDUCTIVE | INDUCTIVE LOAD
VOLTAGE | | oAD—AMPS. | AMPS. L/R—.026*
125 A-C 10 10
250 A-C 5 5
125 D-C 05 0.05
250 D-C 0.25 0.025

*Equal to or less than .026. If greater, refer to factory
for adjusted rating

LOCATING KEY

#2 SpOT

GREENI_-—}

BOTTOM VIEW OF CONNECTOR

SWITCH #1 MAKES 60°C.
SWITCH #2 MAKES 90° C.

BOTH SWITCHES BREAK AT 7%° &£ 214°C:
BELOW MAKE POINT.

Fig. 6. Ol Temperature Relay With SPDT Alarm

Switch Wiring Diagrapm

Important: Relays, ‘solenoids and motors
are inductive loads. When “an inductive circuit
is opened, a voltage \is induced which tends to
maintain currentgflow ™ The resultant arcing
may result in, failure”of the contacts to interrupt
current.

Field Test. Remove the thermometer from its
well and submerge the stem up to the brass fit-
ting in a closely controlled temperature, well
agitated, oil bath. Check the temperature by
placing a #hermo-couple or other accurate tem-
perature measuring device on the stem about

two inches from the end. The ‘thermometer
should be accurate within®£2°C. (allowing 15
minutes for the thermemeterfto come up to tem-
perature). To adjust a“swiféh to a different
value, remove the copfesponding numbered seal-
ing plug at the top of the Jcase. Make the proper
adjustment of the Switchwthrough the opening in
the case, and then reseal the case with the seal-

ing plug.

ImportantiWhen changing the alarm setting
on thoseftemperature indicators with adjustable
cont@ets,” be sure to use a non-setting sealing
compolnd “‘on the threads of the sealing plug.
PlastichlLead Seal #53351PA is recommended.
Lagse ™ar improperly sealed plugs will allow
moisture to collect in the indicators, and cause
eventual shorting of electrical circuits or de-
terioration of dial markings.

INSTALLATION

The instrument is shipped fixed to the tank
wall, so that no installation is necessary. When
mounted at a high point, the indicator may be
tilted so that it can be read easily from ground
level (See Fig. 4).

Important: When checking circuits through
this instrument it is necessary to follow Table
No. 1. This means that a low voltage bell ringer
cannot be used unless switched through a high
impedance relay. An indicating light type de-
vice is generally recognized as best for check-
ing circuits through instruments containing
micro-switches of similar capacities.

RENEWAL PARTS

If it becomes necessary to repair the instru-
ment, contact the nearest Westinghouse Office.
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Instructions for Thermal Relay Type TRO-2

with Overload Indicating Dial

PERCENT
THERMAL L0AD

(THERM,

Fig. 1 Front View of TRO-2 Réelay

THE TYPE TRO-2 THERMAL RELAY, used
on power transformers of all types, com-
bines the initiation of automatic®™cooling
equipment with overload protection and
thermal load indication. Jt“i#s mechanically
and electrically interchangeable with the
type TRO-1 relay.

The firsttwobimetal-operated switches,
in the order of inereasing winding tempera-
ture, are generally used for theinitiation of
successive, stages,of auxiliary cooling while
the No. 3fcontactyis used for remote alarm
or tripping of a gircuit breaker upon excess
overload. ¥ On dransformers using only one
stage of auxiliary cooling the No. 2 contact
(as a general rule) is unused,

Regardless of how the relayisapplied, a
yellow indicating pointer shows continuously
the,operating position ofthe relay relativeto
the“zones of unsafe operation and gives a
reference reading expressed in '"percent
thermal load". A red resettable maximum
indicator registers the highest attained po~
sition of the indicator needle since the last

Effective September, 1964

Supersedes I.L. 48-062-17, March, 1962

@ I.L. 48:062-17A

resetting. Fig.1 shows the external appear-
ance of the dial-equipped relay.

The relay is designed for operation by
winding temperature/ Ituses a bimetal ther-
mal element whichiis heated in part by the
top oil and in pant by a heater coil carrying
current proportional to the load in the main
winding. It'isfactory-appliedto eachtrans-
former. g4Proper selectionofheater current
and sswitch operating temperatures causes
the relay ‘to’ perform its functions at pre-
determined winding temperatures.

DESCGRIPTION

The internal construction of the TRO-2 relay
housing is shownin Fig, 2, Thethermal ele-
ment consists of aspiralbimetalthatisheld
stationary at the inner end and is coupledto
a shaft at the other end. Rotating with this
shaft is a set of eccentric cams that engage
the tripping arms onthe precision switches.
The bimetal and operating shaft are enclosed
in a steel tube mounted on the relay base as
seen in Fig. 3. Anindicator shaftis directly

Fig. 2 Internal View of TRO-2 Relay Case
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coupled without intermediate gearing to the
main operating shaft.

The bimetal case is surrounded outside
the tube by a heating coil wound ona Micarta
tube and supplied with current from a source
proportional to the transformer winding
current,

Calibration of the precision switches can
be accomplished from the outside of the
case., The calibrationscrews are located on
the back side of the relay case,

All contacts are automatically self-re-
setting. For contact duty rating see Table
No. 1.

The bezel or outer assembly shownin
Fig. 1 features a spun-oncover andincludes
a 5-1/2" dial with indicating needle, maxi-
mum hand, and reset mechanism. The dial

HEATER

*TANK WELL

DIAL FACE ‘ TanNK WElL

§ . -BIMETAL CasE

HEATER

FLEXIBLE CABLE

Fig. 3 Assembly of TRO-2 Relay Tank Well,
Heater Cozl and Cable Attachment

is marked to show the percentage thermal
loading and, since the relay is always de=
signed for a particulartransformer'sther-
mal characteristics, the greatest recom-
mended loading coincides with the 100% in~
dex mark on the thermal load §cal@& On all
dials the No. 3 switch or®!Trip! switch
closes at approximatelyhe“110% scale
mark, coincidental with{thethighest per-
missible thermal loading. (\ The maximum
hand is resettable by, means of a pushbutton
projecting out through“the bottom of the dial
bezel., The button/fis“spring-loaded so asto
return to its inoperative position when re-
leased.

The relay, well' is mounted on the tank
wall and extendswithinthetransformer case
{(see Fig, #wmin the hot oil zone. The relay
base “ig bolted to the well flange so that the
relay’ cangbe removed without taking the
transformer out of service or lowering the
oil.

Table No. 1 Interruption Ratings of
Switches in Amperes

A.C. D.C.
NON -
INDUCTIVE {NDUCTIVE LOAD
Loap L/R T .026*
125 | 250 125 250 125 250
VoLT|VoLT|VoLT | VoLT voLT voLT
TRO
PREC1SION
SWITCHES 10 ) .5 .25 .05 .025

*For L/R ratio greater than .026 refer to factory
for adjusted rating.

At the base of the relay case near the
front isa water-shielded air inlet which pre-
vents the buildup of internal positive and
negative pressures. This greatly lessens
the danger of glass breakage or of water
being drawn into the case and remaining
trapped.

The control circuit leads are brought
through the underside of the case by means
of an 8-conductor plug-in cable attachment,
as shown in Figure 5 for the three switch
relay.

s
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Fig. 4 TRO-2 Relay mounted on Transformeri all

This conductor consists of the following
items of which items 2 and 3 form’a sub-
assembly:

1. Eight protruding terminals moulded in
the case and a locator'key toprevent making
incorrect connections,

2. A rubber insulator which has eightter-
minals to mate with “thé terminals in the
case, and a hole tg'match the locating pin.
The ends of, the, cablefleads are soldered to
the terminéals of the insulator.

3. A bushing t0 compress the insulator
against the instrument case, Waxsurrounds
the wires within the cavity formed by the
bushing.

4, "A grommet to make a seal between the
rdbber, covered cable and the bushing.

5" A ring tocompressthe grommet against
the cable,

6. A retaining nut, to hold the component
parts of connector tight in the case. This
retaining nut is screwed into place.

Page 3

The four switch relay is similar tothe
three switch relay except the heater leads
are brought out seperately at the back of
the case. See Fig. 6.

INSTALLATION

In most cases, thefrelay ‘will be shipped
mounted on the transformer and will be
ready for operation, “¥f for any reason the
relay is shippediseparately, the well will be
installed so that the relay can be added in
the field without opening thetransformer or
breaking the seal. For separate shipping, a
blind flange/will be bolted to the well flange
and ‘aWscrewed cap will be fitted into the
tappedyhele in the relay for the cable con-
nectien.,y The relay and heater coil will be
shipped already assembled in a dummy well
oryprotective case.

The relay requires no special attention
at the time of installation other than a
superficial inspection to assure that there
has been no shippingdamage. Givetherelay
the care in handling due any precision in-
strument. Do not at any time handle the
relay by the bimetal protective tube. Undue
strain on this part maybesufficient to throw
the unit out of calibration.

CALIBRATING SCREWS

MAXIMUM HAND
RESET_BUTTON

INSULATOR

Ol TIGHT LOCATOR PIN
TANK WELL
BUSHING
RING i e
RETAINING NUT

8~CONDUCTOR CABLE

Fig. 5 Bottom View of TRO-2 Relay (Three Switch)
Showing Cable Connector and Socket
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Fig. 6 Bottom View of TRO-2 Relay (Four Switch)
Showing Cable Connectors and -Sockets

To Install the Relay When Shipped Detail:

1. Remove the blind flange from the tank
well,

2. Remove the metal protective tube from
the relay heater assembly and retain fer
future use.

3. Rotate heater assembly on bimetal fube
until the wires coil into rear flange recess,
then insert relayandheater coil intank well.,
Bolt securely against the gasket.

4. Remove the protectiveteapfrom tapped
hole in base of relay case and, retain for
future use.

5. Plug the flexible eablesinto the relay
socket and screw retainihg nut on end of
cable securely intoytappedhole,

6. Push the mechanical reset knob upward
to reset maximum hand on face of relay dial.

7. The flexible cable is normally shipped
with one end already wired into aconnector
box or tank braee. Inthosecaseswhere the
cable istshipped as a detail item, it will be
necesSarysto strip back the insulation and
connect\the cable leads to terminal points
as per the wiringdiagram furnished withthe
unitay )\ (See also Fig. 8) Among the details
shipped with each cable will be a cablegrip
entrance fitting and a cable entrance refer-
ence drawing for aid to installation

OPERATION

When the transformer and the relay are
first energized the dial needle will be below
the lowest scale reading, Barringunusually
high ambient temperature, conditiohs, when
the transformer is loaded‘at rated kva the
needle will seek a positien, still somewhat
below the 100% scale mark;

As shown in Fig. 7, fer eéontinuousover-
loads there is a propertional difference be-
tween the temperature of the relay bimetal
and the top oil. {'Whenythe o0il temperature
plus this differencesequals the temperature
for any contaCt/adjustment setting, the bi-
metal willjhave furned the cam engaging
the switchiarm and will have closed that
particular switch contact. Since the temper-
ature difference between bimetal andtopoil
is inJrelation to the current, the relay oper-
atien is céordinated with the actual hot spot
winding temperature. Inorder to permit hot
spot'temperatures under various conditions
of_ loading in line with ASA Recommended
Practices for Overloading Transformers,
this bimetal temperature difference ispur-
posely made less than the expected hot spot
temperature difference of the winding for
corresponding loads.

Refer again to Fig. 7 and the typical
thermal relationships existing in a trans-
former equipped with thermal overload re-
lay S#622D110GO5 or 622D111GO1. Each
point on the curves represents the ultimate
temperature that would exist in a typical
transformer if the load were carried con-
tinuously. The hot spot temperature canbe
assumed to follow the upper curve while
that of the thermal relay bimetal wouldfol-
low the middle curve. A temperatureof117
degrees C. is generally regarded as thetop
limit above which continued operation of
transformer insulation under the Insuldur
system would involve some loss of life
above normal. When the hot spot tempera-
ture reaches 117 degrees C. under these
conditions, the corresponding relaybimetal
temperature is100 degrees C, at which point
the relay dial indicates100% Thermal Load,
Any increase in the load which raises the
hot spot winding temperature to aboutthe 130
degree level will raise the relay bimetal
temperature to 110 degrees, at which time



the relay closes a contact that may be used
to trip the unit off the line. The implication
here is that any continuous operation above
the 130 degree mark would involve excessive
loss of insulation life, This limiting tem-
perature is indicated whenever the dial
needle reaches the 110% mark,

The temperature limits just mentioned
apply only whenheldcontinuous for 24 hours.
Much higher temperatures are permitted for
shorter times with an equal loss of life.
Attaining the 100% level ofloading indicates
that the transformer is just passingintothe
zone of moderate loss of life, regardless of
the size and duration of the precedingover-
load.
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A typical application of this relay/is in
the control of air blast cooling by winding
temperature, When more than one relay is
used, like contacts are paralleled in the
signal circuit., Currentgs supplied to the
heater coil froma 5-amperésecondary cur-
rent transformer (mounted#in the trans-
former tank) throughya Small multi-ratio
saturating current fransformer mounted in
a connector box onseparate control cabinet.
The saturatinggcurrent transformer limits
the current to thesheater on a short-circuit
and hence retards the heating to giveatime
delay characteristic to the relay and allow
other protective devices to operate first on
overeurrent,) It also provides the factory
with \aWmeans for adjusting the bimetal
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heater gradient with relation to the hotgpot
winding gradient,

As the winding temperaturefy(hence the
bimetal temperature) increases, thelbbimetal
shaft rotates to close No. 1'switehand ener-
gize the fan contactor. The fansywill continue
to operate as long as the/bimetal tempera-
ture is greater than the opening temperature
of No, 1 switch.

The opening, temperature is actually
about 4 to 107 degrees below the closing
temperature.{, Iffthe gdemperature now de-
creases, thebimetalwill reverse its motion,
allowing the No, 1 'switch to cut off the fans,
Thus, the TRO-2 relay will automatically
control the air‘last fans from windingtem-
perature,

If, however, the winding temperature
continues to increase the bimetal element
will turn until a second switch closes. In
most cases it is optional with the user if
and“how the No, 2 switchis usedin the alarm
Gircuit, Its primary use is for the second
stage of cooling in forced oil systems.

If the temperature of the winding further
increases after the No. 2 switch closes, the
bimetal element will continue to turn until
the third switch closes to trip_the circuit
breaker or soundanalarm, Withthebreaker
open, the bimetal will cool, and reset the
switches.

Sometimes two switcheg are requiredin
addition to a pair of auxiliary®ooling control
switches, Consult the wining diagram sup-
plied with the tramsformer for the exact
equipment supplied. Typicalinternal wiring
is shown in Figg8.

Coincidental with the closing of the high-
est contact,the dial indicator on a standard
relay ill read 110% thermal load, signifying
to the operator that the transformer is now
entering the zone of excessive (above 1% per
overload)¥loss of life compared to the nor-
mal Tess rate. Any further advance of the
pointer should not be allowed except under
exXtreme circumstances.
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Continuous Overloads

A new concept in thermal indication, the
term '"percent thermal load'" has auniversal
meaning under any ambient condition and
may be interpreted as follows: When a
transformer is 90% thermally loaded it is
carrying approximately 9/10 of the load it
can continuously carry at the existing am-
bient temperature. A rise of 10 degrees C
in the ambient temperature or an 11% load
increase would under this condition bring
the transformer to the limit of its thermal
capacity, resulting in a dial reading of100%.

Every transformer has some reserve
capacity which may be tapped from time to
time without undue loss of insulation life.
Any overload which carries the dial needle
above the 100% scale reading is using up
some of that reserve capacity and, if al-
lowed to continue, will shorten transformer
life and possibly endanger an automatic trip-
out. For long and satisfactorytransformer
life, it is recommended thatthe transformer
be operated at all times below 100% thermal
load with whatever margin experienee/shows
to be advisable for anticipated rises inam-
bient. In that region of the dialsabove 80%,
a change of 1°C, in ambient teémperature is
virtually equivalent to a 1% change in
thermal load.

Referring again to Eigy 7 ""percent ther-
mal load" has been shewn in%its correctre-
lation to "percent rated lead" at anambient
temp. of 30 deg. C 4TFhedial graduations are
indicated along the right vertical edge to
show that they cerrespond to'percent ther-
mal load". The ferm "thermalload" should
not be confusediwith "kva load" since rated
kva willl' seldom, if ever, cause the dial to
read a§ high as 100%. However, the dial is
so calib¥ated that (for a constant ambient
and a steady load) the needle will show the
approximate relation between the existing
kva andythat which would position the dial
needle at the 100% mark.

By using 100% as areference, the ability
of the transformer to withstand safely a
steady overload can thus be estimated from
the dial without resortto complicated curves
and tables.

Fig. 7 has been drawn for illustration
purposes only., The values of oil rise,
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bimetal temperature, and hot spet temper-
ature are not to be regarded as accurate
for every transformer to which relay
S#622D110GO5 or 622D111GO¥ is applied.

Short-Time Overloads

The TRO-2 thermal‘relayis designed with
sufficient time delayto prevent its operating
ahead of the regular proétective relays under
severe overcurrentwConditions, The time
delay characteristie is properly coordinated
through thegrelaysmass, laggingandthe sat-
urating current transformer, and has been
designed toimeet the recommendations of the
NEMA( Relay Committee,

The ‘eoordination curve shown in Fig, 9
is for overloads following full load at anoil
temperature of 80 degree C. The band
form of curve is used because of the wide
range of normal heater currents, depending
upon the usual range of designconstants for
Classes OA and FOA power transformers.
When an overload is placed on the trans-
former, the relay contacts will not close at
a time less than the overload duration
shown in Fig. 9.

The effect of such suddenly-occurring
heavy overloads on the transformer is
graphically depicted on the dial by the
farthest advance of the needle, shownbythe
position of the maximum indicator. An
overload which does not carry the needle
above the 100% point is of little consequence
in the life of the insulation.

The effect of expectedloadcyclescan be
predicted with the aid of the maximum in-
dicator. A record should be kept of maxi-
mum readings and ambient temperature.
Knowing the nature of the load cycle it is
possible to estimate the effect of similar
load cycles at some other ambient tem-
perature.

MAINTENANCE

No maintenance of the type TRO-2 thermal
relay is required. It is made of non-cor-
rosive parts. Itscalibrationisnotimpaired
or affected by anynormal operatinghazards
to which any transformer is subject. The
internal switches should require noreplace-
ment when loaded in accordance with Table
No. 1 on page 2.
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CHECKING CALIBRATION

The following information is furnished to
permit field checking of the relay cali-
bration. The calibration may be checked
with the relay either mounted on the trans-
former tank or in an oil bath, where the
temperature can be controlled. Although the
method is not as rigorous, usually it will be
more desirable to test the relaymountedon
the transformer since this method requires
much less time and equipment. The oil bath
method may be used to check spare relays
without well and heater to verify the heater
coil method of checking the calibration. If a
spare heater and well or protective cover
tube are available, and oil tank of any tem-
perature may be used and the relay tested
as if on the transformer. No provision for
heating the oil is required for the heater coil
method of testing the relay. For either
method of testing, one should take the fol-
lowing steps:

1. Obtain the correctcontact-closingtem-
peratures and the dial positioning directly
from a nameplate mounted on the top of thé
relay case. Bear in mind that a plusér
minus 2°C. tolerance is normally allowed
for the temperature calibration.

2. Reset the maximum indicator needle
before beginning the test.

Checking Relay with Heater and Well"@n a
Transformer. {(Recommended Methodh

The calibration of the relay maybeehecked
at the panel (see Fig. 4) when, the trans-
former is in service and withouf disturbing
the relay unless adjustménts“dre required.

Opening the connection between saturat-
ing current tranmsformer secondary ter-
minals 1 and 2'and’the“heater leads will
isolate each heater coil for test.

NOTE: There is no danger involved in
opening the current circuit onthe secondary
side of the saturating current transformer
(SCT) while the main CT is carrying normal
current{ The open-circuit voltage appearing
on anyapair of output terminals will not ex-
ceed Syvolts,

An“adjustable voltage supply, such as can
be“obtained from a Variac, variable from
approximately 4 to 7 volts at up to 10 am-
peres, and a 10 ampere meter, are required.

The basic theory of the heater cail
method of testing is as follows:

For each style of relay there is a defi-
nite relationship between the bimetal tem-
perature and thedial position at anymoment.
Table No. 2 shows this relationship.

For a relay that does net bear a style
number, check the relay nameplate for the
switch temperature corresponding to'110%
thermal load." Matchthistemperature with
those boxed in Table Ne,, 2/and choose that
style for the refereficeydata. Temperature
settings for individual switthes mayalsobe
obtained from thé%relay nameplate,

Providedythat/the initial temperature of
the bimetal is Below that of switch No. 1, the
operatiofimef all switches can be checked by
raising the,bimetal temperature above that
of the _highest numbered switch and noting
the dial reading as each switch closes. The
heatysource for this rise in temperature is
provided by circulating anabnormal amount
of ‘current through the heater coil.

1. Be sure voltage is supplied to any con-
trol relays and that the tripping circuit is
open to avoid dropping the load. Set fan con-
trol (when supplied) for "automatic'" oper-
ation (AM open).

To establish switch continuity directly
through a switch it is necessary to observe
the switch limitations of Table No, 1. This
means that a low voltage bell ringer should
not be used unless switched through a high
impedance relay. An indicating light type
device is generally recognized as best for
checking circuits through instruments con-
taining switches of similar capacities.

2. Apply test current to the heater coil
using the terminals left vacant by the re-
moval of the SCT leads., To shorten the
testing time fix the current at a value up to
a maximum of 10 amperes and observe the
dial reading at which the relay performs all
the functions in the following sequence. (Shut
off the current immediately after the last
switch closes.)

(1) Starts the fans,

(2) Operates switch No. 2 or starts 2nd
fan bank.

(3) Operates switch No. 3.



Table No. 2 Dial Reading (in Y, thermal load) versus Bimetal Temp. (°C)
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BIMETAL TeMmP,

t°c.)

PERCENT 6220111601
THERMAL
LoaD 622D110G01 6220110602 | 6220110603 | 622D110G04 | 622D 110G05 4[##622D 110606
50 ; ; 49.5 54.5 59 /5 64.5
51 : . 50 55 60 65
52 . : 50.5 55.5 60. 5 65.5
53 : : 51.5 56.5 61.5 66.5
54 . . 52 57 62 67
55 ; 47.5 52.5 57.5 62,8 67.5
56 . 485 53.5 58.5 635 68.5
57 . 49 54 59 64 69
58 : 49.5 54.5 59.5 64.5 69.5
59 . 50.5 55.5 60.5 65.5 70.5
60 46 51 56 61 66 71
61 46.5 51.5 56.5 61’5 66.5 71.5
62 47 52 57 62.5 67.5 72
63 47.5 52.5 58 63 68 73
64 48.5 53.5 58.5 63.5 68.5 73.5
65 49 54 59 64.5 69.5 74
66 49.5 54.5 60 65 70 74.7
67 50.5 55.5 60.5 65.5 71 75.5
68 51.5 56 61.5 66.5 71.5 76
69 52 56.5 62 67 72 77
70 52.5 57.5 62.5 67.5 72.7 77.7
71 53.5 585 63.5 68.5 7305 785
72 545 59 64.5 69 74.5 795
73 55 60 65 70 75 80
74 56 60.5 66 71 76 8t
75 56.5 61.5 67 72 76.5 81.5
76 57.5 62.5 67,5 73 77.5 82.5
77 585 63.5 68.5 73.5 783 83’5
78 59.5 64 69 745 79 8a
79 60 65 70 755 80 85
80 61 66 71 76 81 86
81 62 66.5 72 77 81.5 86.5
82 63 678 72.5 78 82’5 87
83 64 6805 73.5 79 83.5 88
84 64.5 695 74’5 80 84 89
85 65.5 70.5 75.5 81 85 90
86 66.5 71 76.5 81.5 86 91
87 675 %2 77°5 82.5 87 92
88 68.5 73 785 83’5 88 93
89 69 7.4 795 84.5 89 94
90 70 75 80 -85 90 95
a1 71 76 81 86 91 96
92 72 77 82 87 92 97
93 73 78 83 88 93 98
94 74 79 84 89 94 99
95 75 80 85 90 95 100
96 76 81 86 91 96 101
97 12 82 87 92 97 102
98 78 83 88 93 98 103
99 79 84 89 94 99 104
100 80 85 90 95 100 105
101 81 86 91 96 101 106
102 82 87 92 97 102 107
109 83 88 93 98 103 108
104 84 89 94 99 104 109
105 85 90 95 100 108 110
106 86 91 96 101 106 11
107 87 92 97 102 107 12
108 88 93 98 103 108 113
109 89 94 99 104 109 114
1o | || 90 | | 100 | | 105 | [ 1o | [ s ]
YT 91 96 101 106 1 116
12 92 97 102 107 112 17
113 93.5 98.5 103.5 108.5 113 118
114 945 9.5 104.5 1095 114 119
15 95.5 100.5 105.5 110.5 115 120
116 96.5 101.5 106.5 1.5 116 121
117 98 102.5 107.5 112.5 117.5 122.5
118 99 104 109 114 1185 1235
119 100 105 110 115 120 125
120 101 106 11 116 121 126
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(4) Operates switch No. 4 (when used).

3. When the calibration run has been com-
pleted, the observed dial readings should
be compared with the data in Table No. 2.

Example:

Tocheck calibration of relay S#622D110G02,
refer to Table No. 3. Switch No. 1 closes at
65 degrees; Switch No. 2 closes at 70 de-
grees C; Switch No. 3 closes at 95 degrees C,

The observed dial readings during the
heating cycle are as follows: SwitchNo.1--
80%, Switch No. 2--86%, SwitchNo., 3--109%.
From Table No. 2, curve for S#622D110G0O2
indicates that for these dial readings the
corresponding bimetal temperatures are
660C., 719C, and 94°C. These are within a
tolerance of plus or minus 2° ofthe correct
figures and the relay will not require cali-
bration.

Table No. 3 Standard Relay Switch Alignment

* SWITCH OPERATING TEMP. DAL
NAME PLATE {°c.) READING
STYLE AT CLQSE
No. RANGE| RANGE | RANGE | RANGE |0F HIGHEST

60.95|70.105(|80.115]90. 125 SWITCH

No. 1 No. 2| No. 3| No. 4

BROWN|YELLOW! RED
GREEN| BLUE |ORANGE

622D110GO'| 65 70 90 110%
622D110G02| 65 70 95 110%
622D 110G03| 65 70 100 110%
622D110G04| 65 70 105 110%
622D110G0OS | 65 70 110 110%
622D110G06 | 65 70 s 110%

BROWN| GREENp.BLUE RED
GREEN| YELLOW! RED ORANGE

622D0111GO1| 65 70 100 110 110%

RED |BLAck |YELLOW|ORANGE
WH I T@ | BROWN BLuE |GREEN

2610378G0Ot | 65 70 100 110 110%

SEE
SEE RELAY NAMEPLATE RELAY
NAMEPLATE

S5.08 NUMBER

* Tolerance limits iZQC. Temperatures listed
here are bimetal temperatures--not to be con-
fused with hot spot winding temperatures.

4. Measurement of the differential “bes
tween switch closing and opening tempera-
tures is possible by observing the dial
readings coincident with switch opening
while the bimetal is cooling down,from the
above test. Refer to Table No{ 2 again for
the corresponding bimetal%temperature.

Checking Belay In Oil/Bath,, (Alternate
Method).

For checking calibration jof the relay with-
out heater or wellgthe relay maybe mounted
over an oil bath with the bimetal tube point-
ing downwardsgandwith the tubeimmersed
in the oil.

In removingthe relay fromthetank well,
the flexible)cable must first be unplugged
from the Felay case and the relay itselfun-
bolted’from the well flange. Thentheheater
coilfleadsymust be detached from the relay
leads,at the rear of the housingto allow re-
mowval ‘of the heater coil.

To remove the heater, untape the spliced
joints and unsolder the white leads from the
yellow leads. These can later be resoldered
and retaped.

IMPORTANT: The tube mustextendintothe
oil at least 6-1/2 inches, but not more than
8 inches

1. Connect the leads to signal lights so
that the operation of the switches can be
determined. The signal light circuit must
be kept within the capacity limits shown in
Table 1. Refer to Table No. 3 for switch
and wire color code. Do notusea low volt-
age bell ringer unless switched through a
high impedance relay.

2, Provide the oil bath with a source of
heat which can be controlled sothatthe rate
of rise of the oil bath temperature, for
checking the switch operating points, willnot
exceed one-half degree C. per minuteinthe
zones of expected switch operation. For
checking the switch operating points the oil
bath temperature should then be held at the
desired temperature within+ 2or-0°C, The
oil bath should be provided with an adequate
stirrer and the temperature measured at a
point about 3 inches from the lowest end of
the bimetal tube, With this setup the relay
contacts should close within the limits out-

pre—



lined in Table No. 3. Observe the dial read-
ing at close of switch No. 3 in the case of a
3-switch relay; switch No, 4 inthecaseof a
4~-switch relay.

There is a remote possibility that the
oil bath method may indicate the switches
to be closing at the correct temperature but
that the dial positioning is off by more than
2% in one direction. The relay should then
be returned to the factory for repair or re-
placement. While it is not essential to the
automatic protection of the transformer
that the relaydial registers correctly, there
is a goodpossibility of misleadingoperators
who are depending on the dial to show them
the true thermal loading.

SWITCH ADJUSTMENTS
Preparation

Do not make any adjustments to the relay
unless the precautions enumerated inithe
previous paragraphs have been taken. /Ad-
justment of a switch may be fiecessary:

1. If it is indicated by previous tests that
the relay is out of calibration by more than
the normally allowed toleranCces,

2. If it is desirable to change the calibra-
tion from those settings engraved on the
relay nameplate. CAUTION; Before raising
any trip switch setiing aboVe the nameplate
temperature, the faetoryshould be consulted

as this reducesgthe “design margin of pro-
tection,

Provi$ion istmade for adjustment of the
calibration 6f any of the switches atthe back
of the relay cése. See Fig. 10, A cement
seal must first be broken to permit adjust-
ment of the calibrationscrews. Referto Fig.
10 for loeation of screws for each switch.

The relay may be recalibrated in place
onythe tank wall if an offset screwdriver is
available, If such is notavailable, it will be
necessary to unbolt the relay from the well
flange. In some cases it may also be nec-
essary to unplug the flexible cable fromthe
relay case.

Page 11

CALIBRATION
SCREW
(3 ,TOTAL)

REAR VIEW
35 SWITCH RELAY

ALTERNATE
LOCATION
OF sw#3

SO5

Fig. 10 TRO-2 Relay, Location Sketch
for Switch Calibration Screws

CALIBRATION
SCREW

{4 TOTAL)

REAR VIEW
4-SWITCH RELAY

SWITCH RECALIBRATION

The required number of degrees adjustment
of a switch should be divided by the factor
15 to determine the exact part of aturn re-
quired to change the switch closingtemper-
ature. Clockwise rotation of the adjusting
screw increases the temperature at which
the given switch will close. Counterclock-
wise rotation will reduce the temperature.
The switch may be adjustedtoanytempera-
ture in the range shown in Table No.3. See
Fig. 10 for location ofthe correct alignment
screw,

Example:

It is desired to change the setting of
switch No. 2 from its standard operating
point of 700C, to a new operating point of
85°C. The difference of 15° divided by 15
calls for 1 clockwise turn of the adjusting
screw, Insert a screw driver intotheNo. 2
adjustment slot, then give it one full clock-
wise turn,
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The result of changing the calibration
should be verified before placing the relay
back in service. The method to be used is
at the tester's discretion. However, if the
recalibration was performed with relay in
place on tank wall, it is only necessary to
repeat the process by which the original
switch settings were verified.

If an oil bath is available, a simple
method of rechecking is as follows:

Bring the oil bath as quickly as possible
to a temperature at least 2 degrees above
that of the highest switch. Make sure all
relay switches to be tested are still wired
to lamp indicators. Don't begin the test until
the bimetal tube has been cooled below the
opening temperature of the lowest tempera-
ture switch tobetested, Now place the relay
in the hot bath and make a record of the dial
reading at the time each switch closes in the
upward heat sequence, If the relay dial po-
sitioning was originally established as cor#
rect, these new readings may be checked
against the data of Table No. 2 to determaine
the corresponding bimetal temperatures,

For additional information on the use of
these curves, see description under heading
"Checking Relay with Heater and Well on a
Transformer", (Page 8)

COMPONENT PARTS ANDGFITELD
TESTING EQUIPMENT

The following equipmeéntdor aid in the test-
ing, calibration, andrepair/of relay installa~-
tions in the fieldfis available from the Sharon
Works through any Westinghouse Office.

Flexible ConnectoryCable,
2 Foot Length--S#1800 792
5 Foot Length--S#1803 486

Spare Relay Heater--S#1800 790
Spare Tank Well--S#1483 920

Spare Gasket
Between relay and well--S#1484 112
Between well and tank--S#1800 549

Replacement Bezel Kit=--S#455C606GO1

Model TRO-2 relays are received witha
spun-on cover rim that cannot be reused
after removal. It is possible topurchaseat
anytime a bezel replacement kit that will
enable the glass to be replaced andyif nec-
essary, the dial plate removed forginternal
inspection of the relay inthefield. It should
be clearly understood that thelpurchaser of
these kits assumes all rigsk/for possible
malfunction of relays after,the replacement
bezels are installed. % Kit S#455C606GO1
consists of the following cComponents:

Replacement Bezel Mult, 1
Front Glass Disc Mult. 1
RubberyRim Gasket Mult. 1
Clamping‘Lug Mult, 3
BezelmHardware 1 Set

Instructions for removal and replace-
ment of relay bezel are as follows:

1. /With a pair of cutting pliers or a hack-
saw, cut and remove the aluminum spun-on
rim.

2. Remove glass disc,

3. At this point, if inspection of the relay
mechanism is desired do not loosen the
needles but proceed asindicated, Otherwise
skip to Step No. 11.

4, Push red reset button so that red hand
coincides with yellow hand.

5. Remove two screws holding dial plate,

6. Rotate dial plate until keyhole shaped
slot is directly opposite the pointer end of
both needles.

7. Tilt the dial plate so that portion con-
taining the keyhole slot passes above the
yellow needle.

8. Rotate dial plate 1/2 turn until keyhole
slot is directly underneath pointer end of
both needles.

9. With a combination lift and sliding
motion in the direction indicated by the dial
pointer, remove the dial plate completely.
If the needles become bent upward slightly,

Ry



they can be later straightened with the
fingers when the dial plate is reinstalled.

10, When inspection is completed, reset
maximum hand and then reverse the pro-
cedure covered in Steps 5 to 9 until dial
plate is back in position.

11. Lay the replacement bezel backside up
on a flat surface,

12, If glass has been broken or cracked, fit
new glass disc inside the bezel, making sure
rubber rim is in place, Be sureglass sur-
face is clean,

13. Lower the relay case into the bezel
ring and check location of thru-holes around
circumference of the case, Rotate if nec-
essary in order to position one of the holes
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about half way between the air inlet and the
cable plug.

14, Position the clamping rings”such that
they overlap the narrow”flange around the
relay case,

15, Install screws/lockwashers andnuts, 9
total, from front offbezel. Do not tighten
completely until alkscrews are fairly secure,

In case(it Becomes necessary to repair
the instrument itself, contact the nearest
Westinghouse Office. Complete instructions
willzbe ‘given by thedistrict Engineeringand
Service, Division for the return of the instru-
ment to the factory at Sharon, Pa., to have
ityrepaired and placed in first-class con-
dition.
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