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..  FOR HIGH IMPULSE TELEMETERING

s INSTRUCT IONS

CAUTION

Before putting transmitters into ser-
vice, remove all blockling which may have been
Inserted for the purpose of securing the parts
during shipment, make sure that all moving parts
operate freely, lnspect the contacts to see that
they are clean and close properly, and operate

the transmitters and recelvers to check the
callbration and electrical connections.
APPLICATION

The Type IW Transmitter 1s wused in
Load Dispatching Systems where 1important load
Indications are to be transmitted betwesn sta-
tions. The electrical quantities measured and
transmitted are megawatts or megavars. The
measurements are made at the tie-lines, substa-

tlons or generating stations and transmlttedst®
the dispatchers office for the purpose of 41s-
patching and load control. Impulses are trans -

mitted over carrier current channels,, plloet
wires, or telephone lines at a rate proportional
to the measured quantity plus or minus a base
rate.

The Type IW Transmltter measunes /the

megawatts or megavars to be transmitted and
closes commutator type contacts, ati'a rate pro-
portional to the 1load. These ,impulses are

transmitted over a sultable channel to the re-
celving polnt where they are used to operate re-
celving devices which 1nitiate Indicating and
recording meters as well as automatic load con-
trol equipment. A typicalggsystem showing the
schematlic connections between the various ele-
ments shown in Figure 2.

CONSTRUCTION AND OPERATZON,

Type IW Transmitter

consists of four watt
and a

The transmitten
measuring eleménts/ a synchronous motor,
contact mechanilsmyé

The measuring elements are simllar to
those wused 1n polyphase watthour meters. Four
separate electromagnets are mounted one above
the other, each@Wacting on a disc. mounted on a
common shaft. The voltage and current colls of
each electromagnet are brought out to separate
terminals@yln the standard transmitter thereby
making, 1t) applicable to many speclal as well as
standard®eircults.

By proper connection to the power cir-
cults, the disc shaft 1s driven at a speed pro-
portional to the 1load and 1n elther directilon
depending on the direction of power flow.

The
brush type

contact mechanism consists of a

double contact assembled so that 1t

can rotate around &,smally commtator geared to
the disc shaft. Everyother segment on the .com-
mutator 1s fastenedito a slip ring while the re-
malning segments' are Teft disconnected. A fixed
double brush type, contact makes contact with
this slip ring.» The» moving contact 1s driven a-
round the commutatier at a fixed rate of speed by
a synchronous motor thru a gear train. Current
1s introduced THto the rotating brush by another
fixed double“brush and slip ring assembly. Each
time the, rotating brush makes contact with a
segment, of%the commutator, connected to the slip

ring; an,impulse of current can flow thru the
circuit. “The base 1mpulse rate 1s determined by
the constant rate of speed of the synchronous
moter.

At zero load ' the commutator. does not
rotate, so that the base impulse rate 1s trans-
mitted. At the receiving terminal, this rate
glves a zero reading on the indicating or re-

cording instruments. When power 1is flowing thru
the watt elements, the commutator revolves in
the same direction as the contacts to decrease
the Impulse rate; or in the opposite direction,
to Increase the Impulse rate. This change in
the base Impulse rate provides the means of in-
gicating the magnitude and directlon of power
ow. -

COORDINATION OF THE TRANSMITTER AND RECEIVER
WITH THE CIRCUIT

The scale of the recelving meter must
satisfactorlily cover the range of the load being
telemetered. This scale 1s marked 1n terms of
the megawatts or megavars belng metered and not
in terms of impulses. The transmitter measures
megawatts or megavars but transmits I1mpulses,
hence the callbration of the transmitter must be
coordinated with the scale of the recelver.

CHARACTERISTICS

Transmitters must measure the power in
a large varlety of clrcults such as tie lines,
generatling statlons and transmlission llnes; some
involving totalization and 1nterchange. The
clrcults may be three phase three wire or three
phase four wire or have speclal features. In
addition to this there 1s a large number of pos-
sible comblnations of current and voltage trans-

former. It is obvious that these variable fac-
tors must be considered when coordinating a
transmitter with 1ts recelver. Most of these

varliables can be taken care of in the calilbra-
tion of the transmitter by selecting a disc con-
stant Ky suitable to meet the circult conditions
Although watthour meter electromagnets are used,
usually 1t 1s not practical to use the conven-
tional watthour disc constants. Full load on
the transmitter 1s assumed to give full scale
deflection on the recelver fc* positive power
flow, and calibration 1s made accordingly.
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Schematic Connections of a Typical High“Ré&te “Impulse Telemetering System.

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

Zero at the center of the scale
a base rate of 120 impulses per minute.

using

Zero at 1/4 scale usling a baseyé&te of
80 impulses per minute.

~

Zero at left end of the scaleg

using a
base rate of 80 impulses per minute.

The following tabulation gi®es the
transmitter disc speeds and 1lmpulse),rates, for
the several scales.

; ZERO AT CENTER,OF “SCALE

Scale

Deflection Left End Center Right End
Disc RPM -25 0 +25
Imp. per min. 40 120 200

ZEROWAT 174 SCALE

Scale

Deflection Left Edd 1/4 Scale Right End
Disc REM “8-1/3 0 +25
Imp. per min. 40 80 200

ZERO AT LEFT END OF SCALE

.Scale

Deflection Left End Right End
Dise) RPM 0 +25

Impy, per min. 80 220

RELAYS IN TYPE FT CASES

The type FT Cases are duét—proof en-
closures combining relay elements and knife-
blade test switches 1n the same case. This com-

blination provides a compact flexlble assembly
easyyto maintain, 1nspect, test and adjust.
There are three main units of the type FT case:
the case, cover and chassis. The case 1s an
a1l welded steel housing containling the hinge
half of the knife-blade test switches and the
terminals for external connectilons. The cover
1s a drawn steel frame with a clear window which
fits over the front of the case with the swiltch-
es closed. The chassis 1s a frame that supports
the transmitter elements and the contact jaw
half of the test swltches. Thils slides 1in and
out of the case. The electrical connections be-
tween the base and chassls are completed through
the closed knife-blades.

Removing Chassis

To remove the chassis, first remove
the cover by unscrewling the captive nuts at the
corners. There are two cover nuts on the 3 size
case and four on the L and M slze cases. This
exposes the transmltter elements and all the
test swltches for inspection and testing. The
next step 1s to open the test switches. In
opening the test switches they should be moved
all the way back agalnst the stops. With all
the swltches fully opened, grasp the two cam ac-
tion latch arms and pull outward. Thls releases
the chassis from the case. Using the latch arms
as handles, pull the chassis out of the case.
The chassls can be set on a test bench in a nor-
mal upright position as well as on 1ts top, back
or sides for easy lnspectlon, malntenance and
test.

After removing the chassis a duplicate
chassls may be 1nserted in the case or the blade
portion of the switches can be closed and the
cover put 1n place wilthout the chassis. The
chassls operated shorting swltch located behlnd
the current test switch prevents open circulting
the current transformers when the current type
test switches are closed.

When the chassis 1s to be put back 1n
the case, the above procedure 1s to be followed
In the reversed order.
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Figure 2
Internal Schematic of the Type IW Transmitter
With Four Single Phase Elements in the
Standard Case.

Electrical Circuilts

Each terminal in the base “eonneets
thru a test switch to the transmitter elements
1n the chasslis as shown on the 1ntermal sc¢he-
matlic dlagrams. The transmitter terminal 1s

! marked on both ‘the i1nsilde
and outside of the base. The testg@witehfiposi-
tlons are 1ldentifled by 1letters marke@ on the
top and bottom surface of th® moulded, blocks.
These 1letters can be seen whenythem@hassis 1s
removed from the case.

ldentified by numbers

The potential and, control cilrcults
thru the transmitter are _ddsconmected from the
external clrcult by openlng the assoclated test
switches. Opening the {\curpent test switch
short-circults the currentitransformer secondary
and disconnects one sdde/of the transmitter coill
but leaves the other |\ sdde] of the coll connected
to the external, edrcult (thru the current test
jack jaws. ThHis cIreult can be 1solated by in-
serting the cdrremt teést plug (wlthout external
connectlons)§. by 1lnserting the ten circult test
plug, or by Inserting a plece of insulating ma-
terlal approximatedy 1/32" thick into the cur-
rent test jack jaws. Both switches of the cur-
rent test switch palr must be open when using
the current test plug or 1nsulating materlal in
thls manner to short-circult the current trans-
former "secondary.

W A cover operated swltch can be sup-
plded with 1ts contacts wlred in serles with the
controlcircuilt. This swiltch opens the cilrcult
when, the cover 1s removed. This switch can be
added, to the exlsting type FT cases at any time.

Testing:-The transmitters can be tested in ser-
vice, 1n the case but wilth the external circults
lsolated or out of the case as follows:

Testing in Service:-The ammeter test plug can be
inserted In the current test jaws after opening
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Figure 3
Internal Schematlic of the Type IW Transmitter

With Two 2-1/2 Elements in the Standard Case.
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the knife-blade switch to check the current thru
the transmitter. Thils plug oonsists of two con-
ducting strips separated by an 1nsulating strip.
The ammeter 1s connected to these strips by ter-
minal screws and the 1leads are carried out thru
holes in the back of the insulated handle.

Voltages between the potential cilr-
cults can be measured convenlently by clamplng
#2 clip leads on the projecting clip lead lug on
the contact jaw.

Testling in Case:-With all blades in the full
open positlon, the ten circult test plug can be
inserted in the contact jaws. This connects the
transmitter elements to a set of bindlng posts
and completely 1solates the transmitter circults
from the external connections by means of an 1n-
sulating barrier on the plug. The external test
circults are connected to these bindlng posts.
The plug 18 inserted 1n the bottom test jaws
with the ©blnding posts up and 1n the top test
switch jaws with the binding posts down.

The external test circults may be made
to the transmitter elements by #2 test clip
leads instead of the test plug. When connecting
an external test circuilt to the current elements
using clip leads, care should be taken to see
that the current test jack jaws are open so that
the transmitter 1s completely 1solated from the
external clrcults. Suggested means for 1so-
lating this circult are outlined above, under
"Electrical Circuits".

Testing Out of Case:-With the chassls removed
from the base relay elements may be tested by
using the ten circult test plug or by #2 test
clip 1leads as described above. The factony:
callbration 1s made with the chassis 1n the cése
and removing the chassls from the case will
change the calibration values by a small percen-
tage. It 1s recommended that the transmitter be
checked 1n position as a final check on callbra-
tion.

INSTALLATION

The transmitters should be mounted on
switchboard panels or theilr equivalent, in 'a lo-
cation free from dirt, moisture, excesslive vi-
bration and heat. Mount the transmitter verti-
cally by means of the two mountingjstuds for the
standard cases and type FT projectlon case or by
means of the four mounting helesfon the flange
for the semi-flush type FT case. Elther of the
studs or the mounting screws . may be utilized for
grounding the transmitter., Thefelectrical con-
nections may be made direct  to the terminals by
means of screws for, steeld panel mounting or to
terminal studs furnished“ with the transmitter
for ebony-asbestos or slate panel mounting. The
terminal studs m8y be) easdly removed or inserted
by locking two { nut8 on sghe studs and then turn-
Ing the proper nutfwilthi'a wrench.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure cor-
rect operatlion of these transmitters 1n the te-
lemetering eircult have been made at the factory
and should“™mot be disturbed after receilpt by the
custofiex. ) If the adjustments have been changed,
the “transmitter taken apart for repalrs, or 1f
1tgis ‘desired to check the adjustments at regu-
lar,maintenance periods, the 1nstructlions below
Should be followed.

The measuring elements are similar to
those wused 1n watthour meters and require only
the care common to watthour meter practice.
Only the special adjustments and speclal mainte-
nance are covered in the followlng paragraphs:

_

N

Calibration

The transmltter may be calibrated In
the same manner as a watthour meter using the
disc constant Kn which 1s marked on themy name#
plate, and comparing disc rotations with theqro-
tations of a portable watthour standard. The
base rate synchronous motor should be keptsfrun-
ning durlng the test as the brush friction has
some effect on the light load calibratilon.

Transmitters which measure "power 1n
generating stations run 1n ondy’ one direction.
The full load and light load aregadjusted in the
same manner as 1s a watthour“ meter; the full
load adjustment being obtalhned“®y varying the
damping of the permanentgimagnet and the 1light
load compensatlon by shiffing the light 1load
loops.

Tie line twansmitters which must meas-
ure power flow 1n elther directlon must likewise
rotate in either gddrectlion, hence calibration
must be checked flor both directions of rotation.
Full load calibration i1s obtalned by the perma-
nent magnetsgas, beflore, but light load should
be set for an ayerage calibration when the discs
are rotated In/both directions.

Calibration for both directions of ro-
tation,mustibe“considered 1n tie line transmit-
ters, ) andybecause of this 1t will not be possi-
bléytio Set the 1light load 'poilnts up to 100% ac-
curacy. However, the llght load error i1s insig-
niflcant when read on the scales of the indicat-
ing,and recording receivers. To 1llustrate what
is meant by this statement, assume a transmitter
an@, recelver have been arranged for a scale
range€ of 30...... 0.%.... 30 Megawatts. (Total
span of 60 MW). Also assume that the transmitter
Is  operating at a light 1load of 3 Megawatts
wlth an error of .18 Megawatts slow. In terms
of actual load this would be 6% but the accuracy
of Indicating and recording meters 1s defined as
a percentage of the full scale span, hence the
error 1s .18

60 x 100 = .5 of one per cent.

Disc Constant Kh

The value of the disc constant Kh 1s
marked on the name plate and may be used in
checklng the -callbration of the transmitter.
Its value 1s the number of watthours consumed
per revolution of the disc. As transmlitters are
usually connected to the circuits through volt-
age and current transformers, the constant 1s
given for both, the primary and secondary sldes
of the transformers and i1s deslignated Primary K;
and Secondary Kh. When connectlons are made to
the circults in the standard methods for power
measurements, the secondary Kh = the primary Kh
divided by the overall lnstrument transformer
ratios. The disc runs 25 RPM at a load corres-
ponding to the right end of the recelver scale.
The value of the constant depends on the instru-
ment transformer ratlos and on the disc speed.

To further 1llustrate the constant K,
the following example of a specific transmitter
1s given:

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 wlth a range
of 50...... [0 IR 50 Megawatts.

The 1nstrument transformers reduce the
magnitude of the voltages and currents without
changing thelr phase relations, and apply to the
transmitter the equivalent to a watt load equal
to the primary 1load divided by the overall in-
strument transformer ratio.
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Figure 5
External Connections of the Four Element Type IW
Transmitter in the Standard Case for Totallzing
a 3 Phase 3 Wire Circuilt With 2 Potentlal and 2
Current Transformers.

The disc of the transmitter must run
25 RPM at a load of 50 Megawatts gilving the re-
sults 1n the followlng calculations:

200
Overall Transformer ratlio = EEQLQQQ x ——= 40000
110 5
S d load = 50,000,000 _ 1250 tt
econdary load = 0,000 = 50 watts
Hence 1250 three phase three wire watts/ cause
disc to run 25 RPM. 1250 watts for ‘oné hour
consumes 1250 watthours and cause “the “@disc to

maxe 1500 revolutions. The value of one revolu-

tion =
1250

EEBB Seondary Kp

=—g = .833 watthours =

In a similar manner the
50,000,000

1500 =23333ywatthours

Primary Ky =

Care of Commutaterm

An auxliliapry relay or an equivalent
device should be interpesed between the commuta-
tor and the telemetering channel to relileve the
commutator of, exeedsive duty. The Type TV relay
generally usedjforythds purpose requires 6 _to 8
volts d-c£and draws approximately 20 milliam-
peres. Two 8Such ‘Pelays may be operated in par-
allel ffom ohe commutator.

With{brushes carefully adjusted, and
with a low voltage, low current relay load simi-
lar to that just mentioned, the rate of wear is
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 little as possible.

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

When a commutator 1s roughened by
it should be polished by means of a
crocus cloth about one-
New crocus cloth should

sparking,
narrow strip of worn
_fourth of an inch wide.
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Figure 6
ExternalqConnectlons of the Four Element Type IW
Transmitterhin the Standard Case for Totallzing
a 3 PHasepd Wire Circuit With 2 Potential and 3
Current/Transformers.

nothbefused until it 1s worn smooth on some hard
metal object, to remove all 1loose particles of
grit“which might work into the surface of the
commutator and care should be taken not to 1lay
the crocus cloth down 1n locations where 1t may
collect dust.

The worst roughness 1s usually found
at the edges of the commutator bars and the pol-
1shing should go on untll the entire surface 1is
smooth. After using the crocus cloth, the com-
mutator should be given a final polish with a
linen tape. In using the crocus cloth and tape,
care must be taken to avoid the use of suffi-
clent force to bend the shaft. Crossing the
tape so that 1t clings to the commutator and a
light quick stroke, gives the armature a spin-
ning motion, that produces the best results. The
use of abrasive materlal for cleaning contacts
‘1s not recommended, because of the danger of em-
bedding small particles in the face of the soft
silver and thus impairing the contact.

If a commutator is smooth, it is only
necessary to clean out the dust with an air or a
camel's hair brush.

The tension on all of the brushes
should be sufficient to elimlnate any tendency
of the brushes to bounce due to vibration from
outside sources being transmitted through the
meter mounting. The brushes are of the gravity
type and the tension, which 1s obtained by means
of a welght, 18 very uniform. The average ad-
justment 1s with the welghts approximately 3/32"
from the end of thelr mounting screw. The brush
tenslion can be variled by moving the weight 1in or
out on this screw. Care should be taken to see
that the welghts are securely locked after ad-
justing.

Care of Motor and Motor Gearing

The motor should be olled every two
Use Westinghouse 011 S#1275575 which may
bottles.

years.
be obtalned in 1 oz.

At the lower end of the motor shaft 1s
an oll cap filled with o1l saturated wool. A
small wick carrlies the oll from the cap to the

bearing which 1s 1nside the motor core. The
lower end of the shaft rests on a jewel 1n the
bottom of the cap. When oilling 1s necessary,

unscrew the cap, f111 1t about two-thirds full

of o1l and replace.
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Figure 11
External Connectlions of the Four Element Type IW
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The Intermedlate gear shaft 1s betwegn
the motor and the shaft assembly of the rotating
brush. It has a bearing simlilar to that_ef the
motor and the same olling procedure should be
followed.

The sleeve bearing and the ‘hub bearing
of the shaft of the rotating brush should bedin-
spected and olled slightly every thmee menths.
Inspect by turnlng the gears by handa IT the
gearing does not spln freely and seems tlght or
rough 1n 1t¢s action, 1t 1s probabie That an ex-
cessive amount of sludge has formed in the bear-
ing. This may cause enoughpfrietion to prevent
the motor from starting. Ifjthiswds the case,
the sheft should be removed and the bearing
cleaned. U.e the same oll 4ds, for motor.

RENEWAL PARTS

Repalr work €an be, done most satlisfac-
torlly at the factory. BJHowever, interchangeable
parts can be furnishedyto the customers who are
equlpped for dolng pépélr work. When ordering
parts, always give ‘the complete nameplate data.
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Figure 12

External Connections of the Four Element Type IW
Transmitter in the Type FT Case for Totallzing a
Z Phase 4 Wire Circult With 2 Potential and 3
Current Transformers.

ENERGY REQUIREMENTS

The following glves the energy re-
quirements of the varlous colls and circults of
the Type IW transmitter:

Type IW Transmitter

Each voltage coll requires 8.5 volt-
amperes and 1.7 watts at 115 volts 60 cycles.

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

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

INSTRUCTIONS

I.L. 41-825.1 B
OPERATION e MAINTENANCE

TYPE IW TRANSMITTER
FOR HIGH RATE IMPULSE TELEMETERING

CAUTION Before putting transmitters into
service, vremove all blocking which may havse
been 1inserted for the purpose of securlng the
parts durlng shipment, make sure that all
moving parts operate freely, Inspect the con-
tacts to see that they are clean and close
properly, and operate the transmitters and
recelvers to check the callbratlon and elec-

trical connectlons.

APPLICATION

The Type IW Traasmltter 1s wused on Load
Dispatching Systems where Important load 1d-
dlcations are to be transmitted betwaen
stations. The electrical quantitiesneasur<d
and transmitted are megawatts or “megavars.
The measurements are made at the “Jtle~=Dlines,
substatlons or generating statlons_andjtrans-
mitted to the dispatchers offilcef for“the pur-
pose of dilspatching and load control.
Impulses are transmitted ovep carfier current
channels, pllot wires, or telephone llnes at a
rate proportional to the measured quantity.

CONSTRUCTION.AND OPERATION

Type IW Transmitter

The transmitter consists of four watt
measuringdelements, and a photo tube device
for geneatidg Impulses.

The measurlng elements are simllar to those
used 1n polyphase watthour meters. Four
separate “electromagnets are mounted one above
they, other, each acting on a disc mounted on a
eommon shaft. The voltage and current coils
of ) each electromagnet are brought out to
separate termlnals 1n the standard trans-
mitter thereby makling 1t applicable to many
speclal as well as standard cilrcults.

SUPERSEDES |L. 41-825.1 A

By proper connectlon to“the power cilrcults,
the disc shaft 1s"jdriwen at a speed propor-
tional to the 4koad and 1n elther direction
depending ongthe “@frection of power flow.
Posltive power applied to the measuring
elements should cause the maln dilscs to turn
from left fFomrlight vlewed from the front of
the W transmitf«r. Negatlive power should cause
them te tarn 1n the reverse direction.

AtQzero 1load the transmitter generates a
constant base 1mpulse rate, but under 1load
conditions the rate 1s elther 1ncreased or
decreased from thilis base value, dependlng on
the direction of power flow and by an amount
proportlonal to the 1load. See Flgures 2 and

3.

These 1mpulses are generated by means of a
phototube and 1light source with two shutter
discs having sultable holes for pulsing the
light. One shutter 1s driven continuously at
constant speed, always 1In-the same direction
by a synchronous motor. The other 1s driven
by the measuring elements at a speed propor-
tional to the load, and 1n elther direction
depending on the direction of power flow. The
dimensions and spacling of the holes of the two
shutters are ldentical. One shutter 1s mount-
ed dilrectly above the other, and the 1light
must pass through the holes of both 1n order
to strike the wilndow of the phototube, hence
the rate of pulsing the light depends on the
relative épeed of the two shutters. At zero
load only the constant-speed shutter turns,
giving the base rate, but at other loads the
second also turns, superimposling the 1load

Impulses on the base value.
The cathode of the photo tube 1s connected

to the control grid of a 2-D-21 thyratron,
causing the thyratron to fire at the same rate

EFFECTIVE JANUARY 1951
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SYNCHRONOUS

MOTOR

LIGHT SOURCE

HUTTER/DISC DRIVEN BY
SYNCHRONOUS )MOTOR

SHUTTER 0ISC DRIVEN BY
TRANSMITTER

EACH SHUTTER DISC HAS 8
HOLES EQUALLY" SPACED
NEAR ATS PERIPHERY.

921 PHOTO TUBE

DRIVING DISC OF
TRANSMITTER

Fig. 2—Schematic Diagram of the Phototube Unit Showing the Operating Principles.
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I.L. 41.8250,8

that the light 1s pulsed. The thyratron 1in
turn operates a relay which 1s connected in
1ts plate circuit. As thls plate current 1s

rectified half wave, a fllter condenser 1s

used across the relay coll to prevent chatter.

Control Circuilt

A 115-volt 60-cycle control circult is re-
qulred for operating the synchronous
and for energlizing the circults of the photo
tube, the thyratron, and the filament trans-
former. 3 and 4 are for the

control circuilt.

motor,

Case terminals

The grounded 1line of the control circuit
should be connected to terminal #3. If this
cannot be done, then an 1solating transformer
of 1 to 1 ratio should be
circuilt and terminals 3 and 4, so

connected between
the control
that #3 may be grounded.

As soon as the control circult 1s energilzed,
the lamps of the light source should burn and
the synchronous motor start running. The
should start
of the

willl require only several seconds.

relay operating as soon as the

heater thyratron 1s warmed up, which

Satisfactory operation will be obtalned with
variations between 105 amnd 125, volts,
but 1t 1s recommended that 115 voltspbe main-
talned as closely as practical./4Below 105
the operation of the relay becomes less
positive about 90
Voltages above 115 volts willyshorten the tube
life.

voltage

volts

and may fall at volts.

The two lamps of “the ldght source and the
heater of the thyratmwen ‘@ré& energized from the
6-volt

This transformer

secondary of the, filament transformer.
1simounted 1n the top of the
transmitter.
Keying Reday

A smafll
the tran8mittér near the top of the case, and
operated by the firing of the
thyratron, but 1f so desired 1t can be dis-
connected and 1nstead an external

relay ‘1s mounted on a panel inside

1s normally

relay

Operated. Disconnect 1links are provided on

the, panel for changing the connections, as

illustrated in Fig. 4.
The 1link positions are as follows:

When the 1nternal relay 1s to be used both
links must point left. Thils link arrangement

places the coll of the 1nternmal relay 1in the
plate circult of the 2-D-21 thyratreon and
connects the keylng contacts to case terminals
1l and 2. No provided
across these contacts.

spark suppressor 19

operated by
right.
opens, the of the
codly and, 1ts . contacts, and
connects the plate/clrcult of the 2-D-21
thryatron directQy togfcase terminals 1 and 2.
An external reglay may now be operated from the

If an external
the thyratron, both 1link§ must point
circults

relay s to be

This arrangement

Internal relay

other source of excilta-
conneeting 1ts coll to
and 2. A condenser must be used
across/the“eoll to prevent chatter.

thyratron withoutyany
tion by
terminalsg 1

operating

The ‘operating characteristics of this relay
critical. Any d-c telephone type
relay may be used which has
not less than 1000 ohms and which will operate
positively up to 220 impulses per minute on 20

If the resistance 1s

need not be
a reslistance of

milliamperes or less.
too low 1t should be padded to limit the
current to the desired
condenser of 1 to 4 mfd across the

operating value.
Usually a

coll will prevent chatter.

Type 921 Gas-Filled Photo Tube

The photo tube 1s 1n a shilelded insulated
housing directly beneath the shutters, and a
shielded lead runs from the cathode end of the
tube to the control grid of the 2-D-21
thyratron. The shlelds are connected to one
side of the 115-volt 60-cycle control circuit.

The tube 1s held firmly in
spring pressure on the plunger-shaped anode
contact at the right, and the housing 1s
hinged at the left end to facllitate removal
and replacement of the tube.
the plunger to the right. free from the tube,
and swing the housing forward about the hinge.
The tube now 18 laose in the housing and may

the housing by

To remove, push

be readily removed.

To replace, slide the tube into the housing,
concave surface of the cathode up toward the
and rectangular end toward the rear.
fits loosely 1in a slot

3

window,

This rectangular part
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Fig. 3—Internal Schematic/Connections of the Phototube Keying Unit.

at the end of the housing which prevents the
tube from turning an excessive amount®, Do“not
jam the rectangular part cornerwdlse 1nto the
slot. If jammed, the cathode , endjmay not
make contact. Next swing the howsinggback into
place and snap the anode contact back into the
hollow 1in the right end ofgthe “tube.

Light Source

Two lamps, type MAZDA 44, 6-8 volts are used
in the 1light source.)y They are mounted on a
bracket just above the shutters. To remove
and replace the lamps, loosen the two screws
which hold “)the bracket to the upper plate of
the mechdndsms The right-hand screw hole 1s
slottedy, permitting the bracket to be swung
forward, about the 1left-hand screw glving
accessWto, the 1lamps. Hold the bracket firmly
wheny,removing and replacing lamps in order not

4

to bena 1t. Next swing the bracket back into
place and tighten the screws.

The Type 2-D-21 miniature thyratron 1s
located at the right side of the light source.
Its socket grips the prongs very tightly mak-
Ing the tube a little difficult to remove and
replace unless 1t 1s slightly rocked back and
forth. The tube can be 1nserted only 1in the
correct position as the socket has only 7
holes corresponding to the 7 prongs 1in the

base.

Mounting of Mechanlsm to Meter Frame

The electronic unit and mechanlism 1s held
to the meter frame with three screws. Access
to these screws may be had by swinging the
photo tube housing forward as was outlined in
paragraphs above. The screws can then be
reached with a slender screw driver.

3
et

>

=4
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Gear Mesh

The following provislon has been’ made should
1t ©be found necessary to adjust the"mesh be-
tween the plnlon of the “maintdisc/ shaft and
the first gear of the lower
left mounting point restsien a short hex post
of adjustable height. 4{he helght of thils post
mesh 4 The
rest dlrectly,on the

meghanism. The

determines the two upper mounting

polnts meter frame wilth
provision for a @1ight amount of rocking. By
loosenling the threeg screws and lock nut on the
hex post, the mesh“éan be adjusted. Retighten

the locksiut and se@rews.

Care of Motordand Motor Gearing

The moter and shafts of the
should be olled every two
Westinghouse o011 S#1275575 which may be ob-

tadtned in 1-o0z. bottles.

motor gearing

years. Use

of the motor shaft 1s an

oll-saturated wool. A

At the lower end
0oll cap fllled with

Fig. 5—Intermal Schematic of the Type IW Transmitter With
Four Single Phase Elements in the Standard Case.

small wlck carrles the oll from the cap to the
bearing which 1is
lower end of the shaft rests on a jewel 1n the
bottom of the cap. When olllng 1s necessary,
unscrew vhe cap, f111 1t about two thirds full
of oll and replace.

inside the motor core. The

The 1ntermedlate shaft has a bearing similar
té that of the motor but does
removable o1l cap. This bearling can be oiled
by 1lifting out the shaft
drops of oil in the hole at the top.

not have the

and placing a few

The sleeve bearing and hub bearing of the
shaft at the shutter disc may be olled slight-
ly where the
Sufficlent oll will creep down 1nto the sleeve
The bearing and shaft

hub rests on the bearing post.

for proper lubrication.

are made of materlals which w1lll not cause
objectionable sludging of the oill.
Spark Suppressors for Keylng Contacts

The 1nductlve kick of +the relays 1n the

keyed clrcult may generate voltages suffic-

lently hilgh to cause objectionable arcing at

5
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Two 2%z Elements in' the Standard Case.

the keylng contacts even though the control
voltage 1s too low to cause arcilng: hence
spark suppressors are frequently used to
diminish or kill the arc and prolong contact
life.

One common form of suppressorg Ispa con-
denser and resistor in serles cennected
dilrectly across the contacts.Another form 1s
a shunting resistor connected dIrectly across
the coll. The values of [ theg capaclty and
reslstance are best determined /by experiment
to sult the characteriSties, of the keyed

circult.

The followlng appllcatiions are here gilven as
a gulde:

(a) When keying the relay of a type IM
recelver, ja suppressor should be used. The IM
recelver has a 1500-ohm telephone type relay
with 2240-ohm) series resistor and requires a
125-90ltyad-c control circuit. A bright spark
1sgproduced at the keylng contacts. A sup-
pressor-consisting of a 1/2 mfd condenser and

6

Fig. 7> Internal Schematic of the Type IW Transmitter With
Two 2%z Elements in the Type FT Case.

1000-ohm serles resistor connected dilrectly
across the contacts willl kill the spark.

(b) When keying a TV relay no suppressor
need be used other than that which 1s already
Installed in the relay. There 1s a shunting
resistor connected directly across the colls
which absorbs the 1nduced voltage.

COORDINATION OF THE TRANSMITTER
AND RECEIVER WITH THE CIRCUIT

The scale of the recelving meter must satis-
factorily cover the range of the 1load belng
telemetered. This scale 1s marked 1n terms of
the megawatts or megavars belng metered and
not 1n terms of 1mpulses. The transmitter
measures megawatts or megavars but transmits
Impulses hence the callbration of the trans-
mitter must be coordinated with the scale of
the recelver.

CHARACTERISTICS

Transmitters must measure the power 1n a
large varlety of cilrcults such as tle lines,

)
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Four Single Phase Elements in the TypefFT)Case.

generating statlons and transmisgdon“§lines;

some 1nvolving totalizatlon and 1ntekrchange.
The circults may be three phase, three wlre or
three

features. In

wire or havée
to, this

¢ombinations of
It 1s ob-

must be

four speclal
addition

of possihle

phase
there 1s a
large number

current and voltage “tFansformer.

that these variable , factors
coordifating
with 1ts recelver. “Most of

can be taken cane of in the callbration of the

vious
considered when a transmitter
these variables
transmitter "by constant Knp
sultable fto

Although™ watthour meter

gélecting a disc

meet the clrcult conditions.

electromagnets are

used, usually At 1s not practical to use the
conventlonal®“watthour disc constants. Full
load on the transmltter 1s assumed to glve
full sca@e detf'lectlon on the recelver for
pogltive power flow, and callbration 1s made
aeeordingly .

The followlng three classes of recelver

scales have been selected to cover practically

all clrcult conditlons. They are:

Fig. 9—External Connections of the Four Element Type IW
Transmitter in the Standard Case for Totalizing a
3 Phase 3 Wire Circuit with 2 Potential and 2 Cur-
rent Transformers.

Zero at the center of the scale using a
base rate of 120 Impulses per milnute.
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 followlng tabulation glves the trans-
mitter

several scales.

disc speeds and 1mpulse rates, for the

ZERO AT CENTER OF SCALE

Scale

Deflectlon Left End Center Right-End
Disc RPM -25 0 +25
Imp. per min. 40 120 200



TYPE IW TRANSMITTER

TELEMETERING CHANNEL

JR. P, | MG I CONTAC TS IS VOLTS €0 CYCLES
S Vs
< l_—(
- < g 2 ?M
0 2 O T 1 -PHOTOTUBE
b3 unIT
> d o +s
3 VAN
w . e +r
x 10 ‘\/ )
] AW
(g) n = T
T , } Lty AANV—
« 4 8 447 _]
. S S SR R )
R ¢ — At
L 2 /\/ a2
REAR VIEW =

41 3
g TELEMETERING CHANNEL
—1 {ﬂ-
11SV. 60 CYCLES
j CONTACTS
3
[} = Zo_é_—' ) PHOTOTUBE.
a . 5 | ANt
¥ ANMNARR. 4§
2 s 2z |
g & «stQw i |
2 i
- st;ww 3
o /\/ f';
»r. f & e
B & N, 8
1 4 o
[H)
REAR VIEW

Fig. 10—External Connections of the Four Element Type IW
Transmitter in the Standard Case for Totalizing a
3 Phase 4 Wire Circuit With 2 Potential and 3 Cur-
rent Transformers.

ZERO AT 1/4% SCALE

Scale

Deflection Left-End 1/4 Scale Right4Ena
Disc RPM -8 1/3 0 +25
Imp. per min. 40 80 200

ZERO AT IEFT END OF SCALE

Scale

Deflection Left End Right -End
Disc RPM 0 +25
Imp. per min. 80 220

ADJUSTMENTS AND,MAINTENANCE

The proper adjustménts to 1nsure correct
operation of these transmitters 1n the tele-
metering circult h@&ve been made at the factory
and shouldinot be disturbed after recelpt by
the customers If the adjustments have been
changedyy, the transmitter taken apart for
repalrsy or 1f it 1s desired to check the ad-
justments) at regular malntenance perlods, the

instruetions below should be followed.

8

Fig. 11—External/Connections of the Four Element Type IW

. Transmitter in the Standard Case for Totalizing a
3 Phase 4 Wire Circuit With 3 Potential and 3 Cur-
rent Transformers.

The measuring elements are simllar to those
used 1n watthour meter and require only the
care common to watthour meter practice. Only
the special adjustments and speclal maln-
tenance are covered 1n the followlng para-

graphs:

CALIBRATION

The transmitter may be callbrated 1n the
same manner as a watthour meter using the disc
constant K, which 1s marked on the nameplate,
and comparing disc rotations with the rota-
tions of a portable watthour standard. The
base rate synchronous motor should be kept
shutter
friction has some effect opn the 1light load
calibration.

running during the test as the

Transmlitters which measure power 1in generat-
Ing stations run in only one dlrection. The
full 1load and light
same manner as 1s a watthour meter; the full

load are adjusted 1n the

load adjustment belng obtalned by varylng the
damping of the permanent magnet and the light
load compensation by shifting the 1ight load

loops.

el

J
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Fig. 12—External Connections of the Four Element Type IW
Transmitter in the Standard Case When Used With
an Equivalent Watt Controller.

Tie line transmitters which musdt), measure
flow in elther direction must 1Tkewlse
rotate 1in elther direction, hence_calibration
checked for both direetions of
Full 1load calilbratlon (1s/obtalned
by the permanent magnets as bpefor€, but light

power

must be
rotation.

load should be set for an averagelf calibration
when the discs are rotated in“both directilons.

Calibration for both directions of rotatilon
must be considered [ in tie line transmitters,
and because of this It will not be possible to
set the 1light 1lo&d points up to 100% accuracy.
However, theWQllight load error 1s 1nsignificant
read on the, scales of the 1ndicating and
11lustrate what 1is

meant byithis @statement, assume a transmitter

when
recordidgg npécelvers. To
a scale

(Total

and recelverihave been arranged for
of 30.....0.....30 Megawatts.
span of 60 MW). Also assume that the trans-
mitter 1s light 1load of 3
Megawatts with an error of .18 Megawatts slow.
load this would be 6% but

range

operating at a

In) terms of actual

the accuracy of 1ndicating and recording
meters 1s defined as a percentage of the full
scale span, hence the error 1s .18 x 100 = .3

60

of one percent.

Fig. 13—External Connections of the Four Element Type IW
Transmitter in the Standard Case for Totalizing Two
3 Phase 3 Wire Circuits Each With 2 Potential and
2 Current Transformers.

Disc Constant Kh

The value of the disc constant K, 1s marked
on the
the callbration of the transmitter.

name plate and may be used in checking
Its value

1s the number of watthours consumed per
revolution of the disc. As transmitters are
usually connected to the clrcults through

voltage and current transformers, the constant
is glven for both, the primary and secondary

sides of the transformers and 1s designated

When connectilons
the standard
for power measurements, the secondary

Primary Kj and Secondary Kp.
are made to the circults 1n
methods
Kh = the primary K, divided by the overall

Instrument transformer ratios. The disc runs
25 RPM at a

end of the recelver

load corresponding to the right
The value of the

constant depends on the 1nstrument transformer

scale.
ratlios and on the disc speed.

To further 1llustrate the constant Knh, the
following example of a speciflc transmitter 1is

glven:

A transmlitter 1s connected to a three phase
three 110,000/110

9

wire clrcult through two
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Fig. 14—External Connections of the Two 2'2 Element Type
IW Transmitter in the Standard Case for Totalizing
Two 3 Phase 3 Wire Circuits Each With 2 Potential
and 3 Current Transformers.

PT's and two 200/5 CT's. The scale of the
recelving meter 1s to be center zero wlthia
range of 50.....0.....50 Megawatts.

The Instrument transformers reduce the
magnitude of the voltages and currefits without
changing thelr phase relations, andg apply to
the transmitter the equlvalent ,to “@a\watt“load
equal to the primary load divided“by the over-
all instrument transformer ratiio.

The disc of the transmltter mast run 25 RPM
at a 1load of 50 Megawatts giving the results
in the following calculatdionss

Overall Transformgr ratlio =

110,000, 4200
===—— — = 40000
110 5

Secondary load = 504000,000 1250 watts
40,000
Hence 1250mthree phase wlre watts cause disc
to runa2S RPM. 1250 watts for one hour con-
sumed 1250 “watthours and cause the disc to
make 1500 revolutions. The value of one
reerution= 1259 _ 5 _ .833 watthours =
1500 6 gecondary Ky

10

Fig. 15-External Connections of the Four Element Type IW
Transmitter in the Type FT Case for Totalizing a
3 Phase 3 Wire Circuit with 2 Potential and 2 Cur-
rent Transformers.

In“a simlilar manner the

Primary Ky - 50,000,000 _ 32333 watthours
150

TRANSMITTERS IN TYPE FT CASE

The type FT cases are dnst-proof enclosures
comblning relay elements and knife-blade test
switches 1n the same case. This comblnation
provides a compact flexlible assembly easy to
maintaln, 1nspect, test and adjust. There are
three maln units of the type FT case: the
case, cover and chassis. The case 1s an all
welded steel houslng contalnlng the hinge half
of the knife-blade test swilitches and the
termlnals for external connections. The cover
1s a drawn steel frame with a clear window
which fits over the front of the case wlth the
swltches closed. The chassis 1s a frame that
supports the transmitter elements and the con-
tact jaw half of the test swiltches. This
sllides 1n and out of the case. The elec-
trical connectlons between the base and
chassls are completed through the closed
knife-blade.

)

ot

3
il
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Removing Chassis

first remove the
cover by unscrewlng the captlive nuts at the
There the S

and four on the L and M size cases.

To remove the chassis,

corners. are two cover nuts on

size case

This exposes the transmitter elements and all

the test swiltches for 1nspection and testing.
The next step 1s to open the test swiltches.
In opening the test switches they should be
moved all the away back agalnst the stops
With all the swiltches fully opened, grasp the
two cam action latch arms and pull outward.
This releases the chassls from the case.

Using latch arms as handles, pull the chassils
out of the case. The chassls can be set on a
test bench 1In a normal upright position as
well top, Dback or sides far

inspection, malntenance and test.

as on 1ts easy

After removing the chassls a duplicate chas-
sls may be Inserted 1n the case for the blade

portion of the switches can be closed and the
cover put 1n place wilthout the chassis. The
chassls operated shorting switch located be-

test
current transformerg when the

hind the current
cilrculting the
current type test swiltches are closeds

switch preventys, ‘open

When the chassls 1s to be putfybackyin the
case, the above procedure 1s tolbelfollowed in

the reversed order.

Electrical Circults

Each terminal in_gthejbase connects thru a
test swiltch to theltranSmitter elements 1in the
as shown, on,the 1nternal schematilc
dlagrams. The[transmitter terminal is 1denti-
fied by numbers marked on both the 1nside and
outslided of thej base. The test switch posi-
tions £ arefidentified by letters marked on the

top andibottom surface of the moulded blocks.

chassis

These letters can be seen when the chassis 1s

removed from the case.

The potentlal and control circults thru the
transmitter are disconnected from the external
test

current test switch

clrcult by opening the assoclated

switches Opening the

short-circults the current transformeg second-
slide of the, trans-
the other side, of the
¢éircult thru
circult can

ary and disconnects one
mitter
coll the external

the current test jack jaws. This
be 1solated by 1nserting the current test plug
(without
the ten clrcult test pldg, .or by 1nserting a

coll but leaves
connected to

external connections), “by inserting

plece of insulating@ymatérial approximately
1/32" thick 1into the
Both switches of the
must be open when using, the current test plug
this
current transformer second-

eurrent test jack jaws.
current test switch palr
or 1nsulating materlal i1n manner to
short-circult the
ary.

Testing

The), transmitters can be tested 1n service,
i1n the “éase but with the

dsolated or out of the case as follows:

external circults

Testing In Service

The ammeter test plug can be 1nserted 1in the
knife-
current thru the

after
check the
plug consists

current opening the
blade

transmitter.

test jaws
switch to
This
separated by an

of two con-
Insulating
these
screws and the leads are

ducting
strip. The
strips by termlnal
carried out thru holes in the back of the in-
sulated handle.

strips

ammeter 1s connected to

Voltages between the potential clrcuits can
be measured convenlently by clamping #2 clip
leads on the projecting clip lead 1lug on the

contact jaw.

Testing In Case

With all blades
the ten circult test plug
This
to a set of blnding posts and

in the full open
can be 1lnserted 1in

position,

the contact jaws. connects the trans-
mitter elements
completely 1solates the transmitter circuilts

from the external connections by means of an

insulating barrier on the plug. The external
test clrcults are connected to these binding
posts. The the bottom
test jaws with the binding posts up and in the

top test switch jaws with bindlng posts down.

11

plug 1s 1inserted in
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Fig. 16—External Connections of the Four Element Type IW
Transmitter in the Type FT Case for Totalizing a
3 Phase 4 Wire Circuit With 2 Potential and 3 Cur-
rent Transformers.

The external test circults may be made to
the transmitter elements by‘#2 test clip leads
Instead of the test plug. When connecting an
external test circult to the current elements
that the current test jack jaws are open| sg
that the transmitter 1s completely 1soglated
from the external circults. Suggested| means
for 1solating this circuilt are outlinéd, above,
under "Electrical Circuits".

Testing Out of Case

With the chassls removed £rom the case relay
elements may be tested by\ . dsing the ten cir-
cult test plug or by #24h.test clip leads as
described above. 4The factory callbration 1s
made wlth the chassisf{in the case and removing
the chasslis from thegy€ase will chanige the
calibration values by a small percentage. It
1s recommended that ,the transmitter be checked
1n position &s a final check on callbratlon.

INSTALLATION

The Wtransmitters should be mounted on
switehbeard panels or thelr equilvalent iIn a

12

Fig. 17—External Connections of the Four Element Type IW
Transmitter in the Type FT Case for Totalizing a
3 Phase 4 Wire Circuit With 3 Potential and 3 Cur-
rent Transformers.

loeatlion free from dirt, molsture, excessilve
yibration and heat. Mount the transmitter
vertically by means of the two mountlng studs
for the standard cases and type FT projection
case or by means of the four mounting holes on
the flange for the semli-flush type FT case.
Either of the studs or the mounting screws may
be wutllized for grounding the transmitter.
The electrical connectlons may be made direct
to the terminals by means of screws for steel
panel mounting or to terminal studs furnished
with the transmitter for ebony-asbestos or
slate apanel mounting. The terminal studs may
be easlly removed or 1nserted by locking two
nuts on the studs and then turning the proper

nut with a wrench.’

RENEWAL PARTS

Repalr work can be done most satlsfactorily
at the factory. However, Interchangeable
parts can be furnished to the customers who
are equlipped for dolng repalr work. When
ordering parts, always glve the complete

nameplate data.

\J
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Fig. 18—External Connections of the Four Element(Type IW
Transmitter in the Type FT Case forjTotalizing Two
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ENERGY REQUIREMENTS

The following
of the various collsiand circults of the type
IW transmitter:

glves the energy requlrements

Type IW Transmitten

Each voltage| @oil requires 8.5 volt-amperes

Fig. 19—External Connections of Two Four Element Type IW
Transmitters in the Type FT Case and the Type K3
Phase Shifting Transformer for Totalizing Mega-
watts and Megavars on a 3 Phase 3 Wire Circuit
with 2 Potential and 2 Current Transformers.

and 1.7 watts at 115 volts 60 cycles.
Each current coll requires .31 volt-amperes
and .2 watts at 5 amperes 60 cycles.

The photo i1ncluding the syn-
chronous 115 volts 60 cycles
and draws 105 milliamp., 11 watts.?

tube clrcult,
motor requires

13
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INSTALLATION o

INSTRUCTIO NS

IL. 41-825.1 B
OPERATION ¢ MAINTENANCE

TYPE IW TRANSMITTER
FOR HIGH RATE IMPULSE TELEMETERING

CAUTION Before putting transmitters into
service, remove all blocking which may have
been inserted for the purpose of securing the
parts durlng shipment, make sure that all
movling parts operate freely, inspect the con-
tacts to see that they are clean and close
properly, and operate the transmitters and
recmlvers to check the calibration and elec-

trical connections.

APPLICATION

The Type IW Transmltter 1s wused on Load
Dispatching Systems where imbortant load 1n-
dicatlons are to be transmitted betwgen
stations. The electrical quantitles measured
and transmitted are megawatts or dmegavars.
The measurements are made at the, tig-dlnes,
substations or generatlng statlons and trans-
mitted to the dlspatchers office for the pur-
pose of dilspatching and load control.
Impulses are transmitted overgearrles current
channels, pllot wires, orgtelephone lines at a
rate proportional to the measured quantity.

CONSTRUCTION ANDNOPERATION

Type IW Transmltter

The transmitter consists of four watt
measuring elementsyyfand a photo tube device
for generating impulses.

The measurdng elements are similar to those
used 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 colls
of each electromagnet are brought out to
separate terminals 1n the standard trans-
mltter thereby making 1t applicable to many
speclal as well as standard cilrcults.

SUPERSEDES IL. 41-825.1 A

By proper connection/te the power circults,
the disc shaft 1s, driven at a speed propor-
tlonal to the 1load®and 1n eilther direction
depending on thel, direction of power flow.
Posltive power Gapplied to the measuring
elements should cause the maln dlscs to turn
from lefit"te right viewed from the front of
the gtransmitter. Negatlve power should cause
them“topturn®ln the reverse dlrectlon.

At "zéro 1load the transmlitter generates a
constant ©base 1mpulse rate, but under 1load
conddtlons the rate 1s elther 1ncreased or
decreased from thils base value, depending on
the dlrection of power flow and by an amount
proportional to the 1load. See Flgures 2 and

3.

These Impulses are generated by means of a
phototube and 1light source with two shutter
dlscs having sultable holes for pulsing the
light. One shutter 1s driven contlnuously at
constant speed, always 1n-the same direction
by a synchronous motor. The other 1s driven
by the measuring elements at a speed propor-
tional to the load, and 1n elther directlon
depending on the direction of power flow. The
dimensions and spaclng of the holes of the two
shutters are ldentlical. One shutter 1s mount-
ed directly above the other, and the 1light
must pass through the holes of both 1in order
to strike the window of the phototube, hence
the rate of pulsing the light depends on the
relative speed of the two shutters. At zero
load only the constant-speed shutter turns,
glving the base rate, but at other loads the
second also turns, superimposing the 1load

Impulses on the base value.
The cathode of the photo tube 1s connected

to the control grid of a 2-D-21 thyratron,
causing the thyratron to fire at the same rate

EFFECTIVE JANUARY 1951
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that the light 1s pulsed. The thyratron 1n
turn operates a relay which 1s connected in
1ts plate circult. As thls plate current 1s
rectiflied half wave, a fllter condenser 1s
used across the relay coll to prevent chatter.

Control Circult

A 115-volt 60-cycle control circult 1is re-
quired for operating the synchronous motor,
and for energizing the clrcults of the photo
tube, the thyratron, and the fllament trans-
former. Case terminals 3 and 4 are for the
control circult.

The grounded 1line of the control circuilt
should be connected to terminal #3. If this
cannot be done, then an 1solating transformer
of 1 to 1 ratio should be connected between
the control circult and terminals 3 and 4, so
that #3 may be grounded.

As soon as the control circult 1s energilzed,
the lamps of the light source should burn and
the synchronous motor start orunning. The
relay should start operating as soon as the
heater of the thyratron 1s warmed up, which
wlll require only several seconds.

Satisfactory operation will be obtalned with
voltage variations between 105 ah@, 125,volts,
but 1t 1s recommended that 115 voltsibe main-
talned as closely as practical. /Below 105
volts the operatlion of the relay [becomes less
positive and may fall at/ about 90 volts.
Voltages above 115 volts willUshorten the tube
life.

The two lamps of the 1¥ght source and the
heater of the thyratmon arepenergized from the
6-volt secondary of the(\filament transformer.
This transformer g ls“meunted in the top of the
transmitter.

Keying Relay

A small rélay ¥s mounted on a panel 1nsilde
the transmittes near the top of the case, and
1s normallypfoperated by the firing of the
thyratron, but 1f so desired 1t can be dis-
connected, and 1nstead an external relay
operated. Disconnect 1links are provided on
the), panel for changing the connections, as
Illustrated in Fig. 4.

The 1link positions are as follows:

When the 1nternal relay 1s to be used both

links must point left. This link arrangement

places the coll of the 1nternal relay in {the
plate circuit of the 2-D-21 thyratron’ and
connects the keylng contacts to case terminals
1 and 2. No spark suppressor 1s“@Pprovided

across these contacts.

If an external relay 1s, to be operated by
the thyratron, both, linksdmust point right.
This arrangement openshtheggCircuits of the
Internal relay cold@pand) its contacts, and
connects the plate @£ireult of the 2-D-21
thryatron directly, top,case terminals 1 and 2.
An external relay magynow be operated from the
thyratron withoutWany other source of excita-
tion by connectiding 1ts operating coll to
terminals_ 1"jand 2. A condenser must be used

across the/eoll to prevent chatter.

The), operating characteristics of thils relay
need not be critical. Any d-c telephone type
relay may be used which has a resistance of
not Iess than 1000 ohms and which will operate
positively up to 220 impulses per minute on 20
mllliamperes or less. If the resistance 1s
too 1low 1t should be padded to 1limit the
operating current to the deslired value.
Usually a condenser of 1 to 4 mfd across the
coll willl prevent chatter.

Type 921 Gas-Fi1lled Photo Tube

The photo tube 1s 1n a shilelded 1nsulated
housing directly beneath the shutters, and a
shielded lead runs from the cathode end of the
tube to the control grid of the 2-D-21
thyratron. The shlelds are connected to one
side of the 115-volt 60-cycle control circuilt.

The tube 1s held firmly in the housing by
spring pressure on the plunger-shaped anode
contact at the right, and the housing is
hinged at the left end to facllitate removal
and replacement of the tube. To remove, push
the plunger to the right, free from the tube,
and swing the housing forward about the hinge.
The tube now 1s laose in the housing and may
be readlly removed.

To replace, slide the tube into the housing,
concave surface of the cathode up toward the
window, and rectangular end toward the rear.
This rectangular part fits loosely in a slot

3
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AN INTERNAL O EXTERNAL AEYING AELAY
VIRY BE USED BY CHANG/ NG THE CONNECTION

OF THESE LIVKS.
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Fig. 3—Internal Schemati¢ Connections of the Phototube Keying Unit.

at the end of the housing whichgprevents jthe
tube from turning an excessive amount) Do not
jam the rectangular part cornerwlse Into the
slot. If cathode
make contact. Next swlng the diouslng’back 1into

jammed, the endymay not
place and snap the anode contact back into the
hollow in the right end ofmthe“tube.

Light Source

Two lamps, typedMAZDAA4Y, 6-8 volts are used
in the light
bracket
and replace the 2amps, loosen the two
which hold", the bracket to the upper plate of
the mechanism. The right-hand
slotted, permitting the bracket to be swung
left-hand
Hold the bracket firmly
when, removing and replacling lamps in order not

4

source¥ They are mounted on a

just above the shutters. To remove

screws

screw hole 1s

forward about the screw glving

accessyto the lamps.

to bena 1t. Next swing the bracket back into
place and tighten the screws.

The Type 2-D-21 miniature thyratron 1s
located at the right side of the light source.
Its socket grips the prongs very tightly mak-
ing the tube a little difflcult to remove and
replace unless 1t 1s slightly rocked back and

forth. The tube can be 1inserted only 1n the
correct position as the socket has only 7
holes corresponding to the 7 prongs in the
base.

Mounting of Mechanism to Meter Frame

The electronic unit and mechanlism 1s held
to the meter frame with three screws.
to these

photo tube housing forward as was outlined in

Access
screws may be had by swilngling the
paragraphs above. The screws can then be
reached with a slender screw driver.

o

>
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\ VTS A==
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FRONT VIEW

LINK POSITION FoOR EXTERNAL RELAY

DISCONNECT UINKS
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I~ NOLTAGE
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w 4@ } DS 4
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REARNIEW

WITH RELATIVE INSTANTRHWEOCUS
POLARITIES AS SHOWN, THE DISCS
ROTATE FROM LEFT TO RIGHT.

Fig. 4—Link Positions and Schematic Connections for) the
Keying Relay.

Gear Mesh

The followlng provislon has been made should
1t be found necessary to adjusgtythenesh be-
tween the plnlon of the malnidiscishaft and
the first gear of the mechanisma® The
left mounting polnt restgyon a“ghort hex post
of adjustable height. "Phe hedght of this post
mesh. gThe
rest directly on the
for a sldightjamount of rocking. By

lower

determines the two upper mountilng

polints meter frame with
provision
loosening the threegdsckews and lock nut on the
Retighten

hex post, the“mesh can be adjusted.

the lock nuit and “Serews.

Care of Motorpand Motor Gearilng

The motor and shafts of the motor gearing
sheuld be olled every two
Westdnghouse o011 S#1275575 which may be ob-

tained’ 1n 1-oz. bottles.

years. Use

At the lower end of the motor shaft 1s an

01l cap fillled with oil-saturated wool. A

Fig. 5—Intermal Schematic of the Type IW Transmitter With
Four Single Phase Elements in the Standard Case.

small wick carries the oll from the cap to the
bearing which 1s 1nside the motor core. The
lower end of the shaft rests on a jewel 1n the

bottom of the cap. When olling 1s necessary,
unscrew the cap, f111 1t about two thirds full

of oll and replace.

The intermediate shaft has a bearing simillar
td that of the motor but does
0ll cap. Thils bearing can be olled
by 1ifting out the shaft and placing a few
drops of o0ll in the hole at the top.

not have the
removable

The sleeve bearing and hub bearing of the
shaft at the shutter disc may be olled slight-
ly where the hub rests
Sufficlient oll willl creep down 1Into the sleeve

The bearing and shaft

on the bearing post.

for proper lubricatilomn.

are made of materilals which will not cause
objectlonable sludglng of the oll.
Spark Suppressors for Keylng Contacts

The 1nductlve kick of the relays 1n the

keyed clrcult may generate voltages suffic-

lently high to cause objectionable arcing at

5
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Fig. 6—Internal Schematic of the Type IW Transniitter With
Two 2'2 Elements in- the Standard Case.

the keylng contacts even though the contrel

voltage 1s too low to cause arcing: hence

spark suppressors are frequently usead to

diminish or kill the arc and prolong contact
life.

One common form of suppressop, s afcon-

denser and resistor 1in series eonnected

directly across the contactsgy@Another form 1s
a shunting resistor connected directly across

the coll. The values of the) capaclty and

resistance are best determined/ by experiment
to sult the charactepdstdcs of the keyed
clrcult.

The followlngyapplications are here given as
a gulde:

(a) When
recelvery a suppressor should be used.

of a type IM
The IM
type relay

keylng the relay
recelver “has a 1500-ohm telephone
with 2240-6hm
125¢vol®
18y produced

and requires a
d-c control circult. A bright spark
at the contacts. A sup-
pregsor consisting

b

serles resistor

keylng
of a 1/2 mfd condenser and

Fig. ) 7—Internal Schematic of the Type IW Transmitter With
Two 22 Elements in the Type FT Case.

1000~ohm
across the contacts willl kill the spark.

serles resistor connected directly

(b) When keying a TV relay
need be used other than that which 1s
Installed 1n the relay. There
resistor connected directly across

no suppressor
already
1s a shunting
the colls
which absorbs the 1nduced voltage.

COORDINATION OF THE TRANSMITTER
AND RECEIVER WITH THE CIRCUIT

The scale of the recelving meter must satis-
of the 1load belng
Thils scale 1s marked in terms of

factorily cover the range
telemetered.
the megawatts or megavars belng metered and
not 1n terms

of 1mpulses. The transmitter

measures megawatts or megavars but transmits
hence the callibration of the trans-
mitter must be coordinated with the

the recelver.

Impulses

scale of

CHARACTERISTICS

Transmitters must measure the power 1n a

large varlety of circults such as tle lines,

-~

2

i
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Fig. 8—Internal Schematic of the Type IW Transmitter With
Four Single Phase Elements in the Type FT Case.

generating stations and transmisslion Tlnes;
some 1nvolving totalizatlon and 1lnterchange.
The circults may be three phase three wire or
three phase four wire or have speclal
features. In addition to shilsy, there 1s a
large number of possible comblnations of
current and voltage tramsformer. It 1s ob-
vious that these varlablel, factors must be
considered when coordinatiing a transmitter
with 1ts recelver. Most of these varlables
can be taken care ©Of dngthe calibration of the
transmitter by selecting a disc constant Kp
sultable tg@ meetl, the clrcult

Although gwatthour K meter electromagnets are

conditilons.

used, usually 1t{1s not practical to use the
conventlonal watthour dlsc constants. Full
load on the transmltter 1s assumed to glve
full scaleg def'lection on the recelver for
positlve power flow, and callbration 1s made
acécordingly.

The following three <classes of recelver
scales have been selected to cover practically
all circult conditions. They are:

Fig. 9—External Connections of the Four Element Type IW
Transmitter in the Standard Case for Totalizing a
3 Phase 3 Wire Circuit with 2 Potential and 2 Cur-
rent Transformers.

Zero at the center of the scale wusing a
base rate of 120 impulses per minute.

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 followlng tabulatlon glves the trans-
mitter dilsc speeds and impulse rates, for the
several scales.

ZERO AT CENTER OF SCALE

Scale

Deflection Left End Center Right-End
Disc RPM -25 0 +25
Imp. per min. 40 120 200
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Fig. 10—External Connections of the Four Element Type IW
Transmitter in the Standard Case for Totalizing a
3 Phase 4 Wire Circuit With 2 Potential and 3 Cur-
rent Transformers.

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

ZERO AT 1LEFT END OF SCALE

Scale

Deflection Left End Right -End
Disc RPM 0 +25
Imp. per min. 80 220

ADJUSTMENTS /AND MAINTENANCE

The proper adjustments to 1nsure correct
operation of these transmitters 1n the tele-
metering clrcult fiave been made at the factory
and should,not be disturbed after receipt by
the customer. If the adjustments have been
changéedy,, ‘the transmitter taken apart for
repalrg, or 1f it 1s desired to check the ad-
justments at regular maintenance perlods, the
instructions below should be followed.

8

Fig. 11 —Externdl Connections of the Four Element Type IW
Transmitter in the Standard Case for Totalizing a
3 Phase 4 Wire Circuit With 3 Potential and 3 Cur-
rent Transformers.

The measuring elements are similar to those
used 1n watthour meter and require only the
care common to watthour meter practice. Only
the specilal adjustments and speclal main-
tenance are covered 1n the followlng para-

graphs:

CALIBRATION

The transmitter may be callbrated 1n the
same manner as a watthour meter using the dilsc
constant Kj which is marked on the nameplate,
and comparing disc rotations with the rota-
tions of a portable watthour standard. The
base rate synchronous motor should be kept
shutter
frictlon has some effect op the 1ight load
calibration.

running durilng the test as the

Transmitters which measure power 1in generat-
1ng statlons run in only one direction. The
full 1load and 1light 1load are adjusted in the
same manner as 1s a watthour meter; the full
load adjustment belng obtalned by varying the
damping of the permanent magnet and the light
load compensation by shifting the 1light load
loops.

>

>

O
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Fig. 12—External Connections of the Four Element Type IW
Transmitter in the Standard Case When Used With:
an Equivalent Watt Controller.

Tie line transmitters which must ™ imeagure
flow 1n elther directlon mustilikewlse
rotate 1n either dlrection, hence calibration
checked for both directlons of
Full 1load callbratlon 18 obtalned
by the permanent magnets as before,\but light

. power

must be
rotatlon.

load should be set for an averagep,callbration
when the dlscs are rotated,in both directions.

Calibration
must
and because of this i1t“wlld not be possible to
set the 1light load points up to 100% accuracy.
However, the Tightilload error 1s insignificant
when

for both_directions of rotation

be considered 1in tié line transmitters,

read 4on theWscales of the indicating and
11lustrate what 1s
meant by thls statement, assume a transmitter

recordlingl regelvers. To

a scale
(Total

and recelver ‘have been arranged for
of 30.....0.....30 Megawatts.
span of 6Qp MW). Also assume that the trans-
mitter 1s light 1load of 3
Megawatts with an error of .18 Megawatts slow.
load this would be 6% but

range
operating at a

In,_terms of actual

the accuracy of 1ndicating and recording
meters 1s defined as a percentage of the full
scale span, hence the error is .18 x 100 = .3

60

of one percent.

Fig. 13—External Connections of the Four Element Type IW
Transmitter in the Standard Case for Totalizing Two
3 Phase 3 Wire Circuits Each With 2 Potential and
2 Current Transformers.

Disc Constant Kh

The value of the disc constant Ky 1s marked
on the name plate and may be used 1in checkilng

the callbratlion of the transmitter. Its value

1s the number of watthours consumed per
revolution of the dlsc. As transmltters are
usually connected to the circults through

voltage and current transformers, the constant
is given for
sides

both, the primary and secondary

of the transformers and 1s deslgnated

When connectlons
the standard

Primary Ky and Secondary Kh.

are made to the -circults 1n

methods for power measurements, the secondary
Kn = the primary K, divided by the overall
Instrument transformer ratios. The disc runs

25 RPM at a
end of the recelver

load corresponding to the right
The value of the

constant depends on the 1lnstrument transformer

scale.
ratlos and on the disc speed.

To further illustrate the constant Kn, the

following example of a speciflc transmitter 1s

glven:

A transmitter 1s connected to a three phase
110,000/110

9

three wire clrcuit through two
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Fig. 14—External Connections of the Two 2'2 Element Type
IW Transmitter in the Standard Case for Totalizing
Two 3 Phase 3 Wire Circuits Each With 2 Potential
and 3 Current Transformers.

PT's and two 200/5 CT's. The scale of the
recelving meter 1s to be center zero wilthfa
range of 50.....0.....50 Megawatts.

The Instrument transformers reduceg the
magnitude of the voltages and curremts wWithout
changing thelr phase relations, and “apply to
the transmitter the equlvalent to4a watty load
equal to the primary load divided,by the over-
all instrument transformer ratdon

The disc of the transmitter“mast run 25 RPM
at a 1load of 50 Megawattg givimg the results
in the following calculations:

Overall Transformegr ratlio =

110,000 4 200
110 5

40000

]

Secondary load = 50,000,000
40,000
Hence 1250, three phase wire watts cause disc
to rung,25“RPM. 1250 watts for one hour con-
sumed “1250““watthours and cause the disc to
make 500 revolutions. The value of one
réwolution= 1250 _ 5 _ .833 watthours =
1500 6 gecondary Kn

1250 watts

10

Fig. 15=External Connections of the Four Element Type IW
Transmitter in the Type FT Case for Totalizing a
3 Phase 3 Wire Circuit with 2 Potential and 2 Cur-
rent Transformers.

Inpa similar manner the

Primary Ky - 50,000,000 _ 33333 watthours
500

TRANSMITTERS IN TYPE FT CASE

The type FT cases are dnst-proof enclosures
combining relay elements and knife-blade test
swltches 1n the same case. Thils combilinatlon
provides a compact flexlble assembly easy to
maintaln, inspect, test and adjust. There are
three maln units of the type FT case: the
case, cover and chassis. The case 1s an all
welded steel housing containing the hinge half
of the knife-blade test switches and the
terminals for external connections. The cover
1s a drawn steel frame wilth a clear window
which fits ove:» the front of the case with the
swltches closed. The chassis 1s a frame that
supports the transmitter elements and the con-
tact jaw half of the test switches. This
slldes 1n and out of the case. The elec-
trical connectlons between the base and
chassis are completed the closed
knife-blade.

through

-~

-~

)
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Removing Chassis

first remove the
by unscrewling the captive nuts at the
There the S

and four on the L and M silze cases.

To remove the chassis,
cover
corners. are two cover nuts on
slze case

This exposes the transmitter elements and all

the test swiltches for inspection and testing.
The next step 1s to open the test swiltches.
In opening the test swiltches they should be
moved all the away back against the stops
With all the switches fully opened, grasp the
two cam action latch arms and pull outward.
This releases the chassls from the case.

Using latch arms as handles, pull the chassis
out of the case. The chassls can be set on a
test Dbench in a normal
well as on 1ts back or sides far

Inspection, malntenance and test.

upright position as

top, easy

After removing the chassls a duplicate chas-
sls may be 1inserted 1n the case for the blade
of the switches can be closed and the
cover put 1n place wilthout the chasslis. The
operated shorting switch 1located be-
test open
current transformers when, the

portion

chassis
hind the current
circuiting the
current type test swltches are closed.

switch prevents

When the to be put gback“dn the
case, the above procedure 1s to be followed 1in

chassis 1s

the reversed order.

Electrical Circuilts

Each terminal in the base connects thru a

test swiltch to the transmitter elements 1n the

chassls as shown__onithe’ Iinternal schematic
dlagrams. The tran@mitter terminal is identi-
fied by numbers ‘marked on both the 1nside and
outside ©f the “lbase. The test swiltch posi-

tions 4dre identifled by letters marked on the
top and bottomf{surface of the moulded blocks.
These lettersican be seen when the chassis 1s

removed from the case.

The, potentlal and control circults thru the
transmitter are disconnected from the external
test

current test switch

circult by opening the assoclated

switches Opening the

short-circults the current transformer Second-

slde of the “trans-
the other glde of the
clircult thru
circult can

ary and disconnects one
mitter coll but leaves
coll the external
the current test jack jaws. This
be 1solated by 1inserting the current test plug
(without
the ten clrcult test plug, or,by 1nserting a
plece of insulating ‘materfal
1/32" thick into the
Both switches of the
must be open when usIng fhe current test plug
or 1nsulating material 1in this manner to
short-circuilt the

ary.

connected to

external connections), bY inserting

approximately

cukrent test jack jaws.
current test switch pailr

current transformer second-

Testing

The), “transmlitters can be tested 1n service,
in the, case but with the

Isplateéd)or out of the case as follows:

external circults

Testdng In Service

The ammeter test plug can be 1nserted 1n the
knife-
current thru the

after
check the
plug consists

current opening the
blade

transmitter.

test jaws
swiltch to
This
ductling strips
strip. The these
strips by termlnai screws and the leads are
carried out thru holes in the back of the in-
sulated handle.

of two con-
separated by an insulating

ammeter 1s connected to

Voltages between the potential circuits can
be measured convenlently by clamping #2 clip
leads on the projecting clip lead 1lug on the

contact jaw.

Testing In Case

With all blades
the ten cilrcult test plug
the contact jaws. This
to a set of blnding posts and

in the full open
can be 1lnserted 1in

position,

connects the trans-
mitter elements
completely 1solates the transmitter cilrcuilts
from the
Insulating barrier on the plug.
test clrcults are connected to these binding
posts. The the bottom
test jaws with the binding posts up and in the

top test switch jaws with binding posts down.

11

external connectlons by means of an

The external

plug 1s 1nserted 1n
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Fig. 16—External Connections of the Four Element Type IW
Transmitter in the Type FT Case for Totalizing a
3 Phase 4 Wire Circuit With 2 Potential and 3 Cur-
rent Transformers.

The external test clrcults may be made tO
the transmlitter elements by #2 test clip leads
Instead of the test plug. When connecting“an
external test circult to the current elements
that the current test
that the
from the external circuilts.
for 1solating thils clrcult are outldnedhabove,

under "Electrical Circuits".

jack jaws are open/so

transmitter 1s completely Iselated

Suggested means

Testlng Out of Case

With the chassls removedmfirom®the case relay
may be tested byl using the ten clr-
cult test plug ory byW#2 Wt€st clip
described calibration 1s
made wlth the chassds 1nfthe case and removing
the chasslis willl change the
callbration values by a small percentage. It
1s recommended that the transmlitter be checked

elements
leads as

aboved The faetory

from thel case

in positliom as a final check on calibration.

INSTALLATION

should be mounted on

equivalent 1n a

The, “transmitters
switehboard panels or thelr

12

Fig. 17—External‘Connections of the Four Element Type IW
Transmitter in the Type FT Case for Totalizing a
3)Phase 4 Wire Circuit With 3 Potential and 3 Cur-
rent Transformers.

locatlon free from dirt, molsture, excessive
vibration and heat. Mount the transmitter
vertically by means of the two mountlng studs
for the standard cases and type FT projection
case or by means of the four mounting holes on
the flange for the semi-flush type FT case.
Either of the studs or the mounting screws may
be wutilized for grounding the transmitter.
The electrical connectlons may be made direct
to the
panel mounting or to
with the transmitter for
The termlnal studs may

terminals by means of screws for steel
terminal studs furnished
ebony-asbestos or
slate apanel mounting.
be easlly removed or inserted by locking two
nuts on the studs and then turning the proper

nut with a wrench.

RENEWAL PARTS

Repalr work can be done most satlisfactorily
at the

parts

factory. However, interchangeable
furnished to the

repalr

can be customers who

are equlpped for doilng work. When

ordering parts, always glve the complete

nameplate data.

.

)
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Fig. 18—External Connections of the Four Element)Type IW
Transmitter in the Type FT Case for Totalizing, Two
3 Phase 3 Wire Circuits Each With 2 Potential ‘and
2 Current Transformers.

ENERGY REQUIREMENTS

The following
of the varlous colls andycirenlts of the type
IW transmitter:

glves)the“energy requirements

Type IW Transmitter

Each voltage <€od1l requires 8.5 volt-amperes

Fig. 19—External Connections of Two Four Element Type IW
Transmitters in the Type FT Case and the Type K3
Phase Shifting Transformer for Totalizing Mega-
watts and Megavars on a 3 Phase 3 Wire Circuit
with 2 Potential and 2 Current Transformers.

and 1.7 watts at 115 volts 60 cycles.

Each current coll requires .31 volt-amperes

and .2 watts at 5 amperes 60 cycles.

The photo
chronous

tube circult, 1ncluding the syn-
motor requires 115 volts

and draws 105 milliamp., 11 watts.,

60 cycles

13
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Fig. 20—Outline and Drilling Plan for the Standard Projection Type Case. See the Other Internal Schematic for the Term.
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Terminals Supplied.
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