
I.L. 41-830 

TYPE S TRANSMITTER 
FOR 

CURRENT BALANCE TELEMETER 

INSTRUCTIONS 

CAY'!' ION 

Before putting instrument_s 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 is 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 is adapted to measure 
the quantity to be transmitted while the other 
is a permanent-magnet moving-coil element adapt­
ed to measure direct currents of the order of 
20 milliamperes. In the upper part of the case 
is a motor-operated rheostat, which is control­
led by contacts on the meter element. This 
rheostat controls the current which passes 
through the rheostat itself, the d-e. element, 
the transmission line, the remote indicator and 
returns to the source as is shown schematically 
in Fig. 1. 

Normally, a balanced condition exists 
between the forces exerted by the d'Arsonval 
element and the measuring element. When this 
balanced condition exists, the contacts in the 
motor circuit are open and a constant current, 
which is taken from the supply source, passes 
through the receiving circuit. The schematic 
diagram, shown in Fig. 1, indicates that in case 
the measured quantity increases it will, by 

/(e/rin Balance More� fOr A-C.C;rcuit 

Line Supply 

Control SfJllrC'(! 

exerting additional force, disturb the balance 
and close the contact which causes the motor to 
move the rheostat to a position where an in­
creased current will flow and re-establish the 
balanced condition, and then the contact is open­
ed. A decrease in the measured quantity '"'ill 
cause a similar operation in the opposite direc­
tion. 

INSTRUCTIONS FOR INSTALLATION 

Unpack according to the directions 
given on the label attached to the packing case, 
and preserve 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 is warped, as that will throw the instru­
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 diagram, 
Figs. 4, 5, 6, 7 or 8. 

With n o  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 

Permanent N09net 
ltfOY!iK;OJil Direct 
Current flemett 

Receivers 

Figure 1 
C0nnection Diagram of One Transmitter to Receivers Connected in Series. 
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TYPE S CURRENT-BALANCE TRANSMITTERS 

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 is 
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 coil and complete the connections. The 
transmitter is now in operating order, if proper 
polarity is on the direct current supply and the 
meter element torque is 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, will cause 
the rheostat to move to the left against the 
limit switch. If both are reversed, the opera­
tion 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 resulu. 
If it is desired to install switches to cut out 
a transmitter operating in parallel with others 
when its circuit is 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 leads 1 and 5 will also do the 
work but will leave the rheostat across the d-e 
supply. It is 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 instruments on the instrument 
transformers. Direct-current ammeters operate 
from shunts having a drop of 50 millivolts or 
higher. Direct-current voltage transmitters of 
the polarized type have a resistance of 50 ohms 
per volt. For most direct-current work, the 
alternating-current voltage transmitter is used 
as the square law of deflection gives it the ad-

*IMPORTANT 

Note that the zero adjustment referred 
to on pages 2 and 5 applies only to the cases 
where the telemeter line current is zero at zero 
measured load. Where a base value such as 5 
milliamperes is used, the zero calibration in­
cludes this value, which must exist when reset­
ting the zero adjuster to the correct position. 

A portable milliammeter connected at 
the sending and between the transmitter and the 
line will be found very convenient for making 
and testing adjustments in the field. 

vantage of wider 
sensitivity above 

scale divisions and better 
half of the full scale value. 

DESCRIPTION OF AP PARATUS 

The Transmitter--The essentials of the 
current-balance type of transmitter are emobdied 
1n 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. quantity. B is 
a permanent magnet, and with its associated 
coils forms a direct-current element for measur­
ing the transmitted telemeter line current. Its 
torque is proportional to the current transmit­
ter and balances the torque of the a-c meter 
element A-A. This is the normal condition of 
the measuring element. If either part of the 
element has a higher torque than the other, the 
measuring element turns and closes one or the 
other of the contacts C, which causes the motor 
M to adjust the rheostat R, so that the current 
in element B is corrected to balance the torque 
of the element A-A. The direct-current trans­
mitter is proportional to the a-c quanity and 
a direct-current receiving meter may have its 
dial graduated accordingly and may be placed in 
the circuit wherever convenient. 

The rheostat R is of special design to 
give a large number of steps in a small space to 
permit close accuracy. It has about 3500 steps. 
A resistance wire is wound helically around an 
insulating core which in turn is wound around an 
insulating drum. The two ends of the winding 
are brought out to slip-rings and connect to the 
source of d-e voltage used. Each slip-ring has 
four brushes in multiple to insure positive con­
tact at 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 is used to 
provide two point contact at all times. Contact 
is 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 limits ·when overloads or line trouble may 
prevent a balance being obtained. The operating 
motor M is connected to the rheostat by a single 
spur gear reduction, and uses a peculiar control 
circuit to provide rapid starting and dynamic 
braking, thereby permitting faster operation. 

The measuring element is constructed 
with a rigid frame carrying the coils of the 
meter element and the small coil 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 is 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 mechanical 
balance, so that the only forces acting on the 
element are the electrical forces. The inner 

CI.'N.N.Jo;NT CIN.l"tiiT Vor.TA<IE CII.(CUH 

VA I 

I Transmitting Wattmeter 4 .. ll 
Transmitting Ammeter .1. 7X 
Transmitting Voltmeter .... 

Control Circuit VA 
110 Volts, 60 Cycles .15.4 
110 Volts, 25 Cycles 35.4 
110 Volts, D-C. .. .. 
250 Volts, D-C. . . . . 

48 Volts, D-C. . . 

25 Cycles 

w RV,\ 

4.12 1.26 
.1.66 .94 

w RVA 
32 15 
.H.9 10 
. H · - . . 
45 
l!l 

PI' VA 

<J5.S s 37 
96.!1 3. !17 

PF 
90.4 
96.0 

- 2 -

60 Cycles 

w RVA 

4. 12 3.12 
.1. 3 2.03 
.... 

Rheostat Circuit 

PI' 

77 
85.3 
. . . 

rcqmrcs 

25-60 Cycles 

VA w RVA PI' 
IO.X ' 10.!1 0 IOU 

7. s I 
7.5 0 100 

10.5 10.5 .I 99+ 

approximately 120 milliampcrc'3 
at 110 or '1"10 volts and 60 milliamperes at 48 volts . www . 
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TYPE S CURRENT-BALANCE TRANSMITTERS 

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 coil operates. 

The direct-current transmitters are 
similar to the alternating-current types shown 
in Fig. 2 except that the measuring element con­
sists of two elements of the same type as the 
balancing element mounted at the opposite ends 
of a balahce arm. 

Totalizing wattmeters are equipped 
with the device shown in Fig. 3. The motor­
ovorated rheostat is che same as that in the 
single transmitter Fig. ? and is operated by 
contacts on the transmitting element mounted 
vertically alongside the lower three elements of 
the totalizing meter. The two forces acting on 
this element are the mechanical force of a 
spring which is connected to the recording 
mechanism of the meter and the torque of the 
balance coils which depends on the transmitted 
current. The tension of the spring is propor­
tional to the load shown on the chart, which re­
sults in the current transmitted being propor­
tional to the load. The connections between the 
two parts of the transmitter are only the con­
necting wires. ��at is actually transmitted is 
the position of the pen on the chart. 

The receiving instruments are stand­
ard direct-current milliammeters calibrated to 
read in the values of the load, voltage, posi­
tion or whatever quantity is to be transmitted. 
Either indicating or recording instruments may 
be used and as many as desired may be connected 
in series. 

ADJUSTMENTS TO SUIT SERVICE CONDITIONS 

In order to better meet the varying 
needs of different kinds of service, the follow­
ing adjustments are possible: 

(a) Motor control resistance. 

The motor resistance to a certain ex­
tent governs the speed of the motor but is to be 
used mainly to correct for differences in con-

- 3 -

trol circuit voltage. If faster response is de­
sired, the resistance may be reduced and this 
will cut down the travel and the time required 
to change a definite amount as the speed is fix­
ed. Too low a resistance will cause hunting to 
take place, and in general a speed of six 
seconds for full scale travel is about the fast­
est that is obtainable. 

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

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

Line Resistor Unit--In figures 7, 8, 
9, 10, ll, and 12, the external resistor con­
nected to terminal No. 5 is used in cases where 
the resistance of the telemeter loop through the 
receiving instruments is less than normal which 
would otherwise cause the internal rheostat to 
operate within two narrow a zone. 

Rheostat--The rheostat has a re­
sistance of 1200 ohms for full length. The 
operating length from 0 to full scale of the re­
ceiver d�pends upon the applied voltage and the 
loop reslstance of the line. Where full scale 
is too s�ort on the rheostat, the additional 
line reslstor, as above, is added to terminal 
No. 5. 

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

Where E 
I 
L 

R = 2/3 x E/I - L 

applied battery voltage 
full scale telemeter current 
loop resistance 

Where the result is "minus", no extra 
resistance is 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 �part the contacts are set, the greater 
the posslble 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 local requirements, bearing in mind 
the amount of attention one is willing to give 
the apparatus. 

Telemeter Current Value--This is 
generally .020 amp. for full scale. In super­
visory control, it is 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 0 load, a re­
sistor is placed within the telemeter between 
the rheosta� and terminal No. �. Figs. 14. 15, 
16, 17. Thls resistance is calculated 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 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE S CURRENT-BALANCE TRANSMITTERS 

Figure 3 
Totalizing Wattmeter and Transmitter. 

may flow in either direction, zero center cali­
bration of the transmitter is secured by use of 
a center-tap resistor, as shown in diagram, Fig. 
7-

Receiving Instruments --Instructions 
for installation and care of receiving instru­
ments 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 circuit affects the accuracy and 
operation of the equipment. It is, briefly, the 
variable, 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 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 al.so for best 
results. Passable results can be obtahed with 
values of the resistance ratio as low as 30, but 
this is not recommended. The above applies to 
lines having good insulation from ground or with 
the remote indicating apparatus supplied by an 
insulated source of direct current. 0Den wire 
lines should be measured in wet and dry weather 
as the decrease of resistance due to leakage 
over the wet insulators may be considerable. 
The worst transmission usually occurs in a 
period of wet weather following a long period of 
dry weather, when insulators are coated with a 
mixture of dust and water. Lines in cables are 
greatly to be preferred due to their freedom, 
from weather troubles. It is possible to trans­
mit from 20 to 30 miles in good cable. It is 
not usually desirable to work through a circuit 
of a loop resistance of 4000 ohms or higher as 
the leakage over the sending end terminal con­
nections will become an appreciable part of the 
current transmitted unless great care and good 
maintPnance are used. Next in importance to 
having lines with good enough electrical con­
stants is to have proper protection against line 
disturbances. 

PROTECTION OF LINES AND APPARATUS 

Remote indicating apparatus is sub­
jected to disturbances arising in the circuit 
beinc measured and also in the circuit used for 
transmitting the indications. The first condi­
tion is the least troublesome as the protective 
equipment on the circuit measured serves to 
limit the extent of such trouble. 

Disturbances coming in on the line used 
for transmission may be several times any possi­
bl� strength that may be built into the instru­
ment 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 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 in the book which may not be required in 
any given installation. The following is 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 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 
clos&, 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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TYPE S CURRENT-BALANCE TRANSMITTERS 

Ground"'= 

Rear 
View 

Resistor u sed 
wit// lines of 
low resistance 

-current Transformer 

543 2 I 

...._ _ ___,_/1otor Control 

L----. .. ;.ro 0-C. Source 

To Remote Instrument + 

Figure 4 
Transnitting A-C Ammeter Diagram. 

Thb 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 the rheo­
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 slip rings and 
give them similar attention if they 
control motor. See section on this 
subject. 

(g ) Check up the alignment and smoothness 
of the contact points and if necessary 
smooth them up and reset them. Ordi­
narily one or two years service can 
easily be obtained before this oper­
ation will be needed. Also check the 
condition of the wire resistance coil 
rheostat and if it is badly worn, re­
place it, as a break in the coil will 
put the instrument out of service. 
The drum may be removed for this pur­
pose by removing the four nuts from 
the bearing pedestals and pulling the 
drum and bearings straight out. The 
drive gear and the drum end are re­
moved and the coil changed, the new 
coil is anchored the same as the old 
one. The resistance cannot readily be 
soldered so it is recommended that 
good mechanical joints be made and 
that the joints be covered with solder 
to prevent loosening and corrosion. 
Care should be taken· to keep the 
joints away from the drum ends when 
assembling to prevent short circuits 
and grounds. 

CARE OF THE MOTOR 

of the 
tion. 
versal 
nating 
proper 

Since the motor is a very vital part 
mechanism, it is worthy of special atten­

The control motor used is of the uni­
type and may be operated on either alter­

or direct current provided that the 
resistors are used. A bridge network of 

Sllunt 
r: � 

f-1 + 
-

-

Rear 
View 

+-,?43r? 7'� 
External resist:1 L 

ftfotor Control 
used with lines � ' 

of low resistance ;ro 0-C.Sourc 
T 

To Remote Instrument 

Figure � 
Transmitting D-C Ammeter Diagram. 

e 
+ 

four resistors is 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
trave1. When the contacts close, the bridge is 
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 in 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 independent adjustments are pro-
Vlded by means of which the instrument may be 
readjusted 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 leading to terminal 5 .  The 
adjustment is 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 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 obtain a balance. Be sure that the 
turns of the spring do not drag on each other. 
The strength of the spring is of little im­
portance, the tension is 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. 

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

- 5 - *See footnote on page 2. www . 
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TYPE S CURRENT-BALANCE TRANSMITTERS 

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

Rear 
View 

Figure 6 
Two Transmitting Wattmeters Operated in Parallel. Left Zero Connec·tions 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 be 
made. The adjustment is a magnetic shunt which 
changes the strength of the direct current 
balance coil by varying the magnetic field in 
which it works. The magnetic shunt is located 
on the pole pieces of the permanent magnet and 
is secured by a lock nut. Turning the shunt to 
the right increases the transmitted current. 
The range of adjustment is about 15% total. In­
struments are shipped with the adjustment set 
near the upper current limit so that recalibra­
tion will be 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 law relating the current trans­
mitted to the quantity measured is fixed and de­
termines the scale distribution of the receiving 
instruments. On wattmeters the current is pro­
portional to the power. The same is also true 
of direct current ammeters and voltmeters where 
the current is also proportional to the current 
or voltage. Alternating-current ammeters and 
voltmeters transmit d-e. current proportional to 
the square of the a-c. current or voltage. 

The sensitivity of the transmitter may 
be improved by setting the contacts on the 
measuring element closer in some certain cases. 
A spacing of about 1/4% of the full scale cur­
rent, in most cases may 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 taken to see that the contacts are set so 
that they do not in any position of the movement 
short 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 instrument, for overhand 
or repairs 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 place when instru­
ment is re-assembled. Remove the screws hold­
ing 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, 
and the movement may be lifted out by sliding 
the direct current coil off the pole p1ece and 
turning the movement around its longer 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 
exist. 

Rheostat--The rheostat arm may be re­
moved by turning the mounting post to the left 
which will thread it 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 is 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 is obvious from the construction. 

RENEWAL PARTS 

Repair work can be done most satisfac­
torily at the factory. However, interchangeable 
parts can be furnished to the customers who are 
equipped for doing repair work. When ordering 
parts, always give the complete nameplate data. 

- 6 -
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TYPE S CURRENT-BALANCE TRANSMITTERS 

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

�------------�----------------------�.N 

/i>H.tL'ri"ZERO 
C<:WNECJ"fl"R.-·-·­
rc::wc.t"""NTEA".2'FA!1 
C.WNEt"FhK.-------·---

Figure 9 
3 Phase 4 Wire 3 Current Coil Wattmeter. 

- 7 -

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

!loving Contact 

Figure 1 0  
Transmitting A-C. Ammeter --Internal Connections www . 
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Hoving 
contact 

TYPE S CURRENT-BALANCE TRANSMITTERS 

rr 
5 6 7 

Figure ll Figure 12 

Stat1onary 
Contacts 

Transmitting D-C. Ammeter or Voltmeter Internal 
Connections. 

Transmitting A-C. Polyphase Wattmeter Internal 
Connections - 3 Phase 3 Wire. 

Top 
811 _ __,..,... __ 616!! IG 

7 
8 

1 8 

Figure 13 
Outline �nd Drilling Plans. 

*Warning: Do not Tighten Connection Stud Nuts Against Rear or Panel. 

7 ;T;Htq. Hole 
(4ffoles) 

242-24 Tfld. � 

PRINTED IN U. S. A. 

Westinghouse Electric & Manufacturing Company 
Meter Divisior .. Newark, N. J. 8-43 
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I.L. 41-830A 

Westinghouse 
TYPE S TRANSMITTER 

FOR 
CURRENT BALANCE TELEMETER 

INSTRUCT IONS 

CAUTION 

Before putting instruments into �er­
vice, remove all blocking which may have been 
in�erted for the purpose of securing the parts 
during shipment. 

GENERAL 

Remote-indicating apparatus of the 
current-balance type is 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 is adapted to measur� 
the quantity to be transmitted while the other 
is a permanent-magnet moving-coil element adapt­
ed to measure direct currents of the order of 
20 milliamperes. In the upper part of the case 
is a motor-operated rheostat, which is control­
led'by contacts on the meter element. This 
rheostat controls the current which passes 
through the rheostat itself, the d-e. element, 
the transmission line, the remote indicator and 
returns to the source as is shown schematically 
in Fig. 1. 

Normally, a balanced condition exists 
between the forces exerted by the d'Arsonval 
element and the measuring element. When this 
balanced condition exists, the contacts in the 
motor circuit are open and a constant current, 
which is taken from the supply source, passes 
through the recelVlng circuit. The schematic 

diagram, shown in Fig. 1, indicates that in case 
the measured q�antity increases it will, by 

/(e/rin lJtJitJna Ho1ement fOr A·C.C1rcuit 

·exerting additional forde, disturb the balance 
and close the contact which causes the motor to 
move the rheostat to a position where an in­
creased current will flow and re-establish the 
balanced condition, and then the contact is 
opened. A decrease in the measured quantity 
will cause a similar operation in the opposite 
direction. 

INSTRUCTIONS FOR INSTALLATION 

Unpack according to the directions 
given on the label attached to the packing case, 
and preserve the packing case for future use, 
whenever it may be necessary to store or res�ip 
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 is warped, as that will throw the instru­
ment out of alignment. THE NUTS ON THE TERMINAL 
STUDS SHOULD NOT BE T IGHTENED 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 4, 
but terminal 5 should not be connected. In tpis 

condition, there are no electrical forces on the 

Figure l 
Connection Diagram of One Transmitter to Receivers Connected in Series. 

- l -
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TYPE S CURRENT-BALANCE TRANSMITTERS 

elemPnt". Operate the contacts by hand to sPe 
that thP motor runs propprly. RPlPase the move­

ment; both contacts should open and the motor 
idle. If thi� does not occur, thP movement is 
out of mechanical balance, and the zero adjust­
mentE can be used to correct this condition. * 
Place trolley contact wheel in the middle of the 
·rheostat coil and complete the conn-ections: The 
transmitter is now in operating order, if proper 
polarity is on the direct current supply and the 
meter element torque is in the correct cirec­
tion. Reversal of direct current polarity will 
cause the rheostat to move to the maximum cur­
rent position at the PxtremP right. IncorrPCt 
meter element polarity, which can occur only on 
direct currpnt and wattmetPr transmitters, will 
cause thP rheostat to move to the left against 
the limit switch. If both are reversed, the 
operation will be unstable and the rheostat will 
stop at one Pnd or the othPr of its travel. Care 
should be taken to eliminate such troubles by 
checking out connections as damage may res-ult. 
If it is desirPd to install switches to cut out 
a transmitter operating in parallel with othPrs 
when its circuit is out of use, a threp-pole 
switch connected in lPads l, 3 ,  and 5 is requir­
ed. If single-pole switches are used, they 
should be opened in thP order l, 5,  3 .  A doublP 
pole switch in leads l and 5 will also do the 
work but will leave the rheostat across the d-e 
supply. It is not nPcessary to disconnect thP 
mPtPr PlPment as the transmittPr will not be 
damaged by operation without direct currPnt 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 instruments on the instrument 
transformers. Direct-current ammeters operate 
from shunts having a drop of 50 millivolts or 
higher. Direct-current voltage transmitters of 
the polarized type have a resistance of 50 ohms 
per volt. For most direct-current work, the 
alternating-current voltage transmitteer is used 
as the square law of deflection gives it the ad-

*IMPORTANT 

Note that the zero adjustment referred 
to on pages 2 and 5 applies only to the cases 
where the telemeter line current is zero at zero 
measured load. Where a base value such as 5 
milliamperes is used, the zero calibration in­
cludes this value, which must exist when reset­
ting the zero adjuster to the correct position. 

A portable milliammPtPr connected at 
thP SPnding Pnd bPtWPPn thP transmittPi and thP 
linP will bP found VPry convPniPnt for making 
and tPsting adjustmPnts in the fiPld. 

vantage of wider 
sensitivity above 

scale divisions and better 
half of the full scale value. 

DESCRIPTION OF APPARATUS 

The Transmitter--The essentials of the 
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. quantity. B is 
a permanent magnet, and with its associated 
coils forms a direct-current element for measur­
ing the transmitted telemete:r;. line current. Its 
torque is proportional to the current transmit­
ted and balances the torque of the a-c metPr 
element A-A. This is the normal condition of 
the measuring element. If either part of the 
element has a higher torque than the other, the 
measuring element turns and closPs one or the 
other of the contacts c·, which causes the motor 
M to adjust the rheostat R, so that the current 
in element B is corrected to balance the torque 
of the element A-A. The direct-current trans­
mitted is proportional to the a-c or d-e quanti­
ty metered. A direct-current receiving meter 
may have its dial graduated accordingly and may 
be placed in the circuit wherever convenient. 

The rheostat R is of special design to 
give a large number of steps in a small space to 
permit close accuracy. It has about 3500 steps. 
A resistance wire is wound helically around an 
insulating core which in turn is wound around an 
insulating drum. The two ends of the winding 
are brought out to slip-rings and connect to the 
source of d-e voltage. Each sli�-ring has 
four brushes in multiple to insure positive con­
tact at 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 is used to 
provide two point contact at all times. Contact 
is 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 limits when overloads or line trouble may 
prevent a balance being obtained. The operating 
motor M is connected to the rheostat by a single 
spur gear reduction, and uses a peculiar control 
circuit to provide. rapid starting and dynamic 
braking, thereby permitting faster operation. 

The measuring element is constructed 
with a rigid frame carrying the coils of the 
meter element and the small coil 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 is 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 

I ('I.'RRENT CU.{{'t)JT Vor.TA<a..: CIRCI!IT 

Transmitting \Vattmctcr 
Transmitting Ammeter 
Transmitting Voltmeter 

Control Circuit 

II 0 Volts, 60 Cycles 
II 0 Volts, 25 Cycles 
110 Volts, D-C. 
250 Volts, D-C. 

48 Volts, D-C. 

I 
VA I 

I 4 . .12 
3 71'. I 

VA 
.>5_4 
35 4 

25 Cycles 

w RVA I ''"1 
4 12 1..16 '15 5 I ·'· 66 .94 96.X 

w RVA PF 

32 15 90.4 
.B.9 to 96.0 
.>5 
45 
lX 

- 2 

VA 

5 .\7 
.1. X7 

-

60 Cycles 25-60 Cycles 

\\" RVA PI' VA VI' RVA PF 
10 X IO.X 0 IOU 

4. 11 J 12 77 7. 5 7 5 () 10� 
.I .l 2.03 85.3 

.. .. io s 10.5 .I 9'1+ 

Rheostat . Circuit reqmrcs 3;oprnximately 120 milliampere<:; 
at 110 or 220 volts and 60 mtlhampcrcs at 48 volts. 
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TYPE S CURRENT-BALANCE TRANSMITTERS 

Figure 2 
Transmitting Voltmeter. 

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

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

Totalizing wattmeters are equipped 
with the device shown in Fig. 3. The motor­
operated rheostat is the same as that in the 
single transmitter Fig. 2 and is opera�ed by 
contacts on the transmitting element mounted 
vertically alongside the lower three elements of 
the totalizing meter. The two forces acting on 
this element are the mechanical force of a 
spring which is connected to the recording 
mechanism of the meter and the torque of the 
balance coils which depends on the transmitted 
current. The tension of the spring is propor­
tional to the load shown on the chart, which re­
sults in the current transmitted being propor­
tional to the load. The connections between the 
two parts of the transmitter are only the con­
necting wires. What is actually transmitted is 
the position of the pen on the chart. 

The receiving instruments are stand­
ard direct-current milliammeters calibrated to 
read in the values of the load, voltage, posi­
tion or whatever quantity is to be transmitted. 
Either indicating 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. 

The motor resistance to a certain ex­
tent governs the speed of the motor but is to be 
used mainly to corrpct ·for differences in con­
trol circuit voltage. If faster response is de­
sired, the resistance may be reduced. Too low a 
resistance will cause hunting to take place, and 
in general a speed of six seconds fo� full scale 
travel is about the fastest that is obtainable. 

(b) Working resistance of output cir­
cuit. This includes the line and 
thP rPsistor· in sPri,swith tPrml­
nal 5. 

The output rPsistancP (of the �lPmP­
ter linP circuit) should be high enough so that 
the full scale range of the meter will covPr 
about 80% of the rheostat travel. 

Line Resistor Unit--In figures 7, 8, 
and 9, the external resistor connected to termi­
nal No. 5 is used in cases where the resistance 
of the telemeter loop through the receiving 
instruments is less than normal which would 
otherwise cause the internal rheostat to operate 
within too narrow a zone. 

Rheostat--The rheostat has a resis­
tance of 120 0  ohms. The portion of the rheostat 
used·in full scale deflection of the receiver 
depends upon the applied voltage and t�e loop 
resistance of the line. Where full scale de­
flection 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 = 2/3 x E/I - L 

Where E 
I 
L 

applied battery voltage 
full scale telemeter current 
loop resistance 

When the result is "minus", no extra 
resistance is 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 sensitivit�, 
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, it is 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 0 load, a resistor is placed wit�­
in the telemeter between the rheostat and terml­
nal No. 4, Figs. 1 4 ,  15, 16, and 17. This _rp­
sistance is calculated as follows: 

Entire rheostat = 1200 ohms 
1 2 0 0  x .005/.025 = 240 ohms 

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

- 3 -

Center Zero Calibration--Where power 
may flow in either direction, zero center cali­
bration of the transmitter is secured by use of 
a ·center-tap resistor, as shown in diagram, Fig. 
7. www . 
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TYPE S CURRENT -BALANCE TRANSMITTERS 

Figure 3 
Totalizing Wattmeter and Transoitter. 

Receiving Instruornts- - In�truction� 
for installation 2nd care of receiving instru­
ments are the same as those noroally furnished 
with the particular type of inPtruoents used. 

THE TELEMETER LINE CIRCUITS 

Probably more than any other single 
cause, the circuit affects the accuracy and 
operation of the equipment. It is, briefly, the 
variable, 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 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 
�hould exceed 100 and the open circuit re­
si�tance should exceed 5000 ohms also for best 

results. Passable results can be obtained with 
values of the resistance ratio as low as 30, but 
this is not recomme-nded. The above applies to 
lines having good insulation from ground or with 
the remote indicating apparatus supplied by an 
insulateq source of direct current. Open wire 
lines should-be measured in wet and dry weather 
as the decrease of resistance due to leakage 
over the wet insulators may be considerable. 
The worst transmission usually occurs in a 
period of wet weather following a long period of 
d we�ther, when insulators are coated with a 

of dust and water. Lines in cables are 
greatly to be preferred due to their freedoo 
froo weather troubles. It is possible to trans­
mit from 20 to 30 miles in good cable. It is 
not usually desirable to work through a circuit 
of a loop resistance of 4000 ohms or higher as 
the leakage over the sending end terminal con­
nections will become an appreciable part of the 
current transmitted unless great care and good 
maintenance are used. Next in importance to 
having lines with good enough electrical con­
stants is to have proper protection against line 
disturbances. 

PROTECTION OF LINES AND APPARATUS 

Remote indicating apparatus is sub­
jected to distrubances arising in the circuit 
being measured and also in the circuit used for 
transmitting the indications. The first condi­
tion is the least troublesome as the protective 
equipment on the circuit measured serves to 
limit the extent of such trouble. 

Disturbances coming in on the line 
used for trensmission may be several times any 
possible strength that may be built into the 
instruoent so that additional apparetus may be 
needed to ';:eep such disturbances from reaching 
the transmi tting apparatus and in some cases the 
receiving apparatus. * 

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 in the book which may not be required in 
any given installation. The following is sug­
gested as an installation chec� up at periods of 
two weeks: 

(a) Clean cqntacts 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 �eceive attention 
about every six months. 

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

*For further details on �elemeter 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. 

- 4 -
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TYPE S CURRENT-BALANCE TRANS!HTTERS 

Ground""'= 

Rear 
View 

Resistor used 
wit/7 lines of 
low resistance 

.A-Current Transformer 

543 2 I 

L_ __ ...:.11otor Control 

'----�-;To 0-C. Source 
'.--,---.----,..-+ 

Figurp 4 
Transnitting A-C AmmPtPr DiRgram. 

and wipP off Hny PXCPSS thRt may bP on 
the outside of the bearings. 

(e) RPmove contact pullPy from thP rheo­
stat arm and thoroughly clpan thP arm 
and thP pullPy and re -assemblP with a 
small amount of vasPlinP for lubrica­
tion. Also inspect the slip rings and 
give them similar attention if thpy 
control motor. SPe section on this 
subjpct. 

(g ) Chpc� up the alignment and smoothnPss 
of the contact points and if npcessary 
smooth them up and resPt them. Ordi­
narily onp or two years service can 
easily bP obtained bpforp this opPr­
ation.will bP nePdPd. Also chpc� thP 
condition of thP wirP rPsistancP coil 
rhPostat and if it is badly worn, rp­
placP it, as a brea� in thP coil will 
put the instrument out of service . 
The drum mAy be rPmoved for this 
posP by rpmoving four cuts 

the bParing pPdPstals and pulling thP 
drum and bearings straight out. The 
drivP gear and thp drum pnd arr re­
moved and the coil changpd, thP new 
coil is anchored the same as the old 
one. The rrsistancP cannot readily bp 
SOldPred SO it is rPCODlJTlpndPd that 
good mPchanical joints be madp and 
that the joints be covPred with soldpr 
to prPVPnt loospning and corrosion. 
Care should bP ta�pn to �PPp thP 
joints away from thP drum Pnds when 
a sspmbling to prPVPnt short circuits 
and grounds. 

CARE OF THE MOTOR 

Since thP motor is a vrry vital part 
of thP mPchanism, it is worthy of sppcial atten­
tion. Thp control motor used is of the uni­
vprsal typp and may bP oppratpd on PithPr altpr­
nating or dirPct currpnt provided that thP 
proper resistors are used. A bridge nPtwor� of 
four resistors is used which, when thP contacts 
arP opPn, servps the doublP purposP of a dynamic 
br��P resistancP and a fipld rPsistancP in ordpr 

stwnt 
� + --

/ 

Rear 
View . 

+- 5432/ 
7 61? '? 

External res;sto(-j I 
l'!otor Control used with lines � 

of low resistance ;ro o-c.sourc 
l 

To Remote Instrument 

Figure 5 
Transmitting D -C Ammeter Diagram. 

e 
+ 

to in�ure quick stopping and prevent ovpr­
travPl. WhPn the contacts close, the bridge is 
unbalanced and an armature current flows and 
thP motor rPvolvPs at a constant speed due to 
thp action of the rpsistor across the armaturP. 

ThP grpasP cups should rPquirP rpfill­
ing about PVPry six to Pight months in usual 
sprvice. ThP commutator should be cleaned about 
PVPry six months in SPVerP servicP. In many 
casps annual attPntion may be sufficient. The 
brushps �hould be watchpd from time to time and 
whpn worn down to about l/4 inch, should be rP­
placPd. ThP direction of thP motor may be re­
VPrsed bJ transposing the field or top pair of 
leads or else thP armature or bottom pair of 
leads. ThrPP different windings are uspd for 
voltagps of thP order 50, 110,  and 220. 

CALIBRATION AND ADJUSTMENT 

Two independent adjustments are pro­
vidpd by mPans of which the instrument may be 
rpadjusted if requirpd. The Zero Adjus tment is 
a small spring on thP measuring elemPnt with a 
fine scrpw adjustmPnt to facilitate its use. To 
makp this adjustment, all electrical forcps must 
bp rPmovpd from the measuring PlemPnt by remov­
ing voltagP or load from the elpmpnt and discon­
npcting thP wirP lpading to terminal 5. The 
adjustment is madp by turning the scrpw in the 
propPr direction until the motion of the rhpo­
stat ceasPs whPn the contact roller is in thP 
middle.* ThP mPchanical forces are to be 
balancPd with all PlPctrical forces removed. It 
may happpn whpn a mPtPr has bepn repaired, that 
this condition cannot bP rpached in the range of 
adjustment providPd; then it will be necessary 
to shift the position of the outer Pnd of the 
spring to obtain a balancp. Be sure that the 
turns of the spring do not drag on Pach other. 
Thp strPngth of thP spring is of little im­
portarrcp, thP tension is the important thing. 
Caution--BP surP that thP contact roller is 
somPWhPrP npar thP center of the rhpostat coil 
b�forp reconnpctlng tPrminal 5 ,  to avoid damag­
ing instrumPnt by eXCPssive current. 

The Other AdJuscmpnt is a load adjust­
mpnt and is made with somp load on thP instru-, 

- 5 - *See footnute on page 2. 
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TYPE S CURRENT -BALANCE TRANSMITTERS 

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

Rear 
View 

Figure 6 
Two Transmitting Wattm�ters Operated in Paral lel. Left Zero Connections for Total izing 
Two-3 Phase 3 Wire Circuits. For Sin0le 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 be 
made. The adjustment is a magnetic shunt which 
�hanges the strength of the direct current 
bal&nce coi l by varying the magnetic field in 
which it works . The magnetic shunt is located 
on the pole pieces of the permanent magnet and 
is secured by a lock nut. Turn ing the shunt to 
the right increases the transmitted current . 
The range of adj ustment is about 1 5% total. In­
s t rument s are shipped w ith t he ad j u stment set 
near the upper current limit so that recalibra­
tion wil l  be 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 re lation between the current 
transmitted and the quantity mPasured i �  fixe d 
and determines the scale distribution of the re­
ceiving instruments. On wattmeters the current 
is proportional to the power. The same is a lso 
true of direct current ammeters and voltmeters 
where the current is also proportional to the 
current or voltage. A lternating -current am­
met ers and voltmeters transmit d-e. current pro­
portional to the square of the a -c. current or 
voltage. 

The serisitivity of the transmitter may 
be improved by setting the contacts on the 
measuring element clDser in some certain cases. 
A spacing of about l/4% of the ful l scale cur­
rent, in most cases may result in hunting due to 
changes in control voltage. The more reasonable 
value of 1/2% is a better operating propos�tion. 
This value means a contact spacing of about .01 
inch ( . 25 MM) total for both gaps. Care should 
be taken to see that the contacts are set so 
that they do not in any position of the movement 
short circuit the stationary contacts. Such a 
condition wi l l  cause an erratic failure in oper­
ation. 

TO DISMANTLE THE INSTRUMENT 

In case · it shoul d  ever become neces­
sary to dismantle the instrument, for overhaul 
or repairs the f O l lowing procedure should be 
fol lowed. 

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 in­
strument is re -assembled . Remove the screws 
holding down the ends of the f lexible conducting 
leads. Remove the cap nuts and washers holding 
the stationary coils in place and pul l  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 p lace. Loosen the lower bearing screw .  
The moving e lement may be l ifted out by sliding 
the direct current coi l  off the pole piece and 
turning the movement around its longer axis . 
When re -assembling f"ol low the reverse procedure 
and take care not to tighten up too hard on the 
bearing screws as that wil l  damage the pivots. 
The screws should never be tightened up on the 
pivots but some sma l l  clearance should always 
exist. 

Rheostat --The rheostat arm may be re­
moved by turn ing .the mounting post to the left 
which wil l  thread if off its mounting stud and 
on the arm. When replacing the rheostat arm, 
the proper tension should be present. It shoul d  
not be • so l ight that the friction of· the contact 
wheel on the resistance spiral wil l  not turn the 
wheel or so heavy that the motor wil l  not start 
the drum when the wheel  is placed on the drum at 
thP start of the spiral . Adjustment of the ten­
sion is 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 is obvious from the construction. 

- 6 -

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE S CURRENT-BALANCE TRANSMITTERS 

RENEWAL PARTS 

Repair work can be done most satisfac­
tori ly at the factory. Howe ver , inte rchangeab le  

Figure 7 
Showing Center-Tap Exte rnal Resistor Used For 
Wattmeters Ca l ibrated for Center Zero. In Other 
re spe cts this Diagram is the Same as Figure E .  

�--------------1----------------------------N 

l'tJRL'J!"/7•ZERO 
Cc:wN£crrTR. -·-·­
rc::wc&""#TEH.Zf/it1 
QU-'N£("'/"h..r.'-- --------

Figure 9 
3 Phase 4 Wire 3 Current Coi l Wattmeter . 

parts can be furnished to the customers who are 
e quipped for doing repair work. When ordering 
parts, alw�ys give the complete nameplate data. 

Figure 8 
Totalizing Wattmeter With Transmitting Rheostat. 
Three Phase Three Wire Left Zero. For Cent 'r 
Zero see aJso Figure 7 .  

lfoving Contacl 

Figure 10 
Transmitt ing A-C . Ammeter--Internal Conne ction s. 
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TYPE S CURRENT -BALANCE TRANSMITTERS 

Jeld 

rr 
5 6 7 

Figure ll 

5 

Figure 1 2  

5tOt!Onary 
Contacts 

Transmitt ing D -C. Amme t e r  or Voltme t e r  Int e rnal 
Conm , c t i ons. 

Transmitt ing A -C .  Polyphase Wat t me t e r  Inte rnal 
Conne c t i ons - 3 Phase 3 Wire. 

Top 

15/ -t��-----7----+---�1----t-+--i-
8 8 

Figure 1 3 . 
Outline and Drilling Plans. 

*Warning : Do not T ight en C onne ction Stud Nut s Against Rear Qf Panel .  

P RI NTED I N  U. S . A .  WESTINGHOUSE ELECTRIC CORPORATION 
Meter Divi1ion, Newark. N. J. 

7 
til l'ftq. Hole 
(4Holes) 

1 0 -46 
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I N S T  A L L A f i O N  • · O P E R A T I O N  • MAI N T E N A N CE 

I N S T R U C T I O N S  
TYPE S TRANSMITTER 

FOR CURRENT BALANCE TELEMETER 

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 ­

balan ce type is used for the totalization or 

remote transmission of readings of voltage, 

current , power, water level, position, et. c. 

The transmitters themselves consist of t,.,o 

measuring elements mechanically connected in 

opposition. One element is adapted to measure 

the quantity to be transmitted while the other 

is a permanent-magnet moving-coil element 

of the adapted to measure dire ct 

order of 20 milliamperes . 

currents 

In the upper part 

of the case is a motor-operated rheostat, 

which is controlled by contacts on the meter 

element. This rheostat controls the current 

which passes through the rheostat itself, the 

l(e/Yin Btrlot1a 11orement !Dr A-C. Circuit 

d-e. element ,  the transmission line , the re­

mote indicator and returns to the source as is 

shown schematically in Fig. 1 .  

Normally , a balan ced condition exists be­

tween the forces exerted by the d 1 Arsonval 

element and the measuring element . 'When this 

balan ced condition exists, the contacts in the 

motor circuit are open and a constant current, 

;rhich is taken from the supply source, passes 

through the receiving circuit. The schematic 

diagram , sho;rn in Fig. 1 ,  indicates that in 

case the measured quantity increases it will , 

by exerting additional force , disturb the 

balance and close the contact which causes the 

motor to move the rheostat to a position where 

an in creased current will flo"' and re­

establish the balan ced condition , and then the 

contact is opened. A dec rease in the measured 

quantity ,.rill cause a similar operation in the 

opposite direction. 

Receiwrs 

Fig. 1-Connechon Diagram of One Transmitter to Receivers Connected in Series. 
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TYPE S CURRENT-BALANCE TRANSMITTERS ____________ _ 

INSTALLATION 
Unpack according 

the label att ached 

t o  the dire ct ion s given on 

to the packing case , and 

pre serve the packing case for future use , 

whenever it may be neces sary t o  st ore or re ­

ship the in strument . 

Famil i�rize yourself with the content s of 

thi s in struct �on book . Mount the in strument 

on the switchboard or other support . 

Take care ;.rhen t ightening the mounting stud 

nut s not to t ighten them so t ight that the 

base is "''arped, as that will throw the in stru ­

ment out o f  alignment .  T HE  NUTS ON THE 

TERMINAL STUDS SHOULD NOT BE TIGHTENED AGAINST 

THE PANAL . (The mount ing studs are sufficient 

to support the meter ) . 

C onnect according t o  the diagrams , 

5 , 6 ,  7 or 8. 
Figs . 4 ,  

With no  po.,.rer on the meter element apply 

control voltage to terminals 1 and 2 .  Volt ­

age can al so  be applied t o  terminals 3 and 4,  

but terminal 5 should n ot be  connected . In 

this c ondit ion , there are n o  e l8 ct rical forc e s  

o n  the element . Ope rate the contact s by hand 

t o  see that the motor run s properly . Re lease 

the movement ; both contact s should open and 

the mot or idle . If this doe s not occur, the 

movement is out of me chanical balan ce ,  and the 

zero adjustment E can be used to c orre ct thi s 

condition . *  Place t rolley c ontact wheel in 

the middle of the 

the conne ction s .  

ope rat ing order,  

dire ct current 

rhe ostat coil and complete 

The t ransmitter i s  now in 

if proper polarity is on the 

supp ly and the meter element 

t orque is in the correct direct ion . Reversal 

of direct current p olarity will  cause the 

rhe ostat to move to the maximum current posi-

t ion at  the ext reme 

e lement polarity,  

*lMPORTANT 

right . Inc orrect meter 

which can occur only on 

Note that the zero adjustment referred to on pages 2 
and 5 applies only to the cases 'Where the telemeter 
line current is zero at zero measured load. Where a 
base >ralne such as 5 milliamperes is used, the zero 
calibration include s thi s  value , which must exist when 

2 

Fig. 2-Transmitting Voltmeter. 

direct  current and wattmeter t ransmitt e r s ,  

,.rill  cause the rheo st at t o  move t o  the left 

again st the limit s•rit ch . If both are re ­

versed, the ope rat ion vill be un stable and the 

rhe ostat ,,rill stop at one end or the othe r  of 

it s t ravel . Care should be taken t o  el iminate 

such t rouble s by checking out connections as 

damage may re sult . If it i s  de sired to in ­

stall swit che s t o  cut out a t ransmitter oper­

at ing in parallel  with others  •rhen it s circuit 

is out of use , a three -pole s;,rit ch connected 
in leads 1 ,  3 ,  and 5 is  require d .  If s ingle ­

pole svit che s are used,  they should be opened 

in the order 1, 5, 3 .  A doub le pole svit ch in 

leads 1 and 5 vill also do  the vork but will 

leave the rheo stat acros s  the d - e  supply . It 

is not neces sary t o  disconnect the meter e le ­

ment a s  the t ransmitter vill not be damaged by 

operat ion without 

stat . 

dire ct current on the rheo -

resetting the zero adjuster to the correct position. 

A portable nilliammeter connected at the sending end 
between the transmitter and the line will be found ver,y 
convenient for making and testing adjustments in the 
field. 
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TYPE S CURRENT-BALANCE TRANSMITTERS -----------=LL;_. 4:.:.1 -=a3=os 

POWER REQUIREMENTS 

The tables given below give the power re­
quirements of the motor and rheostat circuits 

for various voltages and the burdens of alte r­

nating-current instruments on the instrument 
transformers. Direct-current ammeters operate 

from shunts having a drop of 50 millivolts or 
highe r .  Direct -current voltage transmitters 

of the pol arized type have a resistance oi' 5 0  

ohms p e r  volt . For most direct-current work, 

the alternating -current voltage transmitter is 

used as the square l aw of def le ction gives it 

the advantage of wide r scale divisions and 

better sensitivity above half of the ful l  

scale value . 

DESCRI PTION OF APPARATUS 
The Transmitter 

The essentials of the current -balance type 

of transmitter are embodied in the trans-

mitting meter as sho,.rn in 

A-A constitute a Kelvin 

Fig . 2 .  The coils 

balance type e lement 

vhich deve lops torque on the meter 

proportional to the a-c. quantity . B 

e lement 

is a 

pe rmanent magnet ,  and vith 

coils forms a direct -curre nt 
its associated 

e lement for 

me asuring the transmitted te lemeter line cur ­

rent. Its torque is proportional to the cur­

rent transmitted and balances the torque of 

the a-c meter e lement A-A .  This is the normal 

condition of the me asuring e lement. If either 

part of the e lement has a higher torque than 

the other, the measuring e lement turns and 

closes one or the other of the contacts C, 
vhich causes the motor M to adjust the rhe o ·  

stat R, so that the current in e lement B is 

VA 

Transmitting W attmeter 4 . 32 
Transmitting Ammeter 3 . 78 
·rransmitting Voltmeter . . . . 

Control Circuit VA 

l l O  Volts, 60 Cycles 35 . 4  

l l O  Volts, 25 Cycles 35 . 4  
llO Volts, D-C . . . . . . 
250 Volts, D-C. . . . . 

48 Volts, D -C . . . . . 

25 

y 

4 . 1 2 
3 . 66 

. . . . . 

w 
3 2  

33 . 9  
3 5  . .  
45 
28 

Current 

Cycl es 

RVA 

1 . 26 
. 94 

. . . . 

RVA 

15 

1 0  
. . . . 
. . . . 
. . . . 

PH' 

95 . 5  
96 . 8  
. . . . 

PF 

9 0 . 4  

96 . 0  
. . . . 
. . . . 

. . . . 

corrected to balance the torque of the e l ement 
A-A .  The direct-current transmitted is 
proportional to the a -c or d - e  quantity 

metered . A direct-current receiving meter may 

have its dial graduated accordin gly and may be 

p lace in the circuit wherever convenient . 

The rheostat R is of special design to give 
a l arge 

permit 

steps . 

numbe r of steps 

close accuracy . 

A resistance wire 

in a smal l  space to 

It has about 3500 

i s  wound he lically 

around and insulating core which in turn is 

wound around an insu l ating drum . The two ends 

or the winding are brought out to slip -rings 

and connect to the source of d-e voltage . 

E ach slip -ring has four brushes in multiple to 

insure positive contact at a l l  time s .  Contact 

is made to the wire through a trol ley arm 

pivoted on a post at the bottom of the base . 

A V -groove whe e l  is used to provide two point 

contact at a l l  time s .  Contac� is made to the 

whe e l  by means of a spring bearing on the end 

of the whe e l  hub . Limit switches L -L are 

operated by a block on the trolley arm to pre­

vent the operation of the rheostat beyond its 

l imits when overloads or line trouble may pre­

vent a balance being obtained . The ope rating 
motor M is connected to the rheostat by a 

single spur gear reduction, and uses a pecu­

liar control circuit to provide rapid starting 

and dynamic braking, thereby pe rmitting faster 

ope ration . 

The measurin g e lement is constructed with a 

rigid frame carrying the coils of the meter 
e lement and the smal l coil of the direct cur­

rent balance e lement . The movement is pivoted 

on hardened and polished a l l oy " jewe ls" which 

Circuit 

VA 

5 . 37 
3 . 87 
. . . . 

w 

4 . 12 
3 . 3 
. . . . 

60 Cycl es 

JfJlA 

3 . 12 
2 . 03 
. . . . 

PF 

77 
85 . 3  
. . .. 

Vo ltage Circuit 
25 -60 Cycles 

VA w RVA PW 
1 0 . ()  1 0 . 8  0 100 

7 . 5  7 . 5  0 100 
. . . . . . . . . . . . . . 
10 . 5  1 0 . 5  . 1  99+ 

Rheostat Circuit requires approximate ly 
120 mil liamperes at l l O  or 220 volts 
and 60 mil liamperes at 48 -volts. 
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TYPE S CURRENT-BALANCE TRANSMITTERS -------------

are readily rep laceable in t he event of being 

damaged .  The current is brought into the e l e ­

ment t hrough flexible lead s . A spring S with 

a microme t e r  ad justment E is provided to set 

the transmitt e r  in the p o sition of z e ro or 

mechanical balance , s o  t hat t he only force s 

acting on the e lement are t he e lectrical 

force s. The inner p o le of the pe rmanent mag­

net carrie s a magnetic shunt D which permit s 

adjustment of t he balancing force s by varying 

t he pe rmanent magnetic flux in ,.rhich t he coil 

ope rate s .  

The direct -current t ransmit t e r s  are similar 

to t he alte rnating-current type s shovn in Fig . 

2 except t hat t he measuring e lement consist s 

of t'·'O e l ement s of t he same type as the bal ­

ancing e lement mounted at t he opp o site ends of 

a balance arm . 

Totalizing •rattme t e r s  are e quipped with the 

device shown in Fig . 3 .  The motor-operated 

rhe o stat is t he same as that in t he single 

t ran smitte r Fig . 2 and is operated by contacts 

on the transmitting e l ement mounte d  vertically 

a l ongside t he l o,.rer three e l ement s  of the 

totalizing mete r .  The two force s acting on 

t hi s  e l ement are t he mechanical force of a 

spring "'hich is connected to t he recording 

mechani sm of t he meter and the t orque of t he 

balance coi l s  which depends on t he tran smitted 

current . The tension of t he spring is prop o r ­

tional to the l oad shovrn o n  the chart , which 

re sults in t he current t ran smit ted being p r o ­

portional to t he l oad . The connections 

between the t,,,o parts of t he tran smitt e r  are 

only the connecting wire s .  What i s  actual ly 

t ransmitte d is t he p o sition of the pen on t he 

chart . 

The receiving in strument s are standard 

direct -current mil liammete r s  calibrat ed to 

read in the value s of the l oad , vo ltage , p o si­

tion or whatever quantity i s  to be tran smit ­

ted . Eit he r indicating or recording instru­

ment s may be used and as many as de sired may 

be connected in se rie s .  

ADJUSTMENTS TO SUIT SERVICE 
CONDITIONS 

In orde r to me e t  the varying needs of dif-· 

ferent kinds of se rvice , the fol l owing adjust­

ments are p o s sible : 

4 

Fig. 3---Totalizing Wattmeter and Transmitter. 

( a ) Mot or cont rol re sistan ce . 

The mot or re sistance t o  a cert ain e xt ent 

governs the speed of the motor but is to be 

used mainly to correct for difference s in con­

trol circuit volt age . If faste r  re sponse is 

de sired, the re sistance may be reduced .  Too 

l ow a re sistance vill cause hunting to take 

place , and in general a spee d  of six seconds 

for ful l  scale travel is about the faste st 

that is obtainable . 
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TYPE S CURRENT-BALANCE TRANSMITTERS _ l.l. 41 -8308 

( b )  Working re sist an ce of output circuit . 

This in clude s the l ine and the re sistor 

in serie s with terminal 5 .  

The output re s i stance ( of the t elemeter l ine 

c ircuit ) should be high enough so  that the 

ful l  scale range of the meter wil l cover about 

80% of the rhe ostat trave l .  

Line Re sistor Unit 

In figure s 7, 8, and 9 ,  the external re s i s ­

tor conne cted t o  terminal No . 5 i s  used in 

cases where the re sistance of the te lemeter 

loop through the rece ivin g  in strument s is  le s s  

than normal which ,,,ould othervise cause the 

inte rnal rheostat to operate within too  narrow 

a zone . 

Rhe ostat 

The rhe ostat has a re si stance of 1200 ohms . 

The port ion of the rheo stat used in ful l  scale 

def l e ct ion of the receiver depends upon the 

appl ied voltage and the l oop re sistan ce of the 

line . Whe re ful l  scale deflect ion require s 

too  smal l a port ion of the rheostat ,  the addi ­

t ional line re s i stor,  as above , i s  added t o  

terminal No . 5 .  

The required value of thi s re sist or ( R )  may 

be cal culated as follow s :  

R = 2/3 x E/I - L 

Where E appl ied battery voltage 

I ful l  s cale t e lemeter current 

L loop re sistan ce 

When the re sult i s  "minu s " ,  n o  extra re s i s ­

t an ce i s  required . 

C ontact Spacing 

The spacing of the coutact s affe ct s the sen ­

sit ivity or the amount of change required t o  

cause an ope rat ion o f  the rheo stat t o  readjust 

the current . The u sual spacing is about . 008 11 

t ot al for both gap s . The further apart the 

contact s are set , the greate r  the possible 

e rror and the l e s s  the sen sitivity.  The sen ­

s it ivity can be varied from about 1/4 t o  2% . 

Howeve r, 1/2 t o  1% i s  re commended as a good 

working figure . The greater the sen sit ivity, 

the great er the maintenan ce required as the 

apparatus operate s  more frequent ly . 

Te lemeter Current Value 

Thi s is gene ral ly . 020 amp . for ful l  scale . 

In supervi sory cont rol ,  it i s  ne ce ssary t o  

start with a base value o f  5 m . a .  = ) l G �d .  

Thus giving . 005 + . 020 = . 025 amp . for ful l 

scale . To e stablish this value at 0 l oad , a 

re sistor i s  placed ¥rithin the telemeter be ­

t1o�een the rheo stat and terminal No . 4 ,  Figs . 

1 0 ,  1 1  and 12 . 

Control Battery Voltage 

Thi s should be sufficient at all t ime s t o  

give the ful l  scale te lemeter ampere s ,  through 

+,he t otal loop re sistan ce . 

Center Zero Calibrat ion 

Where pover may f low in e ithe r direct ion , 

zero center calibrat ion of the t ransmitter i s  

secured by use o f  a center-tap re sistor,  as 

sho1m in diagram, Fig . 7 .  

Re ceiving In strument s 

In struction s  for in stallat ion and care of 

re ceiving in strument s are the same a s  those 

normally furni shed uith the part icular type of 

in strument s used . 

THE TELEMETER LINE CIRCUITS 

Probably more than any other single cause , 

the circuit affe cts  the accuracy and operat ion 

of the equipment . It i s ,  briefly, the vari­

abl e ,  uncertain factor; and is  the thing that 

dist inguishe s  one in stal lat ion from the othe r .  

The quality o f  a line for u s e  with the current 

balan ce type of equipment can be dete rmined by 

measuring the re sistance of the line �t the 
sending end with the receiving end open and 

then repe at ing with the l ine shorted at the 

re ce iving end . The rat io of the se two value s 

should exceed 100 and the open c ircuit re s i s ­

t ance shou ld exceed 5000 ohms a l s o  for be st 

result s .  Pas sable re sult s can be obtained 
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TYPE S CURRENT-BALANCE_ TRANSMITTERS-------------

Gro11.nd "'='" 

Rear 
View 

Resistor used 
wit!J lines of 
low resistance 

- current Transformer 

543 2 I 

'-----'-/'lot or Control 

'----�·;To D-C. Source 
';-:-c...---.,---.- + 

Fiq. 4-Transmittinq A-C Ammeter Diaqram. 

"'ith value s of the re sistance rat io as low as  

3 0 ,  but this i s  not recommended . The above 

applie s t o  line s having good in sultaion from 

ground or with the remote indicat ing apparatus 

supplied by an in sulated source of direct cur­

rent . Open i.rire l ine s should be measured in 

wet and dry weather as the de crease of re s i s ­

tan ce due t o  leakage over the uet insulat ors 

may be con side rable . The vorst t ran smi s sion 

usual ly o c curs in a period of wet veather fol­

lOi·ring a long period of dry veather ,  vhen 

in sulat ors are coated with a mixture of dust 
and i.rate r .  Lines  in cable s are great ly t o  be 

preferred due t o  the ir freedom from 'reather 

t rouble s .  It is pos sible t o  t ransmit from 20 

to 30  mile s in good cable . It is not usually 

de s irable to work through a circuit of a loop 

re si stan ce of 4000 ohms or higher as the 

leakage over the sending end terminal connec ­

t ion s will be come an appre ciable part of the 

current t ran smitted unle s s  great care and good 

maintenan ce are used . Next in .import ance t o  

having l ines  with good enough elect rical con ­

stant s i s  t o  have proper protect ion again st 

l ine disturban ce s .  

PROTECTION OF LINES AND 
APPARATUS 

Remote indicat ing apparatus 

disturban c e s  aris ing in th� 

is sub je cted t o  

circuit being 
measured and 

t ran smit t ing 

al so  in the circuit used for 

the indicat ion s . The first 

6 

snunc 
f-' + --

Rear 
'liew 

; �)?.4rcf? 
External resisto(� I /'lot or Control 
used will/ lines � 
of low res/stance ;ro 0-C.Sourc 

I 
To Remote Instrument 

e 
j 

Fiq. S-Transmittinq D-C Ammeter Diaqram. 

c ondit ion i s  the least troublesome as the pro-

tect ive equipment on the circuit measured 

serve s to limit the extent of such trouble . 

Disturbance s  coming in on the line used for 

t ransmi s sion may be several t ime s any pos sible 

strength that may be built int o the in strument 

so  that addit ional apparatus may be needed t o  

keep such disturbance s from reaching the 

t ran smitting apparatus and in some case s the 

rece iving apparatus . *  

MAINTENANCE AND INSPECTION 

The amount of maintenance required depends 

upon local condit ion s t o  a very great extent . 

The fol loving i s  only intended as a sugge st ion 

t o  fol lov unt il experience indicat e s  that more 

or l e s s  attent.i.on i.rill be required . For this 

reason , con siderable material i s  inc luded in 

the book which may not be required in any 

given in stallation . The folloving is sugge st ­

ed as an installat ion che ck up at periods of 
tvro weeks : 

*For further details  on Te lemeter Line Cir­

cuit s and the ir protection , see "Te lemetering 

Supervisory Control and Associated Circuit s " , 

the Oct . 1941 report of the A . I .E .E .  } oint 

C ommittee s on Aut omat ic Stat ion s and Instru­

ment s  and Measurement s .  

• t 
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( a )  Clean contact s by pas s ing a sheet of 

paper between them . 

( b )  Move the rhe ostat drum by hand and see 

that the contact s operat e to re st ore it 

to the former position vithin l imit s of 

about one in ch around the circumfer -

ence . When the contact s c l o se ,  the 

mot or will jerk the drum a short di s ­

tance vhich ;rill  be fe lt by the hand 

moving the drum . 

( c )  Close the contact s by hand and operate 

the drum through at least a complete 

revolut ion in each direct ion . 

The folloving should rece ive attention about 

every six months . 

( d )  Replace used g·rease in the grease cup s 

on the mot or and the rhe ostat shaft s 

and wipe off any exc e s s  that may be on 

the out side of the bearings .  

( e )  Remove contact pulley from the rheo stat 

arm and thoroughly c le an the arm and 

the pul ley and re -as semble •rith a small 

amount of vase l ine for lubricat ion . 

Also inspect the s l ip rings and give 

them similar attent ion if they c ont rol 

mot o r .  See section on thi s subject . 

( f )  Che ck up the alignment and smoothn e s s  

o f  the contact poin t s  and i f  nece ssary 

smooth them up and re set them . Ordi­

narily one or two  years service can 

easily be obtained before this opera-

t ion "il l be needed . Al so  che ck the 

condition of the vire re sistan ce coil 

rhe ostat and if it is  badly worn , re ­

place it , as a break in the coil will 

put the in strument out of service . The 

drum may be removed for this purpose by 

removing four nut s from the bearing 

pede stals and pul l ing the drum and 

bearing straight out . The drive gear 

and the drum end are removAd and the 

coil changed, the new coil is anchored 

the same, as the old one . The re s i s ­

tance cannot readily b e  soldered s o  it 

i s  recommended that good mechanical 

j oint s  be made and that the j oint s  be 

c overed with solder t o  prevent loosen ­

ing and c orros ion . Care should be 

taken t o  keep the j oint s  away from the 
drum ends •rhen assembling t o  prevent 

short circuit s and grounds .  

CARE OF THE MOTOR 
Since the mot or i s  a very vital part of the 

me chani sm, it is >rorthy of spec ial attent ion . 

The cont ro l motor used is of the universal 

type and may be operated on either alternat ing 

or dire ct current provided that the proper 

re sist ors are used . A bridge network of four 

re sistors is used which, when the c ontact s are 

open , serve s the double purpose of a dynamic 

brake re sistance and a field re sistan ce in 

order t o  in sure quick st opping and prevent 

overtrave l .  When the c ontact s c l o s e ,  the 

bridge i s  unbalanced and an armature current 

flows and the motor revolve s at a c on stant 

speed due to the action of the re s i stor acro s s  

the armature . 

The grease 

about every 

cup s should require refilling 

six t o  eight months in  usual 

service . The commutat or should be cleaned 

about every six months in seve re service . In 

many case s annual attent ion may be sufficient . 

The brushe s should be ;ratched from t ime t o  

t ime and when ,.rorn down t o  about 1/4 inch, 

should be replaced . The direction of the 

mot or may be reve rsed by tran sposing the fie ld 

or t op pair of leads or e l se the armature of 

bott om pair of leads . Three different 

windings are used for voltage s of the order 
50,  110 , 220 . 

CALIBRATION AND ADJUSTMENT 

Two independent adjustment s  are provided by 

mean s of which the in strument may be read­

justed if required . The Zero Adjustment i s  a 

small spring on the measuring element with a 

fine screw adjustment t o  facilitate it s use . 

To make thi s adjustment , all elect rical force s 

must b� removed from the measuring element by 

removing volt age or l oad from the element and 

disconne cting the wire leading t o  terminal 5 .  
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Circuit No / .C.T. Circuit No 2 _£) 
v 

P.r�� 
v 

nk� 
v 

Resist ors� � ��� Groundl 5� 
R;sistors : i  

Rea r 
view 

121{�1 /0 9 H1HfJ External 

Rear 
View 

t2l?J) s �HY 10 9 � '7 6 
L__j u I I  

Resistance Ill Control 
Ctrcwt 

d half of dia-J d for single 
transmitter.

-
Right han 
gram use 
wattmeter � 

+ 0-C. 
Circuit 

Rece,vers 

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 Omitting one of the Transmitters shown. 

The adjustment i s  made by turning the screw in 

the proper direct ion unt il  the mot ion of the 

rhe o st at cease s vhen the contact roller is in 

the middle . *  The me chanical forces are t o  be 

balan ced with all e le ctrical force s removed . 

It may happen when a meter has been repaired,  

that this condit ion cannot be  reached in  the 

range of ad justment provided;  then it will be 

nece s sary to shift the po sit ion of the outer 

end of the spring to obtain a balance . Be 

sure that the turn s of the spring do not drag 

on each othe r .  The strength of the spring is 

of litt le importan ce , the ten sion is the 

important thing . Caut ion - -Be sure that the 

contact roller i s  some•rhe re near the center of 

the rhe ost at coil before reconnecting terminal 

5 , t o  avoid damaging in strument by exce s s ive 

current . 

The Other Adjustment is a load adjustment 

and is made '"ith some load on the in strument .  

The more load that is used,  the greater the 

accuracy with which thi s  adjustment may be 

made . The adjustment is a magnetic shunt 

uhich change s the strength of the dire ct cur-

*See footnote on page 2 .  

8 

rent balance coil by varying the magnetic 

field in which it works . The magnetic shunt 

i s  l ocated on the pole pie c e s  of the permanent 

magnet and is se cured by a lock nut . Turning 

the shunt to the right increase s the t ran s ­

mitted current . The range of adjustment i s  

about 15% t otal . Instrument s  are shipped with 

the adjustment set near the upper current 

l imit so that re calibration will be pos sible 

after any accident or damage which might 

re sult in weakening of the magnet .  CAUT ION - ­

BE SURE THAT LOCK NUT I S  PROPERLY T IGHTENED 

AFI'ER THIS ADJUSTMENT TO INSURE ITS PERMA­

NENCY. 

The relat ion between the current t ran s -

mit ted and the quantity measured is fixed and 

determine s the scale distribution of the 

receiving in strument s .  On wattmeters the 

current is proportional t o  the powe r .  The 

same i s  also  t rue of direct current ammeters 

and voltmeters  where the current is al so  pro ­

portional t o  the current or voltage . Alter­

nat ing-current ammeters and voltmeters t ran s ­

mid d-e . current proportion al t o  the square of 

the a-c . current or voltage . 
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The sensitivity of the transm�tter may be 

improved by setting the contacts on the 

measuring element 

cases. A spacing 

scale current, in 

closer in some certain 

of about 1/4� of the full 

most c ases may 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 in ch ( . 25 MM) 
total for both gaps . Care should b e  taken to 

see that the contacts are set so that they do 

not in any position of the movement short cir­

cuit the stationary contacts . Such a condi­
tion will cause an erratic failure in oper ­

ation. 

TO DISMANTLE THE INSTRUMENT 

In case it should ever become necessary to 

dismantle the instrument, for overhaul or 

repairs the following procedure should be 

foll m.red. 

Meter Element 

Remove the magnetic shunt after noting its 

position and the number of turns required to 

tighten it dovn, so that it may be replaced in 

the proper position when instrument is re­

assembled. Remove the sc revs holding down the 

ends of the flexible conducting leads . Remove 

the cap nuts and vashers holding the station ­

ary coils in place and pull off the top 

stationary coi l s, bending the leads down out 

of the way. Remove the slotted cap nut on the 

upper bearing screw holding the zero-adj usting 

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. 

screw in place. Loosen the lower bearing 

screw . The moving element may be lifted out 
by sliding the direct current coil off the 

pole piece and turning the movement around its 

longer axis . When re-assembling fe llow 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 exist. 

Rheostat 
The rheostat arm may be removed by turning 

the mounting post to the left which will 

thread if off its 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 con ­

tact wheel on the resistance spiral will not 

turn the wheel or so heavy that the motor will 

not start the drum vhen the wheel is placed on 

the drum at the start of the spiral . Adjust­

ment of the tension is made by bending the arm 

taking care not to put too much stratn on the 

mounting post. The method to use in dismant­

ling the rest of the instrument is obvious 

from the construction. 

RENEWAL PARTS 
Repair work can be done most satisfactorily 

at the factory . Ho,.rever, interchangeable 

parts can be furnished to the customers ,,rho 

are equipped for doing repair work. When 

ordering parts, ahrays give the complete name­

plate data . 

+ - -To Remott D-C Supply Indicator For TronsmJt�r 

Fig. 8-Totalizing Wattmeter With Transmitting Rheostat. 
Three Phase Three Wire Left Zero. For Center Zero 
see also Figure 7. 
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Fig. 9-3 Phase 4 Wire 3 Current Coil Wattmeter. 

lfoving 
Contact 

rr 
6 7 

teld 

Fig. 1 1-Transmitting D-C. Ammeter or Voltmeter Internal 
Connections. 

10 

lfoving Contact 

Fig. 10-Transmitting A-C. Ammeter-Internal Connections. 

Stat1onary 
Contact:; 

Fig. 12-Transmitting A-C. Polyphase Wattmeter Internal 
Connections--3 Phase 3 Wire. 
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Top 

7/J 

IS/ 
��;---�7---+--�I�-;�--r 

8 8 

Fiq. 13-0utline and Drilling Plan. 

*Warning : Do not Tighten Connec tion Stud Nuts Agains t Rear of Pane l .  

7 
;"{; l'ftq. Hole 
(4Holes) 

242-24 Tl?d X) 
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