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CAUTION

Before putting transmitters and re-
celvers 1nto service, remove all blocking which
may have been 1lnserted for the purpose of secur-
i1ng the parts during shipment, make sure that
all moving parts operate freely, 1nspect the
contacts to see that they are clean and close
properly, and operate the transmitters and re-
celvers to check the calibration and electrical
connectlons. -

APPLICATION

The Type IW Transmitter and Type IM
Recelver are used 1n Load Dispatching Systems
where 1mportant 1load 1ndications are to be
transmitted between stations. The electricad
quantitlies measured and transmitted are mega-
watts or megavars. The measurements are made ‘at/

" the tile tie - 1llnes, substations or generating

stations and transmitted to the dispat€hers of-
fice for the purpose of dispatching “and load
control. Impulses are transmitted over carrier
current channels, pllot wires, or “telephone
lines at a rate proportional to the measured
quantity plus or minus a base rate. :

The fundamentals of thiswhighate 1im-
pulse telemetering scheme are shown in Figure 1.

The Type IW Transmittersmeasures the
megawatts or megavars to (be “transmlitted and
closes commutator type, contacts ‘at a rate pro-
portional to the 1load: These 1mpulses are
transmitted over a sultable, channel to the type
IM Recelver which converts the impulses into d-c
microamperes directly proportional to the 1im-
pulse rate. This dIwect/{ current 1s used to
operate 1ndicating@ meters and recorders having
thelr scales  markedfcorresponding to the 1load
measured by the transmitter. A typlcal system
showing the/» schématfc connections between the
various elementgs, isWshown in Figure 2.

CONSTRUCTION,AND OPERATION

Type IW Transmitter

The transmitter consists of four watt
measuring elements, a synchronous motor, and a
contact mechanism. These elements are mounted
in,the) standard cases, Figures 12 and 13. The
schematic 1nternal connections are shown 1in
Figurpes 3 and 4

The measuring elements are similar to
those wused 1n polyphase watthour meters. Four
separate electromagnets are mounted one above
the other, each acting on a disc mounted on a
common shaft. The voltage and current coils of
each electromagnet are brought out to separate
terminals in the standard transmitter (Figure 3)
thereby making 1t applicable to many speclal as
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TYPE IW TRANSMITTER & TYPE IM RECEIVER
FOR HIGH RATE IMPULSE TELEMETERING

well as standard cipcuits.

By proper connection to the power cilr-
cults, the dise shaft is driven at a speed pro-
portional &o the 1load and in either direction
depending on“the direction of power flow.

They, contact mechanism consists of a
double ‘brush type contact assembled so that it
can rotatewfaround a small commutator geared to
the discishaft. Every other segment on the com-
matator, 1s fastened to a slip ring while the re-
mainlng )segments are left disconnected. A fix-
ed "deuble brush type contact makes contact with
this g1ip ring. The moving contact 1s driven
around the commutator at a fixed rate of speed
by a synchronous motor thru a gear train. Cur-
rent 1s 1introduced 1into the rotating brush by
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Figure 1

Elementary Schematic of the High Rate Impulse
Telemetering System.

another flxed, double brush and slip ring as-
sembly. ZEach time the rotating brush makes con-
tact with a segment of the commutator, connected
to the slip ring, an 1mpulse of current can flow
thru the circuit. The base 1mpulse rate 1s de-
termined by the constant rate of speed of the
synchronous motor.

At zero 1load the commutator does not
rotate, so that the base 1mpulse rate 1s trans-
mitted. At the recelving terminal, this rate
glves a zero reading on the indicating or re-
cording instruments. When power 1s flowing
thru the watt elements, the commutator revolves
In the same direction as the contacts to de-
crease the 1mpulse rate; or in the opposite di-
rection, to 1ncrease the 1mpulse rate. This
change 1n the Dbase 1mpulse rate provides the
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Schematic Connectlons of a Typical /High Rate Impulse Telemeterling System.

means of 1ndicating the magnitude and direction
of power flow.

Type IM Recelver

The recelver consists of a(revefising
relay, & capacitor unit, a regulator\, tube, a
filter, and drop coll all mounted in“the“stand-
ard cases, Flgures 12 and 13. The,Schematic 1n-
ternal connectlions are shown inpFigure 5.

The recelver convertsgthehlmpulse rate
from the transmitter 1nto direct gurrent micro-
mperes. Thls current 1s uSed to operate di-
rect current 1ndicating lnstrument® or 1s passed
thru a resistance coll toj/glye a suitable milli-
volt drop for operating a potentlometer type of
recorder. The scalespof theSe 1nstruments are
marked in terms offthe quantlity measured by the
transmitter.

The reversing 4relay operates on each
recelved impulse to altérnately charge and dis-
charge a 0.3 mfd. capacItor from a constant di-
rect current supply. Every operation of the re-
lay provides an impulse of current flowlng thru
the dlrect gurrent “supply and the indlicating in-
strument clrcult 1n the same direction. See
Flgure 1. The total quantity of current sent
thru the dnsStrument 1in a second 1s proportional
to the"wilmpulse rate and 1s 1lndependent of the
circult)resistance, provided thls resistance 1s
low ggnough so that the condenser can completely
charge ‘during the time the reversing relay con-
taets \are closed. The direct current type of
Instruments used operates on the average value
ofYecurrent flowlng.

The accuracy of thils arrangement de-
pends upon the fact that a condenser when charg-
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ed from a direct voltage of constant value will
hold a definite Qquantity of electricity. To
malntaln a constant d-c voltage from a statlon
battery whose voltage may vary apprecilably, a
type 874 regulator tube 1s incorporated 1n the
recelver cilrcuit. The voltage across the tube
remalns constant at approximately 90 volts even
though the battery voltage varies.

The current which flows through the .3
mfd. condenser 1s a pulsating quantity but 1ts
peak value 1s reduced by placlng resistance di-
rectly 1n serles with the reversing contacts.
An additlonal smoothing actlon 1s obtalned by
passing the pulsations through a two stage con-
denser reservolr. The first stage has a 24 mfd.
condenser with a rectox valve 1n series with 1t
to delay 1ts discharge. The second stage has a
large electrolytlc condenser. This reservolr
reduces the peak of the pulsatlons to such a
value that for any glven impulse rate, within
the operatling range of ., the recelver, the d-c
output 1s a steady current that follows an es-
sentlal straight 1ine characteristic over the
operating range.

One complete cycle of the reversing
relay 1s considered an impulse. During the cy-
cle the charge 1n the condenser 1s changed from
+90 volts to -90 volts and back agaln to +90
volts. Thils 1s equlvalent to four charges at 90
volts. At an 1mpulse rate of 200 impulses per
minute, 360 microamperes pass through the 0.3
mfd. condenser and 1nto the filter. A part of
this current 1s wused to operate the recelving
meters and the remalnder 1s shunted around them
for callbration purposes.
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Filgure 3
Schematic Internal Connectlons of the Type IW
Transmitter With Four Single Phase Elements.

COORDINATION OF THE TRANSMITTER AND RECEIVER
WITH THE CIRCUIT

The scale of the recelving meter must
satisfactorily cover the range of the loadybelng
telemetered. This =scale 1s marked” in terms of
the megawatts or megavars belng gnetered and not
In terms of microamperes, millivolts}y or 1im-
pulses., The transmitter meagures mégawatts or
megavars but transmits 1mpulsesy, hence the ca-
libration of the transmittenymust“be coordinated
wilth the scale of the receiwery

Transmitters gmast “Gmeasure the power
in a 1large variety [©f cedrcuits such as tie
lines, generating stagtlons) and transmission
lines; some 1nvolving “tefalization and inter-
change. The clrctilte may be three phase three
wire or threegy phasé four wire or have speclal
features. In additioensto this there 1s a large
number of pogsible“Gcomblnations of current and
voltage transfoPmerst It 1s obvious that these
variable fagtors must be considered when coordil-
nating a transmittér with 1ts receiver. Most of
these varlablesffan be taken care of 1n the
calibration of the transmitter by selecting a
disc constant Ky sultable to meet the cilrcuit
conditions. ,Although watthour meter electromag-
nets are used, wusually 1t is not practical to
use the conventlional watthour disc constants.
Fully,. 'oad on the transmitter 1s assumed to glve
fulljscale deflection on the recelver for posi-
tive, power flow, and callbration 1s made accord-
Ingly.

The followlng three classes of receiv-
er scales have been selected to cover practical-
Ty all circult conditions. They are:

Zero at the center of the scale using
a base rate of 120 impulses per minute.
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Figure 4
Schematic Internal Connectlons of the Type IW
Transmitter. Special For Totallzing Two-Three-
Phase Four Wire Circuilts.

Zero at 1/4 scale using a base rate of
80 impulses per minute.

Zero at left end of the scale using a
base rate of 80 impulses per minute.

The following tabulation glves the
transmitter disc speeds, 1mpulse rates, and the
outputs of the recelving fillters.

ZERO AT CENTER OF SCALE

Scale

Deflection Left End Center Right Ena

Disc RPM -25 0 +25

Imp. per min. 40 120 200

Microamp. output 40 120 200

Millivolt drop 12.5 37.5 62.5

ZERO AT 1/4 SCALE

Scale

Deflection Left End 1/4 Scale Right End

Disc RPM -8-1/3 0 +25

Imp. per min. 40 80 200

Microamp. output 40 80 200

Millivolt drop 12.5 25 62.5
ZERO AT LEFT END OF SCALE

Scale

Deflection Left End Right End

Disc RPM 0 +25

Imp. per min. 80 220

Microamp. output 80 220

Millivolt drop 28.6 78.6
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INSTALLATION

The transmitters and recelvers should
be mounted on switchboard panels or thelr
equlvalent 1n a locatlion free from dirt, molst-
ure, excessive vibratlon and heat. Mount the
transmitters and recelvers vertlically by means
of the two mounting studs. Either of these
studs may be utlillzed for grounding the trans-
mitter or recelver base. The electrical cons
nectlions may be made dlrect to the terminals by
means of screws for stesel panel mountlinz ok to
terminal studs furnished with the transmittier ox
recelver for ebony-asbestos or slate panel
mounting. The termlinal studs may bepeasdly re-
moved or 1nserted by locklng two nuts onwthe
studs and then turning the proper fputsfuith a
wrench.

External connections for
transmitter are
ternal connections
shown 1n Figure 2.

the “Type IW
shown in Figur€s’'6 te 11. Ex-
for the Type IM Tecelver are

ADJUSTMENTS AND MAINTENANCE

The propergadjustments to insure cor-
rect operation of thése transmitters and receiv-
ers In the telemet€ring circult have been made
at the factory and sho@ld not be dlsturbed after
recelpt by the customen,. If the adjustments
have been changed, the “transmitter or receiver
taken apart for repairs, or 1f it 1s desired to

check the adjustments at regular malntenance
periods, the 1Instrdetions below siiould be fol-
lowed.

All%gycontacts should be perlodically
cleaned wdth'a fine file. S#1002110 fille 1s re-
commende@, fornbhis purpose. The use of abrasive
material for cleaning contacts 1s not recommend-
ed, because of the danger of embedding small
partsicles 1In the face of the soft sllver and
thus, Impairing the contact.

Type IW Transmlitter

The measurling elements are simllar to

-y

those used 1n watthour meters and require only
the care common to watthour meter practice.
Only the specilal adjustments and special maintel
nance are covered 1n the followlng paragraphs:

. Calibration: The transmitter m&y be
callbrated 1In the same manner as a watghour
meter uslng the disc constant Kh which 1s marked
on the nameplate, and comparing disc rotatlons
with the rotatlions of a portable watthour stand-
ard. The base rate synchronous motor should be
kept running during the test as the brush fric-
tion has some effect on the lightgload calibra-
tion.

For transmitters which, a¥e to run in
only one direction, the full dead @nd light load
are adjusted 1n the same manner ‘@s_1Is a watthour
meter; the full 1load adjustment belng obtalned
by varylng the damping offjthepérmanent magnet
and the 1light 1load compensatilon by shifting the
light load loops.

Transmitteprs “which must measure power
flow 1n either dire€@tion must likewise rotate 1n
elther direction,  henee calibration must be
checked for ©both dlrections of rotation. Full
load calibration 41s Pobtalned by the permanent
magnets as before, . but light load should be set
for an average, calibratlon when the discs are
rotated in both dlwrections.

Disc Constant ¥h: The value of the
disc constantyKhn 1s marked on the name plate and
may be@ usSed, 1n checking the callbratilion of the
transmitter. Its value 1s the number of watt-
hours “eonsumed per revolution of the disc. As
transmitters are wusually connected to the cir-
cults Sthrough voltage and current transformers,
thef constant 1s glven for both, the primary and
Secondary sldes of the transformers and 1s de-
signated Primary Kn and Secondary Kh. When con-
nections are made to the circuits 1n the stand-
ard methods for power measurements, the second-
ary Kh = the primary Kh divided by the overall
Instrument transformer ratios. The disc runs
25 RPM at a load corresponding to the right end
of the recelver scale. The value of the
constant depends on the lnstrument transformer
ratios and on the disc speed.

To further 1llustrate the constant Kh,
the following example of a specific transmitter

1s gilven:

A transmitter 1s connected to a three
phase three wire circuit through two 110,000/110
PT's and two 200/5 CT's. The scale of the re-
celving meter 1s to be center zero with a range
of 50..... O 50 Megawatts.

The instrument transformers reduce the
magnitude of the voltages and currents without
changing thelr phase relatlons, and apply to the
transmitter the equivalent to a watt load equal
to the primary 1load divided by the overall in-
strument transformer ratio.

The disc of the transmitter must run

25 RPM at a load of 50 Megawatts giving the re-
sults 1n the following calculatlons:

110,000 200

Overall Transformer ratio = x —= 40000
110 5
S d load 50,000,000 1250 watt
= = watts
econdary loa 50,000
Hence 1250 three phase three wilre watts cause

the disc to run 25 RPM. 1250 watts for one hour
consumes 1250 watthours and cause the disc to
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make 1500 revolutions. The value of one revolu-

tion =
%ggg: 2 = .83%3 watthours = secondary Kn
In a similar manner the
Primary Kh = 294%%86999 = 33333 watthours

Care of Commutator: An auxiliary re-
lay or an equivalent device should be interposed
between the commutator and the telemetering
channel to relleve the commutator of excessive
duty. The TV relay generally used for this pur-
pose requires 6 to 8 volts d-c and draws ap-
proximately 20 milllamperes. Two such relays
may be operated 1n parallel from one commutator.

With ©brushes carefully adjusted, and
with a low voltage, low current relay load simi-
lar to that just mentlioned, the rate of wear 1is
very small.

The contact surfaces are made of sil-
ver and will gradually tarnish. However, this
tarnish 1s a coat of silver sulphide and 1s a
good conductor. The commutator and brushes
should be disturbed as 1little as possible.

Sparking 1s the chief source of wear
and 1s caused by vibration, 1nsufficient brush
tension, dirt or dust on the contact surfaces.

When* a commutator 1s roughened by
sparking, 1t should be polished by means of a
narrow strip of worn crocus cloth about one -
fourth of an inch wide. New crocus cloth should
not be used until 1t 1s worn smooth on some h&rd
metal object, to remove all loose particles of
grit which might work into the surfage of the
commutator and care should be taken siot to lay
the crocus cloth down 1n locations where At may
collect dust.

The worst roughness 1s usually found

at the edges of the commutator/gbars, and the
polishing should go on untll the entire¥surface
1s smooth. After wusing the cmocus cloth, the

commutator should be glven a fimal poTish with a
linen tape. In using the cerocus cloth and tape,

care must be taken to avoid thegise of suffi-
clent force to bend the @shaft. Crossing the
tape so that 1t clings t@ ,the commutator and a

light quick stroke, gives the armature a spinn-
Ing motion, that produceésWthe best results.

If a commutator{ils smooth, 1t 1s only
necessary to clean NTeut /Sithe dust with an ailr
syringe or a camedsWig, hadr brush.

The “Gtensioni” onn all of the brushes

suffiicient to eliminate any tendency
brushes topbounce due to vibratlion from
outside gourcés belng transmitted through the
meter mounting. The brushes are of the gravity
type and theQtension, which 1s obtalned by means
of a weight, 18 very uniform. The average ad-
justment 1s with the welghts approximately 3/32"
from the end of thelr mounting screw. The brush
tension can’ be varled by moving the weight in or
outWQon this screw. Care should be taken to see
that\) the welghts are securely locked after ad-
justing.

should be
of the

Type IM Recelver

The 125 volts d-c control circult for
the filter 1s connected across terminals 3 and
4. Number 3 terminal 1s positive. See figure
5. If a 250 volt control circult 1s used an ex-
ternal resistor must be used to absorb the ex-
cess voltage. A 4000 ohm resistor capable of
handling 50 milliamps, 125 volts, 1s sultable.

Separate control circuilts must be used 1ifjytwo or
more fllters are connected 1n series to obtaln a
totalized output.

Type 874 Regulator Tube: The battery
voltage may vary between 120 and 140 volts. The
purpose of the 874 tube 1s to hold a constant
voltage of approximately 90 volts on,the receiv-
er so that 1ts callbration will not be disturbed
by the varlations of battery voltage.

Tube Characteristics

325 d-c volts

Starting supply voltage
90 d-¢ "

Operatling voltage
Current (operating) 10 to 50milliamperes
Current continuous 50 milliamperes

Pin 1 Cathode (Cylisdempofvelectrode)

Pin 3 Anode (Centern of electrode)

Pins 2 and 4 are connected together by a
jumper within the “base.
The appllied voltage must be high

enough to fire, the tube. When properly operat-
Ing 1t w12l show a slight purple glow and the
voltage acress its terminals will be nearly the
same as gthe battery voltage. A convenlent place
to measure this voltage 1s across the two termi-
nals, of (the 4 mfd. sectlon of the condenser
whiehWis JuSt below the tube socket.

Drop Coil: The "drop coll" provides a
mill¥wolt drop for the potentliometer recorder.
It“ds a small resistance spool mounted in the
right’ side of the case just above the 24 mfd.
condenser. It 1s connected between terminals 10
and 11. A millivoltmeter cannot be used across
this coll as the meter will shunt a portion of
the current. A potentlometer must be used to
measure the drop. An extra terminal #9 is
brought out to provide a means for inserting a
microammeter in series with the drop coll, this
neter to be connected to termlnals 9 and 11.
When the meter 1s not used, terminals 9 and 11
must be shorted. “

The value of the current and the re-
sistance
as to give a 50 millivolt span from the left end
to the right end of the recorder scale.

Recelving fillters having an impulse
range of 40 to 200 impulses per minute have a
corresponding current output of 40 to 200 micro-
amperes and use a drop coll of 312.5 ohms.

Recelving filters having an impulse
range at 80 to 220 impulses per minute have a
current output of 80 to 220 microamperes and use
a drop coll of 357.3 ohms.

A small adjustable rheostat 1is mounted
inside the filter case and 1s to be used for
setting the millivolt drop at 1ts correct value.
Turning the knob to the right 1increases the drop
and causes the recorder pen to be driven up
scale.

A switchboard microammeter and the po-
tentiometer recorder may both be operated from
the same fllter 1f local condltlons make such a
comblnation necessary. However, the very wilde
variation in the resistance values of the vari-
ous types of commercial forms of microammeters
make necessary that each such application be
handled as a speclal case. In general, when a
number of 1ndicators are to be used with a re-
corder, a re-transmitting attachment should be
built into the recorder for operating the 1ndi-
cators.

Reversing Relay: The reversing relay
coll with 1ts series resistor 1s connected be-
tween terminals 1 and 2. The coll has a resist-

_5.;

of the drop coll have been selected so -
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Figure 6
External Connectlions of the Type IW Transmitter
When Used On a Three-Phase Three-Wire Circult.

ance of 1500 ohms and the resistor a Value of
2240 ohms. The control circult is 125 volts
d-c.

It 18 necessary that the relay posi-
tively operate 1ts contacts when the coill is
energlzed or de-energized withlin the wide limits
of control voltage, llne resistance, and impulse
rates. It has a large factor of safety, but the
line vresistance should not ©be so high or the
voltage so 1low as to permlt the operating cur-
rent to drop below 20 milllamperes.

For any glven 1mpulse rate the ener-
glzed and de-energized perlods are nearly equal,.
Unequal operating perlods generally Indicate
trouble 1n the timing of auxilliary and repeat-
ing relays which may be 1n the telemeteging
channel. All relays should be set so that their
"on" and "off" periods are approximatelygfequal=
ly spaced.

If fileld adjustments of theWeontacts
are necessary the followlng may be usedpas a
guilde:

The contact plle up 1s_equilvadent to a
double pole, double throw swit€h and wired into
the fllter as a reversing switch.

There must be nofbrldging of contacts.
Bridging 1s encountered Wwheén & moving contact
touches both .of its statidlonarys contacts at the
same time. It short the 3 mfd. condenser and
causes erratic readings,pand Wspikes" on the re-
corder chart.

Both moving“eontacts must operate si-
multaneously so that they both break or both
make at the same 1nstant. If they do not, there
1s a possibllity of encourtering a condition
similar to that of “bridging and shorting the
condenser. The moving contact springs should
have a defimltesdownward pressure on thelr in-
sulating bushings when the relay 1s in the de-
energlzedWpesition. These adjustments are by no
means critical” but reasonable care should be
taken g&n bending the springs.

Total travel of the movling contacts 1is
.028, inch? The follow, that 1s the amount the
gtatlonary contact . follows before breaking, or
1%, making the amount 1t follows after contact 1is
made 1s .008 inch.

-6

PHASE ROTATION 1-2-3
N 1 2 3

TO TV RELAY

’ 2 .

| O——r—0 | _SYN

- C: 3 FMOTOR
|

B
3 At
. I 2 +2 1 > |
o — 4Y <
P 0 +2 |
— At
3 % % |
" T ‘ —;ﬁo—«mwx—*o—,—r—
:. <, S w7
< s :> 2 /\/ +\'./’ T
|

il
kl}

REAR ViEw

Flgure,7
External Connections™“ef the Type IW Transmitter

When Used On a Thy€e-Phase Four-Wire Circult Usilng

Two Potentlal and Three Current Transformer.

Due, “0to “dthe 1lever ratlo of the arma-
ture, the armature travel 1s approxlimately one
half of{the,contact travel. Adjustments can be
checked with “anthickness gage between the relay
core andfthejresidual pin of the armature. With
the relayy 1In" the de-energlzed position the gap
betweegn thelyfore and the pin 1s .014 inch. When
the 1Tower contacts start to break, the gap 1is
.0kOpinchy and when the upper contacts make the
gap 1sW%004 inch.
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Figure 8
External Connections of the Type IW Transmitter
When Used to Totallze Two Three-Phase Three-Wire
Circuilts.
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Flgure 9

External Connections of the Type IW Transmitter
When Used on a Three-Phase Four-Wire Circult Uslng
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Three Potentlal and Three Current Transformerss
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Figure 11

External Connectlions of the Type IW Transmitter
When Used With a Watt Controller.

External Connectlons for the Special Type IW Transmitter of Figure 4 When Used to Totalize Two
Three Phase Four Wire Circuits.
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The residual pin 1s fixed and cannot
be adjusted. The armature stroke which i1s the
gap between the core and the residual pln can be
ad justed by loosening the screw which holds the
armature bearing, and shifting until the desired
stroke 1s obtalned. When tightening the screw,
allign the armature so that 1t seats squarely on
the core.

RENEWAL PARTS

Repaif‘work can be done most satisfac-
torily at the factory. However, 1lnterchangeable
parts can be furnished to the customers who are
equipped for dolng repalr work. When ordering
parts, always glve the complete nameplate data.

ENERGY REQUIREMENTS

. The followlng gives the
quirements of the
the type IW

energy re-
various colls and circuilts of
transmitter and the type IM re-

Type IW Transmitter

Each voltage coil requires 8.5 volif
amperes and 1.7 watts at 115 volts 60 cycles.

Each current coll requires .31 yolt-
amperes and .2 watts at 5 amperes 60 cycles.

The synchronous motor requires a 115
volt 60 cycle control circuilt and draws 15 mil-
liamps., 1.2 watts.

Type IM Recelver

The reversing reldy ha8 a coll re-
sistance of 1500 ohms and a seklesgresistor of
2240 ohms. When operated frem @25 volts d-c,
the circult draws approximatély 33 milllamperes.
The operating current should not b€ permitted to
drop below 20 milliamperes when/additional 1line

resistance 1s 1nserted into“the circuilt.

The control _voltage
clrcult 1s 125 volts/d-en

for the 874 tube
The current drawn at

celver: this voltage 1s 35 mllliamperes.
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Flgure 12

Outline and Drilling Plan for the Standard Projectlion Type Case (See Internal Schematics for
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Figure 13
Outline and Drilling Plan for the Plug-in Semi-Flush Type Case for 1/8" Panel Mounting.
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