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TYPE TRO

THERMAL RELAY
With Thermal Load Indicating Dial

FIG. 1. Front View of TRO Relay.

TYPE TRO THERMAL'! RELAY is used on
power transformers of @l types as a combination
overload protective deviceand thermal load in-
dicator. Its three bimetalkoperated switches are
normally (see Note below) used to control (auto-
matically) air blagt copling equipment, operate a
signal switchiythen@ trip switch, all in the order of
increasing/windihg temperature.

Noted Onftriple-rated power transformers in
which thél TRO Relay controls all auxiliary
cooling equipment, it is customary to use the
second or signal contact for cutting in the
second stage of cooling. In most of these
applications the word ‘‘signal’’ is omitted from

the face of the dial

In addition, a yellow indicating pointer shows
continuously the operating position of the relay
relative to the normal signal and trip points and

NEW INFORMATION

gives a reference readifig expressed in ‘‘percent
thermal load'’. A red resettable maximum indicator
registersthe highestattained position of the indicator
needle since the, last resetting. Fig. 1 shows the
external appearanceyof the dial-equipped relay.

The relayis designed for operation by winding
temperature. It uses a himetal thermal element
which ig'heated in part by the top oil and in part
by a heater coil carrying current proportional to the
load ‘in ‘the main winding. It is_ factory-applied to
each transformer. Proper selection of heater current
and switch operating temperatures causes the relay
to perform its functions at predetermined winding
temperatures.

DESCRIPTION

The internal conmstruction of the TRO relay is
shown in Fig. 2. The thermal element consists of a
spiral bimetal that is held stationary at the inner
end and is fastened to a shaft at the other end. There
are three levers on the shaft that engage the tripping
arms on the three micro-switches in sequence as the
shaft turns. The bimetal and operating shaft are
enclosed in a steel tube mounted on the relay base.

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 winding current. The heating coil may be either
single or three phase.

Each micro-switch is mounted with a spring pres-
sing it against a contact adjusting screw which is
used when making calibration adjustments.

All contacts are automatically self-resetting, but
the signal and trip contacts are made self-sealing by
auxiliary SG relays. For contact duty rating of the
micro-switches and SG relays, see Table No. 1.
Do not use these micro-switches to open a D.C.
circuit and do not apply at greater than 125 volts.

Referring again to Fig. 2, the motion of the bi-
metal shaft is transmitted through a variable-length
torque-arm to a gear drive with an amplification
factor of 71/3 times. The indicator shaft is directly
coupled to the gear drive shaft by a slip coupling,
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FIG. 2. Cross-Section of TROJRelay,Showing Internal Construction.

enabling removal of the relay cover for inspection
or adjustment of the calibration.

Table No. 1 AMPERES MAXIMUM CURRENT AT, 125:VOLTS

OPENING CURR. RTG.

| CONTINUOUS | CLOSING CURR,
| CURR. RATING RATING QY& —= ——
| (aC.ORD.C) | (AC.ORD.C) AcC. D.C.
|
MICRO-SWITCH 3 3 | 3 0
SG RELAY 12 30 | 180 2.4

The bezel or outer assembly shown in Fig. 1 in-
cludes a 514" dial with4ndicating needle, maximum
hand and reset me€hanism. The standard (see
Note, page 1) dial is matked t6 show the signal and
trip points and, sineefthe relay is always designed
for a particular transformer’s thermal characteristics,
the signal point coincides with the 100% index
mark on the thermal load scale. On all dials the
word “trip'‘¢appears at the 110% scale mark, coin-
cidental with‘the highest permissible thermal load-
ing. The maximum hand is resettable by means of a
pushbttofsprojecting out through the bottom of the
dialgbezel. The button is spring-loaded so as to
return, to'its inoperative position when released.

Z

The relay well is mounted on the tank wall and
extends within the transformer (see Fig. 3) in the
hot oil zone. The relay base is bolted to the well
flange so that the relay can be removed without
taking the transformer out of service. The contact
and heater leads are brought from the relay case
through conduit into the connection box where,
to remove the relay, the leads must be disconnected.

Test switches are provided on the control panel
in the control cabinet (see Fig. 3) so that the relay
may be tested while the transformer is in service.

INSTALLATION

In most cases, the relay will be shipped mounted
on the transformer and will be ready for operation.
If for any reason the relay is shipped separately,
the well will be installed so that the relay can be
added in the field without opening the transformer
or breaking the seal. For separate shipping, a blind
flange will be bolted to the well flange and a plug
will be fitted into the upper conduit connection of
the small connection box.
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FIG. 3. TRO Relay Mounted on Transformer Wall{

The relay requires no special attention™at the
time of installation other than a superficial inspec-
tion to assure that there has been no shipping dam-
age. Give the relay the care in handling, due,any
precision instrument. Do not at anystimethandle

the relay by the bimetal protective|tube! ¥ Undue

strain on this part may be sufficient towthrow the
unit out of calibration.

Note: Unless you must,make®relay adjust-
ments or internal inspection, do'not remove dial
assembly from relay case. WWhere necessary
to remove dial assembly Nrefer to section en-
titled “Adjustments’ on) page 8 for proper
procedure.

To Install the Relay¢

1. Remove the blind'flange and connection box
plug.

2. Slip thefheater coil and lagging over the bi-
metal tube'Without removing the relay cover; thread
wires through¥conduit hole in relay base, and
through conduit into the connection box.

3. Make, connections according to wiring dia-
gram.

4.\ Tighten the dresser coupling.

5. Push the mechanical reset knob upward.
Failure of the red hand to line up with the yellow
hand when near or below the lowest scale reading
is not unusual.

Note: When removing the relay withythe
unit in service, first be sure to short-circuit the
current transformer by means of theffest switch-
es provided on the panel.

OPERATION

When the transformer and the relay are first
energized the dial needle will be below the lowest
scale reading. Barring uhusuwally high ambient
temperature conditions,3when the transformer is
loaded at rated kva the.needle will seek a position
still somewhat below the ' 100% scale mark.

As shown in Fig. "4} for continuous overloads
there is a proportionaldifference between the relay
bimetal setting and, the top oil temperature. When
the oil tempefature plus this difference equals the
temperaturefor any contact adjustment setting, the
bimetal willyjhave turned the shaft lever, engaging
the switch drmpand will have closed that particular
microswitch Jcontact. Since the difference (or
gradient)'between bimetal and top oil is in relation
to“the, current, the relay operation is coordinated
withythe actual hot spot winding temperature, In
order to permit hot spot temperatures under various
conditions of loading in line with ASA Recom-
mended Practices for Overloading Transformers,
this bimetal gradient is purposely made less than
the calculated hot spot gradient of the winding.

Refer again to Fig. 4 and the typical thermal re-
lationships existing in a transformer equipped with
thermal overload relay S#1643 238. Each point
on the curves represents the ultimate temperature
that would exist in a typical transformer if the load
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FIG. 5. Typical Connections of TRO Relay.

were camried\continuously. The hot spot tempera-
ture can ‘be “assumed to follow the upper curve
whilefthat'efithe thermal relay bimetal would follow
thegmiddle curve. A temperature of 105 degrees C.
is,generally regarded as the top limit above which

4

continued operation of Class A insulation would
involve some loss of life above normal. When the
hot spot temperature reaches 105 degrees C. under
these conditions, the corresponding relay bimetal
temperature is 90 degrees C. at which point the
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signal switch operates. Any increase in the load
which raises the hot spot winding temperature to
the 115 degree level will raise the relay bimetal
temperature to 100 degrees, at which time the relay
closes another contact that may be used to trip the
unit off the line. The implication here is that any
continuous operation above the 115 degree mark
would involve excessive loss of insulation life.

The temperature limits just mentioned apply only
when held continuous for 24 hours. Much higher
temperatures are permitted for shorter times for an
equal loss of life. The signal switch on a standard
relay is set to close at a bimetal temperature which
indicates that the transformer is just passing into
the zone of moderate loss of life, regardless of the
size and duration of the overload. Such a result is
made possible by placing the signal switch closing
temperature a set amount below the greatest recom-
mended hot spot winding temperature for continuous
operation. This temperature difference then deter-
mines the relation between the bimetal gradient and
the hot spot gradient at the greatest recommended
loading.

Fig. 5 shows a typical connection for this relay
as used with three-phase air blast fan motors. When
the TRO relay is used without fan control, 230 vélts
alternating current must be connected to the,contrgl
transformer primary, MT, when it is supplied, or
115 volts alternating current across 20-2lywhen the
control transformer is not supplied. ‘This diagram
is for a three-phase application using_onef%TRO re-
lay with a three-element heater. Relays can be
supplied with one or three-element ‘heaters. Cur-
rent is supplied to the heater coils from three 5-
ampere secondary current transformers (mounted
in the transformer tank) throughythree small multi-
ratio saturating current fransfermers mounted in the
control cabinet. The saturating'eurrent transformer
limits the current to the’ heater on a short-circuit
and hence retards the heating to give a time delay
characteristic to thesfelay'and allow other protective
devices to operate fifst lon overcurrent.

As the winding temperature increases, the bi-
metal shaft rotates, to close the fan switch and
energizé thefcontactor. The fans will continue to
operate aslong asthe bimetal temperature is greater
than the opening temperature of the fan switch.

The opening temperature is actually about 6 to
12 degree® below the closing temperature. I the
temperature now decreases, the bimetal will re-
verseits motion, allowing the fan switch to cut off
the fans. Thus, the TRO relay will automatically
control the air blast fans from winding temperature.

If, however, the winding temperature continues
to increase, the bimetal element will turn until a

second switch, the signal switch, closes. "It is
optional with the user how the signal switch is
used in the alarm circuit. Fig. 5 shows in dotted
lines a standard scheme used on unit equipment
before the advent of the dial-equipped relay. This
signal switch energizes a signal relay which in turn
energizes a warning light (AL). Theé signal relay
is self-sealing so that the light will not go out until
the reset switch is opened.( The dial indicators on
all standard TRO relays are adjusted at the factory
to read 100% thermaldoead when this signal switch
closes. This indicates to/thetoperator that the trans-
former insulation i§yenterifig the zone of moderate
(under 1% per overload) loss of life and enables
him to better_judge’ the transformer’'s thermal
capabilities. '

If the temperature of the winding further in-
creases glterythe’signal switch closes, the bimetal
element'will continue to turn until the trip switch
closes. %, Clesing the trip switch energizes a trip
relay which also seals itself in. The trip relay closes
Alcontact that may be used to trip the circuit breaker.
It opens a contact available for locking out the
recloser relay. With the breaker open, the bimetal
will cool and reset the micro-switches, but the cir-
cuit breaker will not automatically reclose until the
trip relay is de-energized with the reset switch.

When the final trip is used only as an alarm, the
sealing feature may be cut out by disconnecting the
seal-in contact (151T) of the trip relay. Consult the
wiring diagram supplied with the transformer for
the exact panel equipment supplied.

Coincidental with the closing of the trip contact
the dial indicator on a standard relay will 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
normal loss rate. Any further advance of the pointer
should not be allowed except under extreme cir-
cumstances.

Continuous Overloads. A new concept in
thermal indication, the term ‘‘percent thermal load’’
has a universal meaning under any ambient condi-
tion 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 ambient 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.
Such a condition would result in a dial reading of
1009, coincidental with the closing of the signal
switch on a standard relay.

Every transformer has some reserve capacity
which may be tapped from time to time without

9
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FIG. 6. TRO Relay Coordination Curve for Overloads
Following Full Lioad at an Oil Temperature of 80°C.

undue loss of insulation life. Any overload which
carries the dial needle above the 1009 scale read-
ing is using up some of that reserve capacity 4nd,
if allowed to continue, will shorten transformer life
and possibly endanger an automatic trip-out# For
long and satisfactory transformer life, it is recom-
mended that the transformer be operatéd” at“all
times below 100% thermal load with ‘whatever
margin experience shows to be advisable f6r an-
ticipated rises in ambient. In that region of'the dial
above 80% , a change of one degrée Chin ambient
temperature is virtually equivalent to%ad % change
in thermal load.

Referring again to Fig. 4, “pereent thermal load"’
has been shown in its corfect'relation to ‘'percent
rated load"’ at an ambient tempJof 25 deg. C. The
dial graduations arg'indicated along the right verti-
cal edge to showgthatdhey correspond to ‘‘percent
thermal load'’. While thefcurve is typical, it serves
as a good illustration fof any transformer to which
the load-indicating relay is applied. The term
“thermal load'’ sheuld not be confused with kva
load since rated kva will seldom, if ever, cause the
dial to réad 100%. However, the dial is so cali-
bratedgthat, (for a constant ambient and a steady
load) the needle will show the approximate relation
between) the existing kva and that which would
position the dial needle at the 100% mark.

By using 100% as a reference, the ability of the
transformer to withstand safely a steady overload
can thus be computed from the dial without res6#t
to complicated curves and tables.

Short-Time Overloads. The TRO thermal re=
lay is designed with sufficient time delay to prevent
it from operating ahead of the regular protective
relays under severe overcurrent conditions. The
time delay characteristic is properly e6ordinated
through the relay mass, lagging and the saturating
current transformer, and has been, designed to meet
the recommendations of the AIEE Relay Committee.

The coordination curve shown in Fig. 6 is for
overloads following full load at,an oil temperature
of 80 degree C. The band form of curve is used
because of the wide range'ef normal heater currents,
depending upon the®usual tange of design con-
stants for Class Q&ypower transformers. When
an overload is placed omr the transformer, the relay
contacts will'net closefat a time less than the over-
load duration shown in Fig. 6.

The effectofsuch suddenly-occurring heavy over-
loads onsthe'transformer is graphically depicted on
the dial by the farthest advance of the needle,
showfi by the position of the maximum indicator.
Anséyerload which does not carry the needle above
the 100% point is of little consequence in the life
of thegdnsulation.

The effect of expected load cycles can be pre-
dicted with the aid of the maximum indicator. A
tecord should be kept of maximum readings and
ambient temperature. Knowing the nature of the
load cycle it is possible to estimate the effect of
similar load cycles of any average kva.

MAINTENANCE
No maintenance of the type TRO thermal relay
is required. It is made of non-corrosive parts. Its
calibration is not impaired or affected by any normal
operating hazards to which any transformer is sub-
ject. The micro-switches should require no replace-
ment when loaded in accordance with Table No. 1.

CALIBRATION

The following information is furnished to permit
field checking of the relay calibration. The calibra-
tion may be checked with the relay either mounted
on the transformer tank or in an oil bath, where the
temperature can be controlled. Although the possi-
bility of error is greater, usually it will be more
desirable to test the relay mounted on the trans-
former since this method requires less time and
equipment. The oil bath method may be used to
check spare relays without well and heater or to
verify the electrical method of calibration. If a
spare heater and well are available, an oil tank

R
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may be used and the relay tested as if on the trans-
former. No provision for heating the oil is required
for the electrical method of testing the relay. For
either method of testing, one should take the follow-
ing steps:

1. Obtain contact-closing temperatures directly
from a nameplate mounted on relay or from Table
No. 2 below. A plus or minus 2 degree C. tolerance
is normally allowed for these values.

2. Obtain proper dial readings from Table No. 2.
A tolerance of plus or minus 1% is normally allowed
for these values.

3. Reset the maximum indicator needle before
beginning the test. It is not necessary that the
maximum needle line up with the yellow needle at
the lowest scale readings.

When observing the relay operation note that,
due to the gear amplification and the rapid rate of
temperature rise, a certain jerkiness in the advanc-
ing needle is to be expected and is not evidence of
defective operation. Since all leads from the relay
and heater are brought outside through the base of
the relay, there is no need for opening the relay,
nor is it recommended that the relay be opened
unless it is done in a place where the device can be
treated as an instrument.

Tahle No. 2 STANDARD RELAY CALIBRATIONS

*CLOSING TEMPER-
ATURE DEGREES C. DIAL READING AT
NAMEPLATE OF SWITCHES SWITCH)CLOSING
STYLE NO. 1st 2nd 3rd 2nd 3 ***
(Black) (White) (Red) (White) (Red)
1643 237 70 85 95 100% 110%
1643 238 70 90 100 100% 110%
1643 239 70 95 , 108 100% 110%
1722 160 70 75 €100, [V ..... 110%
S.0O. Number | See Relay Nameplate | **100% 110%

* Temperatures listed arefbimetal temperatures—not to be confused with
hot spot winding températures.

#* If word “"SIGNALY is ondial, make dial check on contact ¥2 and #3.
Otherwise make dial,checkyonly on contact ¥ 3.

#** When specidlly requested by customer, 3rd contact is made to close at
100 %, in which case it bécomes a “'SIGNAL' contact.

Checking Relay with Heater and Well On
A Transformer. The calibration of the relay may
be checked at the panel in the cabinet (see Fig. 3)
when the €transformer is in service and without
disturbing the relay unless adjustments are required.

A knife-switch having short-circuiting jaws (See
Fig. 5.) is provided on the control panel for the
heater element. Opening the knife-switch short-
circuits the saturating current transformer second-
ary and isolates the heater coil. In the case of three-

element heaters, four switches are provided and
so wired that raising all the switch levers connegcts
the three heater coils in series. The same calibra-
tion data can then be used for three-element heaters
as for single-element heaters.

A finely adjustable voltage supply, such as can
be obtained from a Variac, variable from approxi-
mately 3 to 5 volts at up to 10 amperes, a 10 ampere
meter, and a stop watch are(required.

If the transformer is inWservieé and carrying a
load, at least three-quarters of,an hour should be
allowed after opening the test switches to permit
the heater and bimetal toreturn to the same temper--
ature as the oil.
should be allowed ‘between successive tests. This
waiting time is important if satisfactory results are
to be obtained: 3 Use following test procedure.

1. Obsérvethe’temperature of the oil to approxi-
mategthe ‘bimetal tube temperature and determine
the test‘eurrent from the calibration data shown in
Figs. 93,10,»and 11. It is desirable to pre-set the
currenta(heater coil by-passed) so that a minimum
amount, of time will be lost in getting the exact
curtent setting. Continuous adjustment of the
current will be required throughout the test as the
increase in resistance of the heater coil will tend to
reduce the current.

2. Be sure voltage is supplied to all control relays
and that the tripping circuit is open to avoid drop-
ping the load. Set fan control (when supplied) for
“automatic'’ operation (SWA open) and put the
SWB switch in the closed position. Do not put
micro-switches directly in a d-c bell ringer alarm
circuit. See Table No. 1.

3. Apply test current to the terminals designated
on the wiring diagram furnished with the trans-
former. Hold the current constant at the value
corresponding to the observed oil temperature as
obtained from the calibration data and observe the
time at which the relay performs all the functions
in the following sequence. (Record also the dial
reading at time of switch closing.)

(1) Starts the fans.

(2) Operates the signal or starts 2nd fan bank.

(3) Closes the trip contact.

4. When the calibration run has been completed,
the observed closing times should be compared
with the data on the curves in Figs. 9, 10 and 11.
Example:

To check calibration of relay S¥ 1643 237, refer
to Table No. 2. Fan switch closes at 70 degrees;
signal switch closes at 85 degrees C; trip switch
closes at 95 degrees C.

Assume bimetal tube initial temperature is 30
degrees; then the heater will require 8.25 amps.

At least one and one-half hours ...
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FIG.7. TRO Relay with Cover Removed Showing Slotted
Drive Coupling.

Record the time from applying heater current
until switches close and compare with time as shown
in Figs. 10 and 11 for 30 degree C. initial temiper-
ture and 70, 85 and 95 degrees C. switch closing
temperatures.

Time falling above the bands indicates too‘high a
switch closing temperature and below thefbands*oo
low a switch closing temperature.

Checking In Oil Bath. (Alternate,Method).
For checking calibration of the relag without heater
or well, the relay may be mounted,overyan oil bath
with the bimetal tube pointingr dowfiwards, and
with the tube immersed in theloil.

Important: The tube must¥extend into the oil
at least 61/; inches, but not nforé than 8 inches.

Connect the leads“o Ssignal lights so that the
operation of the three switehes can be determined.
The signal light €ircuit should not be over 125 volts,
25 or 60 cycles, and should preferably use 6-watt
lamps. Refer to Table No. 2 for switch and wire
color code.

Provide the oil dath with a source of heat which
can be controlled so that the rate of rise of the oil
bath temiperature, for checking the switch operating
points;, will not exceed one-half degree C. per
minute in the zones of expected switch operation.
For%checking the switch operating points the oil
bath\ temperature should be held at the desired

temperature within plus or minus one degree C.
The oil bath should be provided with an adequate
stirrer and the temperature measured at a p6imt
about 214 inches from the lowest end of the bimetal
tube. The relay should not be subjected to excessive
vibration during this calibration check. With this
setup the relay contacts should close at the temper-
ature outlined in Table No. 2.

Temperature Allowance for DiallRemoval.
Unless absolutely necessary, do net remove the dial
mechanism for this test. If it is;necessary to check
relay calibration with dial mechanism disengaged,
contacts will close anywhere from 2°C to 5°C lower
than shown in Table No. 2:% The exact amount
varies according to the friction of theindividual
unit, and each has beén“individually compensated.
Use minus 3°C as average allowance for friction
(in addition to 2°Cit a® explained under ‘‘Cali-
bration'’).

ADJUSTMENTS.

Do nétemakelany adjustments to the relay unless
the precautions“enumerated in the previous para-
graphs have been taken. Adjustment of the switch
and/or dialw@alibration may be necessary:

1. If\it is indicated by previous tests that the
relay “may be out of calibration by more than the
normally allowed tolerances. (If the calibration is
off according to the heating coil method of test it is
best to double-check this by the more exact oil bath
method before attempting to make any adjustments.)

2. Ifit is desirable to change the calibration from
those settings engraved on the relay nameplate.
(Before raising any signal or trip switch setting
above the nameplate temperature, the factory
should be consulted).

Removing Dial Mechanism. Before making
any relay adjustments it will first be necessary to

DRIVE
CLIP

Fig. 8. Inside of TRO Relay Cover
Showing Dial Drive Clip.
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remove the outer cover assembly (See Figs. 7 and
8). Remove the cover and dial assembly (in one
piece) by removing the six screws holding the
cover to the case. Unless there is a special reason
for doing so, do not at any time remove the dial
bezel from the top cover casting.

Adjusting Switch Calibration With Relay
on Tank Wall. If the amount by which a switch
calibration is to be changed is definitely known and
is no greater than 3 degrees C., the operating
temperature may be adjusted with fair accuracy
with the relay in place on the tank wall.

The closing temperature of the micro switches
can be altered by turning the adjusting screws
shown in Fig. 2. Clockwise turning of the screw
will lower the temperature at which the switch
closes by approximately one degree C for each
one-quarter turn of the screw. Counter-clockwise
rotation of the screw will raise the closing temper-
ature. Always seal the micro switch adjusting
screws with red lead cement or the equivalent.
For changes of magnitude greater than 3 degrees
or where the required amount of change is un-
known, the relay should be removed from the tank
well and calibrated by the ‘‘separate oil bath
method explained below.

If changesare made in the signal and trip sWwitches,
the dial needle will likely require adjustiment.

Dial Adjustment. If the dial needle reads out
of the desired tolerance at the moment of, switch
closing it can be adjusted by turning the Allen-
head screw in the gear drive mechanism (See Fig.
2). For this adjustment a /e in. Allen“Wrench is
required. In general, a 1 turn of this screw in a
clockwise direction will advanceythe™eedle 1% in
a like direction. Conversely4a l/g tutn in a counter-
clockwise direction will make the needle read 1%
lower.

Adjusting Calibration by Separate Oil Bath.
(Alternate Method)y, Thé most accurate method
of adjusting the switclcalibration is outlined below
where a separate, oil'bath is available and the pre-
cautions ligted under ‘''Checking in Oil Bath" are
observed{. Prdceed,as follows:

1. Set the'oil bath for the calibration temperature
of lowest temperature switch to be adjusted (minus
the allowance of 3°C. See page 8).

2. Befor® placing the relay in the bath, turn the
adjusting screw for the micro-switch one full turn
or'more in a counterclockwise direction to prevent
premature tripping. Do this for every switch which
is to be adjusted.

3. Place the relay in the bath after first removing
the heater coil and connect switch leads as per

instructions outlined on page 8 in pafagraph
entitled “"Checking in Oil Bath".

4, When the bath has been at the desired cali-
bration temperature for at least 15 minutes, the
bimetal can be assumed to be at virtually the same
temperature. If a switch trips prematurely, the
relay should be removed from the bath‘d@nd allowed
to cool in air until the switch®@pens. After giving
the micro-switch adjusting scxéw @nother full turn
counterclockwise, place theyrela¥ back in the bath
and wait 10 minutes beforg,step 5.

5. Now turn the micfo-switch adjusting screw
slowly in a clockwise, difection until the micro-
switch closes.

(The range (ofythewadjusting screw may be in-
sufficient to 4causeWthe switch to operate at the
desired temperature. In this case the arm on the
operating/ shafty should be bent in the required
direétion.  The/bend should be made at the junction
of the'armyand boss and should be done after first
grippingjthe boss with a pair of pliers or other suit-
ableytool.” Care should be taken to avoid bending
the bimetal shaft. Final adjustments are to be made
with®the screw.)

6. Set the oil bath for the next higher calibration
level minus the 3°C. allowance and repeat steps
4 and 5.

7. When the last switch has been calibrated,
seal all Micro-Switch adjusting screws with red
lead cement or the equivalent, in preparation for
replacing the dial mechanism.

Replacing the Dial Mechanism.

1. If the relay is still at or near the temperature
used in calibrating the highest temperature switch,
pick up the relay cover assembly and with the
fingers manipulate the dial drive clip until the
yellow needle reads 110%. If you are attempt-
ing to assemble the relay at some other tem-
perature, a rough approximation of the proper
shaft alignment will be obtained by setting the dial
needle to read a percent equal to the estimated
bimetal temperature plus 10. Leave maximum
indicator needle at its highest setting.

If the cover is properly positioned over the relay
chassis, the dial actuator clip should be lined up
with the slotted drive coupling projecting through
the brass relay mounting plate. Make a visual
check of this, and if necessary, move the drive clip
to get as nearly exact alignment as possible before
seating the cover flange. Fasten cover in place
with at least two screws at opposite corners. Next
reset the maximum indicator to assure that proper
dial engagement has been made. If the indicator
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FIG. 9. TRO Relay Calibration Curve Showing Switch Closing Temperatures from 50 to 65 Degrees C.
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will not reset it means the coupling is not positively
made. Several trials may be necessary to get proper
engagement.

2. Remove the relay from the hot bath and allow
bimetal to cool in air. Watch for any tendency of
the yellow needle to stick in one position during
this cooling period. It will be a further sign of
improper assembly.

Rechecking Calibration and Final Dial
Adjustment.

1. Because there is some doubt as to the exact
negative allowance required for switch calibrations
with the cover removed (See page 8) a recheck
should be made of the switch calibrations now that
the cover is in place. Use method outlined under
“Checking in Oil Bath' on page 8. If such a test
should show that a negative allowance greater than
5°C. is required due to removal of the cover, the
relay should be returned to Westinghouse for repair
or replacement.

2. If desired, the dial readings can with proper
care be adjusted to within plus or minus 1% of the
readings listed in Table 2. If it reads out of this
tolerance, remove the cover once more and turm
the Allen-head screw in the gear drive mechanism,
remembering that for every 1/g turn, the pointer will
move 1% in a like direction. (Example: Needlé

SHARON PLANT o

reads 112%—should read 110%. Tum screw lj
turn counterclockwise with Allen wrench. A l{;-
in. Allen wrench will be required.) For adjustménts
outside the range of this Allen-head screw, the relay
should be referred to the manufacturer for proper
adjustment procedure.

Any dials which need adjusting should be given
a repeat check to verify that the adjustment has
brought it within the desired tolerances To do this
first allow relay to cool in air. Befere méking this
final check, be sure that all switch leads are still
wired to the test board. After the needle has re-
turned to about 60% scale readingg#place the relay
in the hot bath and reset the maximum hand
Note carefully the dial readinggat the moment each
switch closes on its way back up to the top of the
scale. If the dial should ‘“‘jump'’ through a small
interval at the momenta switch closes, take as your
reading the sidpoint of that range.

3. Complete agsembly of cover to case.

RENEWAL PARTS

In case it bécomes necessary to repair the instru-
ment, (contagt the nearest Westinghouse Office.
Complete instructions will be given by the district
Edgineering 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
TRANSFORMER DIVISION o

SHARON, PA.

Printed in U.S.A.
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