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This Application Data consists of three 
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concerned. 

Part I (Pages 3-28). 
General Information. Operating Principles, 
and Applications. 

Part II (Pages 29-34). 
Specifications and Technical Data. 

Part III (Pages 35-40). 
Outline Dimensions, Drilling Plans. and 
Wiring Diagrams. 
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Section A 

1. General Information 
The type V-2 transducers are designed 
specifically as accessories to Westinghouse 
panel instruments to provide the means for 
measuring complex electrical variables. 
The transducers convert these measur­
ands to proportional dc outputs which 
can be measured by simple conventional 
dc instruments. 

Although designed basically for compat­
ibility with Westinghouse instruments. the 
V-2 transducers may be used with any 
manufacturers' instruments if their terminal 
resistance is modified to suit the trans­
ducer's load requirements. The transducers 
may also be used for inputs to control or 
data acquisition systems, to computers. 
telemeters. or recorders. Usually a load 
resistor and filter accessory is required for 
these applications. 

2. Available Types 
Watts 
Vars 
Frequency 
Power Factor (phase angle) 
Voltage (rms compensated) 
Current (rms compensated) 
Voltage (suppressed zero ac) 
Speed (pulse or frequency) 
Temperature (10 ohm ROT) 
Motor Load (In-phase current) 

3. Terminology 
The following terms are used in discussion 
of transducers. Definitions are conformed 
to ANSI C39.1 Instrument Standards 
wherever possible. 

(a) Accuracy: The limit expressed as a 
percentage of full output value. that errors 
will not exceed when the transducer is 
used under reference conditions. (Fre­
quency, power factor. and suppressed zero 
transducers are special cases. See sub­
sequent text). 

(b) Loss (Burden) : The apparent power 
(volt-amperes) required by a transducer 
circuit at full output. 

(c) Nominal Current, Voltage: The normal 
values used for design purposes: e.g .. 5 
amps. 120 volts. 

(d) Response Time: The time required for 
output to rise from zero to 99% of full 
rated value when the input is suddenly 
increased from zero to full value. The defi­
nition is similarly stated for partial load 
changes. 

(e) Working Voltage to Ground: The high­
est peak voltage which may exist between 
a transducer terminal and ground. 

(f) D ielectric Test: The rms value of a 60 
Hz sine wave which the transducer will 
stand for 60 seconds without flashover or 
damage. 

(g) Rated Voltage, Current, Watts, etc.: 
Those values at which a device will 
develop full output. 

(h) Ambient Temperature Influence: That 
change in output, expressed as a percent 
of full output, which may be caused by 
changes in ambient temperature from 
25·C. 

(I) Extreme Temperature Influence: That 
change in output, expressed as a percent 
of full output, which may occur at specified 
high and low temperatures. 

(j) Frequency Influence: That change in 
output, expressed as a percent of full out­
put, which may occur because of a devia­
tion from design frequency. 

(k) Power Factor Influence: That change 
in output, expressed as a percent of full 
output, which may occur because of a 
deviation from unity power factor. 

(I) Linearity: The deviation from an ab­
solute proportionality between input and 
output expressed as a percent of full out· 
put value. 

em) Ripple: A measure of the rectified ac 
component in a dc output. 

rms of ac 
% 

average output 

(n) Permissible Overload: The voltage or 
current which the transducer can sustain 
continuously or momentarily (1 second) as 
stated without damage. 

(0) Maximum Voltage or Current: The 
absolute value, or the percent of nominal. 
at which the transducer can be used at 
rated accuracy, 

(p) Standard Conditions: Rated voltage, 
current and frequency, as applicable, at 
25·C. 

(q) Load Resistance: The resistive load 
which must be connected across a trans­
ducer for correct performance. 

(r) Self· Contained Rating: The input to 
an instrument or transducer in terms of the 
secondary current and voltage actually 
seen by the device. 

Self-contained rating = 

full scale primary rating 

pt x ct ratios 

(s) Single-Phase Test Watts: That value of 
single-phase watts input, at standard con­
ditions, which will, with all voltage coils in 
parallel and all current coils in series, yield 
rated output. Coils are connected addi­
tively. 
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Single-phase test watts = 

self-contained rating 

K 

where K=l for 1-phase. 2-wire (1 element) 
K=2 for 3-phase, 3-wire (2 element) 
K=4for 3-phaseA-wire (2)6element) 

(t) Scale Watts: The primary watts corres­
ponding to the full output of the trans­
ducer. 

Scale watts = 

self-contained rating x ct ratio x pt ratio 

(u) Rated Output (Wattmeter): The full 
output of the transducer when energized 
at rated input watts. Type VP2-840 trans· 
ducers have a standard rated output of 50 
mV into 50 ohms load resistance. These 
values may be varied for special applica­
tions (see "Scaling", Paragraph 6. Section 
B) . 

(v) Rated Input (Wattmeter): Self-con­
tained rating (see "Available Transducer 
Ratings", Part II). 

4. Accuracy 
Transducers are rated at ± 1 % of full rated 
output at the reference conditions applying 
to each transducer type. When calibrated 
in combination with an instrument. the 
error of the transducer may be compen· 
sated for, making the accuracy rating of 
the combination equal to that of the in­
strument alone. 

The limit of such combinations is ± 1 % of 
instrument scale, but the usual combina­
tions are ±2% corresponding to the accu­
racy class of standard panel instruments. 
When calibrated as combinations, match­
ing serial numbers are used on the trans­
ducers and the instruments. 

5. Mounting 
All transducers are identical in height and 
depth. All are 3-inches wide except the 
single-phase var transducer which is 5)6 
inches. Mounting holes will adapt to pre­
drilled holes on %, % or 1 % inch centers. 
Transducers may be mounted in any posi­
tion, individually or gang mounted without 
effect on calibration. 

6. Load Resistors 
Whenever resistors are to be added in the 
transducer output circuit they may be any 
commercial wire-wound resistor or metal­
film resistor type rated )6 watt, 1 % accura­
cy, having a temperature coefficient of 50 
parts per million or less. Similar materials 
should be used in any spool wound resist­
ors. 
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7. Construction 
Solid-state components are mounted on 
circuit boards. The assemblies are not 
potted. so they can be repaired or modified 
readily. The steel shells are removable 
without need to remove the transducers 
trom the panel or to disturb adjacent units. 

8. Adjustments 
Most normal adjustments are made on 
potentiometers accessible through holes in 
the terminal board. The transducers need 
not be removed from the mounting panel. 
nor do covers need to be removed. A 
standard Phillips or flat blade screwdriver 
serves as an adjusting tool. Specific adjust­
ments are described under the sections to 
tollow. 

9. Indicating Instruments 
Combinations of instruments and trans­
ducers are cataloged in the price lists for 
panel instruments (43·300), and for switch­
board edgewise instruments (43-200). 
Separate instruments may be negotiated 
with either blank scales or pre-printed 
scales. With pre-printed scales, the random 
selection of instruments and transducers 
will result in an accuracy rating of ±3% 
for the combinations. Specific requirements 
are noted under the following sections. 

Section B 

Watt Transd ucer - Type VP2-840 
1. Operating Principles 

(a) The power in an ac circuit is the 
product of current voltage, and power 
factor expressed as: 

W= EI Cos II 

Therefore, a device to measure watts must 
be capable of multiplication. A Hall-effect 
element is such a device. It is the basis of 
the type VP2-840 watt transducer. 

(b) The Hall effect for purposes of this 
discussion, is that characteristic of a certain 
crystal such that when It is conducting 
current (control current) and is placed in a 
magnetic field, a potential difference is 
produced across its opposite edges. The 
potential difference is proportional to the 
product of the control current. the strength 
of the field and the cosine of the phase 
angle between the control current and 
magnetic flux. By putting the crystal in a 
magnetic structure such that an ac current 
generates the flux, and an ac voltage pro­
duces the control current we have a multi­
plying device. It produces an output pro­
portional to E1 Cos II (power) . This is in 
essence the Hall generator watt transducer. 
In Figure 1, the load current I.c produces a 
proportional flux through the crystal in the 
air gap. The load voltage E produces a 

Load 

Figure 1: Hall watt transducer. 

proportional control current through the 
crystal. The output is proportional to the 
product of the two and the phase angle 
between them. 

(c) Actually the output of the Hall gener­
ator consists of a dc voltage proportional 
to true power (watts), plus a double fre· 
quency ac voltage proportional to the volt­
amperes In the circuit. The readout device 
used with the VP2-840 transducer is 
normally a permanent-magnet moving­
COil instrument which does not respond to 
the ac component. When the transducer is 
used With devices which do respond to ac, 
the double frequency component must be 
filtered out. Filters, type VF2-876, are 
provided especially for this purpose. 

(d) The output of a Hall element decreases 
with increasing temperature. The watt 
transducers are temperature compensated 
with a thermistor-resistor network in the 
output circuit. The load resistance is part 
of the network, therefore it is fixed for a 
particular transducer. 

2. Types 
VP2-840 transducers are built in three 
types: 

(a) Single-phase, one current-coil (1-
element): This transducer has one current 
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coil and one potentia l  coi l .  I t  measures 
watts in s ing le-phase. two-wire circu its. 
but may be used for ba lanced polyphase 
as well .  (See F ig ure 4 ) .  

(b) Polyphase, two current-coil (2-ele­
ment): There are two current coils and two 
potential  coi ls for the measurement of 
th ree -phase. three-wire power. They are 
a lso used on s ing le-phase. three-wire, and  
on  certa i n  three-phase. four-wire appl ica­
tions (where the potenti al  tra nsformers are 
con nected l ine-to-l ine). The outputs of the 
two H al l  elements are connected in series, 
(See F igure 5 ) .  

(c) Polyphase, three current-coil ( 2 %  ele­
ment): This transducer has th ree current 
and two potential coils. The two H al l  ele­
ments each h ave two cu rrent coi ls with 
one coil i n  each element bei ng  connected 
in series to form the th i rd current coil. (See 
Fig ure 6 ) .  This tra nsducer. theoretical ly. i s  
accurate on  balanced voltages only. How­
ever. electr ical  power systems or equ ipment 
will not tolerate a deg ree of u n ba la nce 
which would cause errors outside the ac­
curacy rating  of the tra nsducer. Therefore. 
there is no practical need for a three-ele­
ment device. The error due to as much as 
1 5% u nbalance is i n  the order of 0.00 2 of 
read ing ;  neg l ig ible i n  a ny commercial 
power measurement. 

Maximum 

o --��------�--�------� __ _ 

F igu re 2: Basic output of watt transducer 
element (unity 50% and 0 power factor.) 

3. Ratings 
(a) Output- I n put 
Standard VP2-840 tra nsdu cers are factory 
cal ibrated so that they wi l l  develop a n  
isolated output of 5 0  mi l l ivolts dc in to a 50 
ohm load resistance with i nputs: 
1 -element .  . . .  , . . . . . . . . . . . . .  ,500 watts 
2-element.  . . . . . . . . . . . . . . . . .  1 000 watts 
2%-element . . . . . . . . . . . . . . . . .  1 500 watts 
The 60 Hz models may be used for 50 Hz 
service with some reduction in accuracy. 
( See Part I I ). 
(b) Voltage I n put 
The VP2·840 transducers are designed for 
a nomi n a l  i n put of 1 20 volts. They may be 
operated cont in uously at 1 50 percent of 
rated voltage or as low as zero voltage If  
the current is decreased proportionately. 
If an attempt were made to mainta i n  rated 
volt-ampere in put at reduced voltage. the 
el ectromag net in the H a l l  device would 
saturate. This saturation becomes appre­
c iable at 1 2 5% of rated cu rrent. F igure 7 
shows the effect of sma l ler voltage devia ­
tions a t  constant volt-ampere i nput. 
Transducers are made up on specia l  order 
for 240 volts and .  i n  s ing le-phase only. 
for 480 volts. I n most cases. it is preferable 
to use the stock 1 20-volt tra nsducers with 
a uxi l iary potent ia l  transformers. Never use 
resistors to drop voltages to H a l l  trans­
d u cers. I nternal  transformers are used to 
reduce the nominal voltages to the few 
volts actually impressed on the crystals. 
A resistor in series with a transformer 
primary wil l  g ive erroneous resu lts. The 
watt rati ng  of a tra nsducer wi l l  i ncrease 
proport ional  to the i n crease in rated 
voltage. 
(c) Current I n put 
Sta ndard transd ucers are rated a t  5 am­
peres nomina l .  They may be adjusted as 
described in Paragraph 7 of th is  section 
for ful l  output from 4 to 6 .25  amperes a t  
400 to 625  watts per element. When 
spec ia l  ca l ibrations are ordered. the trans­
d u cer may be marked with some other 
value of cu rrent. This should be considered 
as the maximum rating. as it may be at the 
threshold where any i ncrease wi l l  cause 
saturation of the electromag net i n  the Ha l l  
element with resultant l arge errors. The 
electromagnets for the H a l l  elements are 
made up in a n u mber of nominal current 
ratings to accommodate wattmeter currents 
from 0.5 to 1 0.0 amperes. Thermal ly. the 
current coi ls are good for 200% cu rrent 
contin uously and 500% for 5 seconds. 

4. Readout Instruments 
Analog i n struments may be con nected 
d i rectly to the output termina ls  of the watt 
transd ucers for d irect ind ication of power. 
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\ Output 
, 

o ------��------���--__ __ 

Figure 3: Output of polyphase transducer 
under balanced load condition, unity 
power factor. 

I nstruments should be of the mi l l ivoltmeter 
type. rated 50 mV a nd h aving a termina l  re­
s ista nce of 50 ohms. There is a d i fference 
between this kind of i nstrument and a 1 mA. 
50 ohm mi l l iammeter. which wi l l  have a l­
most a l l  its resistance made up of copper. 
thus making it temperature sensitive i n  a 
voltage source circu it  such as the VP2-840. 
A mi l l i voltmeter has typi cal ly only about % 
of its resistance in copper. I nstruments for 
use with the VP2-840 can be made from a 
low resistance 0 - 1  mA mi l l iammeter by 
add ing resistance i n  series with the moving 
element. The lower the resistance of the 
moving element the better the temperature 
coefficient of the completed i n strument as  
a mi l l ivoltmeter. 

When ordering a transducer and match ing  
i n strument for use as a n  in dicating watt­
meter i t  is necessary only to speCify the 
des i red ful l  sca le marking of the i n strument. 
the confi g u ration of the primary c i rcu it  (eg. 
3-phase. 3-wire). and the ratios of the cur­
rent a nd potential transformers. The factory 
wi l l  determi ne the proper transducer rat ing .  
If  the transdu cer connections are not  as  
shown in  F igures 4. 5 a nd 6 ,  a sketch of 
the circuit s hould be inc luded. I n  selecting 
a value for full scale kw. reference should 
be made to the "Table of Preferred Rati ngs" 
on pages 1 3  and 1 4  of Pr ice List 43·200. 

For a more complete d i scussion of i n stru­
ments used with tra nsducers. see I nstruc­
tion Leaflet 43-800.3 ( Modification of V-2 
Transdu cers). 

5. Signal Source 
V -2 tra nsducers may be used to s upply s ig­
nals to potenti ometri c  recorders. active in­
struments. ana log to d ig ital converters. etc, 

The tra nsducers can  supply a 0-1 mA cur­
rent s igna l  i nto 50 ohms. or they can sup· 
ply a 0-50 mV signal  i nto a high im­
ped ance load of 50.000 ohms or more. 
These h igh imped ance i nputs are usual  for 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Application Data 43-860 Page 6 

Westinghouse 

• 
active instruments. They usua l ly  require 
f i ltered signals  for which a standard filter 
is available expressly for use with the 
V P2-840. It has a 50 ohm input resistance 
and comes with an optional output adjust­
ing rheostat. See Section L, Fi lters ( Page 
27 ) .  

6. Scaling 
(a) A watt transd ucer is usual ly connected 
to a power circu i t  through  current and po­
tential transformers. These establ ish a rel a ­
tionship between t h e  primary watts of the 
circu it  and the secondary watts which the 
transducer sees. The transducer usu ally 
teeds into a reado u t  device w h ich is scaled 
to match the level of primary watts. 
The basic formula for scal ing a wattmeter 
is: 
W's""' Wsc x ret x rpt 
where: 

Wfs =maximum watts on scale 
Wsc ""'self-contained rating of 5 amps 

120 volts transducer 
W sc = 500 watts for single-phase 1 -

element for the standard unit 
Wsc=1000 watts for polyphase 2-

element for the standard unit 
Wsc=1500 watts for polyphase 2)1,­

element for the standard unit 
(for 240-volt transducer mUlt iply by 2; for 
480-volt by 4)  

r ct  =current transformer ratio 
rpt=potenti a l  transformer ratio 

(b; Consider a standard 3-phase. 3-wire 
transducer rated 5 a mps, 120 volts and 
cal i brated to 50 mV output at 1000 watts. 
It is connected to a 7200 volt system 
through 60:1 potent ia l  transformers and 
400:5 current transformers. The product of 
the transformer rat ios is 4800, so the full 
scale reading of  a 50 mV readout  instru­
ment would be 4800 kilowatts. This i s  an 
odd scale, d ifficult to mark and to read. A 
0-5000 ki lowatt scale would be more 
practical. but  to ach i eve this. either the in­
strument end sca le value or the transducer 
cal ibration must be changed. 

(c) Changing i nstrument end scale va lue 
is  practical with in limits. I n  the example 
in (b ) :  

With standard ca l ibration: 

4800 primary K W=1000 input W 
= 50 mV output 

5000 primary K W=1000 input W 
=52.1 mV output 

The sensitivity of a 50 mV , 50 ohm instru­
ment is 1000 ohms per volt (one ohm per 
millivolt ) .  so it is merely necessary to add 
2.1 o hms of series resistance to get the 
52.1 mV end scale. The resistance change 

2 

13 
I 
14 Rs 

I 
I I 

II 
Rc 

I 
I 12 

2 

Figure 4: Internal and external wiring of single-phase watt transducer. 

a lso affects the transducer output so the 
transducer load shou ld be corrected to 50 
ohms with a sh unt res istor. (1 1 1 ) R = 

50 
-

52' 
R=1250 . I n  th is  case the 

change i s  negl ig ible. 
The practical l imit is ±5 ohms. 
If the instrument circuit resistance i s  
changed, it will u pset the temperature 
compensation for both the transducer and 
the i nstrument. For l oad resistance changes 
over the range of 45-55 ohms. the trans­
ducer error will be within 0.5% for a ± 10'C 
change from 25·C. For the transducer­
instrument combination. th is  is typically a 
±0.8% error for a ±10'C change. For 
these combinations. the net effect is  that 
an increase in 5 ohms of circu it  resistance 
will increase fu l l-scale watts approximately 
8 percent. Decreasing the resistance 5 

:3 2 

ohms wi l l  decrease fu l l  scale  watts approx­
imately 8 percent. I ntermediate val ues are 
proportional .  The actua l  resistance changes 
should be determined by test of the instru­
ment in combination with the transducer. 
It is poss ible to change the instrument to 
52.1 mV end -scale by demagnetization. 
Th is  should be attempted only by a quali­
fied instrument modificat ion shop. The 
advantage is that  the resistance. and with 
it the temperature compensation remains 
unchanged. 

Were the desired scale to be lower rather 
than higher as i n  example (b). it would be 
necessary to change the end-scale value of  
the instrument to less than 50 mV , Th is  
requires the shunting of  the swamp resistor 
inside the instrument. Temperature com­
pensation will be affected so the 5% limit 
must be observed, 

Figure 5: Internal and external wiring of 3·phase, 3-wire watt transducer. 

+ 
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(d) Recalibrating the transducer is a more 
satisfactory method of scaling. It i s  recali­
brated to yield nominal output with a 
non-standard input. 

Using the exam ple (b): 

With standard cal ibration 4800 primary 
kW==1000 input W=50 mV output. De­
sired calibration 5000 primary kW==1 041 
input W= 50 mV output. 

The standard 2 - element transducer is cali ­
brated 1000 watt input equals 50 m V  out­
put. It must be recalibrated to 1041 watt 
at 50 mV . This method of scaling leaves 
the temperature compensation unimpaired 
and keeps the instru ment standard . Actual 
calibration procedures are covered in para­
graph 7. The transd ucers have trimmers 
which are intended for original factory 
cal ibration. These are used also for recal i ­
bration, but t h e  exact lim its of adjustment 
are variable. By an internal resistance 
change, the adjustment may be extended 
to the l imits of t h e  transd ucer current coils 
as l isted in Part II. 

(e) N on-standard Ranges: Transducers 
may be bui lt  on special order with coils for 
current inputs as l ow as 40 mA or as high 
as 10 A. These will have the full 50 m V  
output with a nominal 1 2 0  volt potential. 
When a transducer is to be used at less 
than its rated mV output, it may be recali­
brated for maximu m  accuracy at t h e  l ower 
value. The procedure is described in para­
graph 7 of this section. 

Consideration should be given to the use of 
t h e  more expensive ampl ified transducers 
where the instrument modification or trans­
ducer calibration is impractical or occa­
sional. Westinghouse types VP3-840 (0-
10 V) or VP4-840 (0-1 mAl are not load 
sensitive within broad l imits. They are ad ­
justable 0 to 110 percent. These trans-
d ucers, when o perated at reduced output, 
will degrade t h e  overall accuracy of the 
measurements. Accuracy is expressed as a 
percent of full output at 1 mA output; a 
�:ansducer with Y:.% accuracy wil l yield 2% 
accuracy if operated at 0.2 5 mA at ful l  
scale on the ind icating instrument. 

(f) A variable ratio current transformer 
allows the use of  a standard transducer and 
a standard instrument with al l  of t h e  scaling 
d one by varying the turns ratio of t h e  trans­
former. A single paired transducer and in­
strument can be used for any kil owatt load 
if t h e  instrument is marked 0-100%.0 -1 2 5% 
or 0-1 50% Percent Load. The same devices 
are used with only a scale change if t h e  
instrument is t o  b e  marked i n  actual load 
kilowatts. There is a complete d i scussion 
of this in Application Data 43-510 which 
was written especially for motor load indi-

4 3 2 
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Figure 6: Internal and external wiring of 3-phase, 4-wire watt transducer. 

cators with which t h e  variable- ratio current 
transformer scheme is al most universal ly 
used. If  Appl ication Data 43- 510 is not 
available, som ewhat t h e  same transformer 
data is include d  in Descriptive Bul letin 44-
112 covering t h e  Westinghouse Type ECI 
variable-ratio current transformer. The 
formulas in Application Data 4 3 -510 are 
based on wattmeter scales equal to 150 
percent of full rated load.  C ommercial watt­
meters are usually some other fu l l  scale 
value determined by service conditions. The 
application data for variable ratio trans­
formers is based on: Iprl, the primary cur­
rent required to develop 5 amperes secon­
dary current. Therefore the basic formula is 
modified to: 

Wfs x 5 
I pri W:-;-:-

-=-=---
sc X r pt 

where: 

I pri =rct x 5 

Where loads are balanced. it is generally 
adequate to use a single phase transducer. 

To get a current in p hase with an available 
voltage, a double primary h ookup is used,  

o 

�-.05 
" ";; .. 
� -,10 

c: 
.. e 
If. -.15 20 

Line Voltage 

J----
40 

"" 

Figure 7: Voltage characteristic. 

/ 
/" 

60 

so connected to reverse one current and 
add it vectorially to t h e  other. The resultant 
is in p hase with t h e  voltage across t h e  two 
lines involved. For t h is scheme, the current 
transformer primary ratings are exactly half 
of those for polyphase 2-e lement trans­
ducers making the formula: 

I 
. == Wfs x 2 . 5  

p n  Wsc x rpt 

7. Recal ibration 
A l l  V P 2 - 840 watt transducers are factory 
cali brated to develop an output of 50 mV 
into 50 ohms at rated input watts. They 
may be recalibrated within t h e  limits of the 
cu rrent cod capacity of each d esign. Part 
I I (page 29) l ists the u pper and lower 
l imits of  current test watts and self-con­
tained rating for each value of  nominal 
current input. From this table. it is apparent 
that a 2-element. polyp hase 2-current-coil 
standard self- contained rating of 1000 
watts would be a nominal 5 am p design 
with a usable current range of 4.00 to 6. 2 5 ,  
single p h ase test watt range of 400 t o  625, 
and a self-contained rating range of 800 
to 1 2 5 0  watts. A variable calibration resis-

V 
'./' -....... 

I 
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tor and a fixed (soldered i n to the circ u i t  
board) resistor on each element w i l l  allow 
adjustment throughout the range. 

Variable resistors may be reached by i n sert­
i n g  a screwdriver through holes i n  the 
terminal  board. 

All wattmeters and watt transducers are 
calibrated on s ingle-phase with all current 
coils in series aid i n g  and all potential coils 
in parallel. Polarities are chosen to produce 
a posit ive output from each e lement as 
current ciccuits are e nergized. Ideally. t h e  
transducer is e nergized from a precis ion 
i nstrument calibrator (a regulated source 
of current and voltage in phase) but ade­
quate results are achieved by u s i n g  com­
mercial power and a single-phase portable 
i nstru ment of .5% accuracy class. The watt­
meter current circu i t  is connected i n  seri es 
with the current coi l s  of the transducer and 
its voltage circuit across the voltage coils 
of the transducer. The load may be varied 
on the test c i rcu it  in any conven i e nt m a n ­
n e r  the nearer t o  u n ity power factor the 
better. Output  i s  measu red with a potentio­
meter as the mV drop across a 50 oh m 
resi stor (See Paragraph 6 of section A). 
or it may be measured with a low resist­
ance (15 ohms or less) portabl e  standard 
1 mA i nstrument padded up to 50 ohms. 
or a mil l ivoltmeter. 0-50 mV with a sensi­
t iv ity of 1 000 ohms per volt. 

E 

± 
, 'lo.. 411i2 -

:3 4 

50 06 

70 Os 

90 010 
± 

I 110 )12 

" , 
+ 

Output 
Figure 8: 1-p hase, 2-wire sing l e-phase test 
con nections. 

To cal i b rate. e n ergize the potent ial coi l s  of 
the H a l l  e lements for a 30- m i nute warmup.  
Then. e n ergize the potential coi l s  o n e  at  a 
time. Adj u st the potentiometer trim mers to 2 5  
m V  p e r  e lement for polyphase transducers. 
with rated single phase test watts applied. 
Single e l ement transducers adjust to 50 mY. 
Now test with both e lements e n ergized on 
the polyphase transducer. The output 
should b e  50 mY. I f  not, repeat t h e  indio  
v idual  adjustment and the com b i n ed c heck. 
The two e lement  outputs must always b e  
balanced. 

If there is not suff ic ient  range i n  the poten ­
tiometers to get rated output at the desired 
test watts. it will be necessary to change 
the 3-watt fixed resistors on the edge of 
the circuit board. This resistance m u st not 
be reduced b elow 5 o h ms. This resistance 
w i l l  change output cu rrent in i n verse pro­
portion. The l imitations of each design 
m ust be observed. The coil current m u st 
never be allowed to exceed the l imits In 
the table i n  Part I I . if the transducer is 
be ing cal i b rated for use on reduced volt­
ages. 

B. Remote Indicators 
Lead resistance is a n egligi ble factor. 
general ly. when t h e  readout i nstrument is 
located n ear the transducer. Th e  lead 
resistance becomes additional load resist­
ance and. as such, affects cal i bration in 

E 

±�------�---r� 

±+_---I 

+ 
Output 

Figure 9: 3-phase, 3-wire single-phase test 
connections. 

the ratio of 5 ohms equals 8% c h ange. 
T h i s  becomes more workable as 0.6 ohms 

-1 % error. If # 12 wire were used for 
hookup,  t h e  transducer and i nd i cator could 
be 130 feet for -1 % error. Error due 
to as  m u ch as  ohms lead resistance can 
b e  cal i b rated out of the system, so actually 
t h e  two com po nents can be h u ndreds of 
feet apart. For these condit ions. t h e  l ead 
resistance should be specif ied on t h e  order. 
or a field recallbration should be perform­
ed. There wi l l  be an added i nfluence of u p  
t o  1 % for a 20'C c hange i n  te:-nperature of 
the leads. Where the determination of lead 
resistance or f ie ld recalibration is l ikely to 
be a p roblem, it would be well to consider 
the more expensive constant current or 
voltage output transducers. type VP4-840 
or VP3-840. 

9. Totalization 
In the case of q uantitative measu rements. 
it  is somet imes desirabl e  to add (totalize) 
or su btract (differentiate) them. ThiS is 
most common with watt or c u rrent trans­
ducers to obtai n gross outputs. or with 
speed transducers to determ i n e  s l i p or 
stretch. T h e  techniques are generally ap­
p l i cable wherever transducer outputs are 
linear with respect to a q uantitative in put. 

In tota l ization for inputs to high i mpedance 
devices such as potentiometric recorders. 
the transducer outputs are converted to 

E 

±+---t..-+--. a-...II/vv-e 2 

± 

+ 
Outpu! 

Figure 10: 3-phase, 4-wire single-phase 
test connections. 
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mil livolts a n d  then filtered. These outputs 
are then con nected additively or subtrac· 
tively, as required. 

Filter u nit (see Section L Part I )  style 
n um ber 715 B 2 6 1  A09 or 715 B261 A 1 0  may 
be used if the transducers are con nected to 
identical current or cu rrent and potential 
tra nsformers. If, however. the transformer 
ratios are different it will b e  n ecessary to 
use style number 7 1 5 B2 6 1  All . This filter 
u nit has a 0 - 1 00% voltage adjustment. 
These transducers m u st be scaled so 
t h at the ratio of u nits output to u nits pri­
mary i n pu t  remains a constant. 

For example, on a 14.4 kV system we a re to 
tota lize kilowatts on three tra nsducers 3 -
phase, 3-wire, 5-amp,  1 20-volt ca l ibrated 
1 000 watts input equals 50 mV output Into 
50 ohms. The transducers share the 1 2 0:1 
potential transformers b u t  use 600:5, 400:5 
a n d  200:5 c urrent transformers respectively 
( S ee Figu re 1 2 ) .  We m ust use the Style 
Number 7 1 58261 Al l filter a n d  adjust the 
output potentiometers so that with 1000 
watts i n p u t  the 600 : 5  u n it will have its 
normal 50 mV output. The 400:5 wil l h ave 
400 

V '11 
600 

x 50 or 33.3 m and the 200:5 WI have 

200 
600 

x 50 or 1 6.7 mY. The ful l  sca l e  output 

wil l  be 50 + 3 3. 3  + 1 6.7 or 1 00 mY. The 
sig n a l  m u st be fed to a d e vice with 50.000 
ohm or more impedance. 

It is customary to work up totalization 
problems using a scale consta n t  (K.) cal­
cu lated from the sum of the va l u es to b e  
totalized. divided b y  the fu l l  s c a l e  mil livolts 
of the i ndicating device. The sum may be 
modified to rou nd off the total to a sta nd­
ard dial  m arking v a l u e. I t  may b e  reduced 
if there is a load factor less than 1 .  or  it 
may be increased if there is an overload 
ca pabil ity. To t a ke the exa mple  in the 
preceding paragra p h :  
Total current 600+400+200 = 1200 a m ps 

Norma l  fs for wattmeter 1 200:5 ct a n d  
1 2 0 : 1  pt  = 3 0  M W  ( S e e  wattmeter selec­
tor table p a g e  14. Price List 43-200) .  

Instrument  e n d  scal e  1 00 mV (shoul d  b e  a 
standard va lue for t h e  type of i nstru ment 
used ) .  

3 0  M W  
Sca le  constant Ks = 1OO = . 3  MW!mV 

T h e  MW rating of the circuits will be pro­
portional  to the current transformer ratios. 

600 a m p  circuit = 1 5 MW 
. circuit  

adjust transducer output to: ----;-;---

15 
= - = 50 mV 

. 3  

3 Wall Resistors 
"A" Polyphase Resistors 
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3 Wall Resistors 
"B" Single Phase Resistors 

Figure 1 1 :  VP2-840 watt transducer calibration resistors. 

400 a m p  circuit = l  OMW 
. 1 0  

adjust tra nsducer output to: = 3 3.3 mV 

200 a m p  c i rcu it = 5  MW 

adjust transducer output to 
5 

6.7 mY. 

Were t h e  tota lized fu l l  scal e  value chosen 
as 2 5  MW or 4 0  M W  t h e  K. wou l d  change, 
but the i n d i vid u a l  circuit ratings wou l d  
c h ange proportionate ly so t h e  e n d  result 
i n  terms of mV output adjustment wou l d  
remain t h e  same. T h ey will change on ly  i f  
the m V  for t h e  fu l l  sca le totalized v a l u e  
chan g es. T h e  l imiting factor i s  t h e  maxi­
mum 5 0  mV output of t h e  i ndivid u a l  trans­
d u cers. In  t h e  exa m p l e  given .  the ful l  sca l e  
o f  tota lized mil l ivolts coul d  n o t  b e  200 a s  
t h e  transdu cers can not d evelop 100 mV or 

6 6  mY. 1 00 m V  totalized is the maximum 
i n  the example.  

Wh ere it  is desired to tota lize into an indi· 
cating instrument the filters need not be 
used. With identical  watt tra nsdu cers fed 
from identical transformers it is necessary 
o n l y  to con nect the outputs add itively (or 
su btra ctively).  The resista nce of t h e  mea­
suring circuit m ust be t h e  rated load resis­
tances of the tra nsd u cers times the n u m ber 
of transducers. The f u l l  scale va lue of the 
instru ment is the s u m  of the individ u a l  fu l l  
sca l e  outputs. Note that the i ndivid u a l  
systems to b e  tota lized m ust b e  identical .  

The watt a n d  var  tra nsd ucers are direction 
sensitive so it is possibl e  to use this 
tota lizing scheme wh ere power f lows 
c h a n g e  d irection to d etermi n e  net flows in 

14.4kv ----.... -----------------------..... 
3�4W __ _1---+_- - -._---------�-------��---------� 

600:5 400 : 5 200:5 
Ct C! Ct 

j--t�--�==��---��=-�� 
B 

Transducers _ 

Fill.rs---+ 

'----- Totalized Output --------' 

Figure 1 2 :  Totalizing three feeder circuits with different current transformer ratios using style number 
715B261A11 filters with adjustable output. For the current transformer ratios shown, the outputs are 
adjusted to a=50 mV. b=33.3 mV and c=1 S.7 mV for a totalized full scale output of 100 mV into a high 
impedance load . 
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either or both d i rections. For bi-d i rectional 
read ing. a zero-center instrument is used. 

Where m ini mum cost is not an overriding 
factor it i s  preferable in totalization schemes 
to use the a m p l if ied constant current trans­
ducers such as types V P4- 840 and VV4-
840. These are not load sensitive, so a 
stand a rd instrument can always be used 
and scaling is s imply a matter of ca l ibration 
adjustment to proportion output mA to 
transformer ratios. There are two adjust­
ment ranges, ± 10% and 0-11 0% of rated 
output. 

10. S pecifications and Tec hnical 
Data 

See page 29. Part II. 

11. External Connections 
See p age 38, Part II I. 

, 2. D imensi o ns 
See page 37. Part III. 

Further Information 
Basic Information: 

Instruction Leaflet 43- 840.2, 
Appl ication Data 43-840 

V P2-840 Watt Transducer: 
Instruction Leaflet 43 -840.3 

VV2-840 Var Transducer: 
Instruction Leaflet 43- 840.5 

Modifications : 
I nstruction Leaflet 43- 800.3 

Prices: 
Price List 43-861 

Description : 
Descriptive Bulletin 43 -86 1  

Section C 
Var Transducer - Type VV2-840 
1. General Information 
Watts, or true power, as measured by the 
V P2 - 840 watt transducer a re the product of 
in- phase voltage and current : Vars. or re­
a ctive power, are the product of voltage 
and that portion of the current which is 
90' out of p hase with the Voltage. Con­
ventionally, this phase shift is accomplished 
with a separate polyphase phase-shifting 
transformer or single- p hase reactor. Type 
VV2-840 transducers, however, have in­
ternal phase shifting circuitry. Otherwise, 
they are the same as V P2-840 watt trans­
d ucers, 

With the exception of cal ibration and sca l ­
ing information, the material in Section B 
a ppl ies to type VV2 - 840 var transducers as 
well a s  to the watt transducers. 

2. Scaling 
M ost varmeters are instal led In combination 
with wattmeters using common current and 
potential transformers. This necessitates 
the current coi ls  of their associated trans­
ducers being in series, 
(a) Standard Sca les : A watt ind ication is  
usual l y  l eft-zero and a v a r  indication center­
zero, with the end-scale values of the var­
meter being one-half of the end-scale of 
the wattmeter (eg . 0-1 000 watts and 500-
0-500 va rs). Occasionally there is a re­
quirement for offset zero (eg. 200-0-800 
vars). Any of these is practical  so long as 
the full-scale (sum of both end-scale 
v alues) of the varmeter and wattmeter are 
i dentica l .  The output of a VV2-840 trans­
ducer is direction sensit ive in that a reversal 
of power flow w i l l  reverse the polarity of 
the output. Therefore. where a 50 mV, 50 

1 
,_ I :3 

: I 
I 4 

I 

ohm instrument is used as a left-zero watt­
meter indicator, a 25-0-25 mV or 10-0-40 
mV instrument is used with the cente r-zero 
and offset-zero ind icators In the above 
exa m ples. Each of these is a mechanic a l  
modification of a 5 0  mV instrument s o  the 
load resistance rem ains 50 ohms. 
(b) Non-Standard S cales: When a var­
meter is required with a full-scale va lue (the 
sum of the two end-scales) different from 
the full-scale value of the wattmeter, there 
wi l l  be problems. A varmeter 1 000-0- 1 000 
to operate with a 0-1000 wattmeter will 
require a 50-0-50 mV instrument with 50 
ohms total resistance. This is a possi ble 
modification on a 50 mV, 50 ohm m i ll ivolt­
meter, o r  on a low resistance millia mmeter 
1-0-1 mAo When the requirement is for a 
l ower rated varmeter, however. the trans­
ducer capabilities will govern. With a 0-
500, a 250-0-250 or a 100-0-400 scale 
requirement on a va rmeter to be used with 
a 0-1 000 scale wattmeter, the ind icator 
wi l l  have to be a 0-25 mV basic instru­
ment. The var transducer wi l l  have ha lf the 
output of the watt transducer. A 0-25 m V  
temperature comp ensated instrument with 
50 ohms terminal resistance is not avai l­
able in many Instrument l ines. The job can 
be done with a 500 uA m icroammeter a d ­
justed t o  50 ohms (see Section A .  Paragraph 
6)  terminal  resistance but temperature com­
pensation will be ba d. Of course, watt and 
var meters may rea d i ly be scaled within 
the range of the self-contained ratings of 
the transducers as listed in Part II. For ex­
ample ,  if a 2Yz-element wattmeter has a 
nom inal  5 amp rating, it has a self- con­
ta ined rating ca pability of 1 252 to 2087 

Rs 
I Hall 

1 fD 1+ 

1 

I 
I 
I I 
I 
I 
I 
I 2 
I 

r I 
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Figure 13: Internal and external wiring of single-phase var transducer. 
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3 2 

Figure 1 4: Internal and external wiring of 3-phase, 3-wire var transducer. 

watts or vars. The 5 a m p  sta ndard trans­
d ucers can be cal ibrated for 2080 watts 
and 653-0-653 vars. The same comments 
as above app ly i f  the transducer i s  to be 
used without an i n dicat ing  i n stru ment. I n  
such cases t h e  scale i n  th e exa m ples is 5 0  
mV= 1 000. 
(c) Recalibrat ion: The procedure for cal i ­
bration of var transducers i s  considerably 
more complex t h a n  that for watt trans­
d ucers. General  considerations are the 
same b u t  because the transducer was de­
signed with a ph ase-shift circuit, this circuit 
must be made i neffective to accommodate 
ca l ibrati n g  equ ipment common to watt 
transd ucers. In effect. the var transd ucer i s  
m a d e  t o  a c t  l i ke a watt transducer and then 
calibrated as a watt transd ucer. 

N 3 2 

Single-element, single-phase 1 20 vo lt trans­
d ucers a re cal i brated by first u nsoldering 
the b lack lead of the pote ntia l  transformer 
going to the resistor cards. Con nect t h e  
transducer p e r  F ig ure 1 8A. a n d  e nergize 
voltage circu i t  for at l east 30 minutes prior 
to ca l ibration. Cali brate fu l l -sca l e  watts a t  
a p proximately u n i ty power factor b y  ad­
j ustment of rheostat. Then reso lder black 
lead of potential transformer. D o  not re­
adjust rheostat. The reactive compensator 
of the transducer i s  adjusted by con ne ct ing 
the tra nsducer p e r  F i g u re 1 8 B. Apply 100 
volts at rated frequency to terminals 1 and 
2.  Adjust resistor cards u nt i l  the voltages 
per F ig ur e  1 8 B a re obtained. (Use volt­
meter with a resistance of 1 megohm o r  
more). 

Fig ure 1 5 : I nternal and external wiring of 3-phase, 4-wire var transducer. 
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mV Output 

Figure 1 6: 3-phase. 3-wire single-phase 
test connections. 
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Figure 1 7: 3-phase. 4-wire single-phase 
test connections. 
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2 

:3 4. 
Polenliol 

50 60 

::t 

70 130 

90 �OO 

Black P T Lead 

IOCY 

2 

I .. 
I Current 

3. 4. 

50 60 

::t 

IOOV 141V 

70 80 

I 
I 90 ;00 
I 
I 

I I 
L _____ J 

B:ack PT Lead 

Figure 18: 1-phase, 2-wire single-phase test connections. 

2-element three-phase t hree-wire trans-
ducers are  cali brated con necting them 
8 S  shown i n  Fig u re 1 to a source of 
singl e -p h ase voltage and current  a t  u n ity 
power factor. Disco n n ect the cu rrent from 
termi nals 7 a n d  8 a n d  adjust the cu rrent to 
given the requ i red s ing le-phase, opposed­
potentia l  calibrati on wa tts. Adju st the rheo­
stat between termi na ls  5 a n d  6 to get  o n e­
half of the d es i red f u l l -sca l e  millivolt out­
put. Reco n n ect the cu rrent to termina ls  7 
a n d  8. Ag a i n  adjust the cu rrent to get  t h e  
lequ i red s i n g le-p hase opposed -pote ntial 
cal i bration watts. Adjust the rheostat be­
tween termina ls  9 and 1 0  to get f u l l -scal e  
m i l l ivolt output. 

2% element three-phase Remove t h e  
screws between the term i n a l  b locks. a n d  
slide off t h e  cover. Disconnect t h e  yel l ow 
lead g o i n g  to pri nted circuit board con nec­
tion point # 1 3  (ide ntified on the board it­
self) and the p u rple lead g oing to printed 
circuit  board con n ecti on p o i n t  #1 5 a n d  

reverse t h e m  s o  t h a t  t h e  pUrpie lead goes 
to point # 13 and the yel low lead goe5:to 
point fj 1 5. Co n n ect the transducer as 
shown in F igure 17. except reverse t h e  
connecti o n s  to termin a ls  7 a n d  8. Adjust 
the cu rrent to give the s ing le -phase op­
posed -potential calibration watts as re­
q u i red,  a n d  adjust the rheostat between 
terminals 5 a n d  6 to give one- half the f u l l ­
sca l e  mi l l i volt o u tput. Now d isco n n ect the 
current  con nect ions to termi na ls  7 and 8 
a n d  reverse tllem a g a i n, so that t h e  test 
con necti ons are  exactly as shown in Fig ­
u re 1 7 .  Reapply the specified s i n g le-phase 
opposed-potenti a l  calibration watts to the 
transd ucer and adjust the rheostat between 
te rmin als 9 and 10 to give fu l l-scale milli­
volt output. With out c h a n g i n g  any adjust­
ments. reverse the ye!low and purple l eads 
so that the yellow lead goes to point '/1.1 3 
a n d  the p u rp l e  lead goes to ooint fj 1 5. 
R eplace the cover. 
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Section D 

Cu rrent Transducer - Type V12-841 

1 .  Operating Principle 
The V1 2-841 transducer converts a n  ac 
current i n p u t  to a proporti onal dc current 
of low magn itude. It consists of a current 
transformer with a lo ad ing resistor feedi n g  
thro u g h  a calibrat ing rhesotat t o  a full-wave 
rectifier. There is an R-C network in the 
circu i t  for waveform error com pensation to 
compensate for errors due to moderate 
waveform d istort ion.  (This compensation 
method is known as 1 20· co mm utatio n ) .  

2.  Waveform Compensation 
The perfect s i ne  wave alternat ing current  
has the relationsh ip  sh own i n  Fig ure 20. 
Electrical power measureme nts are made in  
terms of  the  rms values wh ich  yield true 
power or "heat ing effect" of a current. 
These values are meas ured d irectly by the 
dynamometer or  iron-va n e  mecha n isms 
used in  conventional ac instru ments. The 
rectifier type i nstruments used i n  test sets 
a nd in lower-cost switchboard i nstruments 
respond to the average values o nly. I n  
effect. t h e  measured values on this class of 
instrument are i ncreased by a factor of 1 . 1 1  
i n  marking u p  d ials. Thus.  rectifier i nstru ­
ments read rms values only when used on 
perfect s ine waves. 

On power systems a pure s ine  wave is 
rare. Close to the source. the voltage wave 
tends to be clean but the current wave i s  
d i storted. The  opposite i s  true of the  far 
end of a system, generally. D istort ions of 
waveform are caused by harmonics gener­
ated i n  equi pment, partia l  wave utilization 
of  controlled firing rectifiers, capacitors. 
etc. They tend to be smoothed out by 
delta-wye transformati o ns and by the filter­
i n g  effect of  li nes and certa in  equ i p ment. 
But. all told, waveform is u ncertai n ,  usually 
bad. and makes for q u estionable measure­
me nts using rectified measuring devices. 
Typical current and voltage transducers are 
such devices. 

I n  the type V/ 2-841  tra nsducer, an approxi­
mate rms com pensati ng network has  been 

Fig ure 1 9: Si ngle range current tra nsducer. 

added to make the transducer reasona bly 
close to rms respond ing. regardless of E 1 2  
waveform a berrat ions commonly fou nd on 
ae  power systems. 
A N S I  C39. 1  uses a variable th ird - h armonic 
content as a reference sta nd ard for  per­
formance of i n struments on non-s i nusoidal 
waveforms. It uses : 

rms of harmonic 
% H armonic Content 

rms of fundamental 
to def ine  the waveform. 
The harmonic content of  i n d ustrial power 
circuits is a wide varia ble. 5 -1 0% is not 
u ncommon.  There are local circuits which 
run  i nto the 20% area and beyond.  
Plotted i n  F igure 21  is a curve of  the  error 
of average sensing devices such as rectif ied 
tra nsducers or rectifier i nstrum ents, and the 
curve for the  approximate rms com pe nsated 
type V12-841 current tra nsd ucer. 

3. Ratings 
Standard V12-841 tra nsducers are rated 5 
a m p  i nput. There are models for 60 Hz and  
400 Hz .  The 60 Hz u n it may be  used  on 
50 Hz. The output i s  1 m A  lin ear, i nto 
1 0,000 ± 1 % ohms loa d  resistance. The 
output is  isolated from the measured cir­
cuit through  an input  tran sformer. 

4. Readout Instrument 
The transducer should be connected to a 
1 mA i nstru ment throu g h  enough resistance 
to m a ke the total circuit resistance 1 0,000 
o h ms. A voltmeter rated 0- 1 0  volts with a 
sen Sitivity of 1 000 ohms per volt is satis­
factory i f  the terminal  resi stance is 1 0.000 
ohms ± 1 00 o hms. Th is  is not always the 
case because i n accuracies i n  voltmeter 
resistors are co mpens ated by demag netiza­
t ion rather than  a n  exact tri mm i ng of  re­
s istors. The transd ucer ca n dr ive a d irect­
act ing recorder. 

5. Signal Source 
When used as an input  to an AID converter 
or an active type i n stru ment req u ir ing a 

+ 
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r m s ;  1 . 1 1  X Average 

Figure 20 : Ac waveform characteristics. 

millivolt s ign al. the transducer output cir­
cuit  must be loaded with two resistors. O n e  
resistor will provide t h e  drop { e.g., 5 0  ohms 
for 50 mV and the second will provide the 
padding to  the req uired 1 0,000 ohm load 
(See Section A Paragra ph 6 ) .  Any voltage 
up to 1 0  volts is available so lo ng  as  the 
transducer term i n a ls  see 1 0.000 ohms. 

6. Scaling 
I n d icating i n struments are usually selected 
with end-scale values equal  to the current 
transformer primary rating. Ratios may be 
changed by chang ing the instrument rati ng 
For example. i f  a 2.5 amp full scale is re­
q uired on a readout i nstrument. a 0- 500 
uA range is used rather than the standard 
0-1 mA. 

7. Recalibration 
Th ere is a ± 1 %  trimming rheostat located 
u nder the hole adjacent to term inal 'II- 7. 
This i s  i ntended for use in  calibrat ing 
transducer-instrument  comb inat ions to the 
accuracy of the  i n stru ment alone. To 
change the i n put current rat ing req u i res a 
change i n  transformer. The same resu lt. 
with some sacrifice in accuracy is achieved 
as i nd icated i n  Paragraph  6 on scal ing. 

8. Remote Indicators 
The i n d icat ing i nstrument  may be at a 
great d istance from the tra nsducer. Of the 
1 0.000 ohms of load resistance. at least 
3000 ohms can safely be in leads without 
too great a temperature error. This would 
allow any co nceivable length of the typical 
hook-up leads. When the lead resistance 
exceeds 1 00 o hms, the resistor i n  the out­
put termi n al must be reduced a correspond·· 
i n g  amou nt. 1 00 o h ms will allow sever,,1 
mi les of lead wire of the sizes typical to 
commercial i nstallat ions. 
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9. Totalization 
Where the outputs of  V12 -841 transdu cers 
are to be totalized i nto a h igh impedance 
device such as a potentiometeric recorder 
or  AID converter it is necessary to convert 
output to a f i ltered voltage s igna l .  Each 
transducer requ i res a fi l ter and a load 
resistor. 

Fi lter u n i t  Style N u mber 7 1 5 82 6 1 A09 
has provis ion for a load resistor on  the 
termina l  board. I f  c u rrent transformers a re 
a re i dentical a 1 0,000 ohm res istor is used 
(see Sect ion  A. Paragraph 6),  making the 
output 1 0  volts. The outputs are then con­
nected addit ively to a n  i nstru ment having a 
h igh  i m ped ance i nput with a fu l l  sca l e  
e q u a l  to t h e  a lgebra ic s u m  o f  the trans­
ducer outputs. 

Where the current transformers a re not 
ident ical  the load resistors m ust be  sp l i t  to 
p roportion output in accordance with 
tra nsformer ratios. 

If. for example,  it  is necessary to add out puts 
from transducers con nected to 600:5 ,  
400:5  and  200 : 5  current transformers the 
load resistor on  the first would be  1 0,000 
ohms for 1 0  volts o utput (see Section A. 
Paragra p h  6 ) .  The second resistor wou l d  be 
spl i t  6667 and 3333 with the output across 
the 6667 o h m  resistor. The 200 : 5  u n it 
would use the same resistors but the 
output wou l d  be across the 3333 ohm 
resistor. (See F ig u re 2 2 ) .  

Where a n  i nd icating  instrument on ly is  to 
be used and current transfo:mers are iden­
tical. the transducer o utputs may be  con-

nected in  para l le l .  Each transducer must be 
loaded with 1 0,000 ohms in senes with its 
output term ina l s  and  the summing  i nstru­
ment (See F igure 2 3 ) .  The ind i cating  i n ­
strument wi l l  b e  a m i l l i ammeter with a fu l l  
sca le  va l u e  equa l  t o  the a lgebra ic s u m  of 
the transducer outputs. 

I f  the current transformers are n ot Ident ica l  
the  s implest so lut ion l ies i n  the use of 
auxi l iary cu rrent transformers, connecting 
the i r  outputs i n  paral le l  to a s ing le  trans­
d u cer. The aux i l iary current transformer 
ratio shou ld be p roport ioned so that the 
total  output from a l l  c i rcu i ts  is 5 amperes. 
Another so l uti on is  to use voltage addit ion  
as  fo r  a h igh  i mpedance voltage i n put and  
feed th is  Into a co nstant cu rre nt amp li f ie r. 
Su ch are ava i lab le  from seve ral  s o urces. 

1 0. Specifications and Technical 
Data 

S ee page 30. Part I I . 

1 1 .  External Connections 
See Page 39, Part I I I .  

1 2. D imensions 
See page 37. Part I I I . 

Further Information 
V12-841 Current Transducer: 

I n struction Leaflet 43-841 .4. 
Modifications: 

I n structi on  Leaflet 43- 800.3. 
Prices: Price List 43-860 
Descript ion:  

Descriptive B u l l et in 43-861 . 

14r----------,-----------,-----------,-----------,---.r------� 

� 
2 

w 
� 0 

1 2 �----------+_----------� ---------__ +_------���----_7�--_4 
Uncompensated 
Transducer or 

o�----------""""'------------i lnstr u men! 

6 

4 ;  

2 

0
0 10 20 

% 3rd Harmon ic Content 
30 

Iron - Vane 
Instrument 

5 0  

Fig ure 2 1 : Comparat ive performance o f  rms-compensated a n d  umcompensated rectifier 
type ac transducers when reading rms values. 
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VIZ-S41 TraflSducer$ ----J> 

IO k n ---

filler -----f'�1 

600 : 5 
C t  

400 : 5 
C I  

200 : 5  
C t  

Figure 22: Totalizing three feeder circuits with different c urrent transformer ratios. Filters are style number 
71 58261 AD9. Resistors a, b, and e mount between terminals 5 and 7 of the filters. Resistors c and d 
mount between 1 1  or 9 and 7 of the transducers. 

V 1 2- 541 Transducers 

10 K!! 
3 rnA 

Meter 

Figure 23: Totalizing three feeder circuits with identical current transformers into a n  
indicating instrument. 
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Section E 

Voltage Transducer - Type VE2-841 

Figure 24: Single range voltage transducer. 

1 .  General 
The VE2-841 voltage transducer is  exactly 
the same as the V12-841 current transd ucer 
except for the i nput transformer and the 
omission of  the transformer loading resistor. 
All comments in Section 0 also apply to 
the type VE2- 841 . 
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Section F 

Suppressed -Zero Voltage Transd u cer-Type V E2-841 
1 .  Operating Principle 
The suppressed voltage transd ucer employs 
the same basic operat ing pri nciple as the 
regu lar voltage tra nsd ucer with  the addit ion 
of a Zener reg ulat ing circu i t  which permits 
t ne device to put out a positive s igna l  on ly  
above a desi g n  threshold. 

2. Ratings 
The output i s  500 uA i nto 280 ohms ± 1 0% 
n;:m-isolated. The standard range is 1 1 0 -
1 30 volts. There is a dc and an ac model.  
T he output i s  non- l i near. The ac model  i s  
used from 25  to 1 000 Hz. 

3. Readout Instrument 
A sta ndard 0- 500 uA m icroammeter must 
be specia l ly  ca l ibrated i n  com binat ion v\'/Ith 
t he transducer. 

4. Signal Source 
The suppressed zero tranSdu cer IS  genera l ly 
not su itab le  for use \A/i th  computers and 
control devices u nless the non- l i nearity of 
t h e  output can be accommod ated i n  the 
r eceiving equipment. 

5. Scaling 
No modifications can be made in  the i nput­
t o - outpu t rel at ionsh ip without a specia l  
design. Instrument scales are  a lways the  
prod uct of  the  sta ndard 1 1 0- 1 30 and the 
potenti a l  transformer ratio. 

6. Recalibration 
T his transd ucer is i ntended for i nstrument 
w s e  on:y s i nce its output is n o n - l i near and  
s C B l e  d i stri bution shou ld be determi ned for 
each transdu cer. 

If the i nstrument res istance is l ower thon 
t he 280 ohms specif ied, the  transducer 
output ca n be padded up by the add i t ion 
of  a series resistor equa l  to the rated load 
resistance m i n us the instrument resistance. 
T h is series resistor can be mounted between 
terminals 5 and 1 1  (see Section A. Paragraph 
6). The lead orig i n al ly  go ing  to termi na l  1 1  
shou ld  be connected to termina l  5. The 
n ameplate load resistance rating should  be 
changed accordi ng ly. The i nstrument i s  
connected to  term ina ls  -9 a nd + 1 1 .  With­
out recal ibrat ion.  the  1 1 0- 1 30 volt trans­
ducer-i nstrument combinat ion accuracy 

3+------, 

Input 

+ 

Figure 25: Ac suppressed voltage transducer. 

equa l s  the transducer'S accuracy ( ±  Yo of 
center val u e) p lus 1 / 6 t h e  i nstrument's 
accuracy; e.g .. tra nsducer pl us 2% 20/20 
i nstru ment gives overa l l  accuracy of 1 /3 + 
1 /6x2% = 2/3 of center va lue_ 

If the i nstru ment resistance is with in  the  
ou tput load l i mits. the tra nsducer can be 
reca l i brated as fol l ows: 

1 .  The instrument must be  s uppl ied with 
its nomina l  de f u l l  sca le sensit iv i ty ca l i ­
brated to withi n  its accuracy c lass  rat ing.  

2. Connect tra nsd ucer- i nstrument com b i ­
nat ion per n ameplate. 

3, Ca l ibrate left end-scale by adjusti ng  
rheostat through  ho le  adjacent to termi n a l  
9 and  r ight e nd-scale b y  adj ust ing rheostat 
t h rough hole adjacent to term ina l  1 .  C heck 
l eft end -scale and repeat if necessary .  

4. Determi n e  scale d istribut ion a n d  mark 
Irlstrument sca l e  accordi n g ly. 

5. Change nameplate according ly a n d  
seria l ize instru me nt-tra nsducer. 

[npul 
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7. Remote Indicators 

9 

The ind icator may be remotely located pro­
vided t h e  combined resistance of leads and 
I nstrument is he ld at 280 oh ms ± 1 0%. 
This wi l l  a l low up to wel l  over a thousand 
teet us ing 11> 1 2  or  11> 1 6  hookup wire. 

8. Specifications a nd Technical Data 
See page 5, Part I I .  

9 .  External Connections 
See page 39.  Part I I I .  

1 0. Dimensions 
See page 37. Part I I I . 

Further Information 
VE2-841 Voltage Transducer: 

I n struct ion Leaflet 43-841 .4 
Modifications; 

I nstructio n  Leaflet 43- 800. 3 
Prices: 

Price List 43-860 
Descript ion : 

Descriptive B u l l et i n  43-861  

+ 
I I  9 

Figure 26: Dc suppressed zero voltage transducer. 
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Section G 
Frequency Transducer - Type VC2-841 
1 .  Operating Principle 
The VC2-841 transducer provides a l i near 
d c  output on each s ide of a n u l l  point 
with i n  the freq uency span of the device. 
T h i s  ma kes the transdu cer  essentia l ly fa i l ­
safe when u s e d  with a n  i ndicatin g  i nstru ­
ment. The schematic d iagram for the Type 
VC2-841 transducer  is s h ow n  in Figu re 27. 
A n  i n p u t  voltage of 1 20 volts ac i s  a p p l ied 
between term i n a l s  one and three. Resistor 
R1 l i m its the i n p u t  voltage which is then 
c l ipped by the Zener-diode bridge network 
( 0 1 . 0 2 .  0 3. 04. Zl ) produ c i n g  a near  
square wave of constant ampl itude voltage 
a t  t h i s  poi nt. Resistors R9 and diode 08 
are used to b a l a n ce the load i n g  of the 
Zener c i rcuit. O n  one ha lf-cycle of the s ig ­
nal .  capacitor C1 d ischarges thro u g h  diode 
0 6  and R2 (the output load c a l i brat ing 
resistor) aga i nst the zener voltage. 

The combination of d i ode 07. capacitor C 3. 
a n d  resistor R 3 - R 8  produce a n u l l i n g  cur­
rent at the ju nction of d iode 0 6  a n d  resis­
tor R2 w h i c h  bala n ces the circuit  to pro· 
vide zero output at the point 30% of the 
frequency span u p  scale from the lowest 
frequ en cy of the span.  

The i ntegrated d i scharge c urrent of capaci ­
tor C 1  c h anges with i np u t  frequency ( i  
2 fce ) .  caus ing a proportion a l  change i n  
the output. Capacitor C 2  i s  used to f i lter 
out part of the ac r ipple in the output. The 
tran sd u ce r  i s  c a l ibrated for specific load 
resistances (see p a ge 3 1 . Part I I ) . 

The transducer prod u ces a n  o utput which 
i s  load sensitive beyond a 1 0% variation 
from the cal i brated load. 

Input 

}4------- Output -----_+( 

Fig u re 27:  Frequency transducer schematic. 

2. Ratings 
(a) Standard Freque n cy R a nges a re :  

5 9 -6 1 . 58-62.  5 5 - 6 5 .  50-70, 48- 52. 4 5 -
5 5, 4 5 - 6 5 , 390-41 0, 380-420, 3 50-450 
and 20-30 Hz. 

(b) I nputs 
1 20 volt n o m i n a l  is sta n d a rd; 2 40 volt i s  
ava i l a ble.  

(c) Output 
There is a point where the o u tput  of the 
transducer i s  zero, This point is offset from 
the nomi n a l  frequency in order to prevent 
i nd i cation of nom i n al frequency when 
there is  no i np u t  voltage. Sta nd a rd trans­
d u cers h ave the n u l l  point at 30% of the 
frequency span u pscale from the low fre­
q uency end of the span. The output i s  
l inear  with i n  its range and is  5 0  uA per Hz 
for  50 or  60 Hz center frequencies a n d  5 
uA per Hz for 400 Hz center frequency. 
There i s  positive dc o utput for frequen cies 
a bove the nul l  point  and negative d c  o ut­
p ut for freq u e n cies below the n ul l  point 
(see page 3 1 . Part I I ) .  On s pecial  order 
zero output can be set at the lowest fre­
q uency of the span and the f u l l  output at 
the h i ghest frequency of the span. Output 
wi l l  be the arithmetic sum of the e n d ­
scale values as  shown i n  Part I I . ( e . g  . .  for 
5 5- 6 5  Hz range. the output would be 
0-500 u A ) .  

The output is n o t  isolated from t h e  i n put. 
I n put term i n al # 3  is i nternal ly con nected 
to output term i n a l  # 9. If  isolation is  re­
q u i red. a smal l  1 :1 transformer should be 
used at the i nput.  I f  the sou rce h as one 
s ide grou nded, this g rounded side should 

07 08 

R3-R8 
+ 

C3 
+ 

preferably be connected to the i n put  termi­
n a l  # 3. 

3. Readout I n struments 
T h e  sta n d a rd transducer uses a m i croa m ­
meter w i t h  zero at 3 0 %  of s p a n  u pscale. A 
g reen mark at t h i s  point  serves as a zero 
reference. Contin u o u s  i n d i cation at t h i s  
green l i n e  i n d icates a n  i noperative i nstru ­
ment. The e n d -scale va l ues vary with tran s ­
d ucer f requency range. These val u e s  are 
l isted in S pecifications in Part II. page 31 , 
of th is  appl ication d ata. I n struments should 
be ser ia l ized with thei r matc h i n g  trans­
d u cers. 

4. Signal Source 
Where m i l l ivolt sign a l s  a re req u i red for i n ­
put t o  active i nstruments, control systems. 
etc., the transd u cer may be resistance load ­
ed with two resistors i n  series. The fi rst 
shou ld  g ive the desi red mV drop at the 
f u l l -scale output of the transd u cer. The 
modif ied transducer with zero at t h e  low 
end of span i s  often used for th is  a p p l i c a ­
t ion; e.g . •  with a 5 5 - 6 5  H z  tra ns d u cer  t h e  
output i s  0-500 uA i nto 2 8 0  o h ms.  For a 
0 - 50 mV s i g n a l  there s h o u l d  be a 1 00 o h m  
d ropping resistor w i t h  a 1 80 o h m  paddi n g  
resistor across t h e  transducer term i n a ls. 

The output i s  dc with a c  r i p ple of the same 
frequ ency as the i np u t  s igna l  and r ipple 
magnitude of a p p roximately 20% peak-to­
pea k of f u l l  scale output. This a c  r ipple 
i ntroduces no error and i s  not objection ­
able when a p p l ied to conventional  i n d i ­
catin g  i nstruments. Where t h e  output level 
of the tra n sducer is  insufficient. it  may be 
fed through a n  a m pl ifier to get a s u itably 
high signal level.  In th is  case. a fi lter shou ld  
be used on the o utput before a m p l ification.  
Fi lter modules, Type VF2-876, may be 
added when m i n i m u m  output r ip ple with 
m i l l i volt  output i s  requ i red. Filter modules 
may only be used with loads of 50,000 
o h ms or greater. 

5. Scaling 
I n struments are scaled to match the trans­
ducer span.  This  span may be c h anged 
with changes to the circuit  boards. See 
I nstruction Leaflet 4 3-800.3. 

6. Recalibration 
The tra nsducer is  supp l ied ca l i brated ac­
cord i n g  to i nformation shown on the name­
p late. I f  the transducer  is  used with a load 
other than for which i t  was ca l i brated. the 
ca l i bration wi l l  be affected. Sta ndard trans­
d u cers have zero output at 30% of span 
u pscale. 
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M i n o r  cal ibrat ion on certai n  wide-span 
transducers is  acco m p l ished by f irst sett ing 
the n u l l  frequency va lue by adjustm e n t  o f  the 
rheostat reached through the ho le  adjace nt 
to  term i n a l  1 1 .  End-scale values are t h e n  
cal ibrated b y  adjustment of t h e  rheostat 
reached through the h o l e  adjace n t  to 
ter m i n a l 7. Na rrow- span transducers (i.e" 
5 8 - 6 2  and 5 9 - 6 1  Hz) use ca l ibrated resis­
tor spool for end -scale cal ibrat ion and a 
rheostat for n u l l  f requency ca l ibrat ion.  

7. Remote I n dicators 
T h e  tolerance on load resistance is  ± 1 0%. 
T h e  leads between the t ransd ucer a n d  
readout  instrument can be several thousand 
feet  l o n g  without exceed i n g  t h e  to lerance. 
Adjustment to comp ensate for  l ead resist­
ance may be made by reca l ib rati o n  o n  t h e  
j o b ,  as  i n  paragraph 6 .  

8.  Specifications a n d  Technical Data 
See page 3 1 , Part I I . 

9. Exte rnal Connections 
See page 38, Part I I I .  

10. Dimensions 
S ee page 37, Part I I I .  

Further Information 
Type VC2-841 Frequency Transducer: 

Instruct ion  Leaflet 4 3 - 841 .3 .  

Modifications: 
Instruct ion Leaflet 4 3 -800.3. 

Prices: 
Pr ice List 4 3 - 8 60. 

Descrip tion : 
Descriptive B u l let in  4 3 - 8 6 1 , 

Section H 
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Power Factor Transducer - Type V F2-841 
1. O perating Principle 
The VF2-841 power factor tra n sd ucer pro ­
vides a dc o ut p u t  proporti o n a l  to t h e  
phase-angle between cu rre nt a n d  voltage 
o n  a bala nced ac power syste m .  T h e  trans­
du cer operates on t h e  "zero-cross i n g "  p r i n ­
c ip le  i n  which t h e  output  i s  pro porti o n a l  to 
the t ime e l apsed between t h e  i n stant that  
the voltage passes through zero a n d  the 
current passes through zero.  

There i s  n o  real  a g reement o n  a defi n i t i o n  
o f  power factor I n  power meas urements. 
O n e  defi n it ion is  t h at power factor I S  t h e  
c o s i n e  o f  the phase - a n g l e  between c u rrent 
a n d  voltage. A "zero-cross i n g "  device ca n 
m a ke a s i n g l e - p hase measurement on a 
perfect s ine wave wit h i n  th is  defi n i t ion .  A 
second defi n it i o n  is that power factor i s  
t h e  re lati o n sh i p  o f  t r u e  power t o  reactive 

kw 
power; i .e. .  This def in i t ion  ho lds  re-

g a rd less of waveform but measurements 
u n d er t h i s  defi n i t ion  req u i re complex i n ­
stru m entation.  T h e  two defin i t ions  COi n ­
cide o n ly f o r  s i n g l e - p hase measurements 
with perfect sine waves, 

A polyph ase power factor measurement i n ­
volves t h ree voltages a n d  t h ree cu rrents 
which a re l i ke ly  to vary i n  m ag n itude, i n  
phase-angle .  a n d  i n  waveform. T h e  mea­
s u rement is made theoretical l y  correct on ly 
by measur ing watts a n d  volt-amperes a n d  
add ing  them vecto ria l ly. F igure 28 shows 
a n  exagg erated p o l yp hase vector ia l  add i -
. AC 

t lon.  The polyphase power factor is 

Obviously. a transducer sen s i n g  o n e  volt­
age a n d  o n e  current cannot make a n  equi­
valent measurement. 

A polyp h ase power factor meter or trans­
ducer, t h e refore, measures only a p p roximate 

! 
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power factor. In the case of t h e  V F 2 - 8 4 1  
transd ucers, t h e  measurement is made 
us ing a curre n t  i n  o n e  p hase a n d  t h e  vo l t ­
age across t h e  other  two p h ases. T h e  
measurement i s  correct o n l y  for perfectly 
ba la nced condit ions a n d  perfect wave­
form. I n a cc urate as  i t  is ,  it is the o n l y  type 
measurement which ca n be made by a 

d i rect - read i n g ,  passive i nstrument. 
I t  therefore, a common measurement. 

The internal  schematics for the Type VF2-
841 transd ucer are  shown i n  F i g u re 2 9  and 
F i g u re 30 for 3 - phase a n d  s i n g le - p hase 
models respectively. The proper  voltage 
(see page 3 2 ,  Part I I )  i s  a p p l ied between 
term i n a l s  5 and 7.  The res istor R1 l i m its 
this i n p ut voltage which is t h e n  stepped 
down by transform e r  T 1 . ReSistor R2 l i m its 
t h e  c u rrent output  of transformer T1 a n d  
provi d es p h ase compensat ion.  Z e n e r  d iodes 
D1 a n d  D 2  t h e  secon dary voltage of 
transformer , producing a near s q u a re 
wave of co nstant a m p l i tude voltage at th is  
po int .  T h is vo l tage triggers transistors 0 1  
a n d  02, which a re con n ected i n  a modula­
tor  conf iguratio n .  A 2-5  amp a c  cur rent is  
a p p l ied to termi  na ls  1 a n d  3 and to t rans­
former T2. T h e  voltage from th is c u rrent 
transformer secondary i s  c l i p ped by Zener 
d iodes D 3  a n d  D4 and switched to res is­
tors R5 a n d  R 6  by transistors 01 and 02.  
These trans istors a re operated only i n  a 
switc h i n g  mode and req u i re no zero ba l ­
a ncing.  T h e  vo l tage a n d  cu rren t  app l ied to  
t h e  transducer a re sh ifted 90' extern a l l y  i n  
t h e  3 - phase systems by cross- phas ing  a n d  
i n  s i n g le - phase systems by an i nternal  
p hase-shifter  network. There i s  zero dc 
o utput  a t  u nity power factor s ince the 

across R 5  a n d  R 6  are  equal  and 
There is  no output  when t h e  i n ­

p u t  current i s  off. T h e  transducer o utput 

� 
i-" r- Phase 3 

1--"'" I 
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: 
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Figure 28: Vectorial determination of 3-phase power factor. 
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for leading power factor va lues between 
u nity and zero is positive. Conversely, the 
output is n egative for laggi ng power factor 
va lues between u n ity and zero. 

2. Types and Rati ngs 
The single -phase transducer is rated 5 amp. 
120 volt no minal. The polyphase is rated 
5 amp. 120 volt for 3- ph ase 3 wire and  
20S volt fo r  3- p hase 4-wire. 

I n  each case. t h e  o utput is 0.5-0-0.5 mA 
into a l oad resistance of 110 ohms maxi­
m u m. These values correspond to 0.5 lag 

1 ,0 -0.5 lead power factor. 

The output is linear with respect to ph ase 
ang le .  

The accuracy of the VF2 - S41 is  1 % of 
phase ang le  above 40% of rated cu rrent 
and  rated voltage and 2% of ph ase angle 
for 20 to 40% of rated current and  rated 
voltage (60 Hertz sine wave input on ly) .  
I n asmuch as the power factor is  propor­
tional to the cosine of the  phase angle. the 
accuracy o f  t h e  transducer in  terms of 
power factor is a broad variable.  The trans­
ducer is calibrated for load resistance of  
110 oh ms. I f  it is  used with a differe nt load 
resistance. calibration will be  a ffected .  

T h e  VF2 -841 transd ucer was desig ned 
specifica lly for use with the Westin g h ouse 
20/ 20 li ne of  panel  instru ments. H owever, 
it can be used with pivot-and-jewel instru­
ments and taut-band Instruments as lo ng 
as the instru me nt's terminal resistance is 
with in  the load resistance range of the  
transd ucer (see page 32, Part I I ) .  Without 
recalibration. the transd ucer- instru ment  
combination accuracy equ als the trans­
d ucer accuracy plus the instrument  ac­
cu racy in terms of percent of scale length. 
The transducer and 20/20 panel instru ment 
can be ordered together a s  a serialized 
pair (instrument and  transducer are speci­
fica l ly calibrated together) . This co mbina­
tion provides a n  economical yet accurate 
( 2 %  of scale length) power factor indica­
tion. The VF2-841 is for use on balanced 
systems o nly. The output of the power 
factor transducer for u n balanced conditions 
is  not accurate, but measu red power factor 
u n der u n balanced co nditions  is essentially 
meaningless, as pointed out  in paragraph 
1 of th is section. 

3. Readout Instruments 
Any zero-center milliam meter with a termi­
nal resistance (ess than 110 ohms is satis­
factory. The scale may be marked linearly 
in phase-a ngle but more often is d rawn as 
a cosine scale and marked in power factor. 
Modification can be made for terminal re-

R I  �>---+--�r--ol---"""-----(I I  5 1---'\1\1\1>--_ 

T I  

1)------1 

Figure 29 : 3-phase power factor transducer. 

4. Signal Source 
The VF2 -S41 may be used as an inpu t  to 
active instruments, amplifiers. compute rs 
and the like if they can accommodate the 
Cosine 0 scale. Such devices usually reo 
quire a millivolt signal .  For a 50-0-50 mV 
output the transducer shou ld  be loaded 
With a 100 ohm resistor. The o utput of the 
VF2- S41 is dc with a n  ac ripp le  of twice 
the input frequ ency and  ripp le mag nitude 
of approximately 20% pea k-to-peak  of  full 
scal e  o utput.  I f  filteri ng is necessary, the 
VF2-S41 power-factor transducer shou ld  
be used with a VF2- S76 filter u n it which 
has a load  resistor. The base dimensions of 
the transducer are such that the VF2-S41 
and other types of V2 transd ucers and filter 
u nits can be gang-mou nted horizo ntally or 
vertically on eithe r  standard racks or on 
conventional control panels. There is no 
interaction between gang- mou nted trans­
ducers. 

5. Scaling 
The transd ucer is desig ned for an output of 
1 milliamp for a phase-ang le  change of 
120· or  8.33 uA per degree. Standard 
transd ucer o utput is ±0.5 mA for 0.5 lag -
1 .0 - 0.5 lead power factor or minus and  

R I 
5 1---"""'M_� 

TI 

1}--------l 

RS 

R1 

plus 60· phase shift. M axim u m  obtainable 
o utput is  for minus and  p lus 78.5' phase 
shift or  0.2 lag - 1.0 0.2 lead power 
factor ( ±0.65 mAl. The transd ucer can be 
recalibrated. 

6. Recalibration 
M inor  calibration adjustment is accom ­
p l ished by first adjustin g  for zero output a t  
u nity power factor b y  adjustment of t h e  
rheostat reached th rough the h O l e  adjacent 
to terminal 7 in the terminal board .  End­
scale leading and  lagging va lu es a re then 
calibrated by adjusting t h e  rheostat reached 
through  the hole adjacent to terminal  1 1 .  

I f  the desired output resistance is g reater 
than 110 ohms but less than 5000 o hms, 
the transducer can be recalibrated. Resistor 
R7 (see Fig ures 29. 30 and 31 ) must be 
replaced With a resistor (y, watt ± 100 
P/ M temperature coefficient or better) equal  

to 7 500 o hm s  min u s  the instrument  termi­
nal resistance. Con nect the transducer-in­
stru ment per  nameplate information and 
external con n ections  as  shown in Part  I I I .  
page 3S. Ene rgize t h e  transducer at  rated 
voltage a n d  two-thirds rated current and 
calibrate as previously stated for 1 00% and 
end- sca le  power factor values. 

� 
Cb @ 

RS 

R1 

+ I I  

sistances from 11 0 ohms u p  to 5000 o h ms. Figure 30: Single-phase power factor transducer. 
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The voltage rating of the VF2-841 
transoucer can changed c h a n g i ng 
the resistor R 1  (see 30 and 3 1 ) 
per P a rt I I ,  p a ragraph page 32. Th is  
resistor s h o u l d  be rated a t  5 watts and 
have a tempera t u re coefficient of ± 20 P I M  
o r  better. Recal i b rate the transd ucer as  
previously stated. 

T h ree- p hase. 4-wire t ransducers are the 
same as 3 - phase. 3-wire transd u cers ex­
cept for  the i n p u t  voltage resistor R 1 . The 

l i ne- to- l i n e  voltage of  the 3 - phase, 4-wire 

systems i s  equ a l  to  
neutral  voltage. 

x the l i ne-to-

7. Specifications and Tech nical Data 
See page 3 2 ,  Part I I .  
8 .  External Connections 
See page 38, Part I I I . 

9. D imensions 
See page 37. Part I I I .  

o 

Figure 31 : Power factor transducer circuit board. 
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Type V-2 Transd ucers 

Part I 
General Information, 
Operating Principles and Applications 

1 0. Further I nformation 

Type VF2-841 Power Factor Transducer: 
I n struction Leaflet 4 3 - 841 .5. 

Modifications: 
Instruction Leaflet 4 3 - 800. 3. 

Description : 
Descriptive B u l let in 4 3 - 861 . 

Prices: 
Price List 43- 860. 
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• 
Section I 
Temperature Transducer - Type VT2-841 
1 .  Operating Principle 
The VT2-841  temperature transducer de­
velops a current output related to the tem ­
peratu re of a resistance tem perature detec­
tor coil ( RT D ) .  The output i s  non- l i near 
with to the Fahrenheit  or centi -
grade i n  which a tem perature i n d i -
cati ng i nstru ment i s  u s u a l l y  ca l ibrated. 

A com p lete RTD t h ermometer system con­
sists of transducer. dc i n d icat i n g  i nstrum e n t  
detector coil s .  selector switch. and con n ec­
t ing l eads. 

The RTD coi ls  are made of copper w i re to 
a n  exact resistance of 1 0  ohms at 2 5·C. They 
are located at  the points where the tem­
perature is  to b e  m ea s u red. The coils a re 
mou nted i n  t h e  eq u i pment by the m a n u ­
facturer o f  t h e  generator. motor. trans­
former. etc . •  a n d  are not s u pp l ied with the 
transd ucer. U s u a l l y  several RTD coi ls  are 
used with a s i n g l e  transducer connected 
through a selector switch. 

When connected to the transducer. the 
RTD coi l  becomes one l eg of a Wheat­
sto n e  bridge. As t h e  coi l  resistan ce changes 
the balance of the br idge i s  u pset a n d  a 
voltage i s  produced across t h e  o utput a l ­
most proportion a l  t o  temperature. A trans­
d ucer- instrument com b i n at ion is  c hecked 
by con nectin g  an i nternal  test resistor i n  
pl ace of t h e  detector coi l .  T h i s  test resistor 
will m a ke the de meter read at  a test point 
ma rked by a green l i n e. R esistances of a 
sta ndard copper RTD coil  rated 1 0  ohms at 
2 5'C wi l l  b e :  

Degrees Centrigrade Resista nce- Ohms 

0 9.037 
1 0  9.422 
20 9.807 
30 1 0.1 9 2  
40 1 0.577 
50 1 0.962 
60 1 1 .374 
70 1 1 .732 
80 1 2.1 1 7  
90 1 2.502 

1 00 1 2.887 
1 20 1 3.657 
1 40 1 4.427 
1 50 1 4.81 2 
1 60 1 5. 1 97 
1 80 1 5.967 
200 1 6.737 
T h e  tra nsducer conta i n s  a power supply  as 
wel l  as  t h e  br idge c i rcu itry. The stan dard 
i n pu t  i s  1 20 volt, 60 ±0.5 Hz. The power 
supply  e lement i s  s h own i n  Figu re 3 2 .  

R esistor R 1  loads t h e  tran sformer seco n d ­
a r y  a n d  a l lows s o m e  adjustment of t h e  i n ­
p u t  t o  t h e  rectifier circuit Th is  i s  t h e  e n d ­
scale adjustment f o r  a n  i n dicati ng i nstru­
m e nt 

R es istor R 2  a l lows adjustment of the power 
i n put to the br idge c ircu it. When cal i b rating 
the VT2 -841  with a n  exte rnal  i n strument. 
t h i s  i s  the pr imary adj u stm e n t  for the e n d ­
scale deflection o f  the i n strument mech a n ­
i s m .  

Zener d iode z i s  a voltage regu lator. The i n ­
p u t  voltage i nfl u e n ce o n  t h e  VT2 -841  ac­
curacy is :  

0. 5% maximum with ± 1 0% var iat ion from 
t h e  nom i n a l  1 20 volts. 

2% maxim u m  with ± 2 0% var iat ion from 
n o m i n a l  1 20 volts. 

Schematical ly.  the bridge circuit  is shown 
in F ig u re 33. 

R 5  i s  a var iab le  depending on temperature 
ran g e :  1 00'C = 1 2 . 1 1 7  ohms; 1 50'C 
1 2.887 o h m s; 200'C = 1 4.81 2 o hms. T h e  
RTD i s  1 0  ohms n o m i n a l .  L 1 .  L2 and feede r  
leads a r e  cal i brated t o  m a i nta i n  b a l ance. With 
changes in RTD resistance t h e  br idge i s  
u nbalanced a n d  current  flows thro u g h  t h e  
m eter. F o r  c a l i bration test a resistor o f  
n e g l i g i b l e  temperature coeffic ient  s u b sti­
tutes for the RTD. 

The c i rc u i t  for a typical  mult ip le point  i n ­
stal l at ion i s  shown i n  Fig u re 34. 

2. Types 
O n l y  the design for a 1 0  ohm copper RTD 
i s  cu rrently offered. N ow th at the u n iversa l 
motor protectors. formerly ava i lab le  o n l y  
w i t h  1 20 o h m  n ickel  d etectors. a re ava i l ­
a b l e  for 1 0  o h m  copper there seems l ittle 
need for a n y  other RTD m aterial .  The user  
shou ld  m a ke the d ecis ion o n  detector type 
before orderin g  motors or g e ne rators. I f  
other  than 1 0  o h m  copper RTD's are speci ­
fied or permitted. it wi l l  restrict t h e  types of 

temperature relay ing which wi l l  s h a re RTD 
coi ls  with t h e  temperatu re i n d icators. 

3. Ratings 
Standard t ra n sd ucers are rated 1 20 volt 
60 Hz power s upply. 0-1 OO'C.  0-1 50'C or 
0- 200'C to yield 1 - 0 - 1  mA i nto 3 0  ohms.  
The frequency i s  cr i t ica l .  T h e  tolerance for 
rated accuracy is ± 0 . 5  Hz which may be a 
problem on isol ated s m a l l  powe r p l a nts. 

4. Readout I n strument 
Any zero-center m i l l i am m eter 1 - 0 - 1  mA 
with a term i n a l  resistance of 30 ohms. 
( Lower resistance m i l l i a mm eters can b e  
padded to 3 0  o h m s ) .  T h e  i n strum e n t  m u st 
be c a l i b rated with the transducer as a 
m atched ser ia l ized pair. 

5. Signal Source 
The VT2-841 tra n sd ucer. because of its non­
l i n ear ity i s  genera l ly  n ot su itab le  for  i n p ut 
to active i nstru ments or com puters or data 
system s  u n less the system can b e  pro­
grammed for the i nd ividual  tra n sd u cer 
characteristics. 

6. Scaling 
To c h a n g e  the temperature scal e  of t h e  
transducer req u i res a redes i g n .  T h i s  can 
b e  d o n e  if  q uantit ies a re i nvolved. T h e  
scales can b e  c h a n g e d  to Fa hrenheit  by 
shorte n i n g  sca l es to t h e  nearest s u i ta b l e  
e nd -scale n u mber. T h e r e  is  no poss i b i l ity 
of n arrowing ranges without redes i g n  of 
the bridge c i rc u it. 

7. Recalibration 
After all  conn ections have been made. apply 
voltag e and p u t  the selector switch on the 
test posit ion. The i n strument s h o u l d  read 
at  the g re e n  l i ne of the dial. I f  i t  does not, 
the i n strum e n t's mechan ica l  zero adjuster 
should b e  turned with a screwdriver u nti l  
t h e  poi nter deflects to t h e  g reen l i ne. I f  the 
deviation is  beyond t h e  range of this ad­
justment. e i ther  t h e  i nstru ment w i l l  n eed 

..... ----..... -{8 

z 20V Dc 

+ 

Figure 32: Internal power supply of temperature transducer. 
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Figure 33: Schematic bridge circuit for 
temperature transducer. 

r ecal i b ration o r  some error in the connec­
tions has been made a n d  should be check­
ed out  a n d  corrected. The test point is  not 
the mecha n ical zero or de-energized posi­
t ion of the i nstrument. 

The VT2 - 84 1  transducer is usually s u ppl ied 
cal i brated to a seri a l ized i n strument. The 
output i s  n o n - l i n ea r  and the nul l  point of 
the transducer (exploring coi l  temperature 
point where output of transdu cer IS zero) 
is not n ecessarily the same for all trans­
d u cers. Transducers s u pplied with serial ized 
i nstruments need no further ca l ibration. 
Transducers suppl ied cal ibrated to fu l l  
scale output  a n d  no serialized i nstrument 
are to be used with center zero 1 mAo 30 
ohm de i n struments. Al l  lead resistors m u st 
be per Figure 34. D istribution of i nstru­
ment scale is  determined by first adjusting 
the mechanical zero point of the meter so 
that it  reads correctly at  the rig ht and left 
end-scale points with the corresponding 
exploring coil resistance ( ± 1 !1 0%) per 
table i n  Paragraph 1 ,  page 22. M ark a 
green l ine at test point (transducer test 
resistor su bstituted for exploring coil).  
Then determi n e  scale distribution by sub­
stitution of correct exploring coi l  resistance 
per table paragraph 1 .  page 22. 
Mark i nstru ment scales accordingly a n d  
serialize transducer instrument combinat ion. 

8. Remote Indication 
It is preferab le  for the control switch a n d  
t h e  transducer t o  be near to the instrument. 
I f, for some reason. the readout instrument 
is  to be remote from the transducer. the 
limitation is  the 30 o h ms in the meter cir­
cuit. M il l iammeters a s  low as 20 o h m  
term i nal  resistance are not u nusual. This 
leaves 1 0  ohms for i nstrument leads which 
wil l  carry the meter h undreds of feet away. 

9. Specifications and Technical Data 
See Part I I .  page 3 2 .  

1 0. External Connections 
S ee Figu re 34 of this section or F igure 20. 
page 40. Part I I I .  

1 1 .  Dimensions 
See page 37. Part I I I .  

1 2. Further Information 
Type VT2-841 Transducer: 

I nstruction Leaflet 43-841 .6.  

Prices: 
Price List 43-860. 

Descript ion : 
Descriptive Bul let in 4 3 - 8 6 1 . 

L 2  
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Type V-2 Transd ucers 

Part I 
General I nformation. 
Operating Principles and Applications 

Switchboard Thermometers: 
Descriptive B u l letin 4 3 - 270. 

RTD's 1 0  Ohm Coppe r  Obtai ned fro m :  
M i nco Products. I n c. 
7300 Commerce La ne 
M i n neapolis, Minn.  55432 

There are models  for factory o r  f ie ld i n£tal­
lation i n  stators, strapping on p i pes, i m ­
mersion i n  l i q u ids, etc, 

L I ------+-���+-�-k ,r_--------------------HK 

Exploring 
Coils 

Feeder Lead s --����bt���� ________________ 4 �  ____________________ � 
Branch Leads CS 

A 

Figure 34: Mult i -point  external connection of temperature transducer. 

1 ,  l·2 leads and branch leads should not exceed 0,02 ohm each. 
2, Switch contacts to exploring coils must make before break. (Switch Westinghouse style number 

663A488G01 for 5 exploring coils). 
3, Individual l-l leads should have a resistance of 0.3 ohms for standard instruments. Other resistance 

values are available on special order up to 3 ohms. In either case, the variation in resistance should not 
exceed :1:0.1 ohms. 

4. AlI l-1 leads must be within 0.02 ohm of the same resistance. 
5, Each resistance tolerance or limit stated will limit errors from this source to less than one percent. Any 

increase will cauSe an approximately proportional error. 
6. Feeder leads must be within 1 ohm of the same resistance. 
7, Control switch contacts Cal. 1, 2. 3, 4 and 5 close in position as indicated. Contact A is open in OFF 

position; closed in all other positions. 
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• 
Section J 
Speed Transducer - Type V R2-841 
1 .  Application 
The V R 2 -841 speed transducer is a self­
contained,  externa l l y -powered (1 20 volt. 
60 Hz) a l l - static d evice. It converts cycles 
or p u l ses per second i nto a l i near  dc cur­
rent  o utput. I t  is  i ntended for  use with dc 
i nd icatin g  meters. 
The usua l  sourc e  of pulses is  from a vari ­
a b l e  rel u ctance m a g n etic p ickup fitted i nto 
t h e  m ac hi n e  to b e  speed - measured. The 
p i c ku p i s  i nsta l l ed i n  prox i m ity to an i ro n  
o r  steel part w h i c h  serves a s  a tooth o r  a 
n otch to pass t h e  face of t h e  p ickup at 
least 2 5  times per seco n d  with a velocity 
of  2 5  i nc h es per second or more. A shaft 
m ay b e  fitted with a n otc h e d  wheel  to 
g e n erate p ulses. Such are l i sted in Westing­
house Pr ice List 43- 500. 

A wheel  with 1 5  n otches m i n i m u m  or a 
g e a r  with 1 5  or more teeth wi l l  permit 
measurement down to 0 - 1 00 rpm. Be low 
this speed the p u l se d evice would need 
m o re n otches, or would need to be d riven 
thro u g h  a speed i ncreaser. Any p u l se 
s ource can b e  used if  it satisfies the fol low­
ing condit io n s :  
F S  ( Full  Scale) M inimum I nput 

Pulse Duration 

0-1 .500 to 0·1 4,000 . Hz. . . . . . .  50 microseconds 
0-750 to 0- 1 .500 Hz . . . . . . . . . .  70 microseconds 
0-400 to 0-750 Hz . . . . . . . . . . . . 1 1 0  microseconds 
0-1 80 to 0-400 Hz . . . . . . . . . . . . 1 35 microseconds 
0-90 to 0-1 80 H z . . . . . .  . . . .  320 microseconds 
0-50 to 0-90 Hz . . .  " . . . . . . . 600 microseconds 

+ 
I 

Input 
R3 

SwitChing Circuitry 

Fig ure 35: Pulse transducer schematic. 

The fu l l  scale frequency ( F S )  i s  a function of 
the n otches or pu lse s  per revol ut i o n  a n d  the 
rotati onal  speed of  t h e  machi ne. 

rpm x n otches/revolut ion 
FS Frequency =-

60 

Other i n put pulses can b e  used. If the s i g ­
n a l  is a n  a c  wave, it m a y  vary from 1 t o  4 0  
volts peak-to-peak (1 4 volts rms, s i n e  
wave) or from 0. 5 to 2 0  volts, i f  d c  p u l ses. 

2. Operating Principle 
I n  F i g u re 35 the sectio n  id entified as 
"Power S upply" is a convent iona l  reg u lated 
source of low voltage dc.  Output 5 volts, 
fi ltered. 

I n  the "Switc h i n g  C i rcu itry" seg m ent, p u lse 
signals across 1 and 3 term i nals  are a m p l i ­
f i e d  a n d  condit ioned.  The o u t p u t  circu itry 
is a c apacitor ch a rg e - d ischarg e  c i rcu i t  tak­
i ng t h e  varia b l e  freque ncy pu lses and c o n ­
vert ing them to a rectified d c  output. T h e  
d c  varies proporti o n a l ly to frequency b e ­
cause the i ntegral of  t h e  constant-charge 
p u lses from C2, C 5 ,  and C 6  varies with fre­
q u e n cy. Because the capacitors have a 
fixed charg i n g  t ime, there is a m i n i m u m  
p u l s e  d uratio n  req u i re m ent. 

R 1 0, R l 1 ,  a n d  R 1 2 are for temperature 
compensators. Rl  3 is for outp u t  c a l ibra ­
t ion.  

The transd ucer is  load sens itive. I t  is  or­
din ari ly cal ibrated 0 - 1  mA into 1 00 o h m s .  

1.....-------<0 
_ _ _ _  £'Q� Sup.E!l' 

Output C" c u l t r y 

Output 

3. Pulse Sources 
Westin g h o use l i sts an Electro M od e l  3045 
as a stan d a rd pickup i n  Pr ice List 43-500. 
I t  i ncorporates th is  p icku p i nto t h e  Type 
B801 pu lse generator together with a ny of 
a n u mber of  p ul se wheels. The wheels a re 
sold separately i n  t h e  s a m e  price l ist. 

Stan d ard wheels are 4.784 i n ches in d i a ­
meter. They h ave 6 ,  1 2 , 1 5 , 2 0 ,  30, 40, 50, 
60, 70, 78, 80, 90, 1 00, 1 1 0  or 1 20 notches .  
S everal m a n ufacturers h ave a variety of  
magnetic p ickups. Thes e  i nc l u d e :  

Electro Prod u cts La boratories, I n c. 
6 1 2 5  W. H oward St. 
C h i cago, I l l i n ois  60648 
H on eywel l ,  I nc. 
2701 Fourth Ave. So. 
M in n e apol is ,  M i n n ,  5 5408 

Power I n struments, I nc. 
7 3 5 2  N o. Lawnd a l e  Ave. 
S kokie,  I l l i n o is 60076 

Any a c  generator, m a ke-break contact or 
osci l lat ion m ay be used as wel l .  

4 .  Ratings 
S everal tra n s d ucers a re req u ired to cover 
the pu lse range:  
O ·  7000 to 0 - 1 4,000 H z  o r  p u lses/seco nd 
0- 3000 to 0-7000 H z  o r  p u l ses/s econd 
0-1 5 0 0  t o  0 - 3000 H z  o r  p u l ses/second 
0-750 to 0 - 1 500 Hz o r  p u l ses/seco n d  
0-400 to 0 - 7 50 H z  or p u lses/second 
0-1 80 to 0 -400 H z  or pu lses/second 
0 - 90 to 0 - 1 80 H z  or pu lses/second 
0-50 to 0 - 9 0  Hz o r  p u lses/second 
Ordi nar i ly  a transducer i s  factory c a l ibrated 
for a specific p ulse rate. I t  is not f ie ld  a d ­
justable b u t  is s h o p  adjustab l e  wit h i n  t h e  
above ranges. T h i s  i s  d i scussed further i n  
Paragra p hs 7 a n d  8 of  th is  sect ion.  Sta n d ­
a r d  output i s  1 m A  i nto 1 00 o h ms ( 1 00 
mV).  S h o p  adjustments can be made to 1 
mA. 2 2 0  o hms.  

5. Readout I nstrument 
The V R 2 - 841 tra ns d u ce r  is matched exactly 
to a 20120 1 00 m V  i nstru ment (1  mA sen­
sitivity a n d  1 00 ohms termi n a l  resistance) ,  
as sh ipped.  

It may b e  used with  a n y  other  type o r  
b r a n d  of  m i l l i a m m eter w i t h  a termi n a l  re­
sista n c e  of 2 0  o hms or less by padding the 
resistance t o  1 00 ohms using a n i c h ro m e  
o r  other l o w  temperature coeffic ient  resistor. 
For i nstrument resistances up to 50 o hm s  
( o r  60 o h m s  with a s l i g htly i ncreased tem ­
perature i nfl u en ce) the i nstrument c i rcu i t  
s h o u l d  b e  padded t o  2 2 0  o h m s  but a 
tra nsducer modif ication is requ i red. The 
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modified transducer may be ordered for 
220 ohm load or a sta ndard transducer may 
be m o d ified as described in I n struction 
Leaflet 4 3-800.3. H igher-than-sta ndard 
resistance o n  m i l l iammeters are a sta n d a rd 
mod ification. 

6. Signa l  Source 
T h e  output is pu lsed dc. S igna l  condit ion ­
i n g  i s  required when the transducer sup­
pl ies a n  active i nstrument or a computer. 
The VF2-876 fi lter will  reduce output 
r ipple. 

7. Scali n g  
Transducers a re specified u s u a l l y  at a p u lse 
i n pu t  rate correspon d i n g  to the character­
istics of the mach ine  being monitored. 

For speed measurement where a notched 
di sc is m o u nted o n  the measured s h aft:  

Ca l ibrated Pulse Rate (Per Sec.) =; 

x notc h es on wheel  

Where the pu lse  w heel is  geared the rate 
is adjusted by the gear rat io.  For l i near  
speed measurement the pulse rate is ca l­
cu lated as s h own in  th is  example :  

The problem : to i n d icate the speed of a 
strip in a rol l i n g  m i l l  i n  feet- per- m i n ute o n  
a switc hboard m ou nted i ndicator remote 
from the machine.  The strip passes over a 
24" dia meter ro l ler. which is driven by a 
motor r u n n i n g  at 1 750 rpm through a gear 
red u ction of 5 : 1 . The pin ion on the motor 
has 20 teeth and the gear  on t he ro l ler  
sh aft has 1 00 teeth. 
I nvestigation reveals  that  the rel ucta n c e  
type p i c k u p  device can be mounted i n  
close proxim ity to t h e  teeth o n  the 1 00-
tooth steel gear  (mag netic materi a l ) .  
With the motor r u n n i n g  a t  f u l l  l o a d  speed 
of 1 7 50 rpm t h e  feet per m inute of the 
strip can b e  determ i n ed by:  
1 750 2 4  

x 12 x 7r = 2 200 fpm 

I m pulses per second would be: 
1 00 x 350 

= 58 3 . 3  ips  

As the sta n dard cal ibration is 1 m i l l i ampere 
tor fu l l  scale deflectio n  of the indicat i n g  
i nstrument. the f u l l  scale rat ing would be 1 
m i l l i ampere at .636 volts. based on the 
fol l owi n g :  

2400 
583 x 636 ips at 2400 fpm for 

ful l  scale. 

Provis ion can be made for roll wear com­
pensation by con necting a rheostat i n  
series with R 1 3. I t  i s  t h e n  necessary to 
specify the m i n i m u m  a n d  the maxi m u m  
p u l s e  rates. 

The tran sducer  can be scaled as a fre­
q u ency meter. I t  is  especia l ly  a p p ro pr iate 
where scales such as 0-75 Hz are requi red 
o n  nomina l ly  60 H z  equ ip ment. T h e  i n put 
pu lse rate in this case is specified a s  an ac 
freq u e ncy. 
In the above example. fu l l -scale frequency 
equals  7 5  Hz. U s u a l l y  t h e  i n p ut voltage for 
such frequency meters is  to be 1 20 volts. 
The transducers can be so specified or 
mod ified per  Parag raph 8. 

8. Recalibration 
The V R 2 - 84 1  can b e  reca l i brated for a n y  
freq uency with i n  i t s  ran g e  b y  c h a n g i n g  t h e  
va lue  o f  R 1 3. The ranges a r e  s h own i n  
Paragraph 4 of t h i s  section. For exa mple. 
a 200 Hz o r  p u lse p e r  second i nput can b e  
reca l i brated f o r  anywhere from 1 80 t o  400. 
I n put voltage l evel can be changed.  T h e  
i n p ut voltage o f  the sta ndard V R 2 - 8 4 1  
transducer is 0 . 5  t o  20 v o l t  positive p ul se 
o r  1 to 40 volts positive p u lse ac wave. 
The i n pu t  voltage ran g e  can be changed 
to 2 20 volt positive pu lse o r  40 t o  440 volt  
positive pulse a c  wave by the addit ion o f  a 
series 1 50.000 o h m  ± 5%. 1 watt carb o n  
resistor i n  position R 1  (See F igure 36) a n d  
reconnection o f  t h e  l o a d  g o i n g  to circuit 
board po int 1 to c i rcuit board point A. No 
reca l i bration is necessary. 

Figure 36: Speed transducer circuit board. 
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9. Remote Indicators 
An addit ional  2 ohms of i nstrument leads 
may be added to the standard transducer 
a n d  1 00 mV i n strument without exceed i n g  
t h e  normal  error. Remote i n d icator leads o f  
a thousand feet o r  m o re between trans­
du cer and meter can b e  accommodated by 
speci a l  c a l ibration. The lead resistance 
becomes part o f  the i n strum e nt resistance 
as discussed i n  Paragr a p h  5 of th is  sect ion.  

1 0. Specifications and Technical Data 
See page 33, P a rt I I .  

11. External Connections 
See p a g e  39.  Part I I I .  

1 2. D i mensions 
See page 37. Part I I I .  

Further Information 

Type VR2 ·841 I nstructions:  
I nstruction Leaflet 43-841 .7.  

M od if ications : 
I nstruct ion Leaflet 4 3 - 800.3. 

Transducer Prices: 
Price List 43-860 .  

Speed Measurement Systems Prices: 
Price List 4 3 - 500. 
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Section K 

M otor Load Transd ucer - Type VW2-841 
1 .  Application 
Many types of  motor loads can not be cor­
rectly measu red from l i n e  cu rrent beca use 
of a change In power factor with load. 
Whi le  a watt transducer such as the VP2-
840 can conve rt true power to a propor­
t iona l  output such transd ucers are some­
what costly. parti cularly  in  polyphase where 
a m i n i m u m  of two cu rrent transformers and 
usual ly  two potentia l  transformers are 
needed. The type VW2-841 transd ucer 
produ ces a s ignal  proportiona l  to I cos 0 
which IS. of cou rse. proport ional  to true 
power. It is a less costly and more flexi b le 
device than the watt transducer. 

2. Application and Operation 
Refer to Appl ication Data 43 - 5 1 0 for fu l l  
information on  the pr incip les of operation 
and appl icati on of the  VW2-841 . 

3. Ratings 
A s ing le  des ign  covers all current ranges -
1 20. 240 or 480 volts. 

4. Output 
1 mA i nto 200 oh ms. 

5. Scaling 
The basic scale is 0- 1 50%. I t  is  related to 
the motor characteristics witn a variab le­
ratio (doug hnut) cu rrent tra nsformer. A f ine 
± 5% adjustment can be made by chang­
ing  the val u e  of an  i n p ut resistor. 

6. Ind icating Instrument 
Any 0 - 1  mA instrument padded up to 200 
o h ms. 

7. Remote Ind icator 
The leads from transducer to meter can be 
2 ohms without percepti ble error. H igher  
resistances can be accommodated by t rans­
ducer modif icat ion a l lowing leads of sever­
a l  thousand feet. 

8. S pecifications and Technical Data 
See page 33. Part I I. and Appl ication Data 
43-51 0. 

9. External Connections 
See page 39. Part I I I . 

1 0. Dimensions 
See page 37. Part I I I . 

Further Information 
I nstructions:  

I nstru ction Leaflet 43-841 .8. 
Modifications: 

I nstruction Leaflet 43-800.3. 

Appl ication:  
Appl ication D ata 43-51 0. 

Prices: 
Price List 43-300. 
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Section L 
Fi lters - Type V F2-876 
1 .  Appl ication 
The V F 2 - 8 7 6  f i l ters are for  use with t rans­
ducers with d c  o u t p u ts havi n g  u nwa nted 
ac r i p ple .  T h e  output ind i cat i n g  i nstrument 
m ust be of h igh i m ped a n ce In respect to  
the i n put i m pedance. The output i n stru­
ment should h ave 50,000 o h ms m i n i m u m  
f o r  a 5 0 - o h m  in put load.  A typ ica l  app l ica­
t ion is  a nu l l  ba lance potentiometer o r  A/D 
converter. 

The style n umber  71 5 8 2 6 1 A0 9  f i l ter  as 
s hown i n  Fig u re 3 7  conta i n s  an i n d u ct o r  
and ca pacitor f i l te r  network with prov is ions 
for conn ect i n g  an externa l  i n p ut load re­
sistor. External  con nectio n s  are  made per  
F i g u re 38.  

T h e  style n umber  7 1 5 8 2 6 1 A  1 0  f i lter as  
s hown i n  F i g u re 3 9  conta ins  a n  addit iona l  
5 0 - o h m  ± %%, % watt i n put l oad resistor. 
External conn ections are per Figure 37. 

The style number  7 1 5 8 2 6 1 A1 1 filter c o n ­
tains two potent iometers f o r  f i n e  a n d  
coarse ( 0 - 1 00%) adjustment o f  t h e  voltage 
o utput,  see Figure 4 1 . The i n put  res istance 
is  50 ohms ± %%. External  con nect ions are 
per F i gure 40. 

2. Specifications 
Response Time: 

Less than 200 m i l l iseconds. 

Reduction i n  Ripple: 
Output r ipp le  is %% of i nput  r ipp le  at  
1 20 Hz. 

Insulation Test: 
2600 volts. 60 Hz from termina ls  to case. 

3. D imensions 
See page 37. Part I I I .  

Further Information 
Instructio ns: 

I nstruction Leaflet 4 3 - 876.1 . 

M odifications: 
Instruction Leaflet 4 3 · 800.3. 

Prices: 
Price List 4 3 - 860. 

I I  

+ 

I n put + 
Fi ltered 

r 
Out put 

%-
Figure 3 7 :  Style number 71 58 261 A09 
filter schematic. 

o 

+0-------
I n put 

+0-------4+< 
Fi ltered Out p ut 

o 
Figure 38: Style number 71 58261 A09 
filter external connections. 

I r-��T�,---__ � _____ � 
;-

® 

I I  

+ 

Input + Fillered 

r 
Output 

Q)r-�------�� ____ _ ® 
Figure 39;  Style number 7 1 58261 A 1 0  
filter schematic. 
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+o-------------+H 
Input 

External 
Inpul 
Load 

+o--------------+H 
Filtered Output 

o 

o 
Figure 40; Style numbers 7 1 58261 A 1 0  and 
71 58261 A 1 1  external connections. 

+ Fi l tered 
_ Out put 

'------......... �-----{'9 -
Figure 4 1 : Style number 71 58261 A1 1 
filter schematic. 
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General Information, 
Operating Principles and Applications 

Westinghouse Electric Corporation 
Relay- Instrument Division: Newark Plant, Newark, N.J. 071 0 1 
Printed in USA www . 
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Westi nghouse 

• 
1 .  Standards 
There are no ANS I  standards on electrical  
transducers. However, as these transd ucers 
are used general ly as accessories for 
electrical measuring i nstru ments, the 
standard ANSI C39.1  " R e q u i rement for 
Electrical I nd i cating I n struments" is  used 
i n sofar as is  pract ica l .  Case d i mensions 
generally conform to I EEE S tand ards. 
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Type V-2 Transd ucers 

Part I I  
Specifications and Technical Data 

2. Type V P2-840 Watt Transducer and VV2-840 Var Transducer 

(a) Specifications 
Standard I npu! . 
Optional Input . . . . .  

Special I n p u t .  

50 H z  

· . .  5 1 2 0 Volt n o m i �a l ,  60 H z  
. . . .  60 or Hz ( 6 0  H z  model 

ad c:ntional error at fu l l  scal€ 
500 wa:ts 
1 000 watts 
1 500 watts 

below 
only ( m u l tiply watts x 4) 

watts x 2) 

Maximum Current 1 2 5% of nominal  

Maximum Voltage 1 50% of n om i na l 

. 5 %  

Output . . .  . 50 mV ( 1  rnA) ad j usta ble a"proximately 1 0% (see Pan I. Section 8 7 ,  
page 1 )  

Load Resistance . .  

Linearity . .  . . .  

Accuracy . . . . . .  . 

Loss (Burden) Per Element: 
Current Circuit . 
Potential Circuit . 

Response Time. , 

Warm , U p  Time . . .  

, 50 ohms ± 3% 

· , . ± 1 % i ncluded in accuracy rat in g 

· , , ± 1 % at reference conditions with 50 o h m  load 

, . 2 .0 vA a t  0.20 power factor at rated current 
. 1 .0 vA a t l .00 power lactor at rated voltage 

. Full output 0.05 second 

, 30 minu tes 

Ambient Temperature Infl uence . . .  , ± 0.5% maximu m  with ± 1 0°C from 2 5·C 

Extreme Temperature I nfluence , . - 1 .5%. 25"C to 65"C 
+ 2.5%. 2 5'C to - 20'C 

Frequency Influence . , ± 0.5% maximum between 54 a n d 66 Hz or between 360 and 440 H z  

Power Factor I nfluence , . . . . , , ± 1 % maximum for cha nge from 1 .00 pi to 0 . 50 lag or lead 

Dielectric Test . , . 1 500 vo l ts rms 

Working Vo ltage to Ground . . . . .  1 1 00 vo lts peak 

Permissible Overload 
( Percent of Rating ) :  

Current Circuit , 

Voltage Circuit . 

Ripple , is s'lnusoidal with zero reference displaced, Polyphase 
on balance 01 measured circuit (see Pa rt I Seetio" B, 

1 C Page 4 and Section t, Page 2 7 ) ,  

(b) Typical Ratings for Standard Type VP2 -840 Watt and VV2-840 Var Transducers 
Type 

l - Element I 
Single- Phase, i 
1 - Current Coil ; 
2 - Element 
Polyphase, ' 
2,Current Coil J 

2% - Element. 
Polyphase :' 
3,Current Coil ,I 

Nom i nal 
Current 

3.5 
5.0 
7 , 5  

2 . 0  
3 . 0  
5 .0 
7 .5  
3 , 0  
5.0 
6.0 

(!) For VV2 ·840 var transdu cers. 
;est wans are: 

Use able 
C u rre n t 

3 . 00 to 3 . 9 9  
4.00 6 . 2 5  
6 . 2 6  t o  8 . 9 9  

1 .64 t o  2 . 4 9  
: . 50 10 3 . 9 9  
4 . 00 to 6 , 2 5  
6 . 2 6  t o  1 0.0 

2.28 to 3.1 2 
3,1 3 to 5 . 2 1  
5 , 2 2  to 6 . 9 0  

si n g l e ·  phase 

300 to 399 
400 to 6 2 5  
6 2 6  t o  8 9 9  

1 64 to 2 4 9  
2 30 t o  3 9 9  
400 t o  6 2 5  
6 2 6  t o  1 000 

2 2 8  10 3 1 2  
3 1 3 to 5 2 1  
5 2 2  t o  6 9 0  

Self- Contained 

300 to 3 9 9  
4 0 0  to 6 2 5  
;)2 6  to 8 9 9  

3 2 8  1 0  4 9 9  
500 to 7 9 9  
8 0 0  t o  1 2 5 1  
1 2 5 2  to 2000 

9 1 2 to 1 2 5 1  
1 2 52 to 208 7 
2 088 10 2 7 6 3  

2 � a n d  2 % ·  Elemen t .... Divide WDtt transdu cer lest 
watts by 1 . 73.  

1 � Elem en t -.  The same as for  watt transducers. See Part I Secti on Paragraph 2 C :or an exp lana tion 
of var transducer t(;:st watts 

March. 1 9 73 
S u p e rsedes AD 4 3 ·860, cogos 
S0Dtember, '1 9 71 
E, D, C/2043(DB www . 
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Type V-2 Transd u cers 

Part II 
Specifications and Tec hnical Data 

Westinghouse Electric Corporation 

3. Type V12-841 Current Transducer 

(a) Specifications 
Standard I nput. . . 0· 5  amps 

Special Input . . . . .  · . . . Single a n d  mUlti-ranges up to 2 0  a m ps 

Frequencies . . 60 Hz (useable on 50 Hz and 400 Hz) 

Output . . .  . 1  mAo isolated 

Load Resistance . .  . 1 0.000 ohms ± 1  % 

Linearity . .  · . . .  ± 1 %. included i n  accuracy rating 

Accuracy . . . . .  · . ± 1 % a t  reference conditions with 50 o h m  load 

Loss . . . . . .  . . 0. 2  volt amperes 

Warm Up Time . . . . . . . .  Negligible 

Response Time • • .  · . 0. 1 5  seconds. maximum 

Ambient Temperature I nfluence . . . .  1 %  maximum for ± 1 O'C change from 2 5'C 

Extreme Temperature Influence . 

Frequency Influence . .  

Dielectric Test . . . . .  

Working Voltage to Ground . . .  

Permissible Overload 
(Percent of Rating) _ . .  _ 

Ripple . . . . . . . . • . . .  

Maximum Current . . . .  

25'C to 65'C 
2 5' C  to - 20'C 

· . ± 1 .0 %  for maximum for ± 1 0% change i n  frequ ency 

. 1 500 volts fms 

. 1 1 00 volts peak 

· . . . Continuous, 200% 
5 seconds, 500% 
1 second, 1 000% 

. 4 8% (see Part 1 .  Section L, page 2 7 )  

· . 6  amps 

4. Type VE2-841 Voltage Transducer 

Same as for V12-841 ( Paragraph 3) except: 
Standard Input . . . . .  0 - 1 50 volts 
Loss . . . . . . . .  . . . .  0.2 volt-amperes 
Response Time . . . . .  2.0 secon ds 

5. Type VE2-841 Suppressed Zero Voltage Transducer 

Same as for V12-841 ( Paragraph 3) except: 
Standard Input . . . .  1 
Loss . . . .  
Accuracy. 

30 volts 
volt-amperes 

· . 0.33% of center value 

Relay I nstrument Division. N ewark. N. J.  071 01 
Printed i n  USA www . 
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Westinghouse 

• 
6. Type VC2-84' Frequency Transducer 

(a) Specifications 

Standard Input . . . . .  1 20 volts 
Special Input . . . . . 240 volts 

Output: 

Range 

59-61 Hz 
58-62 Hz 
55-65 Hz 
50-70 Hz 
45-55 Hz 
45-65 Hz 

390-41 0 Hz 
380-420 Hz 
350-450 Hz 

48-52 Hz 
20-30 Hz 

Output 

- 30-0- + 70 uA 
- 60-0- + 1 40 vA 
- 1 50-0- + 3 5 0  uA 
- 300-0 - + 700 uA 
- 1 50-0- + 3 50 uA 

- 300-0- + 700 vA 
- 30-0 - + 70 vA 
- 60-0- + 1 40 vA 
- 1 50-0- + 3 50 uA 
- 60-0- + 1 40 uA 

- 1 50-0- + 350 uA 

Load 
Resistance 

866 ± 1 0% 
2 1 4  ± 1 0% 
280 ± 1 0% 

92 ± 1 0% 
280 ± 1 0% 

9 2  ± 1 0% 
866 ± 1 0% 
2 1 4  ± 1 0% 
280 ± 1 0% 
2 1 4  ± 1 0% 

280 ± 1 0% 

Linearity . . . .  

Accuracy . . . . • . . . .  

· . ± 2% of span (included in  accuracy rating) 

. . .  ±2% of span 

Loss (Burden) . . . . .  · . 4  \lolt-amperes 

Voltage I nfluence . . . . . . . . . . . . . . .  ± 0.5% of span. 1 0% voltage change 
±2% of span. 20% voltage change 

Ambient Temperature Influence • . .  ± 1 %  of span. For ± 1 0'C change from 2 5'C 

Extreme Temperature I nfluence . . . . 2% of span. 
2% 01 span. 

Dielectric Test . . . . . . . . . . . . . . . . .  1 500 volts rms 

Working Voltage to Ground . . . . . . . 1 1 00 volts peak 

Permissible O\l9rvoltage . • . . .  

Warm Up Time . • • . . . .  

. Continuous. 1 20% 
5 seconds. 200% 
1 second. 200% 

· . 3  minu tes 

to 65'C 
to - 2 0'C 

Maximum Resistance 
Obtainable 

1 000 
500 
400 
200 
400 

200 
1 000 

500 
400 
500 

400 

Ripple . . . . .  . 3 3%% rms at the highest frequency and maintains the same voltage 
output as dc output decreases 
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7. Type VF2-841 Power Factor Transducer 

(a) Specifications 

Input: 
Type Voltage Resistor R l  

± 20 Pulses Per 

1 -Phase 2-Wire 1 20 1 4,1 00 o h m  
1 -Phase 2-Wire 240 28,700 o h m  

3- Phase 3·Wire 1 20 1 4. 1 00 ohm 
3·Phase 3-Wirs 240 28.700 ohm 

3-Phase 4-Wire 208 24.000 o h m  
3· Phase 4-Wire 41 5 48.000 ohm 

Input voltages can be changed with resistor modifications. 

Output • • . . . . . .  " . . . . .  " . . . . .  - 0 ,5 mA -0- + 0.5 mA 

Frequency . ,  • . . . . .  . . . . . . . . . • .  60 Hz 

Power 
Factor 

0.5 lag·0-0.5 lead 
0. 5 lag-0·0.5 lead 

0.5 lag·0-0.5 lead 
0.5 lag·0-0.5 lead 

0.5 lag·0·0.5 lead 
0.5 lag-0-0.5 lead 

load Resistance . . • . . . • . . . . . . . • .  1 1 0 ohm, can be modified for up to 5000 ohms 

Phase 
Angle 

- 60'·0· + 60' 
- 60' -0- + 60' 

- 60'·0 · + 60' 
- 60'·0-+ 60' 

- 60'-0-+ 60' 
- 60' -0- + 60' 

linearity • . . . . . . .  , . .  ± 1 % with respect to phase angle, included in accuracy rating 

Accuracy , . . . •  , . ' , . . . , . . . . . .  . . Accuracy can be stated only for perfect sine wave, balanced curre nt, 
rated voltage, and balanced power factor. I t  is given as a percent of 
phase ang Ie. Power factor varies as the cosine of  phase angle so the 
accuracy with respect to power factor is a variable . 

loss . ,  • . . . . • • . . . . .  , , , . . . , Potential circuit. 1 VA 
Current Circuit at 5a. 1 .8 VA 

Warm Up Time . . . . . . . . . . . . . . . . . Negligible 

Response Time . . . . .  . . .  . . . . . .  0.1 Second 

D ielectric Test . , . . . . . • . . . • • . . . .  1 500 volts rms 

Ambient Temperature Influence • . . .  ± 0.5% for ± 1 0'C Change from 25'C 

Extreme Temperature I nfluence . . ± 1  %, 25'C to 65'C 
± 1 %. 2 5'C to - 20'C 

8. Type VT2-841 Temperature Transducer 

(a) Specifications 
Power Input. . . . . .  , . . . . . 1 20 volts 

Temperature Detectors • . . .  . . 1 0 ohm at 2 5·C. copper 

Output . • • . . . . . . . . . . . . . . . . . . . .  1 ·0-1  mA into 30 ohms 

Frequency . . . . . .  . . . . . . . . . . . " . 60 ± 0.5 Hz 

Frequency I nfluence . . . . . . . . . . . . .  ±O.5 Hz ± 1 %  of  scale length 

linearity . . . .  . Non- l inear. instrument specially cali brated 

Accuracy . . . . . . . .  " . . • . • • • . • . .  At standard conditions, ± 1 %  of scale length 

Voltage I nfluance . .  

Response Time . . . . .  

Warm Up Time , . .  , 

. 0.5% maximum for ± 1 0% from 1 20 volts 
2% maxi mum for ± 20% from 1 20 volts 

, 0.1  second 

. 30 seconds 

Ambient Temperature Inf luence . . .  , ±0.5%. with ± 1 0'C change from 2 5'C 

Dielectric Test . , . . . . . . 1 500 volts rms 

Working Voltage to Ground . . . . .  1 1 00 volts peak 

Ripple . . • • . .  , . . . . . . • . . . .  , 48% 
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Westinghouse 

• 
9. Type VR2·841 S peed Transducer 

(a) Specifications 

Standard Input . . .  . . . . . .  1 - 40 valls ac peak-to· peak. 0.5-20 volts dc positive pulse 

Special I nput . • . . . . . . .  . . . . . . . .  40-440 volts ac peak-la-peak 

Full Scale 
Ratings . . • . • • • . . • • . • . • . • . • • . .  Frequency Range 

0-1 500 to 0 - 1 4.000 Hz 
0-750 to 0-1 500 Hz 
0 -400 to 0-750 Hz 
0-1 80 t o  0-400 Hz 
0-90 t o  0-1 80 Hz 
0 - 5 0  t o  0 - 9 0  Hz 

Linearity . . . . . .  . . . . . • . . . • . • • • •  ± 1 %. included i n  accuracy ratin g  

Accuracy . . • . . . . . . . . . .  . ± 1 % at reference conditions 

Loss (Power Supply) . . . .  . 4  volt -amperes 

Response Time . . . . •  . .  . . .  Ful l  oUlput. 0.1 second 

Warm Up Time . • . . . . . . . . . . . . . . .  30 seconds 

Ambient Temperature I nfluence . • • •  ± 1 %. with 1 O'C change from 2 5' C  

Extreme Temperature I nfluence . • . .  ± 2%. 2 5' C  t o  65'C 
± 2%. 2 5'C to - 20'C 

Min imum I n put 
Pulse Duration 

50 microseconds 
70 microseconds 

1 1 0 microseconds 
1 3 5 microseconds 
320 microseconds 
600 microseconds 

Supply Voltage I nfluence . . . . . . . . .  ±0.5% maximum with ± 1 0% voltage change 
± 2 %  maximum with ± 2 0% voltage change 

Overload Voltage . . . . . . . . . . . . . . . Continuous. 1 50% 
5 seconds. 200% 

D ielectric Test . . . . . . . . . . . . . . . . .  1 500 volts rms 

Working Voltage to Ground . . • . . . .  1 1 00 volts peak 

1 0. Type VW2-841 M otor Load I n dicator 

(a) Specifications 
Standard Input . • • . . . . . . . . . . • . . .  5 amps. 1 20/240/480 volts 

Output . • • . . . . . . . . . . . . . . .  . . . .  1 mA into 200 ohms 

Frequency . . . . . . . . . • . . . . . . . . . .  . 45-65 Hz 

Linearity . . . . . . .  . . . ± 2 %. in cluded in accuracy 

Accuracy . . . . . . . . . . . . . . . . . . . . . . ± 2% with power factor above 0.3 

Loss . . . • . . . .  _ . . • . . . . . . . . . . . . .  Voltage circuit: 1 20·volt connection, 2 VA 
240-volt connection, 4 VA 
480-volt connection. 8 VA 

Current circuit: 5 amps, 1 .0 vA 

Response Time . . . . . . . . . . . . . . . . .  0,1 second 

Ambient Temperature I nfluence . . • .  1 0%, with ± 1 0·C change Irom 2 5' C  

Extreme Temperature I nfluence . . . .  2.0%, 25'C t o  6 5 ' C  
2.0%, 25'C to - 20'C 

D ielectric Test • . . . • . . . . . . . . . . . .  1 500 volts rms 

Working Voltage to Ground • . . . . . .  1 1 00 volts peak 

Permissible Overload . . .  , . . .  Current 6 .25 amps maximum 
voltage 1 50% of rating 
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Westinghouse 

• 
Index by Fig ure Number 

Watt Transducer (VP2-840) 
1 - P h ase. 2 - WlrB . . .  
3 - P hase, 3-Wire . 
3 - P h ase. 4-Wire . . . .  

Var Transducer (VV2-840) 
l - P hase, 2- 'Nlre . . .  
3 - Phase. 3-W:re . 
3 - P llase. 4-Wire . . 

- - -..... ���.----... ---

Frequency Transducer (VC2-841 ) 

Filters (VF2-876) 

Power Factor Transducer (VF2-841 ) 
1 2 -\Vire With Transformers . .  

3- a n d  4-W:re . 
3- Phase. 3- a n d  4-W.re With Transio,mers . 

R M S  Voltage and Current 
Transducer (VE2-. VI2-841 ) • • • . . . . . • . . . . .  

Outl ine D imensions 
And 

l b  
1 b  
l b  

1 a  
1 b  
l b  

l b  

1 b  

1 b 
1 b  
1 b  

1 b  

P lan 

.---.... ---� ..... -�--.... ---� 

Speed Transducer (VR2-841 ) 

Motor Load Transducer (VW2-841 ) 
1 - P hase. 2-Wrre. 1 20 Vo tt . . • .  

1 2-l/vi'8. 240 Volt . 

l .. P h a se. 2-Wrre, 480 Volt . . . . 
3- Phase, 3-Wire. 1 20 Volt . . . . 

3 .. P h ase, 3-Wire, 240 Volt . . .  
3 · Phase. 3 - Wire, 480 Volt . , . 

Temperature Transducer (VT2-841 ) 

1 b  

1 b  
1 b  
1 b  
1 b  
1 b  
l b  

1 b  

Front 
View 

2 
2 
2 

2 
2 
2 

2 

2 

2 
2 
2 

2 

2 
2 
2 
2 
2 
2 

External Wiring 

3 
4 
5 

3 
4 
5 

6 

'7 

8 
9 

1 0  

1 2  

1 3  

1 4  
1 5  
1 6  
1 7  
1 8  
1 9  

2 0  
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Westinghouse 

• 
Type V-2 Transducers 

Outline Dimensions and Dri l l i n g  Plans in Inches 
5% Inch Case (Top View) 

o 

o 

5.500 

4.500 

2.500 

1.250 
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.218 Dia.(4 Holes) 
for Mounting 

�Oia (4 Holes) 

-- - -+ 

-11 
2.500 

1+--------- 5.250 ------� 

1+--------- 5. 2 50 --�----� 
1+------------ 5.750 ------II! 

* Preferred MountinQ Holes Dri l l i n g  Pl an Fig. la 202C864 

3-lnch Case (Top View) 

�O�Q ( 4 HOln) 

� 
I T I 
I 1 1. 500 

I I 1 
tfolt---- 5. 250 �t 

Dr i l l i n g P l a n  Fig. I b  410C91S 
5% Inch And 3-lnch Case (Front View) n -::;:;;;z£===;.,, 164-32 SCrewS (8- 321 

4,875 

4 1 0 C916 

14--------- 5.750 --------II! 
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Wiring D iagrams 
Watt (Var) Transducer, VP2 - (VV2 - )  
840, 1 - Phase, 2 -Wire 

2 

-

Fig. 3 

05 60 

07 sO 

09 100 

+ Output 
836A940 

Frequency Transducer, VC2 -841 

0 0 
0 

Input 

O s  

0 7 i 
9 

Output 
" + 

0 

Fig. 6 861 A564 

Power Factor Transducer, VF2 -841 , 
1 - Phase, 2-Wire 

2 

Output 
+o--t--H-<l 

o 

o 

Watt (Var) Transducer, VP2 - (VV2-)  
840, 3- Phase, 3-Wire 

3 2 

+ ou,pu'-
Fig. 4 • 836A941 

Filter, V F2 -876 

0 0 

+ - ... 
tn ut 0 I ... , 

Edernal 1 0  J I Input Load I 
(715826IA09 Only) . 

_ .J  

fillered Oulpu! + 

Fig. 7 876A547 

Power Factor Transducer, VF2-841 , 
3 - Phase, 3-Wire 

:3 2 

r--t 
6 0 

CD 
�. ! Q3 

h F  05 
f---

7 1 -. �  9 $,!!tput f--
I I  

T L!:.-

� 
-=::-

Watt (Var) Transducer, VP2 - (VV2- )  
840, 3 - Phase, 4-Wire 

o 3 2 

Fig. 5 

+ -
Output 

836A942 

Power Factor Transducer, VF2-84 1 ,  
3 - Phase, 4-Wire 

N :3 2 I 

o 

o 

Fig. 8 877A787 Fig. 9 877A788 Fig. 1 0  877A788 
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Westinghouse 

• 
Volt (Amp) Transducer, VE2- (V1 2 - )  841 , 
R M S  Values 

Input 

Output 
+ 

Speed Transducer. V R 2 -841  

+o-------------�o 
Input 

0----1�20�V�6�O�H�Z�---+�5 Supply 

0-______________ ++�9-Outpul +0---------------++0 1 1  
o 

o 
o 

o 
o 
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M otor Load Transd ucer, VW2 -84 1 , 
1 - Phase, 2 - Wire, 1 20 Volts 
1 13  120 V 
2 1 

Load 

o 
o 

o 
o 

20 
40 

o 

Fig. 1 2  8 6 1  A669 Fig.  1 3  863A 1 26 F ig.  1 4  
+ O u lput 

876A464 

Motor Load Transducer, VW2- 84 1 , 
1 - Phase, 2- Wire, 240 Volts 

191 240V 
2 1 

Load 

o 
o 

o 
o 

20 
40 
60 
sO 

tOO 

o 

L------<J 0 u I pu I o------l 

Motor Load Tra nsdu cer, VW2-84 L 
1 Phase, 2 -Wire, 480 Volts 
lilI 480V 
2 1 

Load 
L---"..-<l 0 u I pu I 

+ 

o 
o 

20 
.. 0 

M otor Load Transducer, VW2-841 
3 - Phase, 3 - Wire, 1 20 Volts 

3¢ 120V 
3 2 1 

Load 

o 

_----O O u l put + 

o 
o 

20 

Fig.  1 5  
+ 

876A458 Fig. 1 6  876A459 Fig. 1 7  876A46 5  

Motor Load Transducer, VW2 - 841 , 
3 - Phase, 3 - Wire. 240 Volts 

3i/1 240V 

3 2 1 

Load 

Fig. 1 8  

'------0+ O u l p u !  

Moto r Load Tra nsd ucer, VW2 - 84 1 , 
3- Phase. 3-Wire, 480 Volts 

3¢ 480V 

3 2 

Load 

876A460 Fig.  1 9  

o 
o 

20 

876A461 
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Temperature Transducer VT2-841 Connections , , 

TE_ l 
. .1. :l 1- :.L :L .!.LCAL 

C S _,.. -r- - - - -

1 

� 
T5 T. n Ta TI TT 

Feeder Leads 

J t [  I'!n [  L [  l� 
�/ '\. '\. "t. \. 

Exploring Coils 

0 0 

0 1  a O  ..... 
laov 60 HZ 

L2 0 3  - 0  ,.. 

L2 6 0 + 5 
DC ,cs' , "m.n� � 

0 7  e O  L 2  

L 2  -0 9  10 0 
Tes! Resistance 

I I  la 0 
0 

0 0 
-=--

J L2 

Branch Leads c� (!) Terminal connections and wiring are the same for 
A vertical or horizontal mounting . 

Fig.  20 

1 .  L-2 leads a n d  branch leads should not exceed 0.02 
ohms each. 

2. Switch contacts to exploring coi ls  must make 
before break (Switch Westinghouse Style Nu mber 
663A488G01 for 5 exploring coi ls) .  

3.  Individual L-l leads should have a resistance of 
0.3 ohms for standard i nstruments. Other resistance 

Fig. 20 

... I"". 

values are available on special  order up to 3 ohms.  
I n  either case,  the variation i n  resistance should 
not exceed ± 0.1 ohms. 

4. All L-l leads must be withi n  0.02 ohm of the s a me 
resistance, 

5.  Each resistance tolerance or limit stated will l imit  
errors from th is  sourCe to less than one percent. 

Temperature Transd u cer, VT2-841 ,  I nternal Schematic 

Fig. 20a 

West inghouse Electric Corporation 
Relay- I nstru ment D ivisio n :  Newark Plant, Newark, N.J. 071 01 
Printed in USA 

R2 

7 

Any i n crease will cause an approximately propor­
tionate error. 

6. Feeder leads must be withi n  1 o h m  of the same 
resistance. 

7 .  Control switch contacts Cal. 1 . 2,3.4,5 close in 
position as indicated. Contact A is open i n  off 
position, closed in all other positior.s. 

iii 9 

862A639 

Test 
Resistance 

I I  

862A638 
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