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Westinghouse 
TYPE IW TRANSMITTER 

FOR HIGH IMPULSE TELEMETERING 

INSTRUCTIONS 

CAUTION 

Before putting tran s� itters into ser­
vice, remo ve all blocking wh ich may have been 
in serted for the purpo se of securin g  the part s 
during shipment, make sure that all movin g  part s 
ope rate freely, in spe ct the contact s to see that 
they are clean an d clo se properly, and operate 
the tran smitters and re ce ivers  to che ck the 
cal ibrat ion and ele ctrical connection s. 

APPLI CATION 

The Type IW Tran smitter is used in 
Load Dispatching Systems where important load 
indicat ions are to be tran smitted between sta­
t ion s . The ele ctrical quan t it ie s  measured and 
tran smitted are megawatts  or me gavars. The 
measurement s are made at the tie-line s, substa­
tions or generating station s and tran smitted to 
the dispatchers off ice fo r the purpo se of dis ­
pat ch in g  and load control . Impul ses are tran s­
mitted o ver carrier current channel s, pilot 
w ires, or telephone l in e s  at a rate proportional 
to the measured quantity plus o r  minus a base 
rate . 

The Type IW Tran smitter measure s the 
megawatts  or megavars to be tran smitted and 
clo se s commutator type contact s at·a rate pro­
port ional to the load . The se impul ses  are 
tran smitted o ver a suitable channel to the re ­
ce iving po in t where they are used to operate re­
ceiving dev ice s wh ich in itiate indicat in g  and 
re cording meters as well as automatic load con­
trol equipment. A typical system showing the 
s chemati c connection s between the various ele ­
ment s  shown in F igu re 2 .  

CONSTRUCTION AND OPERATION 

Type IW Tran smitter 

The tran smitter con sists  of four watt 
measuring element s, a syn ch ronous mo tor, and a 
contact me chan ism . 

The measuring elements  are s imilar to 
tho se used in polyphase watthour meters. Four 
separate ele ctromagne t s  are moun ted one abo ve 
the other, each act ing on a disc mounted on a 
common shaft . The voltage and current co il s  of 
each ele ctromagnet are brought out to separate 
terminal s in the standard tran smitter the reby 
making it appl icable to many spe cial as well as 
standard circuit s .  

By proper conne ct ion to the power cir­
cuits, the dis c shaft is driven at a speed pro ­
portional to the load and in e ither direction 
depen ding on the dire ction of power flow . 

The contact mechan i sm con s ists  of a 
double brush type contact assembled so that it 
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can rotate around a small commutato r geared to 
the disc shaft . Every other segment on the com­
mutato r is fastened to a slip ring while the re ­
main ing segment s  are left disconnecte d .  A fixed 
double brush type contact make s contact w ith 
th is slip rin g .  The moving contact is  driven a­
round the commutato r at a f ixed rate of speed by 
a syn ch ronous motor th ru a gear train . Current 
is introduced into the rotating brush by another 
f ixed double brush and slip rin g  assembly . Each 
time the rotat in g  brush make s contact w ith a 
s�gment of the commutator, conne cted to the slip 
rlng, an impul se of current can flow th ru the 
circuit . The base impul se rate is determined by 
the con stan t rate of speed of the synchronous 
motor . 

At zero load the commutator doe s  not 
rotate, so that the base impul se rate

-
is  tran s ­

mitted .  At the re ce ivin g te rminal, th i s  rate 
give s a zero reading on the indicating or re­
cording in struments . When power is flow in g  th ru 
the watt element s, the commutato r revolve s in 
the same dire ction as the contacts to decrease 
the impul se rate; or in the oppo site dire ction 
to in crease the impul se rate . Th is change i� 
the base impul se rate provide s the mean s of in ­
dicating the magn itude and direction of powe r  
flow. 

COORDINATION OF THE TRANSMITTER AND RE CEIVER 
WITH THE CIRCUIT 

The scale of the re ce iving . 
meter must 

satisfactorily cover the range of the load be ing 
telemetered. Thi s scale is marked in terms of 
the megawatts  or megavars be ing mete red and not 
in terms of impul se s . The tran smitter measure s 
me gawatts  or megavars but tran smit s  impul se s 
hence the cal ibration of the tran smitter must b� 
coordinated w ith the scale of the re ceive r .  

CHARACTE RISTI CS 

Tran smitters must measure the powe r  in 
a large variety of circuit s such as tie l ine s, 
generating station s and tran smi s s ion l ine s; some 
involving totalization and inte rchan ge . The 
circuit s may be th ree phase three w ire or three 
phase four w ire or have spe cial feature s .  In 
addit ion to th is there · i s  a large numbe r of po s ­
s ible combinat ion s of current and voltage tran s ­
former . It i s  obvious that the se variable fac­
to rs must be con sidered when coordinating a 
tran smitter w ith its re ce ive r .  Mo st of the se 
variables  can be taken care of in the cal ibra­
t ion of the tran smitter by selecting a disc con ­
stant Kh suitable to meet the c ircuit condit ion s .  
Although watthour meter ele ctromagnets  are used, 
usually it i s  not practical to use the conven­
t ional watthour di sc con stants. Full load on 
the tran smitter is  as sumed to give full scal e  
defle ct ion on the rece iver fo� po s it ive power 
flow, and cal ibration is  made accordingly . www . 
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TYPE IW TRANSMITTER 

PILOT WIRES ---
ALTERNATE FOR SHORT 
LINES, TV RELAY AT 
TRANSMITTIN(i END ONLY 

OR 
TELEPHONE LINES 

TV RELAYS 

I a5 OR. 2.50 '1/. ,------...::D.C. 

AT TRANSMITTIN.� AND 
RECEIVING; ENDS OF 
CHANNEL. NOT REQUIRED 
WITH AUDIO TONE'S ON CARRIE£ CH.O.NNE.L.. 

INDICA TIN<:; 
METER 

ME:ASURINtq ELEMENTS 
CONNECTIONS DETERMINED 
BY THE CIRCUIT TO 

POTENTIOMETER 
RECORDER.. 

WHICH THE TRANSMITTER 
IS CONNECTED. • 

F igure l 
S chemati c  Connection s  or a Typical H igh Rate Impul se Telemetering System" 

The roll owing three cl asse s or re ce iv­
er scales  have been sel e cted to cover practical­
ly all circuit condition s" They are: 

Zero at the center or the s cale using 
a base rate or 120 impul s e s  per minute" 

Zero at l/4 scale using a base ,fate or 
80 impul s e s  per minute" 

Zero at lert end or the scale using a 
base rate or 80 impul se s pe r minuteo 

The roll owing tabulation g ives  the 
tran smitter disc speeds and impul se rate s, ror 
the several s cale s" 

ZERO AT CENTER OF SCALE 

S cale 
Derl e ction Lert End 

Dis c  RPM -25 
Imp" pe r mino 40 

ZERO AT 

S cale 
Lert End 

Center 

0 
120 

l/4 SCALE 

1[4 S cale � Derlection 

Dis c  Rl'M -8-l/3 0 
Impo per mino 40 80  

ZERO AT LEFT END OF  SCALE 

S cale 
Derle ction 

Disc RPM 
Imp" per min. 

Lert End 

0 
80  

RELAYS IN TYPE FT CASES 

Right End 

+25 
200 

Right End 

+25 
200 

Right End 

+25 
220 

The type FT Case s  are dust-pro0r en­
closure s combining relay elements  and kn ire ­
blade test swit che s in the same case . This com-
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bination provide s a compact rlexible as sembly 
easy to maintain , in spe ct, test  and adjust . 
The re are three main units or the type FT case: 
the case, cover. and chas sis . The case is an 
all welded steel housing containing the hinge �. 
halr or the kn ire-blade test switche s  and the 
terminal s ror external connection s" The cover 
i s  a drawn steel rrame with a clear window which 
rits over the rront or the case with the swit ch-
e s  closed" The chas s i s  is  a rrame that support s 
the tran smitter element s and the contact jaw 
halr or the te st sw it che s" This sl ide s in and 
out or the case" The ele ctrical conne ction s  be­
tween the base an d chas s i s  are completed through 
the cl osed kn ire -blade s .  

Removing Chassis  

To remove the chassi s, rirst remove 
the cover by un screwing the captive nut s at the 
corners . There are two cover nut s on the S size 
case an d rour on the L and M size case s . Thi s 
expose s the tran smitter element s  and all the 
t e st swit che s ror in specti on and testing . The 
next step i s  to open the test sw it che s . In 
open ing the test sw itche s they should be moved 
all the way back again st the stops . W ith all 
the swit che s rully opened, grasp the tw o cam ac­
tion lat ch arms and pull outward . Thi s release s 
the chassis  rrom the case . U s ing the latch arms 
as handl e s, pull the chassis  out or the case . 
The chassis  can be set on a test ben ch in a n or­
mal upright position as well as on its top, back 
or side s ror easy in spe ction, maint enan ce and 
test . 

Arter remov ing the chas si s  a dupl icate 
chassis may be in serted in the case or the blade 
portion or the sw itche s can be closed an d the 
cover put in place w ithout the chass i s . The � 
chass i s  operated shorting sw itch located behind 
the current test swit ch prevents open circuiting 
the current tran srormers when the current type 
test swit che s are closed . 

When the chas sis  is  to be put back in 
the case, the above procedure is  to  be roll owed 
in the reve rsed order .  www . 
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TYPE IW TRANSMITTER 
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REAR VIEW 
Figure 2 

Internal S chematic of the Type·rw Tr an smitter 
With Four Single Phase Element s  in the 
Standard Case. 

Electri cal Cir cuits  

Each terminal in the base connects 
thru a te st switch to the tran smitter element s  
in the chas si s  a s  shown on the internal sche ­
mati c diagrams . The tran smitter terminal i s  
identified by number s marked on both the in side 
and out side of the base . The te st switch posi ­
tion s are identified by letter s marked on the 
top and bottom surface of the moulded block s . 
The se letter s can be seen when the chassi s  i s  
removed from the case . 

The potential and control cir cuits 
thru the tran smitter are di s connected fr· om the 
external circuit by opening the as sociated te st 
switche s. Opening the c�rrent te st switch 
shor t - cir cuits  the current tran sformer se condary 
and di sconnects  one side of the tran smitter coil 
but leave s  the other side of the coil connected 
to  the external circuit thru the current te st 
jack jaw s .  Thi s cir cuit can be i s olated by in­
serting the current te st plug (without external 
conne ctions ), by inserting the ten circuit te st 
plug, or by in serting a piece of in sulating ma­
terial appr oximately 1/32" thi ck into the cur ­
rent te st jack jaw s . Both swit che s  of the cur ­
rent te st swit ch pair must be open when using 
the current te st plug or insulating material in 
thi s  manner to short -cir cuit the current tran s ­
former secondary . 

A cover operated switch can be sup ­
plied with its  contact s wired in serie s with the 
contr ol cir cuit . Thi s switch open s the circuit 
when the cover i s  removed . Thi s  switch can be 
added to the existing type FT cases at any time . 

Te sting:-The tran smitter s can be tested in ser ­
vi ce, in the case but with the external cir cuits  
i s olated or out of  the case as  follows: 

Te sting in Service:-The ammeter te st plug can be 
in serted in the current te st jaw s  after opening 
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Figure 3 
Internal S chematic of the Type IW Tran smitter 
With Two 2-1/2 Element s  in the Standard Case . 

TOP TEST SWITCH 
..-._TO BASE TERMS 
�TO TRANSMITTER 

FRONT VIEW 

TEST SWITCH 

ELEMENT 

REAR 'III:W 

Figure 4 
Internal S chematic of the Type IW Transmitter 
With Four Single Phase Elements in the Type FT Case. www . 
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TYPE IW TRANSMITTE R 

the knife -blade sw itch to che ck the current thru 
the tran smitter .  This plug oon sists  of two con ­
du ct ing strips separate d  by an in sulating strip . 
The ammeter is  conne cted to the se strips by ter­
minal screw s and the l eads are carried out thru 
hol e s  in the back of the insulated handle . 

Voltag e s  between the potent ial cir­
cuits can be measured conveniently by clamping 
#2 clip leads on the projecting clip lead lug on 
the contact jaw . 

Testing in Case :-W ith all blade s in the full 
open position, the ten circuit t e st plug can be 
in serted in the con tact jaw s . This connects the 
tran smitter element s  to a set of binding posts 
and completely isolate s the tran smitter circuits  
from the external conne ct ion s  by mean s of an in­
sulating barrie r un the plug . The external test 
circuits  are conn e cted to  the se binding post s . 
The plug i s  in serted in the bottom test jaw s  
w ith the binding posts u p  and in the top te st 
switch jaw s  w ith the binding post s down . 

The external test circuit s may be m�de 
t o  the tran smitter element s by #2 te st clip 
leads in stead of the test plug . When connecting 
an external test  circu it to the current elements  
u s ing clip leads, care should be taken to  see 
that the cu rrent te st jack jaw s  are open so that 
the tran smitter is  completely isolated from the 
external circu it s . Sugge sted mean s  for iso­
lating this circu it are outl ined above, unde r 
"Ele ctrical Circuits" . 

Te stin� Out of Case:-W ith the chassis  removed 
from t e base relay element s  may be te sted by 
u s ing the ten circuit te st plug or by #2 test 
clip leads as de scribed above . The factory 
cal ibrat ion is made w ith the chas sis  in the case 
and removing the chas s i s  from the case w ill 
change the cal ibration value s  by a small pe rcen­
tag e . It is re commended that the tran smitter be 
che cked in position as a final che ck on cal ibra­
tion . 

INSTALLATION 

The tran smitters should be mounted on 
sw it chboard panel s or the ir e quivalent in a lo­
cation free from dirt , moisture , ex ce ssive v i­
bration and heat . Mount the tran smitter verti­
cally by mean s of the tw o mounting studs for the 
standard case s and type FT proj e ction case or by 
mean s of the four mount ing hol e s  on the flange 
for the semi-flu sh type FT case . Either of the 
studs or the moun ting s crew s may be util ized for 
grounding the tran smitter . The ele ctrical con ­
nection s  may be made dire ct to the terminal s by 
mean s of screw s for steel panel mount ing or t o  
terminal studs furn i shed w ith the tran smitter 
for ebony-asbe stos or slate panel mount ing . The 
terminal studs may be easily removed or in serted 
by l o cking two nut s  on the studs and then tu rn ­
ing the proper nut w ith a w rench . 

ADJUSTMENTS AND MA INTENANCE 

The prope r adju stment s  to insure cor­
re ct operat ion of the se  t ran smitters in the te­
l emetering circuit have been made at the factory 
and should not be distu rbed afte r  receipt by the 
cu stome r .  I f  the adju stment s  have been changed, 
the tran smitter taken apart for repairs, or if 
it is de sired to che ck the adju stment s  at regu­
lar mainten an ce periods, the in stru ction s  below 
should be followed . 

The measuring element s  are similar to  
those u sed in watthour meters  and require only 
the care common to  watthour meter practi ce . 
Only the special adju stment s  and spe cial mainte ­
nan ce are covered in the following paragraphs: 
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Calibrat ion 

The tran smitter may be cal ibrated in 
the same manne r  as a watthour meter u s ing the 
dis c  con stant Kb which i s  marked on the name ­
plate, and comparing disc rotation s  w ith the ro ­
tation s  of a p ortable watthour standard . The 
base rate synchron ou s m otor should be kept run­
n ing during the test as the bru sh friction has 
s ome e ffect on the l ight load cal ibration . 

Tran smitters which measure power in 
generat ing station s  run in only one dire ction . 
The full load and l ight l oad are adju sted in the 
same manne r  as i s  a watthour meter; the full 
l oad adju stment being obtained by varying the 
damping of the permanent magnet and the l ight 
l oad compen sat ion by shifting the l ight l oad 
loops . 

Tie l ine tran smitters which mu st meas­
ure power flow in e ither dire ct ion mu st l ikew i se 
rotate in e ither dire ction, hence calibrat ion 
mu st be che cked for both dire ct ion s  of rotation . 
Full load cal ibrat ion is  obtained by the perma­
nent magne t s  as before, but l ight l oad should 
be set for an ave rage cal ibration when the dis c s  
are rotated in both direction s .  

Cal ibration for both dire ct ion s  of ro­
t�tion mu st be con sidered in tie l in e  tran smit­
ters, and because  of this it w ill not be possi­
ble to  set the l ight l oad 'poin t s  up t o  1 00% ac­
cu racy . However, the l ight l oad e rror is  in sig­
nificant when read on the s cale s  of the indicat ­
ing and re cording re ceivers . To  illu st rate what 
i s  meant by thi s  statemen t, assume a tran smitter 
and re ceiver have been arranged for a scale  
range of  30 . . . . . .  0 . . . . .. 30  Megawatts . (Total 
span of 60  MW) . Al so  as sume that the tran smitter 
is  operating at a light l oad of 3 Megawatts  
w ith an error of . 18 Megawatts  sl ow . In terms 
of actual load thi s w ould be 6% but the accuracy 
of indi cating and re cording meters is defined as 
a percentage of the full scale span, hen ce the 
e rror i s  . 18 "l)Q x 100 = . :;; of one per cent. 

Disc Con stant Kh 

The value of the dis c  con stant Kh i s  
marked on the name plate and may b e  u sed in 
che ck ing the calibrat ion of the tran smitter. 
Its value is  the numbe r of watthours con sumed 
per revolution of the dis c .  As t ran smitters are 
u sually conne cted to the circuits  through volt­
age and cu rrent tran sformers, the con stant i s  
g iven for both, the primary and secondary side s 
of the tran sforme rs and is  de s ignated Primary Kh and Secondary Kh . When conne ction s  are made to  
the circuits in the standard methods for  power 
measurement s, the secondary Kh =the primary Kh 
div ided by the overall in strument tran sformer 
ratios . The dis c run s 25 RPM at a l oad corre s­
ponding to the right end of the re ceiver  scale . 
The value of the con stant depends on the in stru ­
ment tran sforme r  ratios  and on the disc speed . 

To  further illu strate the con stant Kh, 
the following e xample of a spe cific tran smitter 
i s  g iven: 

A tran smitter is conne cted to a three 
phase three w ire circuit through two 1 10, 000/ 1 1 0  
PT' s and two 2 00/5 CT' s .  The s cale o f  the re­
ce iving meter i s  to be center zero with a range 
of 50 . . . . . .  0 . . . . . .  50 Megawatts . 

The in strument tran sformers reduce the 
magn itude of the voltages  an d current s  without 
chang ing their phase relations, and appl y t o  the 
tran smitter the e quivalent to a watt l oad equal 
to  the primary load divided by the ove rall in ­
strument tran sformer ratio . www . 
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TYPE IW TRANSMITTER 
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Figure 5 

External Conne ctions of the F our Element Type IW 
Transmitter in the Standard Case for Totalizing 
a 3 Phase 3 Wire Cir cuit With 2 Potential and 2 
Current Tran sformers . 

The di sc  of the transmitter must run 
25  RPM at a load of 5 0  Megawatts  giving the re ­
sults in the foll owing calculations: 

Overall Transformer ratio 

50
4

000, 000 
Secondary load = 0, 000 

1 1 0, 000 200 
-=-=-__:_____- X--= 40000 

llO 5 

1250 watts 

Hen ce 1250 three phase three wire watts cause 
di sc  to run 25 RPM. 1250 watts for one hour 
consume s 1250 watthours and cause the di sc  to 
make 1500 revolutions . The value of one re volu ­
tion 

i��� = -t = .833 watthour s  = se condary Kh 

In a similar manner the 
50, 000,000 

Primary Kh = 1 500 = 33333 watthours 

Care of Commutat or 

An auxiliary relay or an equivalent 
devi ce should be inte rposed between the commuta­
tor and the telemetering channel to relieve the 
commutator of excessive duty . The Type TV relay 
generally used for thi s purpose requires �� 
vol t s  d-e and draw s approximately 20 mllliam­
peres . Tw o such re lays may be operated in par ­
allel from one commutator . 

With brushes carefully ad justed, and 
with a l ow voltage, l ow current relay load simi ­
lar to that just mentioned, the rate of wear is 
very small . 

The contact sur faces are made of sil­
ver and will gradually tarnish .  However, this 
tarnish is a coat of silver sulphide and i s  a 
good conductor . The commutator and brushes 
should be di sturbed as little as possible . 

Sparking is the chief sour ce of wear 
and is caused by vibration, in suffi cient brush 
tension, dirt or dust on the contact surfaces . 

When a commutator i s  r oughened by 
sparking, it should be polished by means of a 
narr ow s trip of worn crocus cloth about one ­
fourth o f  an inch wide . New crocus cloth should 
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Figure 6 
External Conne ctions of the F our Element Type IW 
Transmitter in the Standard Case for Totalizing 
a 3 Phase 4 Wire Circuit With 2 Potential and 3 
Current Transformers . 

not be us ed until it is w orn smooth on s ome hard 
metal obje ct, to remove all l oose parti cles of 
grit whi ch might w ork into the surface of _the 
commutator and care should be taken n ot to lay 
the crocus cl oth d own in l ocation s  where it may 
collect dust . 

The worst roughness is usually found 
at the edge s of the commutat or bars and the pol­
i shing should go on until the entire sur face i s  
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 ­
cient for ce to bend the shaft . Crossing the 
tape s o  that it clings to the commutator and a 
light qui ck str oke, give s the armature a spin ­
ning moti on, that produces the be st re sults . The 
use of abrasive material for cleaning contacts 

·is not recommended, because of the danger of em­
bedding small parti cles in the face of the s oft 
silver and thus impairing the contact . 

If a commutator i s  smooth, it i s  only 
ne ces sary to  clean out the dust with an air or a 
camel' s hair brush . 

The tensi on on all of the brushes 
should be suffi cient to  eliminate any tendency 
of the brushe s  to boun ce due to vibration from 
out side s our ces being tran smitted through the 
meter mounting. The brushe s are of the gravity 
type and the tensi on, whi ch is obtained by means 
of a weight, i s  very uni form. The average ad ­
justment i s  with the weight s appr oximately 3/32" 
from the end of their mounting screw . The brush 
ten sion can be varied by moving the weight in or 
out on thi s  screw . Care should be taken to  see 
that the weight s are se curely l ocked after ad ­
justing . 

Care of Motor and Motor Gearing 

The motor should be oiled every tw o 
years . Use Westinghouse oil S#l27557 5  whi ch may 
be obtained in 1 oz . bottle s .  

At the lower end of the motor shaft i s  
an oil cap filled with oil saturated wool . A 
small wi ck carries  the oil fr om the cap to  the 
bearing whi ch i s  inside the motor core . The 
l ower end of the shaft rests  on a jewel in the 
bottom of the cap . When oiling is ne cessary, 
un screw the cap, fill it about two-thirds full 
of oil and replace . www . 
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TYPE IW TRANSMITTER 
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Figure 7 
External Connection s  of the Four Element Type IW 
Tran smitter in the Standard Case for Totalizing 
a 3 Phase 4 W ire Cir cuit With 3 P otent ial and 3 
Curren t T�an sformer s . 
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External Connec t ion s of the F our Element Type IW 
Tran smitter in the Standard Case for Total izing 
Tw o 3 Phase 3 W ire C ircuits Each W ith 2 Potential 
and 2 Current Tran sformer s .  
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External Connec tion s  of the Four Element Type IW 
Tran smitter in the Standard Case When Used W ith 
an Equivalent Watt Controller . 
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TYPE IW TRANSMITTER 
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Figure 1 1  
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R MOTO 

External Connections of the Four Element Type IW 
Transmitter in the Type FT Case for Totalizing a 
3 Phase 3 W ire Cir cuit W ith 2 Potent ial and 2 
Current Transf ormer s .  

The intermediate gear shaft is between 
the mot or and the shaft a s sembly of the rotat ing 
brush . It ha s a bearing similar to that of the 
motor and the same oiling procedure should be 
f ollowed .  

The sleeve bearing and the hub bear ing 
of the shaft of the r otating brush should be in­
spected and oiled slightly every three months . 
Inspe ct by turning the gear s by hand . If the 
gear ing doe s  not sp in freely and seems tight or 
rough in ic s action, it is probablE that an ex­
ce s sive amount of sludge ha s formed in the bear ­
ing. This may cause enough frict ion to prevent 
the mot or from starting. If this is the ca se, 
the shl' ft should be removed and the bear in&' 
cleaned . u�e the same oil as  for mo� or. 

RENEWAL PARTS 

Repair w ork can be done most satisfa c ­
tor ily a t  the factory. H owever, inter changeable 
parts can be furnished to the cust omer s who are 
equipped  for doing repair w ork . When orderin� 
parts, always g ive the complete nameplate data . 
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Figure 12 

External Connect ions of the Four Element Type IW 
Transmitter in the Type FT Case for Total izing a 
3 Phase 4 W ire Cir cuit W ith 2 Potential and 3 
Current Transformer s. 

ENERGY REQUIREMENTS 

The foll ow ing g ive s 
quirement s of the various coil s  
the Type IW transmitter: 

Type IW Transmitter 

the energy re ­
and cir cuit s of 

Each voltage coil require s 8.5 volt ­
ampere s and 1 .7 watts at 115 volts 6 0  cycle s. 

Ea ch current coil requires . 31 volt ­
amperes and .2 watt s at 5 ampere s 6 0  cycle s .  

The synchronous motor require s a 1 1 5  
volt 60  cycle contr ol cir cuit and draw s 1 5  mil ­
l iamp s ., 1 . 2  watts . 
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Figure 14 

External Connection s  of the Four Element Type IW 
Tran smitter in the Type FT Case for Totalizing a 
3 Phase 4 Wire Circuit W ith 3 Potential and 3 
Current Tran sformer s .  

External Conne ction s  of the Four Element Type IW 
Tran smitter in the Type FT Case for Totalizing 
Tw o 3 Phase 3 Wire Cir cuit s Each W ith 2 P otent ial 
and 2 Current Tran sformers .  
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External Connection s  of Two Four Element Type IW Tran smitter s in the Type FT Case and the Type K3 
Phase Shifting Tran sformer for Total izing Megawatts  and Megavars on a 3 Phase 3 Wire Cir cuit W ith 
2 P otential and 2 Current Tran sformers .  
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Figure 16 
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Outline and Drilling Plan for the Stand ard Proje ction Type Case. See the Other 
Internal S chematics  for the Terminals Supplied. (For Reference Only. ) 
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Outline and Drilling Plan for the M2 0 Projection Type FT Case. See the Internal 
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I.L 41-825.1 B 
INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE IW TRANSMITTER 

FOR HIGH RATE IMPULSE TELEMETERING 

CAUTION Bc:fore putting transmitters into 

service, remove all blocking which may have 

been inserted for thP purpose of securing th<' 

parts during shipment, makG 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 

reC<"ive·rs to check the calibration and rclec­

trical connections. 

APPLICATION 

The TypE? IW Tra;1smitter is used on Load 

Dispatching Systems where important load in­

dications are to be transmitted bPtwren 

stations. The electrical quantities measured 

By proper connection to the power circuits, 

thr disc shaft is driven at a speed propor­

tional to the load and in either direction 

drpending on the direction of power flow. 

Positive powrc;r applied to the measuring 

elem,c;nts should cause the main discs to turn 

from left to right viewed from the front of 

the transmittcor. Negative power should cause 

them to turn in the reverse direction. 

At zero load the transmitter generates a 

constant base impulse rate, but under load 

conditions the rate is either increased or 

decreased from this base value, depending on 

the direction of power flow and by an amount 

proportional to the load. See Figures 2 and 

and transmitted are megawatts or megavars, 3, 
The measurements are made at the tie-lines, 

substations or generating stations and trans­

mitted to the dispatchRrs office for the pur­

pose of dispatching and load control. 

Impulses are transmitted over carrier current 

channels, pilot wires, or telephone lines at a 

rate proportional to the measured quantity, 

CONSTRUCTION AND OPERATION 
Type IW Transmitter 

The transmitter consists of 

measuring elements, and a photo 

for generating impulses. 

four watt 

tube device 

The measuring elements are similar to those 

used in 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 trans­

mitter thereby making it applicable to many 

special as well as standard circuits. 

SUPERSEDES I.L. 41-825.1 A 

These impulses are generated by means of a 

phototube and light source with two shutter 

discs having suitable holes for pulsing the 

light. One shutter is driven continuously at 

constant speed, always in· the same direction 

by a synchronous motor. The other is driven 

by the measuring elements at a speed propor­

tional to the load, and in either direction 

depending on the direction of power flow. The 

dimensions and spacing of the holes of the two 

shutters are identical. One shutter is moMnt­

ed directly above the other, and the light 

must pass through the holes of both in 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, 

giving the base rate, but at other loads the 

second also turns, superimposing the load 

impulses on the base value. 

The cathode of the photo tubP is connected 

to the control grid of a 2-D-21 thyratron, 

causing the thyratron to fire at the same rate 
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TYPE IW TRANSMITTER 

2 

PtJJ¥Ee 
SYSTEM 

----" 
TYPE IW 
BASE £/IT£ 

TA?ANSMITTEE 

''ONN£CT!tJ/V.5 TO 
MEASueJNt; ELEMENTS 
DETE£hlllri£D 5Y TH£ 
C;,c'CUIT TO WHICH THE 
T,R/1/VSIYIITTE;e IS 
CIJIV'NEC.T£/) 

TV EELAYS WHEN USED AT 
T,�&ANSMITT!Nt; ¢ £ECE/Y!Nt; 
ENDS OF C#4N.VEL. 

Fig. !-Schematic Connections of a Typical High Rate Impulse Telemetering System. 

SYNCH RONOUS 

HUTTER DISC DRIVEN 
SYNCH RO NOUS MOTOR ---......_� 

SHUTTER DISC DRIVEN BY 
TRANSMITTER ---____,-..1 

EACH SHUTTER DISC H AS 8 
H OLES EQUALLY SPACED 

NEAR ITS PERIPHERY. 

DRIVING DISC OF 
TRANSMITTER --� 

LIGH T SOURCE 

921 PH OTO TUBE 

Fig. 2-Sr.h<>malic Diagram of the Phototube Unit Showing the Operating Principles. 
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TYPE IW TRANSMITTER __________________________________________ �.L_-4_1_-a2_s_Js 

that the l ight is pulsed . The thyrat ron in 
turn operates a relay which is conne cted in 
its plate circuit . As this plate current is 
rectified half wave , a filter condenser is 
used across the relay coil to  prevent chatter . 

Control Circuit 

A 1 15 -volt 6 0-cycle control circuit is re ­
quired for operating the synchronous mot or, 
and for energizing the circuits of the photo 
tube , the thyratron, and the filament trans­
former .  Case te rminals 3 and 4 are for the 
cont rol circuit . 

The grounded l ine of the control circuit 
should be connected to terminal #3. If this 
cannot be done , then an isolating transformer 
of 1 to 1 ratio should be connected between 
the cont rol circuit and terminals 3 and 4, so 
that #3 may be grounded .  

As soon as the control circuit is energized, 
the lamps of the light source should burn and 
the synchronous mot or start running .  The 
relay should start operating as soon as the 
heater of the thyratron is warmed up , which 
will require only several seconds . 

Sat isfact ory operat ion will be obtained with 
voltage variat ions between 105 and 125 volts , 
but it is re commended that 115  volts be main ­
tained as closely as pract ical . Below 105 
volts the operat ion of the relay becomes less 
pos it ive and may fail at about 90 volts. 
Voltages above 115  volts will shorten the tube 
l ife . 

The two lamps of the light source and the 
heater of the thyrat ron are energized from the 
6-volt secondary of the filament transformer . 
This transformer is mounted in the top of the 
transmitter .  

Keying Relay 

A small relay is mounted on a panel ins ide 
the transmitter near the top of the cas e ,  and 
is normally operated by the firing of the 
thyratron , but if so desired it can be dis ­
conne cted and instead an external relay 
operated . Disconne ct l inks are provided on 
the panel for changing the connections , as 
illustrated in  Fig .  4 .  

The link positions are as follows : 
When the internal re lay is to be used both 

links must point left .  This link arrangement 

places the coil of the internal relay in the 
plate circuit of the 2-D-21 thyratron and 
connects the keying contacts to  case te rminals 
1 and 2 .  No spark suppressor is provided 
across these contacts . 

If an external relay is t o  be operated by 
the thyrat ron , both links must point right . 
This arrangement opens the circuits of the 
internal relay coil and its , contacts , and 
connects the plate circuit of the 2 -D-21  
thryatron directly to  case terminals 1 and 2 .  
An external relay may now be operated from the 
thyratron without any other source of excita­
t ion by conne cting its operat ing coil to 
terminals 1 and 2.  A condenser must be used 
across the coil to prevent chatter .  

The operating characteristics o f  this relay 
need not be critical . Any d -e telephone type 
relay may be used which has a resistance of 
not less than 1000 ohms and which will operate 
positively up to 220 impulses per minute on 20 
milliamperes or less . If the res istance is 
too low it should be padded to  limit the 
operating current to the des ired value . 
Usually a condenser of 1 to  4 mfd across the 
coil will prevent chatter . 

Type 92 1 Gas -Filled Photo Tube 

The phot o tube is in a shielded insulated 
housing dire ctly beneath the shutters ,  and a 
shielded lead runs from the cathode end of the 
tube to the cont rol grid of the 2 -D-21 
thyratron. The shields are connected to one 
s ide of the 115-volt 60-cycle control circuit. 

The tube is 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  facilitate 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 i s  loose �n the hous ing and may 
be readily rBmoved.  

To  replace , slide the tube into  the housing, 
concave surface of the cathode up t oward the 
window, and re ctangular end t oward the rear . 
This rectangular part fit s loosely in a slot 
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TYPE IW TRANSMITTER ____________________ _ 

AN INTf/�W/?L O�e.t'TE.RIVA'L KEYIN<? �ci!/IY /'?/IY BE VSE.O 8 Y t"H/?N�/IV9" T#E C'tiNAIECT/tJN 
0/'"THeSE LINKS 

TO SWITC#v;(J/? TEffl4�-+-+----.-. 

Ta SWffCI-/AdW lZR/1. .3 
1 /S/IOL TS b O -A:f.  

Tclff'fiNAL 
BttKKIIV 
Fl'rONTOF HdTO� 

CtJIL & CONTACTS OF /NT£RIV/1L K£YIN(j REL./IY 

\_j-----;--. TO SWITCH A OR TER/'1. I 

'------ TO SWITCH v tJR T£R11. 2 

I I 
I TERI'f/N//L BLOCK I AT RlfiHT OF L--+--+--K.>I---' I /'fcCH/lNIS I'? 
I 
I 
I 

Fig. 3---Internal Schematic Connections of the Phototube Keying Unit. 

at the end or the housing which prevent s the 
tube rrom turning an exce ssive amount .  Do not 
jam the re ctangular part cornerwise. into the 
slot . If jammed, the cathode end may not 
make contact . Next swing the housing back int o 
place and snap the anode contact back int o the 
hollow in the right end of the tube . 

Light Source 

Two lamps,  type MAZDA 44, 6 -8 volts are u sed 
in the light source . They are mounted on a 
bracket just above the shutters . To remove 
and replace the lamps, loosen 
which hold the bracket to the 
the mechanism .  The right -hand 

the two screws 
upper plate of 
screw hole is 

s lotted permitting the bracket to be swung 
forward about the left -hand screw giving 
acce s s  to the lamp s .  Hold the bracket firmly 
when removing and replacing lamps in order not 

4 

to  bena it . Next swing the bracket back into 
place and tighten the screw s .  

The Type 2 -D-21 miniature thyratron is  
located at the right side of the light source . 
It s socket grips the prongs very tight ly mak­
ing the tube a lit t le difficult to remove and 
replace unle s s  it i s  slight ly rocked back and 
forth. The tube can be inserted only in the 
corre ct position as the socket has only 7 
holes corre sponding to  the 7 prongs in the 
base . 

Mounting of Mechani sm to  Meter Frame 

The electronic unit and mechanism is held 
to the meter frame with three screws . Acces s  
t o  the se screws may b e  had b y  swinging the 
photo tube hou sing forward as was outlined in 
paragraphs above . The screws can then be 
reached with a slender screw drive r .  
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TYPE IW TRANSMITTER __________________________________________ L_L _4_1 -a_25_. l�s 

L I N K  f'OSITION FoR I NT E R N A L  R E LAY 

r-
� EJ( TERN A L 
I<E'YING RELA) 

L I N K  POS I TIO N F O R  E X TI! R N AL R E LAY 

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

Gear Mesh 

The following provision has been made should 

it be found nece ssary t o  adjust the me sh be ­

tween the pinion of the main disc shaft and 

the first gear of the mechanism . The l owe r 

left mount ing point re st s on a short hex post 

of adjustable height . The height of this post 

determine s the me sh . The two upper mounting 

point s rest dire ct ly on the meter  frame with 

provi sion for a s light amount of rocking . By 

loo sening the three screw s and l ock nut on the 

hex post , the me sh can be adjusted . Retighten 

the l ock nut and screws . 

Care of Mot or and Mot or Gearing 

The motor and shaft s of the motor gearing 

should be oiled every two years . Use 

Westinghou se oil 3#1275575 which may be ob ­

tained in 1 -oz . bot t le s .  

At 

oil  

the l ower end  of  the motor shaft i s  

cap filled with oil- saturated woo l . 

an 

A 

�ON"TACTS 

� } ® '\; &! 
} 

R£1\R'Jit;.W 

OI&C t 

tnsc 2. 

WITH R>.L�T\\1£ INSTI\l-<Tl'.\olt;.OUS 
'POLARH \'C.S P..'?. Sl-10\e,f\'•l;T"E. 1)\SCS R.OTA\E �ROM L�fl' TO 'R.\G\o\T. 

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

small  wick carrie s the oil from the cap t o  the 

bearing which is in side the mot or core . The 

l ower end of the �haft re st s on a j ewel in the 

bottom of the cap . When oiling is neces sary, 
un screw Lhe cap ,  fill it about two thirds ful l  

of oil and replace . 

The intermediate shaft has a bearing simi lar 

to that of the motor but doe s not have the 

removable oil cap . This  bearing can be oiled 

by l ift ing out the shaft and p lacing a few 

drops of oil in the hole at the t op .  

The s leeve bearing and hub bearing of the 

shaft at the shut ter disc may be oiled s light ­

ly where the hub re st s on the bearing posL . 

Sufficient oil wi l l  creep down into the s leeve 

for proper lubricat ion . The bearing and shaft 

are made of materials  which wi l l  not cause 

obj e ctionable s ludging of the oil . 

Spark Suppre s sors for Keying Contact s 

The induct ive kick of the re lays in the 

keyed 

ien t ly 

circuit may generate voltage s suffi c ­

high t o  cause object ionable arcing at 
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TYPE IW TRANSMITTER ________________________________________ __ 

loiiTW R£Le..TI'JE IN£>Te..tHe..NEOUS 
POLAR.\'T\5.� A.$ S\otOWN , THE. D\&C.5 
RO"TA."T� FMM \.£.�T 'TO f:UQ"'""t' 

Fiq. 6-lnternal Schematic of the Type IW Transmitter With 
Two 2 Y2 Elements in· the Standard Case. 

the keying contact s even though the cont rol 
voltage is too low to cau se arcing :  hence 

spark suppre s sors are frequent ly usea to  
diminish or  kil l  the arc and prolong contact 
life . 

One common form of suppre s sor is  a con ­
den ser and re sistor in serie s conne cted 
directly acros s  the contact s .  Another form is  
a shunting re sistor connected directly acros s  
the coil . The value s of the capacity and 
resistance are be st determined by experiment 
t o  suit the characteristics of the keyed 
circuit . 

The following applicat ions are here given as 
a guide : 

{ a )  When keying the relay of a type IM 
receiver, a suppre s sor should be used . The IM 
receiver has a 1500-ohm telephone type re lay 
w�th 2240 -ohm serie s re sistor and require s a 
125 -volt d-e cont rol circuit . A bright spark 
is produced at the keying contact s .  A sup ­
pre s sor con sisting of a 1/2 mfd conden ser and 

6 

DISCOI>JN£CT'L-:::::::::::�=3�=:;-� TEST SWITCH 
LINKS 

5£E DW4·J1<!-3Z.Z7 
rOR WIRING OF 
PHOTO· TUBE UNIT. 

DISC.4 

CHASSIS O P£RATEO 
5HORTIN6 SWITCH 

WITH RELAl'IVE 
I N STANTANEOUS 
POLARITI£5 AS 5HOWN, 
TH£. DISCS ROTATE 
fROM LEfT TO RIGHT 

DISC 3 

SHORT CIRCUIT SWITCH 

TO TR.ANSMITT£"R 

TO BASE TERM. 

Fiq. 7-Internal Schematic of the Type IW Transmitter With 
Two 2 Y2 Elements in the Type FT Case. 

1000 -ohm serie s re sistor connected direct ly 
acros s the contact s will kill  the spark . 

(b ) When keying a TV relay no suppre s sor 
need be used other than that which is already 
in stalled in the relay .  There is a shunting 
re sistor connected cirectly acros s  the coils 
which absorbs the induced voltage . 

COORDINATION OF THE TRANSMITTER 

AND RECEIVER WITH THE CIRCUIT 

The scale of the re ceiving meter nru st sat is -
factorily cover the range of the load being 
te lemetered . This scale is marked in terms of 
the megawatt s or megavars being metered and 
not in terms of impulses . The transmitter 
measure s megawatt s  or megavars but transmit s 
impulses hence the calibration of the t ran s ­
mitter must b e  coordinated with the scale of 
the receive r .  

CHARACTERISTICS 

Transmitters must measure the power in a 
lar.12:e variety of circuits such as tie line s, 
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TYPE IW TRANSMITTER __________________________________________ ,.L_4_1_-s_2s_.,_s 

sa owG-. n·D ·az'2'7 FOR ..,IRtNG OF PWYTO· T\I&I. UNIT 

TO 1'RI\WSM\TtE.R 
\ l  _ _p-o.,.-r-'CURREN'T ., .. ,51' J�t" 

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

generat ing station s and t ransmission line s ;  

s ome involving t otalizat ion and interchange . 

The circuit s may be three phase three wire or 

three phase four wire 

feature s .  In addit ion 

or  have 

t o  thi s 

spe cial 

there is a 

large number of possible combination s  of 

current and voltage t ransforme r .  It is  ob­

vious that the se variab le �act o r s  mu st be 
con sidered when coordinat ing a t ran smitter 

with it s re ceiver . Mo st of the se variables 

can be taken care of in the calibrat ion of the 

t ran smitter by selecting a disc constant Kh 
suitable t o  meet the circuit condit ion s .  

Although watthour meter e lectromagnets are 

used, usually it is not pract ical t o  use the 

conventional watthour disc con stant s .  Ful l  

l oad on the t ransmitter i s  assumed t o  give 

ful l  s cale deflection on the receiver for 

posit ive power flow ,  and calibration is made 

accordingly . 

The following three c lasse s of receiver 

scale s have been se lected to cover practically 

a l l  circuit condition s .  They are : 

� .J u.. 
a: 

] 
I 

I 2 

l 

� 

�� 1 
If 
il * 

TtLEMETE.RINe>. CHANNE.L 

ns V. �o ru CONT.A.CTS-z. 

UB< ·:-I��� JPH010T � o::B--6-1 UNIT 
� .. 
8 + 1 
IO +q l 
12 •" I 
,. +'• 
1& +17 
2D +'" I 
.. ... I l 

REA.Fl VIEW 

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 minute . 

Zero at 1/4 scale using a base rate of 80 

impu l se s  per minute .  

Zero at left end of the s cale u sing a base 

rate of 80 impulses  per minute .  

The fol lowing tabulation give s the t ran s ­

mitter disc speeds and impul se rate s ,  for the 

several scale s .  

ZERO AT CENTER OF SCALE 

Scale 

Deflect ion 

Disc RPM 

Imp . pe r min . 

Left End 

-25 

40 

Center 

0 

120 

Right -End 

+ 25 

200 
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TYPE IW TRANSMITTER ________________________________________ __ 

N I ' 3 TE.LEMETERIN" CM ... �NEL 

i)L - -- }� [--- CONT�TS 

l w�� 

1 15  VOLTS GO C YCLE.S 

l�( f«:D-

� 

,'--� 

__..;.. -+--J-. , 
' + '  
" + '  

_/\ + .. + 
" + "  
" +" 
" A +" v 

REAR VIEW 

-PHOTO TUBE UNIT 

I 

"" 

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

ZERO AT l/4 SCALE 

Scale 

Deflect ion Left -End l/4 Scale 

Disc RPM -8 l/3 0 

Imp . pe r min . 4 0  80 

ZERO AT LEFT END OF SCALE 

Scale 

Deflect ion 

Disc RPM 

Imp . per min . 

Left End 

0 

So 

Right -End 

+25 

200 

Right -End 

+ 25 

220 

ADJUSTMENTS AND MAINTENANCE 

The prope r adjustment s t o  in sure correct 

operation of the se t ransmitters in the t e le ­

metering circuit have been made at the fact ory 

and should n ot be di sturbed after  receipt by 

the cu stome r , If the adjustment s have been 

changed , the t ran smitter  taken apart for 

repairs ,  or if it is desired to check the ad­

justments  at regular maintenance period s ,  the 

instruction s be l ow shou ld be fo l l owed . 

8 

I " 

Clf"S �8F TELtMETERINO, CHANNEL. 

1 1 5  V. 60 CY 

�[� 

�� ..._ 

CONTACTS 
· w�oo 4 ' �  � 
.1. 
.1! v ,. 
.• 
.• v 
.. A 

' 
3 

±i.. 
+:1. 

' .. 
+" 
+JL 
tl7 

� 
� 

R E A R  VI E W  

PHOTOT UIIE 
UNIT 

..k 

Fig. 1 1-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 element s are simi lar t o  those 

u sed in watthour meter and require on ly the 

care common 

the spe cial 

tenance are 

graphs :  

t o  watthour mete r pract ice . Only 

adjustment s  and special main ­

covered in the following para -

CALIBRATION 

The t ransmitter may be cal ibrated in the 

same manner as a watthour meter u sing the disc 

constant Kh which is  marked on the namep late , 

and comparing disc rotations with the rota ­

t ions of a portable watthour standard . The 

base rate synchronous motor should be kept 

running during the test  as the shutter 

frict ion has some e ffect on the l ight l oad 

calibration . 

Transmitters which measure powe r in generat ­

ing stat ion s  run in on ly one direct ion . The 

ful l  l oad and light l oad are adjusted in the 

same manner as is a watthour meter;  the ful l  

l oad adjustment being obtained by varying the 

damping of the permanent magnet and the l ight 

l oad compen sation by shifting the light l oad 

l o op s . 

r 
\ 

t 
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TYPE IW TRANSMITTER 

TELEN\ETER\WC. 0\AWNEL 

tlS VOLTS GO CYCLES 

·�-.1� � ·  '-�l I 3 
PHOTOTUBE,. UNI\ 

-t i\ 115 VOLTS 
GO CYCLES 

� a:  f- -� 5  CURRO-IT u 

6 H 

\..> 
.. 

' o-­eo v 

'1 

. . .  
2� /\ �--·-<'>-' +--. 

REAR V\£.W 

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

Tie l ine t ran smit ters which must measure 

p ower flow in 

rotate in e ither 

mu st be 

e ithe r  dire ct ion must l ikewi se 

direction , hence calibrat ion 

for both dire ctions of che cked 

rotat ion . Fu l l  load calibrat ion is obtained 

by the permanent magnet s as before , but light 

l oad should be set for an average calibration 

when the discs  are rotated in both dire ction s . 

Cal ibration for both direction s  of rotat ion 
must be con sidered in tie l ine t ransmitters,  

and because of thi s  it wi l l  not  be po s s ible t o  

set the light l oad point s up t o  100% accuracy . 

However ,  the light load e rror i s  in significant 

when read on the scale s of the indicat ing and 

recording receivers .. To i l lust rate what is  

meant by thi s statement ,  as sume a t ran smitter 

and re ceiver have been arranged for a scale 

range of 30 • . . . .  0 . . . . .  30 Megawat t s . (Total 

span of 60  MW ) .  A l s o  as sume that the t ran s ­

mitter is  operating at a l ight l oad o f  3 

Megawatt s  with an e rror of . 18 Megawatt s s l ow .  

In terms o f  actual load thi s  wou ld be 6% but 

the accuracy of indicat ing and 

meters is defined as a percentage of 

scale span , hence the error is � x 
6 0  of one pe rcent . 

recording 

the fu l l  

1 0 0  = · 3  

I .L. 4 1 -825.1 B 

I 2 3 
TELEMETE.RIN� CHANNE:L 

� c: ...._+-�[]-.> 
d. 

� 
1 

.. 
" +" 

+'7 
20 ... 

R£AR. VIEW 

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 con stant Kh i s  marked 

on the name plate and may be used in che cking 

the calibrat i on of the tran smitt e r .  It s value 

i s  the number of watthours con sumed per 

revo lut ion of the disc . As  t ransmitt ers  are 

u sual ly connected to the circuit s  through 

voltage and current t ran sformers , the c on stant 

i s given r o r  both, the primary and secondary 

side s of the t ran sformers and is designated 

Primary Kh and Se condary Kh . When connection s 

are made t o  the circuit s in tho standard 

methods for powe r measurement s ,  

Kh = the primary Kh divided 

instrument t ran sformer rat io s .  

the secondary 

by the overall  

The disc  run s 

25 RPM at a l oad corre sponding t o  the right 

end of the receive r  scale . The value of the 

constant depend s on the in st rument t ran sformer 

rat ios and on the disc speed o 

To further i l lustrate the con stant Kh, the 

f o l l owing examp le of a spe cific t ransmitter i s  

given : 

A transmitter is connected t o  a three phase 

three wire circuit through two 1 1 0 , 000/110  
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N I Z 3 

� 
ra� 

TE:J.CM£TtRING CHANNEL 
'" 0 l H ;:! 
.. ... 3:: 0 liS V01.TS .. CONTACT$ 60 CYCLE' 

r� U' ·U �'CL· 
FL!lt1 r-6--f.. i I ' 

{- ' . .  1-PHOTOTU 
• • '  UNIT •• 

..• • 
• I z 3 I& +' 

fR�n 
I+ • "  

� " • "  
3:: ,. • • "  0 -� ••• A A " 
0: zz ... ... I 3:: ... ... " I .. 

�::;. RCAR VI£W 

h ., h - -

-=\=-

Fig. 14---External Connections of the Two 2 \12 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 

receiving meter is to be center zero with a 

range of 50 . . . . •  0 . . . . .  50  Megawatt s . 

The in strument t ran sformers reduce the 

magn�tude or the voltages and current s without 

changing t he ir pha se relations , and app ly t o  

t he transmitter the equivalent t o  a watt load 

equal t o  the primary l oad divided by the over­

all in strument transformer rat io o 

The disc of the t ransmitter must run 25 RPM 

at a l oad of 50  Megaw�tt s giving the re sults  

in  the following calculation s :  

Overa l l  Tran sformer rat io = 

llO,  000 200 
X -- = 40000 

1 1 0  5 

Se condary l oad = 50, 000, 000 = 1250 wat t s  

40, 000 
Hence 1250 three phase wire wat t s  cause disc 

to run 25 RPM. 1250 wat t s  for one hour con ­

sumed 1250 watthours and cause the disc t o  

make 1500 revolution s .  The value of one 

revolut ion = 125° = � =  . 833 watthours 

10 

1500 6 secondary Kh 

il: 0 -' "-

I Z. 3 

�� (< 
,� \)->< kJ---5>'--1-o-

TE LEMETERIN CHANKEL 
UNIT 

�iHOTOTUBE 
\ US VOLTS·WC _/CONTACTS 

·��� · 4 Jo • Ao..3 
" Cl 8• +.5 

'1 8 .. _..D• +7 
I " .. -y Fl +9 

12 !i.. ....,111 +11 l 

M. C s . ,. 
'---1 n. E -0 + z1 

d l .. • F +23 
� '""- ·- � +26 

r 
REAR VIEW 

.., 

YC. 

Fig. IS-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 similar manner the 

Primary Kh - 50, 000, 000 
1500 

33333 watthour s 

TRANSMITTERS IN TYPE FT CASE 

The type FI' cases are d1� st -proof enclosure s 

combining re lay e lement s and knife -b lade t e st 

swit che s in the same case . This combinat ion 

provide s a compact flexible as sembly easy to  

maintain , in spe ct , t e st and adjust o There are 

t hree main unit s of the type FT case : the 

case , cover and chas sis .  The case is an a l l  

we lded stee l hous ing containing the hinge half 

of the knife -blade t e st swit ches and the 

terminals  for external connection s .  The cove r  

i s  a drawn stee l frame with a clear window 

which fi-c s  :J VP t' the front of the case with the 

swit che s closed . The chas sis is a frame that 

support s the tran smitter e lement s  and the con -

t act j aw half of the test  switche s .  This 

s lide s in and out of the case . The elec-

t rical connect ions between the base and 

chassis are completed through the c l o se d  

knife -b lade o 

�-
�J 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE IW TRANSMITTER _______________________________________ : .L_4_1 -_s2_s. __ l s 

Removing Chassis 

To remove the chassis , first remove the 
cover br un screwing the captive nut s  at the 
corners . There are two cover nut s on the S 
size case and four on the L and M size case s .  
This exposes the t ransmitter e lement s and al l 
the test switche s for in spection and te sting . 
The next step is to  open the test switche s . 
In opening the test switche s they shou ld be 
moved al l the away back against the stops 
With al l the swit ches fully opened, grasp the 
two cam action lat ch arms and pull  outward . 
Thi s release s the chassis from the case . 

Using latch arms as handl e s ,  pull  the chas sis 
out of the case . The chassis can be set on .a 
test bench in a normal upright position as 
we ll  as on it s top ,  back or side s for easy 
inspe ction, maintenance and test . 

After removing the chassis  a duplicate chas­
sis  may be  in serted in  the case for  the blade 
portion of the switche s can be c losed and the 
cover put in place without the chas sis .  The 
chassis operated shorting switch located be ­
hind the current test swit ch prevent s open 
circuiting the current t ransformers when the 
current type test switche s are closed . 

When the chassis is  to  be put back in the 
case, the above procedure is  to  be followed in 
the reversed orde r .  

Elect rical Circuit s 

Each terminal in the base connect s thru a 
test switch to  the tran smitter e lement s in the 
chassis as shown on the internal schematic 
diagrams . The tran smitter terminal is  identi­
fied by numbers marked on both the inside and 
out side of the base . The test switch posi­
t ions are identified by letters marked on the 
top and bottom surface of the moulded blocks . 
The se letters can be seen when the chassis is  
removed from the case . 

The potential and contro l circuit s thru the 
t ransmitter are disconnected from the external 
circuit by opening the associated test 
swit che s Opening the current test switch 

short -circuit s the current tran sforme r second­
ary and disconnect s  one side of the tran s ­
mitter coil but leave s the other side o f  the 
coil connected to  the external circuit thru 
the current test jack jaw s .  This circuit can 
be isolated by insert ing the current te st p lug 
(without external connection s ) , by in serting 
the ten circuit te st plug, or by in serting a 
pie ce of in sulating material approximate ly 
1/32 11 thick into the current te st jack jaws . 
Both swit ches of the current test switch pair 
must be open when using the current test plug 
or in sulating material in this manne r to 
short -circuit the current tran sformer second-
ary . 

Te sting 

The tran smitters can be tested in service , 
in the case but with the external circuit s 
i solated or out of the case as follow s :  

Te sting In Service 

The ammeter test plug can be in serted in the 
current te st jaws after opening the knife ­
blade switch to che ck the current thru the 
transmitter . This plug consists  of two con ­
ducting st rips separated by an insulating 
strip .  The ammeter is connected to the se 
strip s  by terminal screws and the leads are 
carried out thru holes in the back of the in ­
sulated handle . 

Voltages between the potential circu1t s can 
be measured convenient ly by clamping #2 clip 
leads on the projecting clip lead lug on the 
contact jaw -

Te sting In Case 

With al l blade s in the full  open position , 
the ten circuit te st plug can be in serted in 
the contact jaws . This connect s the tran s ­
mitter element s to  a set o f  binding post s and 
completely isolate s the transmitter circuit s 
from the external connection s  by mean s of an 
in sulating barrie r on the plug . The ext ernal 
test circuit s are connected to the se binding 
post s .  The plug is in serted in the bottom 
t e st jaws with the binding post s up and in the 
top test switch jaws with binding post s down . 
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TYPE IW TRANSMITTER 

N I 2 3 

l 
I •o ,, l'i II 

.YCON1'ACTS 

TELEMETfRIN" 
CHANNEL 

\IS VOL iS 60CYCUS 

" 
"'  ' 

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  circuit s may be made t o  

the t ransmitter e lement s b y  # 2  t e st clip leads 

in stead of  the test  p lug . When conneeting an 

exte rnal test  circuit t o  the current element s 

that the current t e st j ack jaws are 

that the t ran smitter is c ompletely 

open so  

isolated 

from the external circuit s ,  Sugge sted means 

for i s o lating this circuit are out l ined above , 

under "Elect rical Circuit s " . 

Testing Out of Case 

With the chassis  removed 

e l ement s may be te sted by 

cuit t e st p lug or by #2 

from the case re lay 

u sing the t en cir­

t e st c l ip leads as 

de s cribed above , The fact ory calibration is  

made with the chassis  in  the case and r'emoving 

the chassis  from the case will  char1ge the 

calibration value s by a smal l percentage . It 

i s  rec ommended that the t ransmitter be checked 

in position as a final check on calibration , 

INSTALLATION 

The t ran smitters should be mounted on 

switchboard pane l s  or their e quivalent in a 

1 2  

> 3 
<i 
3 & 

N I '2 3 

...1"1\. 
_lLfo--

���" 
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[ ;J 

h h I 

TELEMEl"ERINC. CMANNEL 

CONTACTS-. 

�% ' ' Jl � � () Bl� . 5 
" "'-:}-6 ., " + � ' " "' + " 

= c  B +  " E DJ:_ 
" ' +  � 

� 
REAR VIEW 

1 15  V. � O N  

w PlioTOT UNn 

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. 

locat ion 

vibrat ion 

free from dirt , 

and heat . Mount 

moisture , exce s s ive 

the t ransmitter  

vertically by mean s of  the two mount ing studs 

for the standard case s and type FT pro je ct ion 

case or by mean s of the four mount ing hol e s  on 

the flange for the semi -flu sh type FT case . 

E ither of the studs or the mount ing s crew s may 

be utilized for grounding the t ransmitter . 

The e lectrical conne ct ion s may be made direct 

to the terminal s  by mean s of screws for stee l 

panel mounting or t o  terminal stud s furni shed 

with the t ran smitter for ebony-asbest o s  or 

s late apane l mounting . The terminal studs may 

be easily removed or in serted by l ocking two 

nut s on the stud s and then turning the prope r 

nut with a wrench . 

RENEWAL PARTS 

Repair work can be done mo st sat i sfact ori ly 

at the fact ory . However, interchangeable 

part s can be furnished t o  the cust omer' 9 who 

are equipped for doing repair work . When 

ordering part s ,  always give the complete 

namep late dat a ,  
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I 2 3 

?� . r-5� 
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rJ 

TELEMETER!� CHANNEL 

It  5 VOL TS-c;o CO�TS 
·�cror� · 

�/, 0 A 3 
" c s, ... 5 
8 ,, --B•+ 7 
\0. �· v 

")"9 
\2 -�!,. 1-iJ itt  

Pl-iO TOT UNIT 

I £0 c � ;t:\g 
" E ......P. + zt 
'"'- � F +z.3 
" 0... �- �2S 

I RI'AR VIEW 

Ul!f 

Fig. IS-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 fol lowing give s the energy requirement s 

of the various coils  and circuit s of the type 

IW t ran smit t e r :  

Type IW Transmitter 

Each voltage coil require s 8 . 5 volt -ampere s 

� 
� g 
l 

BE 
� 

N.a.R VIEW M£<;:-"TT TRANSMITT(R A.l:- VlllW MEGi.-.V-"1. TR ... NSMITTtR 

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 watt s at 115  volt s 6 0  cycle s .  

Each current coil require s . 3 1  volt -ampere s 

and . 2  watt s at 5 ampe re s 6 0  cycle s .  

The photo tube circuit , including the syn ­

chronous mot or require s 1 15 v olt s 60 cyc le s 

and draws 105 mil liamp . ,  11 watt s . ' 
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TYPE IW TRANSMITTER---------------------

i DIA.DRILL 
FOR THICK 
PANELS 

ii DIA DRILL (2.-HOL£5) OPENING.S fOR THIN PA.'NE.L MOUNT IN� 

1�0 3Z TERM SC.IU.W 8.:. STuOS _.i -ZO MOllNTIN4 SO!E W 8:._ STUDS 

Fig. 20-0utline and Drilling Plan for the Standard Projection Type Case. See the Other Internal Schematic for the Term· 
inals s\,;}. ;>lied. 

0 

0 � I 

I � I 
PANEL LOCATION 1'011 
5e11 �LUS\I,TYP£ MTGo 

110·�� 
��4�� zawoTH �tou:/ U.WITH ITUD • 

STUDS �Oll. Pli.OJ,  
TVPE MTG.jooA. 
HOlE (2.REQ) 

�-18 HTtl. STUD('Z. to.EQ,) FROM OW6. g-&-190!1 .,.. e- zo.r.t. 

Fig. 21-0utline and Drilling Plan for the M20 Projection or Semi-Flush Type FT Case. See the Internal Schematics for the 
Terminals Supplied. 
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I .L .  41 -825. 1 B 
INSTAL LATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE IW TRANSMITTER 

FOR HIGH RATE IMPULSE TELEMETERING 

CAUTION 

sPrvice , 

Before putting t ransmitters int o 

remove al l blocking which may have 

been in serted for thR purpose of securing the 

part s during shipment , make sure that al l 

moving part s operate freely,  inspe ct the con ­

tact s to  see that they are clean and close 

prope rly, and operate the t ransmitters and 

re ceive rs to check t he calibrat ion and e l e c ­

t rical connection s .  

APPLICATION 

The Type IW Tra�smitter is  used on Load 

Dispatching Systems where important load in ­

dicat ions  are to be t ransmitted between 

station s .  The electrical quantities measured 

and t ran smitted are megawatt s  or megavars , 

The measurement s are made at the t ie -line s ,  

sub stat ion s o r  generat ing stations and t ran s ­

mitted to  the di spat che r s  office for the pur­

pose of di spatching and load cont rol , 

Impul s e s  are t ransmitted ove r carrier current 

channe l s ,  pilot wire s ,  or t e lephone l ines  at a 

rate proportional t o  the measured quant ity ,  

CONSTRUCTION AND OPERATION 

Type IW Transmitter 

The t ransmitter  con sist s of 

measuring e lement s ,  and a phot o 

for generating impu l se s .  

four watt 

tube device 

The mea suring e l ement s are similar to  those 

used in polyphase watthour meters . Four 

separate e lect romagnet s are mounted one above 

the othe r ,  each acting on a disc mounted on a 

common shaft . The voltage and current coi l s  

o f  e ach e le ct romagnet are brought out t o  

separate terminals  in the standard t ran s ­

mitter thereby making i t  appl icab le t o  many 

spe cial as we l l  as standard circuit s ,  

SUPERSEDES I.L. 41 -825.1 A 

By propP r conne ction to the power circuit s ,  

th0 disc shaft i s  driven at a speed propor­

t ional to  the load and in either direction 

depending on the dire ction of power flow .  

Posit ive power applied t o  the measuring 

e lement s should cause the main dis c s  t o  turn 

from left to right viewed from the front of 

the tran smitter . Ne gative power should cause 

them to  turn in the reverse direction . 

At zero load the t ransmitter generat e s  a 

constant base impul se rat e ,  but under l oad 

condition s the rate is eithe r in creased or 

de creased from this  base value , depending on 

the dire ction of power flow and by an amount 

proport ional to the load . See Figure s 2 and 

3 o  

The se impulses  are generated by means of a 

phototube and light source with two shutter  

discs  having suitable holes  for pul s ing the 

l ight . One shutter is driven cont inuou s ly at 

constant speed , always in-· the same dire ction 

by a synchronou s mot or , The other i s  driven 

by the measuring element s at a speed propor­

t ional to the load , and in e ithe r  direction 

depending on the dire ct ion of power flow .  The 

dimen sion s  and spacing of the hole s of the two 

shutters are ident ical . One shutter is  mount ­

ed direct ly above the other,  and the light 

must pass through the hole s of both in order 

to strike the window of the phototube , hence 

the rate of pu l sing the light depends on the 

re lat ive speed of the two shutters . At zero 

load only the con st ant - speed shutter turn s ,  

giving the base rate , but at other loads the 

second also  turn s ,  superimposing the l oad 

impulses  on the base value . 

The cathode of the photo tube i s  conne cted 

to the contro l grid of a 2 -D-21 thyratron , 

cau sing the thyratron t o  fire at the same rate 
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TYPE IW TRANSMITTER 

2 

?;LtJT W!ieES � AL T££NATE FOE SHOET LJN€S �';��'IO�;;.eANShiiTT/f'Ki 

POJ¥Ee 
SYSTEIH 

��� .. i _, I ii '"'" '- I D.C. 

-- _j 
c.T.s 

ryp£ IW 
BAS£ EA TE 

TRANSIWITT£e 

'.'ONN£CT!tJ/VS TO 
MEASU£/N<$ £L£M£NTS 
DETEEhi!NED BY TH£ 
C;,f'CUIT TO Wfi!CH THE 
TA?;JIHS/f/ITTE,e IS 
CtJIV'NEC,TEIJ 

TJI EELAYS WHEN USED AT 
T�ANSM/TT!M:; , .eECE/Y!N� 
EHOS OF CN4NNEJ... 

:PtJTE/'IT!tMf�EEl ;e�coeDEE 
r-::c::---:::-+--+_, 

,. 

r 

Fig. !-Schematic Connections of a Typical High Rate Impulse Telemetering System. 

SYNCH RONOUS 

SHUTTER DISC DRIVEN 
SYNCH RONOUS MOTO R -----__...... 

SHUTTER DISC DRIVEN BY 
TRANSMITTER ---___,-...1 

EACH SHUTTER DISC H AS 8 
H OLES EQUALLY SPACED 

NEAR ITS PERIPH ERY. 

DRIVING DISC OF 
TRANSMITTER -----'-

L IGH T SOURCE 

921 PH OTO TUBE 

Fig. 2-Schematic Diagram of the Phototube Unit Showing the Operating Principles. 
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TYPE IW TRANSMITTER __________________________________________ � . L_. 4_1_-s_2s_. l s 

that the light is  pul sed .  The thyrat ron in 
turn operate s a re lay which is  conne cted in 
it s plate circuit . As thi s  p late current is  
rectified half wave, a filter condenser is  
u sed acro ss  the relay coil  to  prevent chatter . 

Control Circuit 

A 115-volt 60-cyc le control circuit is re ­
quired for operating the synchronous mot or, 
and for energizing the circuit s of the photo 
tube, the thyratron, and the filament tran s ­
former.  Case terminal s 3 and 4 are for the 
control circuit . 

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

As soon as the control circuit is energized, 
the lamps of the light source should burn and 
the synchronous mot or start running .  The 
re lay should start operat ing as soon as the 
heater of the thyratron is  warmed up, which 
will require only several seconds . 

Sat isfact ory operation will be obtained with 
voltage 
but it 
tained 

variat ion s between 105 and 125 volt s, 
is  recommended that 115  volt s be main ­
as closely as pract ical , Be low 105 

volt s the operat ion of the re lay become s less  
posit ive and may fail at  about 90 volt s .  
Voltage s above 115  volt s will shorten the tube 
life . 

The two lamp s of the light source and the 
heater of the thyratron are energized from the 
6 -volt secondary of the filament transformer . 
This tran sforme r is  mounted in the top of the 
tran smitter.  

Keying Re lay 

A small re lay i s  mountP-d on a pane l inside 
the tran smitter near the t op of the case, and 
is normal ly operated by the firing of the 
thyratron , but if so de sired it can be dis ­
conne cted and instead an external relay 
operated . Disconne ct links are provided on 
the pane l for changing the connection s, as 
illustrated in  Fig . 4 .  

The link position s  are as follow s :  
When the internal relay is  to b e  used both 

links must point 1 eft . This link arrangement 

place s the coil of the 
plate circuit of the 

internal relay in the 
2-D-21 thyratron and 

connect s the keying contact s to  case terminals 
1 and 2.  No spark suppressor is  provided 
acros s  the se contact s .  

If an external relay is to be operated by 
the thyratron, both links must point right . 
Thi s arrangement opens the circuit s of the 
internal relay coil and it s contact s, and 
conne ct s the plate  circuit of the 2 -D-21 
thryatron direct ly to  case terminals 1 and 2 .  
An external re lay may now be operated from the 
thyratron without any other source of excita­
t ion by conne cting it s operating coil to 
terminal s 1 and 2 ,  A condenser must be used 
acros s  the coil to prevent chatte r .  

The operating characteristics o f  this re lay 
need not be critical . Any d-e telephone type 
relay may be used which has a re sistance of 
not le s s  than 1000 ohms and which will operate 
positively up t o  220 impulses  per minute on 20 
mil liampere s or le s s .  If the re s istance is 
too low it should be padded to  limit the 
operating current t o  the de sired value . 
Usually a condenser of 1 to  4 mfd acros s  the 
coil wil l  prevent chatte r .  

Type 921  Gas -Filled Photo Tube 

The phot o tube is in a shielded insulated 
housing direct ly beneath the shutters, and a 
shielded lead run s from the cathode end of the 
tube to the control grid of the 2 -D-21 
thyratron . The shie lds are connected to  one 
side of the 1 1 5 -volt. 60 -cycle control circuit . 

The tube is  he ld firmly in the housing by 
spring pre s sure on the plunger-shaped anode 
contact at the right, and the housing is  
hinged at the left end to  facilitate 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 is  loose �n the housing and may 
be readily removed.  

To  rep lace, s lide the tube into  the housing, 
concave surface of the cathode up t oward the 
window, and re ctangular end toward the rear . 
Thi s rectangular part fit s loosely in a s lot 
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TYPE IW TRANSMITTER ____________________ _ 

./IN INTERM9L. t'-f'e..t'TE..R/V,.qL. KEY//V(,7 -f'cL.#Y /'?/IY 8£ VScO BY C'#AIN�/N� TN& Cl:?NAIEC17t'N 
Or"THeSE LINKS 

TO SWITCNwdlf TEffl4--+-t--, 
Ta 5WffCHAI 4W TER/1. 3 
1 /S//OL TS � 0 -A:f.  

TEHI'flltl;f/... 
L!ILat:K/fV 
FlfONTOF HtJTOR 

C()/L <$ CONTACTS OF /NTERN/IL K£YIN(j RELAY 

u--� TO SWITCH A OR TER/'1. I 
L._---- TO SWITCH<.! ()R TER/'1. 2 

I TERI'fiN/IL BLOCK I AT RlfiHT OF L--+--+--K.>I----' I /'1cCH.41VIS /-? 

Fig. 3---Internal Schematic Connections of the Phototube Keying Unit. 

at the end of the housing which prevent s the 
tube from turning an exce ssive amount .  Do not 
jam the rectangular part cornerwise. into the 
slot . If j ammed,  the cathode end may not 
make contact . Next swing the housing back into  
place and snap the anode contact back int o the 
hollow in the right end of the tube . 

Light Source 

Two lamps , type MAZDA 44, 6 -8 volts are used 
in the light source . They are mounted on a 
bracket just above the shutters . To remove 
and replace the lamp s ,  loosen the two screws 
which hold the bracket to the upper plate of 
the mechanism .  The right -hand screw hole is  
slotted permitting the bracket to  be swung 

giving 
firnily 

forward about the left -hand screw 
acce s s  to the lamp s .  Hold the bracket 
when removing and replacing lamps in order not 

4 

to  bena it . Next swing the bracket back int o  
place and tighten the screws .  

The Type 2-D-21 miniature thyratron is 
located at the right side of the light source . 
It s socket grips the prongs very tight ly mak­
ing the tube a little  difficult to remove and 
replace unless  it is slight ly rocked back and 
forth . The tube can be inserted only in the 
corre ct position as the socket has only 7 
holes  corre sponding to  the 7 prongs in the 
base . 

Mounting of Mechanism to  Meter Frame 

The electronic unit and mechanism is  held 
to  the meter frame with three screws . Acce s s  
t o  the se screws may be had b y  swinging the 
photo tube housing forward as was outl ined in 
paragraphs above . The screws can then be 
reached with a slender screw driver .  
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TYPE IW TRANSMITTER __________________________________________ L_L _4l_-s�25�. l�s 

L- I N K  f'091TION FoR I NTE R N AL. R E. LAY 

.r--
� £J( TERNA I... 
KEYING RELA� 

L I N K  POS I TIO N F o R  E X TI! R N A L.  R E L A Y  

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

Gear Me sh 

The following provi sion has been made should 

it be found ne ce s sa�y to adjust the me sh be ­

tween the pinion of the main disc shaft and 

the first gear of the me chanism. The lower 

left mount ing point re st s on a short hex post 

of adjustab le height . The height of this post 
determine s the me sh . The 

point s re st dire ct ly on the 

two upper mount ing 

meter frame with 

provi sion for a sl ight amount of rocking . By 

loo sening the three screws and lock nut on the 

hex post , the me sh can be adjusted . Retighten 

the l ock nut and screw s .  

Care of Mot or and Mot or Gearing 

The motor and shaft s of the mot or gearing 

should be oiled every two years . Use 

We st inghouse oil 3#1275575 which may be ob ­

tained in 1 -oz . bot t le s .  

At 

oil  

the l ower end of the motor shaft i s  

cap filled with oil- saturated woo l .  

an 

A 

�ONTAC"TS 015COWWECT L\1.11<.5 

� } ® 'V 0 + 
�+ }  @ 'V @ 

Ol'5C 1 

1;)\SC 2. 

IJOL"TA4'E 
CO\\. } 01!0<: 3 

wiT\\ RtLP..T\Vt 11-lSTI>,WT"\-1'-0US POLA�J'T\E5. A.S. SHO��. 1\-\E. t)\� ROTA.\E 'FROM \.Efl TO R,\G\o\T. 

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

small  wick carrie s the oil from the cap t o  the 

bearing which is in side the mot or core . The 

l ower end of the �haft re st s on a j ewel in the 

bot t om of the cap . When oiling i s  neces sary, 
un screw Lhe cap ,  fill it about two thirds ful l  

o f  oil and replace . 

The intermediate shaft has a bearing similar 

to that of the motor but doe s n ot have the 

removable oil cap . This bearing can be oiled 

by l ifting aut the shaft and p lacing a few 

drops of oil in the hole at the t op .  

The s leeve bearing and hub bearing of  the 

shaft at the shut ter disc may be oiled s l ight ­

ly where the hub re st s on the bearing posL . 

Sufficient oil  will  creep down into the s leeve 

for prope r lubricat ion . The bearing and shaft 

are made of materials which will not cause 

obj e ctionable sludging of the oil . 

Spark Suppre s sors for Keying Contact s 

The induct ive kick of the re lays in the 

keyed 

ien t ly 

circuit may generate voltage s suffi c ­

high t o  cause object ionable arcing at 
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TYPE IW TRANSMITTER ________________________________________ _ 

R.EI>.R. VIEW 

WITI< R£LI>.TIVE 1N£.TI>.N"TI>.NEOUS 
POLAR\"T\5.� A$ S\otOWN , THE 0\&CS 
l<,OTI>."T\: �IOPM I..UT TO IUQI<"' 

Fig. 6-lnternal Schematic of the Type IW Transmitter With 
Two 2 Y2 Elements in· the Standard Case. 

the keying contact s even though the cont rol 
voltage is too low to  cau se arcing:  hence 

sparK suppre s sors are frequent ly used to  
diminish or  ki ll  the arc and prolong contact 
life . 

One common form of suppre s sor is a con ­
den ser and re sist or in serie s connected 
directly acros s  the contact s .  Another form is 
a shunting re sistor connected direct ly acros s  
the coil . The value s o f  the capacity and 
re sistance are be st determined by experiment 
t o  suit the characteristics of the keyed 
circuit . 

The following applicat ions are here given as 
a guide : 

( a )  When keying the relay of a type IM 
receiver,  a suppre s sor should be used . The IM 

receiver has a 1500-ohm te lephone type re lay 
w�th 2240 -ohm serie s re sistor and require s a 
125 -volt d-e cont rol circuit . A bright spark 
is produced at the keying contact s .  A sup ­
pre s sor con sisting of a 1/2 mfd conden ser and 

6 

5£E DW4·J7-0-3Z.27 
F"OR WIRING OF 
PHOTO-TUBE 

UNIT. 

DISC Z. 

CHASSIS OPCRATED 
51iORTIN6 5WITC H 

TO TRANSMITTER 

TEST SWITCH 

WITH RELATIVE 
INSTANTANEOUS POLARtTIES AS SHOWN, 

THE DISCS ROTATE FROM l£FT TO RIGHT. 

SHORT CIRCUIT SWITCH 

TO TRANSMJTTE:R 

TO BASo n:RM. 

Fig. 7-lnternal Schematic of the Type IW Transmitter With 
Two 2% Elements in the Type FT Case. 

1000 -ohm serie s re sistor connected directly 
acros s  the contact s will kill  the spark . 

(b ) When keying a TV re lay no suppres sor 
need be used other than that which is already 
in stalled in the relay . There is  a shunting 
re sistor connected cirect ly acro s s  the coils 
which absorbs the induced voltage . 

COORDINATION OF THE TRANSMITTER 

AND RECEIVER WITH THE CIRCUIT 

The scale of the receiving meter must sat is-
factorily cover the range of the load being 
telemetered . This scale is marked in terms of 
the megawatt s  or megavars being metered and 
not in terms of impulses . The tran smitter 
measure s 
impulse s  
mitter 

megawatt s  or megavars but transmit s 
hence the calibration of the t ran s ­

must b e  coordinated with the scale of 
the receive r .  

CHARACTERISTICS 

Transmitters must measure the power in a 
large variety of circuit s such as t ie lines, 
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I �  �f��� � kt=::s:.:�: 
SEE 0'¥'110,..17·0·!12.'2'7' FOR WIR\� OF P\o\01"0· T\18i. UN\T 

HU:n"'l 'VIEW 

TOPE.LE.MENT 

SEC.OMt> E.L;.'t"\�"\ FROM 'TQ'P 

TO \R�\>JSM\T'C'C'it 

C.URRI.""1' "l'G.5T JA.C." 

'1"0 'S"5£"TE�tl 

�C\o4.A5&\S OPERA.T£0 $\o\0�11'4� S'w.fi"'TC...,_ 

Fig. 8-lnternal Schematic of the Type IW Transmitter With 
Four Single Phase Elements in the Type FT Case. 

generat ing stat ion s and t ransmi ssion lin e s ;  

some involving t otalizat ion and interchange . 

The c�rcuit s may be three phase three wire or 

three phase four wire or have spe cial 

feature s .  In addit ion t o  thi s there i s  a 

large number of possible combinat ion s of  

current and voltage t ransforme r .  It  is ob ­

vious that the se variable fact ors must be 

conside red when coordinat ing a t ran smitter 

with it s re ceiver . Mo st of the se variables 

can be taken care of in the cal ibrat ion of the 

t ransmitter by selecting a disc con stant Kh 
suitable t o  meet the circuit condit ion s .  

Although watthour meter e lectromagnet s are 

u sed, usually it is not practical t o  use the 

convent ional watthour disc con stant s .  Ful l  

load on the t ran smitter is  as sumed t o  give 

ful l  s cale deflect ion on the receiver for 

po sit ive power flow ,  and calibration is made 

accordingly . 

The following three clas se s of receiver 

scale s have been se lected to cover pract ically 

all circuit condit ion s .  They are : 

� -' .... 
a: 

� 
I 

I 2 

11 

3 

�E I 
ft 
h � 

TELEMETE:RlNG, CHAN.NtL 

ns V. flo ru 
CONTACTS ---z_ 

·�� ... --�� .. _j PH0101U --0---f'.iJ 6 :s3--6- UNIT 
� H 
8 , 7  
00 •' .. •" 
'" , .. 
.• ,n 
2D +'" .. +" 

RE�>o.P. VIEW 

I 
I 

I 
I 

8[ 

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 u sing a 

base rate of 120 impulses  per minute . 

Zero at l/4 scale u sing a base rate of 80 

impulses  pe r minute . 

ZPro at left end of the scale using a base 

rate of 80 impulses  per minute .  

The following tabulation give s the t ran s ­

mitter disc speeds and impul se rate s ,  for the 

several s cale s .  

ZERO AT CENTER OF SCALE 

Scale 

Deflect ion 

Disc RPM 

Imp . per min . 

Left End 

-25 

40 

Center 

0 

120 

Right -End 

+ 25 

200 
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Fiq. l O-External Connections of the Four Element Type IW 
Transmitter in the Standard Case for Totalizinq a 
3 Phase 4 Wire Circuit With 2 Potential and 3 Cur­
rent Transformers. 

ZERO AT 1/4 SCALE 

Scale 
Deflect ion Left -End 1/4 Scale 

Di sc RPM -8 1/3 0 

Imp . pe r min . 40 80  

ZERO AT LEFT END OF SCALE 

Scale 
Deflect ion 

Disc RPM 
Imp . per min . 

Left End 

0 

80 

Right -End 

+25 

200 

Right -End 

+ 25 

220 

ADJUSTMENTS AND MAINTENANCE 

The prope r adjustment s to  in sur•e correct 
operation of the se tran smitters in the te le ­
metering circuit have been made at the factory 
and should not be di sturbed after receipt by 
the cust ome r o  If the adjustment s have been 
changed, the transmitter taken apart for 
repair s ,  or if it i s  de sired to che ck the ad­
justment s at regular maintenance periods, the 
in struction s  be low should be followed . 

8 

I 3 

CLES 5F TELEMETERIN<; CHANNE:L. 

� 
II � V. 60 CY 

B_Hr:J CONT'\CTS 

�w <(§1<& .L-�.' ' '  ' 
.t. ..... +ll 
J! A +;(. v ,. ' .. .. J\ •" 06 +!} .. A ,,7 

� 
� ,'-._� 

R E A R  VI E W  

PHOToT UBE 
T I UNI  

_!r 

Fiq. 1 1-External Connections of the Four Element Type IW 

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

The measuring elements are similar t o  tho se 
u sed in watthour meter and require on ly the 
care common 
the special 
tenance are 
graphs : 

to  watthour meter practice . Only 
adjustment s  and 

covered in the 
special main ­

following para-

CALIBRATION 

The transmitter may be calibrated in the 
same manner as a watthour meter using the disc  
con stant Kh which i s  marked on  the namep late, 
and comparing disc rotation s with the rota-
t ions of a portable watthour standard . The 

kept base rate synchronous 
running during the 

motor should be 
t e st 

frict ion has some effect 
as the shutter 

on the l ight load 
calibration . 

Transmitters which measure power in generat ­
ing stat ion s run in on ly one direction . The 
ful l  load and light load are adjusted in the 
same manner as i s  a watthour meter;  the ful l  
load adjustment being obtained by varying the 
damping of the permanent magnet and the light 
load compensat ion by shifting the light load 
loops . 
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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 l ine t ransmitters which must measure 

power flow in 

rotate in e ither 

e ithe r  direct ion must l ikewise 

direction ,  hence calibration 

for both direct ion s  of mu st be che cked 

rotat ion . Fu l l  load calibration is obtained 

by the permanent magnets as before , but light 

l oad should be set for an average calibrat ion 

when the discs  are rotated in both dire ction s . 

Calibration for both direction s  of rotation 

mu st be considered in tie line t ransmitte rs , 

and because of this it will  not be po s s ible t o  

s e t  the light l oad point s u p  t o  100% accuracy . 

However, the light load e rror i s  in significant 

when read on the s cale s of the indicat ing and 

recording receivers o To  i l lust rate what is 

meant 

and 

range 

span 

by thi s stat ement , a ssume a t ran smitter 

receiver have been arranged for a scale 

of 30  • . . . .  0 . . . • .  30 Megawatt s . (Total 

of 6 0  MW ) . A l s o  as sume that the t ran s -

mitter i s  ope rating at a light load o f  3 

Megawatt s  with an e rror of . 18 Megawatt s  slow .  

In terms of actual load thi s  wou ld be 6% but 

the accuracy of indicating and re cording 

meters is defined as a percentage of the full  

scale span , hence the error is � x 100 = - 3 

of one percent . 6 0  

l.l. 41 -825.1 B 

I 2 3 
TELtMETERINCO CHANNE.L 

•• 
+" 

+" 
20 ..... 

�· 

R£A.R VIEW 

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 Con stant Kh 

The value of the disc con stant Kh i s  marked 

on the name plat e  and may be u sed in che cking 

the cal ibration of the t ran smitt e r .  It s value 

is the number of watthours con sumed per 

revolution of the disc . As 

u sual ly connected t o  the 

t ransmitters are 

circuits  through 

voltage and current t ran sforme r s ,  the con stant 

i s  given for both, t he p rimary and secondary 

s ides of the t ran sformers and is designated 

Primary Kh and Secondary Kh . When connections 

are made t o  the c ircuit s in the standard 

methods for power measurement s ,  the secondary 

Kh = the primary Kh divided by the overal l 

instrument t ran sformer rat io s .  The disc run s 

2 5  RPM at a load corre sponding t o  the right 

end of the receive r scale . The value of the 

con stant depend s on the in strument t ransformer 

rat ios and on the disc speed o  

T o  further i l lustrate the constant Kh , the 

fol lowing example of a specific t ransmitter i s  

given : 

A t ransmitter is conne cted t o  a three phase 

three wire circuit through two 1 1 0 , 000/11 0  
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N I � 3 
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Fig. 14----External Connections of the Two 2 V2 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 

receiving meter is to be cente r  zero with a 

range of 50 . . . . .  0 . . . • .  5 0  Megawatt s . 

The instrument tran sformers reduce the 

magnitude of the vo ltage s and current s without 

changing their phase re lation s ,  and apply t o  

the transmitter the equivalent t o  a watt load 

equal t o  the primary l oad divided by the over­

a l l  in strument tran sforme r ratio , 

The dis c  of the t ran smitter must run 25 RPM 

at a l oad of 50 Megaw�tt s giving the re sult s 

in the f o l l owing calculation s :  

Overa l l  Tran sformer rat io = 

Se condary l oad 

110,  000  
X 

3.QQ_ 
1 1 0  5 

5 0 , 000, 000 

4 0 , 000 

40000 

1250 wat t s  

Hence 1250 three phase wire wat t s  cause disc 

to run 25 RPM. 1250 watt s for one hour c on ­

sumed 1250 watthours and cause the disc t o  

make 1 5 0 0  revolution s .  The value o f  one 

revolut ion = 125° = ..2__= . 833 watthours 

10 

1500 6 secondary Kh 

>: 0 ---' "-
., 
� 0 .. 

1 
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TELENIETERIN CHAN.KEL 
UNIT 
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.. c s . ,. 
y "  • o + z• 

w 

I .. ' F t23 
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r 
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Fig. IS-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 simi lar manner the 

Primary Kh - 5 0 , 000 , 000 
1500 

33333 watthours 

TRANSMITTERS IN TYPE FT CASE 

The type FT case s are d1�st -proof enc l o sure s 

combining re lay e lement s and knife -blade test  

switche s  in the same case . This combinat ion 

provide s a c ompact f lexible as sembly easy t o  

maintain , inspe ct , test  and adjust , There are 

three main unit s of the type FT case : the 

case , cover and chas s i s . The case i s  an a l l  

we lded stee l housing containing the hinge half 

of the knife -blade test  swit che s and the 

t e rminal s for external conne ct ion s .  The cover 

is a drawn stee l frame with a c lear windo� 

which fi·c s :J V P  ,, the front of the case with the 

swit che s c l o se d .  The chassis  is a frame that 

support s the transmitter element s and the c on ­

tact j aw half o f  the test  switche s .  This 

slide s  in and out of the case . The e l e c ­

t rical conne ct ions  between the base and 

chassis  are c ompleted through 

knife -b lade , 

the c losed 
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TYPE IW TRANSMITTER ______________________________________ :_.L_4_1 -_s2_5.1  __ 8 

Removing Chassis 

To remove the chassis, first remove the 
cover b� unscrewing the captive nut s at the 
corners . The re are two c over nut s on the S 

size case and four on the L and M size case s . 
This expose s the t ransmitter e lement s and al l 
the test switche s for in spection and te sting . 
The next step is to  open the test switche s .  
In opening the test swit che s they shou ld be 
moved al l the away back against the stops 
With al l the swit che s ful ly opened, grasp the 
two cam action lat ch arms and pull  outward . 
Thi s release s the chassis from the case . 
Using latch arms as handle s, pull  the chas sis 
out of the case . The chassis can be set on .a 
t� st bench in a normal upright position as 
well as on it s top,  back or side s for easy 
in spe ction , maintenance and test . 

After removing the chassis  a duplicate chas­
sis  may be  in serted in  the case for  the blade 
portion of the switche s can be c losed and the 
cover put in place without the chassi s .  The 
chassis operated shorting switch located be ­
hind the current te st swit ch prevent s open 
circuiting the current transformers when the 
current type test switche s are closed . 

When the chassis is  t o  be put back in the 
case,  the above procedure is  to  be followed in 
the reversed orde r .  

Electrical Circuit s 

Each terminal in the base connect s thru a 
t e st switch t o  the transmitter element s in the 
chassis as shown on the internal schematic 
diagrams . 
fied by 
out side 

The tran smitter terminal is identi­
numbers marked on both the inside and 
of the base . The test switch po si-

t ions are identified by letters marked on the 
top and bottom surface of the moulded blocks . 
The se letters can be seen when the chassis i s  

removed from the case . 

The potential and control circuit s thru the 
transmitter are disconnected from the external 
circuit by opening the as sociated test 
switche s Opening the current test swit ch 

short -circuit s the current tran sformer se cond­
ary and disconne ct s one side of the tran s ­
mitter coil but leave s the other side o f  the 
coil conne cted to the external circuit thru 
the current test jack jaws . This circuit can 
be isolated by in serting the current test p lug 
(without external connection s ) , by in serting 
the ten circuit test plug, or by in serting a 
pie ce of insulating material approximate ly 
1/3211 thick into  the current test j ack jaws . 
Both swit ches of the current t e st switch pair 
must be open when u sing 
or in sulating material 

the current te st plug 
in this manne r to 

short -circuit the current tran sformer second­
ary . 

Testing 

The transmitters can be te sted in service , 
in the case but with the external circuit s 
isolated or out of the case as follow s :  

Te sting In Service 

The ammeter test plug can be in serted in the 
current test jaws  after opening the knife ­
blade switch to  check the current thru the 
t ransmitter . This p lug consists  of two con ­
ducting strips separated by an insulating 
strip . The ammeter is connected to the se 
strip s  by terminal screws and the leads are 
carried out thru holes  in the back of the in ­
sulated handle , 

Voltages between the potential circu1t s can 
be measured convenient ly by clamping #2 clip 
leads on the projecting clip lead lug on the 
contact jaw .  

Te sting In Case 

With all blade s in the full  open po sition , 
the ten circuit test plug can be in serted in 
the contact jaws . Thi s connect s the tran s ­
mitter element s to  a set o f  binding post s and 
completely isolate s the t ransmitter circuit s 
from the external connection s by mean s of an 
in sulat ing barrie r on the plug , The external 
t e st circuit s are connected to the se binding 
post s .  The plug is in serted in the bottom 
t e st jaws with the binding post s up and in the 
top t e st swit ch jaws with binding post s down . 
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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 t e st circuit s may be made to  

the t ran smitter e lement s by #2 te st clip leads 

in stead of the t e st p lug . When connecting an 

external t e st circuit t o  the current e lement s 

that the current t e st j ack jaws are 

that the t ransmitte r  i s  c ompletely 

open so  

i s olated 

from the external circuit s .  Sugge sted means 

for i s o lating this circuit are out l inen above , 

under "Elect rical C ircuit s " . 

Testing Out of Case 

With the chassis  removed 

e lement s may be te sted by 

cuit t e st p lug or by #2 

from the case relay 

using the t en cir­

t e st clip leads as 

de scribed above . The fact ory calibration is 

made with the chassis  in the case and removing 

the chassis  from the case will  change the 

calibration value s by a smal l percentage . It 

i s  rec ommended that the t ran smitter be che cked 

in posit ion as a final check on cal ibration . 

INSTALLATION 

The tran smitters should be mounted on 

switchb oard pane l s  or their equivalent in a 

1 2  

> 0 
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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. 

location 

v ibrat ion 

free from dirt , 

and heat . Mount 

moi sture , exce s '3 ive 

the t ran smitter 

vertically by mean s of the two mounting studs 

for the standard cases and type FT pro jection 

case or by mean s of the four mounting hol e s  on 

the flange for the semi-flush type FT case . 

E ithe r  of the studs or the mounting s crews may 

be ut i lized for grounding the t ran smitte r .  

The e le ctrical conne ct ion s may b e  made direct 

to  the terminal s  by mean s of screws for ste e l  

panel mounting or t o  terminal studs furnished 

with the t ransmitter for ebony-asbe stos or 

s late apane l mounting . The terminal studs may 

be easily removed or in serted by l o cking two 

nut s on the stud s and then turning the prope r 

nut with a wrench . 

RENEWAL PARTS 

Repair work can be done mo st sat i sfact ori ly 

at the fact ory . However ,  inte rchangeabl e  

part s can b e  furnished to  the cust omel''l  who 

are equipped for doing repair work . When 

ordering part s ,  always give the comp lete 

nameplate data.  
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Fig. IS-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 fol lowing give s the energy requirement s  

of the various coils and circuit s of the type 

IW t ran smitt e r :  

Type IW Transmitter 

Each voltage coil require s 8 .5 volt -ampere s 

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 watt s at 1 15 volt s 6 0  cycle s .  

Each current coil require s . 3 1  volt -ampere s 

and . 2  watt s at 5 ampe re s 60 cycle s .  

The photo tube circuit , inc luding the syn ­

chronous mot or require s 115  volt s 6 0  cyc le s  

and draws 105 mil liamp . ,  1 1  watt s .  
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Fig. 20-0utline and Drilling Plan for the Standard Projection Type Case. See the Other Internal Schematic for the Term· 
inals Sq plied. 
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Fig. 21-0utline and Drilling Plan for the M20 Projection or Semi-Flush Type FT Case. See the Internal Schematics for the 

Terminals Supplied. 
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