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INSTRUCTIONS

CAUTION
Before putting linstrumentp Into ser-
vice, remove all blocking which may have been

Inserted for the purpose of securing the parts
during shipment.

GENERAL

Remote-1ndicating apparatus of the
current-balance type 1s used for the totaliza-
tion or remote transmission of readings of volt-
age, current, power, water level, position, etc.
The transmitters themselves consist of two
measurlng elements mechanically connected in op-
position. One element 18 adapted to measure
the quantity to be transmitted while the other
18 a permanent-magnet moving-coll element adapt-=
ed to measure direct currents of the orden of
20 milliamperes. In the upper part of the, case
1s a motor-operated rheostat, which isdcontrol-=
led by contacts on the meter elemént. /This
rheostat controls the current which passes
through the rheostat 1tself, the d-e€. element,
the transmission line, the remote 1ndIleéatoryand
returns to the source as 1s shown s€hematically
in Fig. 1.

Normally, a balanced 6ndition exists
between the forces exerted by the§) d'Arsonval
element and the measurling? element., When this
balanced condition exists, “the eontacts 1n the
motor circult are open and a eenstant current,
which 1s taken from the ‘Ssupply source, passes
through the recelving “¢lrcult. The schematic
dlagram, shown in Filg. 1, Indicates that 1n case
the measured quantity increases 1t will, by

Heivin Bafance Movernent For A-C.Circuit
[ Jd

exerting additional, force, disturb the balance
and close the“eontact which causes the motor to
move the rheostatdto a position where an 1in-
creased cuprent, wlll flow and re-establish the
balanced céndition, and then the contact 1s open-
ed. A decrease 1n the measured quantity will
cause afslmilar operation in the opposite direc-
tion.

INSTRUGTIONS FOR INSTALLATION

Unpack according to the directions
glven“on the label attached to the packing case,
andypreserve the packling case for future use,
whenever 1t may be necessary to store or reship
theé instrument.

: Familiarize yourself with the contents
of this instruction book. Mount the instrument
on the switchboard or other support.

Take care when tightening the mounting
stud nuts not to tighten them so tight that the
base 18 warped, as that will throw the 1nstru-
ment out of alighment. THE NUTS ON THE TERMINAL
STUDS SHOULD NOT BE TIGHTENED AGAINST THE PANEL.
(The mounting studs are sufficient to support the
meter).

Connect up according to the dlagram,
Figs. 4, 5, 6, 7 or 8.

With no power on the meter element ap-
ply control voltage to terminals 1 and 2. Volt-
age can also be applied to terminals 3 and 4,
but terminal 5 should not be connected. In this
condition, there are no electrical forces on' the
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. Filgure 1
Connection Diagram of One Transmitter to Recelvers Connected 1n Seriles.
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element. Operate the contacts by hand to see
that the motor runs properly. Release the move-
ment; both contacts should open and the motor
idle. If this does not occur, the movement 1s
out of mechanical balance, and the zero adjust-
ment E can be used to correct this condition.*
Place trolley contact wheel in the middle of the
rheostat coll and complete the connections. The
transmitter 1s now 1n operating order, 1if proper
polarity 1s on the direct current supply and the
meter element torque 1s in the proper direction.
Reversal of direct current polarity will cause
the rheostat to move to the maximum current po-
sition at the extreme right. Improper meter
element polarity, which can occur only on direct-
current and wattmeter transmitters, w1ll cause
the rheostat to move to the 1left agalnst the
1imit switch. If both are reversed, the opera-
tlon will be unstable and the rheostat will stop
at one end 'or the other of 1its travel. Care
should be taken to ellmlnate such troubles by
checking out connectlons as damage may result.
If i1t 18 desired to 1install swltches to cut out
a transmitter operating 1n parallel with others
when 1ts circult 1s out of use, a three-pole
switch connected in leads 1, 3, and 5 1s requir-
ed. If single-pole switches are used, they
should be opened 1in the order 1, 5, 3. A double
pole switch 1In 1leads 1 and 5 will also do the
work but will leave the rheostat across the d-c
supply. It 1s not necessary to disconnect the
meter element as the transmitter will not be
damaged by operation without direct current on
the rheostat.

POWER REQUIREMENTS

The tables glven below glive the power
requirements of the motor and rheostat circuilts
for varlous voltages and the burdens of alter-
natling-current 1Instruments on the 1nstrument
transformers. Direct-current ammeters operateé
from shunts having a drop of 50 millivolts or
higher. Direct-current voltage transmltters®of
the polarized type have a resistance of 50 ohms
per volt. For most direct-current work, the
alternating-current voltage transmitter 1s Msed
as the square law of deflectlon gives 1t the ad-

*IMPORTANT

Note that the zero adjustment referred
to on pages 2 and 5 applles only to the cases
where the telemeter line current is“zero at zero
measured load. Where a basegvalue ‘such as §
milliamperes 1s used, the zero callbration in-
cludes this value, which must exlst when reset-
ting the zero adjuster to the eorrect position.

A portable milliammete¥ connected at
the sending and betw€en the transmitter and the
line will be foumd vexry comvenlent for making

vantage of wider scale divisions and better
sensitivity above half of the full scale value.

DESCRIPTION OF APPARATUS

The Transmitter--The essentlals ofigthe
current-balance type of transmitter are emobdled
in the transmitting meter as shown 1in Fig. 2.
The colls A-A constltute a Kelvlin balance type
element which develops torque on the meter
element proportional to the a-c. quantity. B 1s
a permanent magnet, and wilth 1ts associtated
colls forms a direct-current element for measur-
Ing the transmitted telemeter 1lin€ current. Its
torque 1s proportional to the, cubPrent transmit-
ter and balances the torque of, the,__&-c meter
element A-A. This 1s the norma&l condition of
the measuring element. If £'edther® part of the
element has a higher torque thanhthe other, the
measuring element turns and [ closes one or the
other of the contacts C, whichwCauses the motor
M to adjust the rheostat R, 80 that the current
in element B 1s corrected to balance the torque
of the element A-A. The“@irect-current trans-
mitter 1s proportion&l ™t the a-c quanity and
a direct-current recelving meter may have 1ts
dial graduated ageordingly and may be placed in
the clrcult whergverieonvenient.

The ‘rheostat R 1s of speclal design to

give a large number of steps in a small space to.

permlt cdose acecuracy. It has about 3500 steps.
A resistancey,wire 1s wound helically around an
Insulaging“eore which in turn 1s wound around an
Insulating drum. The two ends of the wilnding
are bnought, out to slip-rings and connect to the
sourcé of d-¢ voltage used. ZEach slip-ring has
four brushes 1n multiple to 1Insure positive con-
tact at all times. Contact 1s made to the wire
through wa trolley arm plvoted on a post at the
bottom/of the base. A V-groove wheel 1s used to
provide two point contact at all times. Contact
1s made to the wheel by means of a spring bear-
Ing on the end of the wheel hub. Limit swiltches
L-L are operated by a block on the trolley arm
to prevent the operation of the rheostat beyond
1ts 1imits - when overloads or line trouble may
prevent a balance being obtained. The operating
motor M 1s connected to the rheostat by a single
spur gear reductlon, and uses a pecullar control
circult to provide rapid starting and dynamic
braking, thereby permitting faster operation.

. The measurlng element 1s constructed
with a rigid frame carrylng the colls of the
meter element and the small coll of the direct
current balance element. The movement 1s pivot-
ed on hardened and polished alloy "jewels" which
are readlly replaceable in the event of belng
damaged. The current 1s brought 1nto the
element through flexlble leads. A spring S with
a micrometer adjustment E 1s provided to set the
transmitter 1n the position of zero or mechanlcal
balance, so that the only forces actling on the

and testing adjustmentsf{in the field. element are the electrical forces. The 1inner
Corrent Circinr Vorrace Cikeurr
25 Cycles 60 Cycles 25-60 Cycles
VA W RVA . Pr VA W RVA P VA W RVA PR
o 108 1 1038 0 100
Transmitting Wattmeter 4.32 4.12 1.26 95.5 5.37 4.12 3.12 117 7.5 ! 7.5 0 100
TransmittinggAmmetcr 3.78 3.66 .94 96.8 3. 87 3.3 2.03 85.3 A Lo .. R
Transmitting Voltmeter 105 | 10.5 | 99 +
Control Circuit VA w RVA PF
110 Volts, 60 Cycles 35.4 32 15 90.4
110'Volts, 25 Cycles 35.4 339 10 96.0 Rheostat Cireuit requires approximately 120 milliamperes
110 Volts, D-C. e 35 . R at 110 or 220 volts and 60 milliamperes at 48 volts.
250 Volts, D-C. e 45 N
48 Volts, D-C. R 28

ey
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Figure 2
Transmitting Voltmeter.

pole of the permanent magnet carries a magnetic
shunt D which permits adjustment of the
balancing forces by varying the permanent
magentic flux in which the coll operates.

The direct-current transmitters gare
similar to the alternating-current types 8shown
in Fig. 2 except that the measuring elemént ‘con-
sists of two elements of the same fype |as the
balancing element mounted at the opposite ends
of a balance arm.

Totalizing wattmeters are equipped
with the device shown 1in Fig. &.5, The) motor-
operated rheostat 1s the samelasi that in the
single transmitter Fig. 2 and Vig operated by
contacts on the transmitting™ elemént mounted
vertically alongside the lower thré&e elements of
the totalizing meter. The ,twoy forces acting on
this element are the meghanical force of a
spring which 1s connected to, the recording
mechanism of the méter “Jand the torque of the
balance coils which dependspon the transmitted
current. The tension, offjthe spring is propor-
tional to the load shown eon the chart, which re-
sults 1in the current transmitted beling propor-
tional to the load. ‘ThegcConnections between the
two parts of tHe fransmitter are only the con-
necting wires. [ \WhHat)ids actually transmitted is
the position™of the _pen on the chart.

They receiving instruments are stand-
ard diréect-current milliammeters calibrated to
read in “the vdlues of the load, voltage, posi-
tion or whatevér quantity 1s to be transmitted.
Either 1indicating or recording instruments may
be used and as many as desired may be connected
in series.

ADJUSTMENTS TO SUIT SERVICE CONDITIONS

In order to Dbetter meet the varying
needs of different kinds of service, the follow-
ing ad justments are possible:

(a) Motor control resistance.

The motor resistance to a certaln ex-
tent governs the speed of the motor but 1s to be
used malnly to correct for differences in con-
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trol circuit voltage. If faster responge 1, de-
sired, the resistance may be reducedyand this
will cut down the travel and the time required
to change a definite amount as the speedyis’fix-
ed. Too low a resistance will cause hunting to
take place, and 1n general a _speed of six
seconds for full scale travel isfabout the fast-
est that 1s obtainable.

(b) Working resistance of output cir-
cuit, which 1includes the line and the resistor
in series with terminal 5.

The output resistance (of the teleme-
ter line circuit) shofildgbe high enough so that
the full scale réangewof Jthe meter will cover
about 80% of the rhedstatytravel.

Line Re§lstor Unit--In figures 7, 8,
9, 10, 11, and 12, fthe” external resistor con-
nected to terminal No. 5 1s used 1in cases where
the resistance ofjthe telemeter loop through the
recelving ingtruments 1s less than normal which
would otherwlse /cause the internal rheostat to
operate withdn two narrow a zone.

‘Rheostat --The rheostat has a re-
sistan€en of» 1200 ohms for full length. The
operating length from O to full scale of the re-
celver ([depends upon the applied voltage and the
loopy resifistance of the line. Where full scale
isWtoopshort on the rheostat, the additional
line) resistor, as above, 1s added to terminal
No“ 5.

The required value of this resistor
(®) may be calculated as follows:

R=2/3xE/I -L

Where E = applied battery voltage
I = full scale telemeter current
L = loop resistance

Where the result is "minus", no extra
reslstance 1is required.

Contact Spacing--The spacing of the
contacts affects the sensitivity or the amount
of change required to cause an operation of the
rheostat to readjust the current. The usual
spacing is about .008" total for both gaps. The
further apart the contacts are set, the greater
the possible error and the less the sensitivity.
The sensitivity can be varied from about 1/4% to
2%. However, 1/2 to 1% is recommended as a good
working figure. The greater the sensitivity,
the greater the maintenance required as the ap-
paratus operates more frequently. The question
of how many of the minor load variations to be
transmitted must be determined for each instal-
lation by 1local requirements, bearing in mind
the amount of attention one 1is willlng to give
the apparatus.

Telemeter Current Value--This is
generally .020 amp. for full scale. In super-
visory control, 1t 1is necessary to start with a
base value of 5 m.a. = 0 load. Thus generally
we obtain .005 + .020 = .025 amp. for full
scale. To establish this value at O load, a re-
sistor is placed within the telemeter between
the rheostat and terminal No. 4, Figs. 14. 15,
16, 17. This resistance is calculated as

follows:

Entire rheostat = 1200 ohms
1200 x .005/.025 = 240 ohms

Control Battery Voltage--This should
be sufficlent at all times to give the full
scale telemeter amperes, through the total loop
resistance.

Center Zero Calibration--Where power
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Figure 3
Totallzing Wattmeter and Tramsmitter.

may flow in eitherdireétion,” zero center cali-
bration of the trdnsmi#ter 4&s secured by use of
a center-tap resistory as gshown in diagram, Fig.

7.

Receiving  Instruments --Instructions
for 1installation and care of receiving instru-
ments are the, same as those normally furnished
with the particeular type of instruments used.

THE TELEMETER), LTNE CIRCUITS

Probably more than any other single
cause,fngthey, circuit affects the accuracy and
operation 6f the equipment. It is, briefly, the
variabile,y uncertain factor; and is the thing
thatjdistinguishes one 1installation from the
otthere, The quality of a line for use with the
current balance type of equipment can be deter-
mined by measuring the resistance of the line at

the sending end with the receiving end open and
then repeating with the line shorted at the re-

ceiving end. The ratio of these two values
should exceed 100 and the open circuit re-
sistance should exceed 5000 ohms also for best

results. Passable results can be obtahed with
values of the resistance ratio as low as 30,4but
this is not recommended. The above applies to
lines having good insulation from ground or with
the remote 1ndicating apparatus supplied by an
insulated source of direct current. Open wire
lines should be measured in wet and dry weather
as the decrease .of resistance due to leadkage
over the wet 1insulators may be gensiderable.
The worst transmission wusually foccurs in a
period of wet weather followingpa Teng period of
dry weather, when 1insulators are coated with a
mixture of dust and water. Lines“dn cables are
greatly to be preferred duefto thelr freedom,
from weather troubles. It is pdssible to trans-
mit from <0 to 30 miles im gaood/cable. It is
not usually desirable to womk through a circuit
of a loop resistance of 4000 6hms or higher as
the lecakage over the sending end terminal con-
nections will Dbecomega@nfappreciable part of the
current transmitted gunless), great care and good
maintenance are used: Next 1n importance to
having 1lines with9goo@® enough electrical con-
stants i1s to have proper protection against line
disturbancssd

PROTECTION OF TINES AND APPARATUS

Remote; ) indicating apparatus 1s sub-
jected Bop disturbances arising in the circuit
being pea@sured and also in the circuit used for

transmittingythe indications. The first condi-
tion "1Is, the least troublesome as the protective
equipmenty, on the circuit measured serves to
1indt /€he extent of such trouble.

Disturbances coming in on the line used
filor transmission may be several times any possi-
Ple strength that may be built into the instru-
m=nt so that additional apparatus may be needed
to, keep such disturbances from reaching the
transmitting apparatus and in some cases the re-
ceiving apparatus.*

MAINTENANCE AND INSPECTION

The amount of maintenance required de-
pends upon local conditions to a very great ex-
tent and the following is only 1intended as a

suggestion to follow until experisnce indicates
that more or 1less attention will be required.
For this reason, conslderable material is in-

cluded 1in the book which may not be required in
any given installation. The following 1s sug-
gested as an installation check up at periods of
two weeks:

(a) Clean contacts by passing a sheet of
paper between them.

(b) Move the rhecostat drum by hand and see
that the contacts operate to restore
it to the former position within
limits of about one inch around the
circumference. When the contacts
close, the motor will jerk the drum a
short distance which will be felt by
the hand moving the drum.

(c) Close the contacts by hand and operate

the drum through at least a complete
revolution in each direction.

*For further details on Telemeter Line Circuits

and their protection see Telemetering Supervisory

Control and Associated Circuits", the Oct. 1941
report of the A.I.E.E. joint Committees on Auto-

matic Stations and Instruments and Measurements.
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Figure 4
Transmitting A-C Ammeter Diagram.

The following should receive attention
about every six months.

(d) Replace used grease in the grease cups
on the motor and the rheostat shafts
and wipe off any excess that may be on
the outside of the bearings.

(e) Remove contact pulley from theémsheok
stat arm and thoroughly clean the arm
and the pulley and re-assemble with a
small amount of vaseline for “lubrica-
tion. Also inspect the slipyprings and
give them similar attention “&f “they
control motor. See segfion on this
subject.

(g) Check up the alignmenf™andisfloothness
of the contact points{and 9f necessary

smooth them up and reset them. Ordi-
narlily one or tye Gyears service can
easily be obtained beflere this oper-

ation will bejneeded. Also check the
condition of the wire resistance coil
rheostat and _df "3t 4ls badly worn, re-
place it, a® a break in the coil will
put the instrument out of service.
The drum may “§bedremoved for this pur-
pose by gemoving the four nuts from
the Jbearing 'pedestals and pulling the
drumtand“bearings straight out. The
drifve gear and the drum end are re-
movedy andl, the coil changed, the new
coil"is anchored the same as the old
oné. The resistance cannot readily be
soldenéd so it 1s recommended that
good“mechanical joints be made and
that the joints be covered with solder
to prevent loosening and corrosion.
Gare should be taken- to keep the
joints away from the drum ends when
assembling to prevent short circuits
and grounds.

CARE 'OF THE MOTOR

Since the motor is a very vital part
of the mechanism, it is worthy of special atten-
tion. The control motor used is of the uni-
versal type and may be operated on either alter-
nating or direct current provided that the
proper resistors are used. A bridge network of
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Shunt
ook *
Rear
View
+-] 543 2%
7999 99%3
[Xtema{ resistorNy, Motor Control
used with lings ‘ .

of Jow resistange :7’0 0-C.Source

7o Remote Instrament _ *

Figure
Transmitting D-C Ammeter Diagram.

flour resistors 1s used which, .when the contacts
are open, serves the double purpose of a dynamic
brake resistance and a field resistance in order
to insure quick stopping and prevent over-
travel. When the contacts close, the bridge 1is
unbalanced and an armature current flows and
the motor revolves at a constant speed due to
the action of the resistor across the armature.

The grease cups should require refill-
ing about every six to eight months in usual
service. The commutator should be cleaned about
every six months 1n severe service. In many
cases annual attention may be sufficient. The
brushes should be watched from time to time and
when worn down to about 1/4 inch, should be re-
placed. The direction of the motor may be re-
versed by transposing the field or top pair of
leads or else the armature or bottom pair of
leads. Three different windings are used for
voltages of the order 50, 110, and 220.

CALIBRATION AND ADJUSTMENT

fwo 1independent adjustments are pro-
vided by means of which the instrument may be
readjusted 1if required. The Zero Adjustment is
a small spring on the measuring element with a
fine screw adjustment to facilitate its use. To
make this adjustment, all electrical forces must
be removed from the measuring element by remov-
ing voltage or load from the element and discon-
necting the wire 1leading to terminal 5. The
adjustment is made Dby turning the screw in the
proper direction until the motion of the rheo-
stat ceases when the contact roller is in the
middle.* The mechanical forces are to be
balanced with all electrical forces off. It may
happen when a meter has been repaired, that this
condition cannot be reached in the range of ad-
justment provided; then it will be necessary to
shift the position of the outer end of the
spring to obtailn a balancde. Be sure that the
turns of the spring do not drag on each other.
The strength of the spring 1s of little 1im-
portance, the tension 1s the important thing.
Caution--Be sure that the contact roller is
somewhere near the center of the rheostat coil
before reconnecting terminal 5, to avoid damag-
ing instrument by excessive current.

The Other Adjustment is a load adjust-
ment and 1s made with some load on the instru-

-  *3ee footnote on page 2.
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B &

gram used for single.

Receivers

Figure 6
Two Transmitting Wattmeters Operated 1n Parallel. ,LeftiZero Connections for Totallzing
Two-3 Phase 3 Wire Cilrcults. For Single Transmitte®, usejthlis Diagram Omitting one of

the Transmitters shown.

ment. The more load that 1s used, the greater
the accuracy wilth which this adjustment may be
made. The adjustment 1s a magnetic shunt which

changes the strength of the direct current
balance coll by varying the magnetic field in
which 1t works. The magnetic shunt 1s located
on the pole pleces of the permanent magnet and
1s secured by a lock nut. Turning the shunt te
the right 1ncreases the transmitted current.
The range of adjustment 1s about 15% total. #Tn-
struments are shipped with the adjustment set
near the upper current 1imit so that recalifbra-
tion willl Dbe possible after any accident ‘or
damage which might result in weakening of ‘the
magnet. CAUTION -- BE SURE THAT ©LOCK'NUT /(IS
PROPERLY TIGHTENED AFTER THIS ADJUSTMENT TO IN-
SURE ITS PERMANENCY.

The 1law relating the current trans-
mitted to the quantity measured¢?s fIxed and de-
termines the scale distributilion of the receilving
Instruments. On wattmeters they current 1s pro-
portional to the power. Thepsame 1s also true
of direct current ammeters and (voltmeters where
the current 1s also preportdonal to the current
or voltage. Alternating-curPent ammeters and
voltmeters transmitdd-c. current proportional to
the square of the a-c.urrent or voltage.

The sensitlvityfof the transmitter may
be improved by setting the contacts on the
measuring element closer in some certaln cases.
A spacing of about 1/4% of the full scale cur-
rent, 1n most cases dmay result in hunting due to
changes in control voltage. The more reasonable
value of 1/2%is a better operating proposition.
This value means a contact spacing of about .01
inch (.25 MM) total for both gaps. Care should
be takefh toWysee that the contacts are set so
that they,do not in any position of the movement
short{edrcult the stationary contacts. Such a
condltlon will cause an erratic fallure in oper-
atdon®

TODISMANTLE THE INSTRUMENT

In case 1t should ever become neces-
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sary tojdlsmantle the 1nstrument, for overhand
orfrepalrs the followlng procedure should be
followedx

_Meter Element--Remove the magnetic
shunt after noting 1its positlion and the number
of turns required to tighten 1t down, so that it
may be replaced 1n the proper place when instru-
ment 1s re-assembled. Remove the screws hold-
1ng down the ends of the flexlible conducting
leads. Remove the cap nuts and washers holding
the statilonary coills 1n place and pull off the
top statlonary colls, bending the leads down out
of the way. Remove the slotted cap nut on the
upper bearing screw holding the zero-adjusting
screw 1n place. Loosen the lower bearing screw,
and the movement may be 1lifted out by sliding
the direct current coll off the pole pilece and
turning the movement around its 1longer axis.
When re-assembling follow the reverse procedure
and take care not to tighten up too hard on the
bearing screws as that will damage the pivots.
The screws should never be tightened up on the
pilvots but some small clearance should always
exlst.

Rheostat--The rheostat arm may be re-
moved by turning the mountlng post to the left
which will thread 1t off 1ts mounting stud and
on the arm. When replacing the rheostat arm,
the proper tension should be present. It should
not be so light that the friction of the contact
wheel on the resistance spiral will not turn the
wheel or so heavy that the motor will not start
the drum when the wheel 1s placed on the drum at
the start of the spiral. Adjustment of the ten-
sion 1s made by bendlng the arm taking care not
to put too much strain on the mounting post.
The method to use 1n dismantling the rest of the
instrument 1s obvious from the construction.

RENEWAL PARTS

Repalr work can be done most satisfac-
torily at the factory. However, interchangeable
parts can be furnlished to the customers who are
equlpped for doling repalr work. When ordering
parts, always give the complete nameplate data.
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TYPE S TRANSMITTER

FOR

CURRENT BALANCE TELEMETER

INSTRUCTIONS

CAUTION

Before putting instruments into ser-
vice, remove all blocking which may have been
inserted for the purpose of securing the parts
during shipment.

GENERAL

Remote-indicating apparatus of the
current -balance type 1s used for the totaliza-
tion or remote transmission of readings of volt-
age, current, power, water level, position, etc.
The transmitters themselves consist of two
measuring elements mechanically connected in op-
position. One. element 1is adapted to measuse
the quantity to be transmitted while the other
is a permanent-magnet moving-coll element adapté&
ed to measure direct currents of theorder of
20 milliamperes. In the upper part of thel case
is a motor-operated rheostat, which if§, control-
led'by contacts on the meter elementl. This
rheostat controls the current which passes
through the rheostat itself, the d-c.“element,
the transmission line, the remote @dndicator and
returns to the source as is shown|schematically
in Fig. 1.

Normally, a balamced condition exists
between the forces exertedybyathe d'Arsonval
element and the measuringg element. When this
balanced condition exists4 \ the“eontacts in the
motor circuit are opemp@ndia constant current,
which 1s taken from theysupply source, passes
through the receivinggieirecudt. The schematic
diagram, shown in FigL 1, d€ndicates that in case
the measured quantity ingreases it will, by

- exerting additd®enal force, disturb the balance
and close ghey contact which causes the motor to
move the gjirheostat to a position where an in-
creased current will flow and re-establish the
balanced™eonddtion, and then the contact 1is
opened 4 A decrease 1in the measured quantity
widl cause /a similar operation 1in the opposite
directiony

INSTRUCTIONS FOR INSTALLATION

Unpack according to the directions
givenr on the label attached to the packing case,
andypreserve the packing case for future use,
whenever it may be necessary to store or reship
the instrument.

Familiarize yourself with the contents
of this instruction book. Mount the instrument
on the switchboard or other support.

Take care when tightening the mounting
stud nuts not to tighten them so tight that the
base 1s warped, as that will throw the instru-
ment out of alignment. THE NUTS ON THE TERMINAL
STUDS SHOULD NOT BE TIGHTENED AGAINST THE PANEL.
(The mounting studs are sufficient to support
the meter).

Connect according to the diagram, Figs.
4, 5, 6, 7 or 8

With no power on the meter element ap-
ply control voltage to terminals 1 and 2. Volt-
age can also be applied to terminals 3 and %,
but terminal 5 should not be connected. In this
condition, there are no electrical forces on the

Nelvin Batance Moverment for A-C.Cireuit
N [ } C ] ;?ﬂﬁﬂzgzgﬁﬂﬂ#
 — g Vrect
“Atf: ( 1) ’ . C ] et Current Elernent
Control
Molor Rheostat
PV
L 3
Line Syl
Control Source

Figure 1

Connection Diagram of One Transmitter to Receivers Connected in Series.
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element. Operate the contacts by hand to see
that the motor runs properly. Release the move-
Tment; both contacts should open and the motor
id1le. If thlis does not occur, the movement is
out of mechanical Dbalance, and the zero adjust-
ment E can be used to correct this condition.*
Place trolley contact wheel in the middle of the
rheostat coll and complete the connections. The
transmitter 1is now in operating order, if proper
polarity is on the direct current supply and the
meter element torque 1is in the correct direc-
tion. Reversal of direct current polarity will
cause the rheostat to move to the maximum cur-
rent position at the extreme right. Incorrect
meter element polarity, which can occur only on
direct current and wattmeter transmitters, will
cause the rheostat to move to the left against
the 1imit switch. If both are reversed, the
operation will be unstable and the rheostat will
stop at one end or the other of its travel. Care
should be taken to eliminate such troubles by
checking out connections as damage may result.
If it 1s desired to install switches to cut out
a transmitter operating in parallel with others
when 1ts circuit 1s out of use, a three-pole
switch connected in leads 1, 3, and 5 is requir-
ed. If single-pole switches are used, they
should be opened in the order 1, 5, 3. A double
pole switch in 1leads 1 and 5 will also do the
work but will leave the rheostat across the d-c
supply. It 1s not necessary to disconnect the
meter element as the transmitter will not be
damaged by operation without direct current on
the rheostat.

POWER REQUIREMENTS

The tables given below give the power
requirements of the motor and rheostat circuits
for various voltages and the burdens of alter-
nating-current 1instruments on the instrument
transformers. Direct-current ammeters: operate
from shunts having a drop of 50 millivoltsQer
higher. Direct-current voltage transmitters oOf
the polarized type have a resistance of 50 ohms
per volt. For most direct-current work,the
alternating-current voltage transmitteer 1sfused
as the square law of deflection gives it the ad-

*IMPORTANT

Note that the zero adjustmént Treferred
to on pages 2 and 5 applies only, totthe cases
where the telemeter line current 3§ ze¥e at zero
measured load. Where a base valuepsuch as 5
milliamperes is used, the zerof calibration in-
cludes this value, which must [exist)\when reset-
ting the zero adjuster to the corregt position.

A portable milldammetér connected at
the sending end betsween the transmitter and the
line will Dbe foufid very convenlient for making
and testing adjustments in gbhe field.

vantage of wider scale divisions and better

sensitivity above half of the full scale valuew

DESCRIPTION OF APPARATUS

The Transmitter--The essentials of thé
current -balance type of transmitter are embodied
in the transmitting meter as shown in Fig.™2.
The <coils A-A constitute a Kelvin balance type
element which develops torque on the meter
element proportional to the a-c. quantityé B 1is
a permanent magnet, and with 1ts associated
colls forms a direct-current elemgnt for measur-
ing the transmitted telemetery linegeurrent. Its
torque 1s proportional to the“eurrentf transmit -
ted and balances the torque of “Bhe a-c meter
element A-A. This 1is thegnormaldcondition of
the measuring element. If either part of the
element has a higher torque” than the other, the
measuripng element turns "@md “W€loses one or the
other of the contacts £, whieh causes the motor
M to adjust the rheostafyR, /so that the current
in element B 1s corpeeted“®© balance the torque
of the element A-A. The, direct-current trans-
mitted 1s proportional to the a-c or d-c quanti-
ty metered. A dimect-@urrent recelving meter
may have 1its diad graduated accordingly and may
be placed ingthe)cdrcuit wherever convenlent.

Thel\rheostat R i1s of special design to
give a large number of steps 1n a small space to
permit cleseWmaccuracy.. It has about 3500 steps.
A resigstanee wire 1is wound helically around an
insulatdng coke which in turn is wound around an

insulafinghdrum. The two ends of the winding
are brought "out to slip-rings and conneect to the
source of d-c voltage. . Bach slip-ring has

folir brushes in multiple to insure positive con-
tactfat %all times. Contact is made to the wire
through a trolley arm pivoted on a post at the
bottom of the base. A V-groove wheel 1s used to
provide two polnt contact at all times. Contact
1s made to the wheel by means of a spring bear-
ing on the end of the.wheel hub. Limit switches
L-L are operated by a block on the trolley arm
to prevent the operation of the rheostat ‘beyond
its 1limits when overloads or line trouble may
rrevent a balance belng obtained. The operating
motor M 1s connected to the rheostat by a single
spur gear reduction, and uses a peculiar control
circult to provide rapid starting and dynamilc
braking, thereby permitting faster operation.

The measuring element 1s constructed
with a rigid frame carrying the colls of the
meter element and the small coll of the direct
current balance element. The movement is pivot-
ed on hardened and polished alloy "jewels" which
are readily replaceable in the event of being
damaged. The current 1s brought into the
element through flexible leads. A spring S with
a micrometer adjustment E is provided to set the
transmitter in the position of zero or mechani-
cal balance, so that the only forces acting on
the element are the electrical forces. The inner

Cukrient Cireure VorraGce Cireuvrr
25 Cycles 60 Cycles 25-60 Cycles
1
VA w RVA Pr VA w RVA PR VA w RVA PE
M 10 8 10 8 0 100
Transmitting Wattmetcr 4.32 4.12 1.26 9s5.5 5.37 4.12 3.12 77 7.5 ° 7.5 0 109
Trapsmitting Ammeter 3.78 3.66 .94 96.8 3.87 3.3 2.03 85.3 o L .. .
Transmitting, Voltmcter 10.5 10.5 | 99 +
Control Circuit \ VA w RVA PF
110 Volts, 60 Cycles 35.4 32 15 90.4 . .
110 Volts, 25 Cycles 35.4 339 10 96.0 Rheostat Circuit requires approximately 120 milliamperes
110 Volts, D-C. e 35 A R at 110 or 220 volts and 60 mithamoeres at 48 volts. :
250 Volts, D-C. o 45
48 Volts, D-C. . 28
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Figure 2
Transmitting Voltmeter.

pole of the permanent magnet carries a méghetic
shunt D which permits adjustment of the
balancing forces by varying the 4{permanent
magnetic flux in which the coil operates.

The direct-current transmitteks “are
similar to the alternating-currentf types ®hown
in Fig. 2 except that the measuring| element con-
sists of two elements of the same gypée as the
balancing element mounted at the oppo8ite ends
of a balance arm. -

Totalizing wattmegers, are equipped
with the device shown 1n Fig.9%. The motor-
operated rheostat 1s [he “same as that in the
single transmitter Fig#%®Q, and 1s operated by
contacts on the transmitfing element mounted

vertically alongside the lower three elements of
the totalizing meter. The two forces acting on
this element are the, “mefhanical force of a
spring which 1s fcomngcted to the recording
mechanism of gthe(\sieter and the torque of the
balance colls “whichypdepends on the transmitted
current. - The temsion of the spring is propor-
tional to ghe L0ad shown on the chart, which re-
sults 1n4thel current transmitted being propor-
tional to the load. The connections between the
two parts ofthe transmitter are only the con-
necting wires. " What 1is actually transmitted 1is
the position of the pen on the chart.

The receiving instruments are stand-
ard direct-current milliammeters calibrated to
re@d, In the values of the load, voltage, posi-
tion o whatever quantity is to be transmitted.
Eidther 1indicating or recording instruments may
be used and as many as desired may be connected
In series.

ADJUSTMENTS TO SUIT SERVICE CONDITIONS

In order to meet the varying needs
of different kinds of service, the following ad-
justments are possible:

(a) Motor control resistance.

- 3

" ter line circult)

The motor resistance to a certainfex-
tent governs the speed of the motor butf 1sWto be
used mainly to correct for differences injcon-
trol circuit voltage. If faster regpense,ds de-
sired, the resistance may be reducgd. TPoo low a
reslistance will cause hunting to take place, and
in general a speed of slx seconds fougffill scale
travel is about the fastest that 1s obtailnable.

(b) Working resistance @f output cir-

cuit. This includes the 1line and
the registo@n serieswith termi-
nal 5.

The output re@ist@nce (of the teleme-

should “Bg high enough so that
the full scale rangeé ofy the meter will cover
about 80% of the rheodtaty travel.

Line Resistor Unit--In figures 7, 8,
and 9, the exte¥mal resistor connected to termi-
nal No. 5 1s aased i1 cases where the resistance
of the telemeter 1loop through the receiving
instruments®\is 7Tess than normal which would
otherwisegcause, the internal rheostat to operate
within %00 marrow a zone.

Rheostat--The
tance) 0f, 1200 ohms.

rheostat has a resis-
The portion of the rheostat

used «In P11 scale deflection of the recelver
depends) upon the applied voltage and the loop
registance of the 1line. Where full scale de-
f'lection requires too small a portion of the

rheostat, the additional line resistor, as above,
is "added to terminal No. 5.

The required value of this resistor
(R) may be calculated as follows:

R=2/3xE/I -1L

Where E = applied battery voltage
I = full scale telemeter current
L = loop resistance

When the result is "minus", no extra
resistance 1s required.

Contact 3pacing--The spacing of the
contacts affects the sensitivity or the amount
of change required to cause an operation of the
rheostat to readjust the current. The wusual
spacing 1s about .008" total for both gaps. The
further apart the contacts are set, the greater
the possible error and the less the sensitivity.
The sensitivity can be variéed from about 1/4 to
2%. However, 1/2 to 1% is recommended as a good
working figure. The greater the sensitivity,
the greater the maintenance required as the ap-
paratus operates more frequently.

Telemeter Current Value--This is gener-
ally .020 amp. for full scale. In supervisory
control, 1t 1s necessary to start with a base
value of 5 m.a. = load. Thus giving .005
+ .020 = .025 amp. for full scale. To establish
this value at O load, a resistor is placed with-
in the telemeter between the rheostat and termi-
nal No. 4, Figs. 14, 15, 1€, and 17. This re-
sistance is cdalculated as follows:

Entire rheostat = 1200 ohms
1200 x .005/.025 = 240 ohms

Control Battery Voltage--This should
be sufficient at all times to give the full
scale telemeter amperes, through the total loop
resistance.

Center Zero Calibration--Where power
may flow 1in either direction, zero center cali-
bration of the transmitter i1s secured by use of
a ‘center-tap resistor, as shown in diagram, Fig.

7.
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-

Figurell?
Totalizing Wattmeteér and T#ansmitter.

Inst@unments- - Instructions
for 1installation an@,ca¥fe of receiving instru-
ments are the <same asithose normally furnished
with the particular type of instruments used.

Receliving

THE TELEMETER LINE @IRCUITS

Probably more than
cause, theWgeircuit affects
operation of) the equipment.
variable, Manecertain factor;
that distinguishes one 1installation from the
otheflgpThe quality of a line for use with the
curreng balance type of equipment can be deter-
mimedgby measuring the resistance of'the line at
the) sending end with the receiving end open and
then) repeating with the 1line shorted at the re-
cglving end. The ratio of these two values
should exceed 100 and the open circuit re-
siftance should exceed 5000 ohms also for best

any other single
the accuracy and
It is, briefly, the
and i1s the thing

results. Passable results can be obtained with
values of the resistance ratio as low as 30, bus
this is not recommended. The above applies to
lines having good insulation from ground or with
the remote 1indicating apparatus supplied bFwan
insulated source of direct current. Open wird
lines should be measured in wet and dry weathep
as the decrease of resistance due to leakdage
over the wet 1insulators may be considerable.
The worst transmission usually occurs 1in a
period of wet weather following a long perdod of
dry weather, when insulators are coated with a
mixture of dust and water. Lineg 1n_cables are

greatly to be preferred duegto (LtHe1lF freedom
from weather troubles. It 1is Pessiblelto trans-
mit from 20 to 30 miles in goodycable. It 1is

not usually desirable to wogkxithromwgh a circuit
of a loop resistance of 40@0 ¢ghms, or higher as
the leakage over the sendIng end terminal con-
nections will become an appreedable part of the
current transmitted wunless “Jgreat care and good
maintenance are used. Next in 1importance to
having 1lines with g@ood "edough electrical con-
stants 1s to have priopergprotection against line
Gisturbances.

PROTECTION OF LINEJ“AND APPARATUS

Reamote \indicating apparatus 1s sub-
jected to dIgt¥ubances arising in the circuit
being measured and also in the circuilt used for
transmit@dngmghe indications. The first condi-
tion |is), the, ledst troublesome as the protective
equipment, on) the circuit measured serves to
limit (theWembent of such trouble.

Disturbances coming in on the line
transmission may be severel times any
pOssdble strength that may be built into the
imsgrupment <so that ‘additional apparatus may be
needed to <eep such disturbances from reaching
the transmitting apparatus and in some cases the
recelving apparatus.*

us€dplor

MAINTENANCE AND INSPECTION

The amount of maintenance required de-
pends upon local conditions to a very great ex-
tent. The following is only intended as a
suggestion to follow until experience indicates
that more or less attention will be required.
For this reason, considerable material is in-
cluded 1in the book which may not be required in
any given installation. The following 1g sug-
gested as an installation checx up at periods of
two weeks:

(a) Clean contacts by passing a sheet of
paper between them.

(b) Move the rheostat drum by hand and see
that the contacts operate to restore
it to the former position within
limits of about one inch around the
circumference. When the contacts
close, the motor will jerk the drum a
short distance which will be felt by
the hand moving the drum. .

(c) Close the contacts by hand and operate
the drum through at least a complete
revolution in each direction.

The following should receive attention
about every six months.

(d) Replace used grease in the grease cups
on the motor and the rheostat shafts

*For further details on .Telemeter Line Circuits
and their protection, see "Telemetering Super-
visory Control and Associated Circuits", the
Oct. 1941 report of the A.I.E.E. joint Com-
mittees on Automatic Stations and Instruments
and Measurements.
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«—Current Transformer
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Figure 4
Transmitting A-C Ammeter Diagram.

the outside of the bearings.

(e) Remove contact

small amount of vaseline fo
tion. Also inspect the slip
give them similar attent

control motor. See sectl
subject.

(g) Check up the alignment
of the contect points
smooth them up and r Ordi-
narlily one or o earg service can
easily be obtainedqyb this oper-
ation will be ne \Also checx the
condition o wireWresistance coil
rheostat and is badly worn, re-

ecessary

place it, as ¥ In the coil will
wut the ins out of service.
The removed for thils pur-

g [our nuts from

estals and pulling the
ings straight out. The
the drum end arc re-
coll changed, the new
S chored the same as the old
The“resistance cannot readlly be
go 1t 1s recommended that
joints be made and
e joints be covered with solder
to prevent loosening and corrosion.
Care should be taxen to Xeep the

ints away from the drum ends when
assembling to prevent short circuits
and grounds.

THE MOTOR

Since the motor 1s a very vitel part
the mechanism, it is worthy of special atten-
on. The control motor used 1s of the uni-
versal type and may be operated on either alter-
nating or direct current provided that the
proper resistors are used. A bridge network of
ffour resistors 1s used which, when the contacts
are open, serves the double purpose of a dynamic
brake resistance and a field resistance in order

pulley from the rheo
stat arm and thoroughly clean_the
and the pulley and re—assem ith

|

Shunt
=G +
4
Rear
View
32/
£External res Motor Control
used with’
of fo 5/5 > ;ro 0-C.Source

7o Remote Instrument . '

Figure 5

@Transmitting D-C Ammeter Diagram.

and wipe off any excess that mey be or&\nsure

guick stopping and prevent over-
When the contacts close, the bridge 1is
unbalanced and an armature current flows and
the motor revolves at a constant speed due to
the action of the resistor across the armature.
The grease cups should require refill-
every six to eight months in usua:

travel.

ing about

service. The commutator should be cleaned about
every six months 1in severe service. In many
cases annual attention may be sufficient. The

brushes should be watched from time to time and
when worn down to about 1/4 inch, should be re-
placed. The direction of the motor may be re-
versed by transposing the field or top pair of
leads or else the armature or bottom pair of
leads. Three different windings are used for
voltages of the order 50, 110, and 220.

CALIBRATION AND ADJUSTMENT

Two independent adjustments are pro-
vided by means of which the instrument may be
read justed if required. The Zero Adjustment is
a small spring on the measuring element with a
fine screw adjustment to facilitate its use. To
make this adjustment, all electrical forces must
be removed from the measuring element by remov-
ing voltage or load from the element and discon-
necting the wire 1leading to terminal 5. The

adjustment 1s made by turning the screw in the
proper direction until the motion of the rheo-
stat ceases when the contact roller is in the

middle.* The mechanical forces are to be
balanced with all electrical forces removed. It
may happen when a meter has been repaired, that
this condition cannot be reached in the range of
ad justment provided; then it will be necessary
to shift the position of the outer end of the
spring to obtain a balance. Be sure that the
turns of the spring do not drag on each other.
The strength of the spring 1is of 1little im-
portance, the tension 1s the important thing.
Caution--Be sure that the contact roller is
somewhere near the center of the rheostat coil
before reconnecting terminal 5, to avoid damag-
ing instrument by excessive current.

The Other Adjustment is a load adjust-
ment and 1s made with some load on the instru-

*See footnoute on page 2.
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Figure 6 .
Two Transmitting Wattméters Operated in Parallel. Left Zegxio Connections for Totalizing
Two-3 Phase 3 Wire Circuits. For Single Transmitter, use this Diagram Omitting one of

the Transmitters shown.

ment. The more load that is used, the greater
the accuracy with which this adjustment may bé
made. The adjustment 1s a magnetic shunt whigch

Changes the strength of the direct curreng
balance coil by varying the magnetic field in
which it works. The magnetic shunt 1s located
on the pole pieces of the permanent magnetf and
1s secured by a lock nut. Turning the shunt go
the right increases the transmitted clrrenta
The range of adjustment is about 15%,total. In-
struments are shipped with the adjugtment set
near the upper current limit so thatgreeallbra-
tion will Dbe possible after any g@accident or
damage which might result in weakenidng of the
magnet. CAUTION -- BE SURE THAT QBLOCK)NUT IS
PROPERLY TIGHTENED AFTER THIS ARJUSTMENT TO IN-
SURE ITS PERMANENCY.

The relation between the current
transmitted and the quantify/ measured is fixed
and determines the scalefdistribuition of the re-
ceilving instruments. £0On wagttmeters the current
is proportional tohe powers The same 1is also
true of direct cu¥rentfammeters and voltmeters
where the current I'§yf alsg proportional to the
current or voltage. Altérnating-current am-
meters and voltmeters transmit d-c. current pro-
portional to the square of the a-c. current or
voltage.

The Qsensitivity of the transmitter may
be improved, byh setting the contacts on the
measuring element closer in some certain cases.
A spacingg,offy about 1/4% of the full scale cur-
rent, intmos®twmeases may result in hunting due to
changes in) control voltage. The more reasonable
value of 1/2% is a better operating proposition.
Thisg, value means a contact spacing of about .0l
inch, (W25 MM) total for both gaps. Care should
be taken to see that the contacts are set so
thatythey do not in any position of the movement
shoxt circuit the stationary contacts. Such a
condition will cause an erratic failure in oper-
ation.

TO DISMANTLE THE INSTRUMENT

In case " it should ever become neces-
sary to dismantle the 1instrument, for overhaul
or repalrs the following procedure should be
followed.

Meter Element-—Remove the magnetic
shunt after noting its position and the number
of turns required to tighten it down, so that it
may be replaced in the proper position when 1in-

strument 1is re-assembled. Remove the screws
holding down the ends of the flexible conducting
leads. Remove the cap nuts and washers holding

the stationary coils in place and pull off the
top stationary coils, bending the leads down out
of the way. Remove the slotted cap nut on the
upper bearing screw holding the zero-adjusting
screw in place. Loosen the lower bearing screw.
The moving element may be 1lifted out by sliding
the direct current coil off the pole piece and
turning the movement around its 1longer axis.
When re-assembling follow the reverse procedure
and take care not to tighten up too hard on the
bearing screws as that will damage the pivots.
The screws should never be tightened up on the
pivots but some small clearance should always
exlst.

Rheostat--The rheostat arm may be re-
moved by turning.the mounting post to the left
which will thread 1f off 1ts mounting stud and
on the arm. When replacing the rheostat arm,
the proper tension should be present. It should
not be-'so light that the friction of' the contact
wheel on the resistance spiral will not turn the
wheel or so heavy that the motor will not start
the drum when the wheel is placed on the drum at
the start of the spiral. Adjustment of the ten-
sion 1s made by bending the arm taking care not
to put too much strain on the mounting post.
The method to use in dismantling the rest of the
instrument 1s obvious from the construction.

"w;#?’g
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RENEWAL PARTS

Repalr work can be done most satisfac-

torily at the factory. However, interchangeable
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BALANCE TRANSMITTERS

parts can be furnished to the customers wh@,are
equipped for doing repair work. Whenfordering
parts, always give the complete nameplate data.
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Totalizing Wattmeter With Transmitting Rheostat.
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Zero see also Figure 7. :
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INSTALLATION

I.L. 41-830B

"OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE S TRANSMITTER
FOR CURRENT BALANCE TELEMETER

CAUTION

vice, remove

Before putting instruments into ser-
all blocking which may have been
Inserted for the purpose of securing the parts
during shipment.

GENERAL

Remote-1ndicating apparatus of the current-

balance type 1s wused for the totalization or

remote transmlssion of readings of voltage,

current, power, water level, position, etc.

The transmitters themselves conslist of two

measuring elements mechanically connected in

opposition. One element 1s adapted to measure
the quantlty to be transmitted while the other
moving-coll €lement
of / 'the

the, upper part

1s a permanent-magnet
adapted to measure direct currents
order of 20 milllamperes. In
of the
which 1s controlled by contacts
This rheostat controls the) current

whilch passes through the rheosfat itself, the

case 1s a motor-operated rheostat,
onhthemeter

element.

d-c. element, the transmission line, the re-
mote indicator and returns to the source as 1s

shown schematically“in Flig. 1.

Normall&, & balanced condition exlsts be-
twveen thed ferces exerted by the d'Arsonval
element and the measuring element. When this

balaneced, condition exists, the contacts 1n the
motor eircwlt are open and a constant current,
vhich s )taken from the supply source, passes
through the recelving circuit. The schematic
Fig. 1, 1ndicates that in
the measured quantity 1ncreases 1t will,
additional disturb the

balance and close the contact which causes the

diagram, shown 1n
case
by exerting force,
motor to move the rheostat to a position where
an 1ncreased will flow and re-
establish the balanced condition, and then the

contact 1s opened.

current

A decrease 1n the measured
quantity will cause a similar operation in the
opposite direction.

HKetin Balorce Movement for A-C.Circuit
( ) — Fermanerk Magnet
k — Moving Coil Direct
MII — — = Current Lierment
Control
F | Molor Rheostat

Control Source

Fig. 1—Connection Diagram of One Transmitter o Receivers Connected in Series.

SUPERSEDES IL. 41-830A

EFFECTIVE SEPTEMBER 1948
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INSTALLATION

Unpack according to the directions given on
the label attached
preserve the

to the packing case, and

packing case for future use,

wvhenever 1t may be necessary to store or re-

ship the instrument.

Familierize yourself with the contents of

this instruct.on book. Mount the instrument

on the switchboard or other support.

Take care when tightening the mounting stud
tighten them so tight that the
base 1s warped, as that will throw the instru-
alignment. THE NUTS ON THE
TERMINAL STUDS SHOULD NOT BE TIGHTENED AGAINST
THE PANAL.
to support the meter).

nuts not to

ment out of

(The mounting studs are sufficient

Connect according to the diagrams,
5, 6, 7 or 8.

Figs. &4,

With no power on the meter element apply
control voltage to terminals 1 and 2. Volt-
age can also be applied to terminals 3 and %,

but terminal 5
this condition, there are no electrical forces
Operate the contacts by hand
to see that the motor runs properly.
the movement; both contacts should open and
the motor 1dle. If +this does not occur, <the
movement 1s out of mechanical balance, ‘@mndgthe

should not be connected. In

on the element.
Releage

E can be used to, Correet this
wheel in
coil“and complete

zero adjustment
condition.* Place
the middle of the
the connections.

trolley clontact
rheostat
The transmitte#, 1is now 1in
operating order,
direct
torque is in the
of direct
rheostat to move{ to fhe maximum current
tion rdght.

element polarity, which can occur

if proper polardty is on the
current supply fand the meter element
correctidirection. Reversal
current{ polardty will cause the
posi-
at the extreme Incorrect meter

only on

*IMPORTANT,

Note ,that the zero adjustment referred to on pages 2
and 5 “applies’only to the cases where the telemster
linep,current is zero at zero measured load. Where a
base (,valmie such as 5 milliamperes is used, the zero
calkibration includes this value, which must exist when

/A

Fig: 2—Transmitting Voltmeter.

direet | current and wattmeter
willWeause the rheostat to to the left
1imit switch. If both are re-
versed, the operation will be unstable and the
rheostat will stop

its travel.

transmitters,
move
against the

at one end or the other of
Care should be taken to eliminate
such troubles by checking out connections as
damage may result. If it 1s desired to in-
stall switches to cut out a transmitter oper-
ating in parallel with others when its circuit
is out of use,

l, 3, and 5 1is required.

a three-pole switch connected
If single-
they should be opened

in leads
pole switches are used,
in the order 1, 5, 3. A double pole switch in
leads 1 and 5 will also do the work but will
leave the rheostat across the d-c¢ supply. It
1s not necessary to disconnect the meter ele-
ment as the transmitter will not be damaged by
operation without direct current on the rheo-

stat.

resetting the zero adjuster to the correct position.

A portable milliammeter comnected at the sending end
between the transmitter and the line will be found very
convenient for making and testing adJustments in the
field.
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POWER REQUIREMENTS

The tables
quirements

given Dbelow give

the power re-
of the motor and rheostat circuits

for various voltages and the burdens of alter-

nating-current Instruments
transformers.
from shunts

higher.

of the polarized type

Direct-current

ohms per volt.

on the instrument

Direct-current ammeters operate
having a drop of 50 millivolts or
voltage transmitters
have a resistance or 50
For most direct-current work,

the alternating-current voltage transmitter 1s

used as the square law of deflection glves 1t

scale
half

the advantage of wilder
better

scale value.

sensitivity above

DESCRIPTION OF APPARATUS

The Transmitter

divisions and
of the full

The essentlals of the current-balance type
of transmitter are embodled 1n the trans-
mitting meter as shown in Fig. 2. The coils

A-A constitute
vhich develops torque on the meter
to the a-c. quantity.
vith 1ts

element

proportional B 13

permanent magnet, and

colls forms a dilrect-current

a Kelvin balance type element
element

a

assocglated
for

measuring the transmitted telemeter I1¥ne cur-

rent. Its torque

rent transmitted and balances_,the
the a-c meter element A-A.
condition of the measuring &lementd
of the element has ,a higher

the

or the other

part
the other,
closes one

element turns
of, the

measubing

which causes the motor M{to

1s proportiondl tothe cur-
torque of
This 18§, the normal

If elther
torque than
and
contacts C,
adjust the rheo-

1.L. 4148308

corrected to balance the torque of the element

A-A. The dilrect-current trangmitted 1s
proportional to the a-c or d-c quantity
wmetered. A direct-current recelvingimieter may

have 1ts dlal graduated accordingly and may be
place 1n the clrcult wherever conyenient.

The rheostat R 1s,of (spe€elal design to gilve

a large number of stéps un a small space to
permit close accurédey. It has about 3500
steps. A resistancefwlre 1s wound hellcally

which in turn 1s
The two ends

around and Iinsulatingg core

wound around af, insulating drum.

or the windilnmg, arewbrought out to slip-rings
and conneet to the source of d-c voltage.
Each slipsring,has four brushes in multiple to

Insure pogitive contact at all times. Contact
1s to the

plvoted“jon a post at the bottom

wire through a trolley arm
of the base.
wheel 1s used to provide two point
Contact 1s made to the
wheel by means of a spring bearing on the end
of the wheel hub. Limit L-L are
operated by a block on the trolley arm to pre-

rheostat beyond 1ts

made

A “V=groove
contact at all times.

switches

vent the operation of the
limits when overloads or line trouble may pre-
vent a balance belng obtailned. The operating

motor M 1s connected to the rheostat by a

single spur gear reductlon, and uses a pecu-
llar control circult to provide rapid starting
and dynamic braking, thereby permitting faster

operation.

The measuring element 18 constructed with a
carrylng the colls of the meter
coll of the direct cur-

The movement 1is pivoted

rigid frame
element and the small
rent balance element.

stat R, so that _théleurrent in element B is on hardened and polished alloy "jewels" which
Current Circuit Voltage Circult,
25 Cycles 60 Cycles 25-60 Cycles
va W RVA | PR VA W RVA | PF VA W _|RYA | PF
10.8110.8] 0 100
TransmittingiWattmeter 4.32 | 4.12 (1.26 |95.5| 5.37 | 4.12| 3.12 | 77 7.5 7.5 0 100
Transmitting Ammeter 3.78 | 3.66 .94 [96.8]3.87 (3.3 | 2.03[85.3 ... | cev]| oo |.onn.
Transmitting Voltmeter ceee foeees | oo | osee]| coee | e v | |10.5(110.5(.1 9%+
Control Circuit VA W RVA PF
110 Volts, 60 Cycles 35.4 | 32 15 90.4
110 Volts, 25 Cycles 35.4 | 33.9 | 10 96.0 Rheostat Circuilt requires approximately
110 Volts, D-C. U TR I R 120 milliamperes at 110 or 220 volts
250 Volts: D-C. B T O and 60 milliamperes at 48 .volts.
48 Volts, D-C. c... | 28 sece | sees |
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are readlly replaceable 1in the event of being
damaged. The current 1s brought into the ele-
ment through flexlible leads. A spring S with
a mlicrometer adjustment E 1s provided to set
the transmitter 1n the posltion of zero or
mechanical balance, so that the only forces
acting on the element are the electrical
forces. The 1nner pole of the permanent mag-
net carries a magnetic shunt D whilch permlts
adjustment of the balancing forces by varylng
the permanent magnetic flux 1in which the coil
operates.

The dilrect-current transmitters are similar
to the alternating-current types shown in Fig.
2 except that the measurling element consists
of two elements of the same type as the bal-
anclng element mounted at the opposite ends of
a balance arm.

Totallzing wattmeters are equipped with the
device shown 1n Fig. 3. The motor-operated
rheostat 1s the same as that 1n the single
transmltter Flg. 2 and 1s operated by contacts
on the transmitting element mounted vertically
alongslde the lower three elements of the
totalizing meter. The two forces actlng on
this element are the mechanlcal force ofda
spring +hich 1s connected to the recording
mechanlism of the meter and the torque of the
balance colls which depends on the transmitted
current. The tension of the spring 1s propor-
tional to the load shown on the chart, which
results in the current transmitted, bedng pro-
portional to the 1load. The
between the two parts of the ) transmitter are
Whag, 1sVactually
transmitted 1s the positilonfof the pen on the
chart.

connectlons

only the connectlng wilres.

The recelving instruments are standard
direct-current midllsnmeters callbrated to
read 1n the valués of the load, voltage, posi-
tlon or whatever “duantdty 1s to be transmit-
ted. Elther 1ndicating or recording instru-
ments may be used and as many as deslred may

be connected 1n sérles.

ADJUSTMENTS TO SUIT SERVICE
CONDITIONS

In order to meet the varying needs of d4if-
ferentWkinds of service, the followlng adjust-
ments 'are possible:

4

Fig. 3—Totalizing Wattmeter and Transmitter.

(a) Motor control resistance.

The motor resistance to a certaln extent
governs the speed of the motor but 1s to be
used malnly to correct for differences 1n con-
trol circult voltage. If faster response 1s
deslred, the resistance may be reduced. Too
low a resistance w11l cause huntlng to take
place, and 1n general a speed of slx seconds
for full scale travel 1s about the fastest
that 1s obtailnable.

Y
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(b) Working resistance of output circuit.
This includes the line and the resistor
in series with terminal 5.

The output resistance (of the telemeter line
circuit) should be high enough so that the
full scale range of the meter will cover about
80% of the rheostat travel.

Line Resistor Unit

In figures 7, 8, and 9, the external resis-
tor connected to terminal No. 5 is used in
cases vwhere the resistance of the telemeter
loop through the receiving instruments 1is less
than normal which would otherwise cause the
internal rheostat to operate within too narrow

a zone.

Rheostat

The rheostat has a resistance of 1200 ohms.
The portion of the rheostat used in full scale
deflection of the receiver depends upon the
applled voltage and the loop resistance of [the
line. Where full scale deflection grequires
too small a portion of the rheostat  the//addi-
tional 1line resistor, as above, §is added to
terminal No. 5.

The required value of this resistor) (R) may
be calculated as follows:

- R = 2/3 xgE/ITy- L
Where E = applied battewmy voltage

I full scaleg telemeter current
L

It

It

loop resistance

When the fiesultfis,"minus", no extra resis-

tance 1s gequired.

Contact ‘Spacing

The spacing of the coutacts affects the sen-
sitivity ,r the amount of change required to
cause an operation of the rheostat to readjust
the ‘eurrent. The usual spacing is about .008"
total for both gaps. The further apart the
contacts are set, the greater the possible
error and the less the sensitivity. The sen-

sitivity can be varied from about 1/4 to 2%.

L. 4148308

However, 1/2 to 1% 1s recommended ag a good
working figure. The greater the sensitivdty,
the greater the maintenance required @s the

apparatus operates more frequently.

Telemeter Current Value

This 1s generally .020/ampgm, for full scale.
In supervisory contred, “1t 41s necessary to
start with a base value ofh, 5 m.a. = ) 1lrad.
Thus giving .005 4 .020,= .025 amp. for full
scale. To estabdish thds value at O load, a
resistor 1s placed"within the telemeter be-
tween the rheostat, and terminal No. 4, Figs.
10, 11 and 12.

Control/Battery Voltage

This“should be sufficient at all times to
give the full scale telemeter amperes, through
+hey, total loop resistance.

Center Zero Calibration

Where power may flow in eilther direction,
zero center calibration of the transmitter is
secured by use of a center-tap resistor, as
shown 1in diagram, Fig. 7.

Receiving Instruments

Instructions for installation and care of
receiving 1nstruments are the same as those
normally furnished with the particular type of
instruments used.

THE TELEMETER LINE CIRCUITS

Probably more than any other single cause,
the circult affects the accuracy and operation
of the equipment. It is, briefly, the vari-
able, uncertain factor; and is the thing that
distinguishes one installation from the other.
The quality of a line for use with the current
balance type of equipment can be determined by
measuring the resistance of the 1line at the
sending end with the receiving end open and
then repeating with the 1line shorted at the
recelving end. The ratio of these two values
should exceed 100 and the open circuit resis-
tance should exceed 5000 ohms also for best
Passable results can be obtained

5

results.
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w~—Current Transformer

=

Ground —E—

Rear
View
be 432/
70 % Q0 j
Res/storused Motor Contro/
with lines of
low resistance 1;/’z; 0-C.Source

To Remaote Instrument t

Shunt
= +
Rgar
View
4| 5432/
7%°799
External resistor Motor Contro/
used with lines
of low resistance W ":m 0-C.Source
To Remote Instrument _ ’

Fig. 4—Transmitting A-C Ammeter Diagram.

with values of the resistance ratio as low as
30, Dbut this 1s not recommended. The above
applies to lines having good insultaion from
ground or with the remote indicating apparatus
supplied by an insulated source of direct cur-
rent. Open wire lines should be measured in
wet and dry weather as the decrease of resig-
tance due to leakage over the wet insulators
may be considerable. The worst transmission
usually occurs in a period of wet weather/fol=
loving a 1long period of dry weather, “when
Insulators are coated with a mixture £ of dust
and water. Lines 1n cables are greatly to be
preferred due to thelr freedom fProm Yveather
troubles. It is possible to transmit from 20
to 30 miles in good cable. It" 18, not usually
desirable to work through a gircudit of a loop
resistance of 4000 ohms op_ higher as the
leakage over the sending end_ terminal connec-
tions will become anpappreciable part of the
current transmitte@ unlegs great care and good
maintenance are sisedd Next in importance to
having lines with“good gnough electrical con-
stants 1s to have proper protection agalnst
line disturbances.

PROTECTION OF LINES AND
- APPARATUS

Remote,indicating apparatus 1s subjected to
disturbances arising 1in the circuit ©being
measured) and also 1n the -cilrcult used for
transmitting the 1indications. The first

6

Fig. 5—Transmitting D-C Ammeter Diagram.

condition T8 the“least troublesome as the pro-

tectivefequipment on the circuit measured

serveg to 1Imit the extent of such trouble.

Digturbances coming in on the line used for
transmdssion may be several times any possible
strength that may be built into the instrument
so that additional apparatus may be needed to
keep such disturbances from reaching the
transmitting apparatus and in some cases the
receiving apparatus.*

MAINTENANCE AND INSPECTION

The amount of maintenance required depends
upon local conditions to a very great extent.
The following is only intended as a suggestion
to follow until experience indicates that more
or less attention will be required. For this
reason, considerable material 1s included in
the book which may not be required in any
given 1installation. The following 1s suggest-

ed as an installation check up at periods of
two weeks:

*For further details on Telemeter Line Cir-
cuits and their protection, see "Telemetering
Supervisory Control and Associated Circuits”,
the Oct. 1941 report of the A.I.E.E. joint
Committees on Automatic Statlons and Instru-
ments and Measurements.

O ]
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(a)

(p)

(c)

Clean contacts by passing a sheet of
paper between them.

Move the rheostat drum by hand and see
that the contacts operate to restore it
to the former position within 1limits of
about one 1nch around the circumfer-
ence. When the contacts close, the
motor will jerk the drum a short dis-
tance which will be felt by the hand
moving the drum.

Close the contacts by hand and operate
the drum through at least a complete
revolution 1n each direction.

The followlng should recelve attentlon about

every six months.

(d)

(e)

(f)

Replace used grease in the grease cups
on the motor and the rheostat shafts
and wipe off any excess that may be on
the outslde of the bearings.

Remove contact pulley from the rheostat
arm and thoroughly clean thegl arm and
the pulley and re-assemble wlth af'small
amount of vasellne for Tubrileation.
Also 1nspect the slip rings ‘amd glve
them similar attention 1f theyypcontrol
motor. BSee section on _this(subject.

Check wup the allgnment“and smoothness
of the contact points “amd 1f necessary
smooth them up“@nd “keset them. Ordi-
narlly one orgytwo,years service can
easlly be obtalned before thils opera-
tion 111 be needed. Also check the
condition of the wire resistance coll
rheostat “andfif 1t 1s badly worn, re-
place ,1t, 9 as a break 1n the coll will
put the 1lpstrument out of service. The
drum,may be removed for this purpose by
removlIng four nuts from the bearing
pedestals and pulling the drum and
bearing stralght out. The drive gear
and the drum end are removed and the
coll changed, the new coll 1s anchored
the same as the old one. The resis-
tance cannot readlly be soldered so 1t
1s recommended that good mechanical
jolnts be made and that the jolnts be

1.L. 4198308

covered with solder to prevent. loosen-
Ing and corrosion. Caregmw showld be
taken to keep the jolnts away from the
drum ends when assembling “@®©6 prevent

short circults and grounds.

CARE OF THE MOTOR

Since the motor 13 a (very wltal part of the
mechanism, 1t 1s worthy ofi,Speclal attention.
The control motor uSeéd @8 of the universal
type and may be operated on elther alternating
or direct currenty, provlded that the proper
reslstors are ased. A bridge network of four
reslistors 1sgusedjwhich, when the contacts are
open, seryes the, double purpose of a dynamlc
brake resistance and a fleld resistance in
order to /Insure quick stopplng and prevent
overtravel. When the contacts close, the
bridge “ds wunbalanced and an armature current
"Tows ‘and the motor revolves at a constant
speed due to the actlon of the resistor across

the, armature.

The grease cups should require refilling
about every six to elight months 1n usual
service. The commutator should be cleanéd
about every six months 1n severe service. In
many cases annual attentlon may be sufficient.
The brushes should be watched from time to
time and when worn down to about 1/4 1inch,
should be replaced. The direction of the
motor may be reversed by transposing the fileld
or top palr of leads or else the armature of
bottom palr of 1leads. Three different
windings are used for voltages of the order
50, 110, 220.

CALIBRATION AND ADJUSTMENT

Two independent adjustments are provided by
means of which the 1nstrument may be read-
justed 1f required. The Zero Adjustment 1s a
small spring on the measurling element with a
fine screw adjustment to facllitate 1ts use.
To make this adjustment, all electrical forces
must be removed from the measuring element by
removing voltage or load from the element and

disconnecting the wire 1leadling to terminal 5.

1
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Circuit No./
A

AL
\4

P
b

J

RT

Circurt No.2 .
/ ur N A_Ev/
v

P

;
]

i
:

Resistors

Rear
View

PR
o
._l_
-
<o
=
£y
—O W
ny

Ground -L—

Resistors

External L
| A Res/stance Coptrof

i
[
i

Rear
View

6

crecuit

+ 0-¢

Right hand half of dia-
gram used for single.
wattmeter transmitter.

— Lair clie

Receivers

Fig. 6—Two Transmitting Wattmeters Operated in Parallel. Left Zero Connections for Totalizing Two-3 Phase 3 Wire
Circuits. For Single Transmitter, use this Diagram Onmitting/onelof the Transmitters shown.

The adjustment 1s made by turnlng the screw 1in
the proper directlon untll the motion of the
rheostat ceases when the contact roller 1s 1in
the middle.* The mechanlcal forces are ta be
balanced with all electrical forces removed.
It may happen when a meter has been repalred,
that thls condition cannot be reached 1n the
range of adjustment provided; then(iIt will be
necessary to shift the positilomygof“the outer
end of the spring to obtaln _a ‘balance. Be
sure that the turns of the spring¢o not drag
on each other. The strength of, the spring 1s
of 1ittle 1mportance, the 4tenslion 1s the
Important thing. Cautilon=<Be /' sure that the
contact roller 1s s@mewhere, near the center of
the rheostat collfbefore reconnecting termilnal
5, to avold damaging, ingtrument by excessive
current.

The Other Adjustment 1s a 1load adjustment
and 1s mddeywdth some load on the Instrument.
The moréWgload that 1s used, the greater the
accuracyh with which +this adjustment may be
made . The adjustment 1s a magnetic shunt
which®™aehanges the strength of the direct cur-

3

*See footnote on page 2.

rent balance coll by varyling the magnetic
fleld 1n which 1t works. The magnetic shunt
1s"located on the pole pleces of the permanent
magnet and 1s secured by a lock nut. Turning
the shunt to the right 1ncreases the trans-
mitted current. The range of adjustment 1s
about 15% total. Instruments are shipped with
the adjustment set near the wupper current
1imit so that recallbration wi1lll be possible
after any accldent or damage which might
result 1n weakening of the magnet. CAUTION--
BE SURE THAT LOCK NUT IS PROPERLY TIGHTENED
AFTER THIS ADJUSTMENT TO INSURE ITS PERMA-
NENCY.

The relatlon between the current trans-
mitted and the quantlty measured is fixed and
determines the scale distribution of the
On wattmeters the
current 1s proportional to the power. The

recelving instruments.

same 1s also true of direct current ammeters
and voltmeters where the current 1s also pro-
portional to the current or voltage. Alter-
nating-current ammeters and voltmeters trans-
mld d-c¢. current proportlonal to the square of

the a-c. current or voltage.

v,

>



TYPE S CURRENT-BALANCE TRANSMITTERS

The sensltivity of the transmitter may be
setting the
closer 1in

Improved by contacts on the

some certaln
of the full

may result 1in

measuring element
A spacing of about 1/4%
most

cases.

scale current, 1n cases

hunting due to changes 1n control voltage.

The more reasonable value of 1/2% 1s a better
operating proposition. This value means a
contact spacing of about .01 inch (.25 MM)

total for both gaps. Care should be taken to
see that the
not 1n any position of the movement short cir-
cult the

tion wi1ll cause an erratic

contacts are set so that they do
statlonary contacts. Such a condi-
fallure 1n oper-

ation.

TO DISMANTLE THE INSTRUMENT

In case 1t should ever become necessary to
dismantle the
repalirs the
followed.

overhaul or
should be

Instrument, for
followlng procedure

Meter Element

Remove the magnetlic shunt after noting Jd&is
position and the number of turns required to
tighten 1t down, so that 1t may be replaced In
the proper position when instrument As re-
assembled.
ends of the flexible conducting leadss
the cap nuts and washers holdlng{ the, station-
place and pull” foffi the top

bending the leads down out

Remove the screws hold@ing ‘down the

Remove

ary colls 1in
stationary colls,
of the way.
upper bearing screw holding the zero-adjusting

Remove the Slotted cap nut on the

I.L. 418308

screw 1In place. Loosen the 1lower/ bearing
screwv. The moving element may be 1Ifted/out
by sliding the direct off the
pole plece and turning the movement) around 1its

When re-assembling fcllow the

current c¢oil

longer axis.
reverse.procedure and take care not to tighten
up too hard on the bearing screws‘as that will
The gcrews should never be
the, pivots/ but
clearance should always exist.

damage the plvots.

tightened up on some small

Bheostat

The rheostat arm may be removed by turning
the mountling €post | to the 1left which will
thread 1f off) its¥mounting stud and on the

arm. When rheostat arm, the
proper temsionyshould be present. It = should
not_be (so/light that the friction of the con-
tactwheel fon the reslstance spiral wi1ll not

turn“thejwheel or so heavy that the motor will

replacing the

notWstart the drum when the wheel 1s placed on
thejdrum at the start of the spiral. Ad just-
ment, of the tension 1s made by bending the arm
taking care not to put too much straln on the
mountling post. The method to use in dismant-
ling the rest

from the construction.

RENEWAL PARTS

Repalr work can be done most satisfactorily

of the instrument 1s obvious

at the factory. Howrever, Interchangeable
parts can be furnlshed to the customers who
are equlpped for doling repalr work. When

ordering parts, always glve the complete name-
plate data.

’} HH? S48 2d L ggg/
ER29578] 1T ? external L2 {
L— [CResistance i Control
: Tt
— *Circuit
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2)

Receivers
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Rreostat”

—— . I

sl T |

3 A ‘-mm,—f]
2 87654321 l
haﬂﬂﬂﬂ]/ g 824 7
5 3
:‘ l"
3 ) ] 5
‘ 1| €¢ R ¢3 Cr c24 9
0 A éw; i Loy
£, I] .
{ +
3 32 .5 ! ] Cont
I 1 Cir
32 | External Res Base Meter Base » /30!’5 te D S0p00
—_ €
=64 Indicator _ For ’
Transmitter

Fig. 7—Showing Center-Tap External Resistor Used For
Wattmeters Calibrated for Center Zero. In Other
respects this Diagram is the Same as Figure 6.

Fig. 8—Totalizing Wattmeter With Transmitting Rheostat.
Three Phase Three Wire Left Zero. For Center Zero
see also Figure 7.
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RECEIVERS

Seriaes Res.
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Contact Arm
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Sw, :E g Field
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— Lo 02,43 1 l
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Fig. 9—3 Phase 4 Wire 3 Current Coil Wattmeter!

Fig. 10—Transmitting A-C. Ammeter—Internal Connections.
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Fig. 11=Transmitting D-C. Ammeter or Voltmeter Internal

Connections.

10

Connections—3 Phase 3 Wire.

Fig. 12—Transmitting A-C. Polyphase Wattmeter Internal

i
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