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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 RDT)
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 efrors
will not exceed when the trangducer is
used under reference conditions. (Fre=
qguency, power factor, and_suppressed zero
transducers are special cdses/See sub-
sequent text).

(b) Loss (Burdef): Theyapparent power
(volt-amperes)frequired byja transducer
circuit at full@utput.

(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 fram zero to 99% of full
rated value when the input is suddenly
ingreased from zero to full value. The defi-
nition is'similarly stated for partial load
changes.

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

(f) Dielectric 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: dihat
change in output, expressed as a pércent
of full output, which may ocgur at'specified
high and low temperatures.

(j) Frequency Influence: That change,in
output, expressed as a peréent.offull out-
put, which may occug, because of‘@’devia-
tion from design frequency.

(k) Power Factor Infltences Tihat change
in output, expressedi@s a percent of full
output, which maysoccumbecause of a
deviation from @nity pewer factor.

(1) Linearity: The/deviation from an ab-
solute groportionality’between input and
outputexpressed as a percent of full out-
putyvalue:

{m) "Ripple*?A measure of the rectified ac
component.ina dc output.

rms of ac
average output voltage

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

(o) 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.
(gq) 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.

%fripple=
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Single-phasggest watts =
self:contained rating
K

where K=14or 1-phase, 2-wire (1 element)
K=2 for 3-phase, 3-wire (2 element)
K=4f6r3-phase,4-wire (2% element)

(Y ScalesWatts: 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 I1).

4. Accuracy

Transducers arerated 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

Alltransducers are identical in height and
depth. All are 3-inches wide except the
single-phase var transducer which is 5%
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

Wheneverresistors are to be added in the
transducer output circuit they may be any
commercial wire-wound resistor or metal-
film resistor type rated 2 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
follow.

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 Transducer - Type VP2-840

1. Operating Principles

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

W=E| Cos @

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 1t is conducting
current (control current) and is placed in &
magnetic field, a potential differenceyis
produced across its opposite edges-“hbhe
potential difference is proportional to the
product of the control current. the'strength
of the field and the cosine of thé phase
angle between the control currentand
magnetic flux. By putting theserystahin a
magnetic structure such that an“ae,current
generates the flux, apd.an‘ac/voltage pro-
duces the control gurrenti wethave a multi-
plying device. It groduces an output pro-
portional to E1_Cosié (power). This is in
essence the Hallygenerator watt transducer,
In Figure 1. the loadycurrent |, produces a
proportional fluxathrough the crystal in the
air gap. Thefload'voltage E produces a

Source

== Tge

proportional control currentithrough the
crystal. The outpatiis proportional to the
product of the two/and,the phase angle
between them.

(c) Actually'the output of the Hall gener-
ator consists of @idc voltage proportional
to true power, (watts), plus a double fre-
suengy ag, voltage proportional to the volt-
amperes in‘the circuit. The readout device
used'with the VP2-840 transducer is
fiormally“@ permanent-magnet, moving-
cofl 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
ftltered 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

Magnet
Structure
Airgap

- /

Control Current

v v

Load
Figure 1: Hall watt transducer.

&



coil and one potential coil. It measures
watts in single-phase, two-wire circuits.
but may be used for balanced polyphase
as well. (See Figure 4).

(b) Polyphase, two current-coil (2-ele-
ment): There are two current coils and two
potential coils for the measurement of
three-phase, three-wire power. They are
also used on single-phase, three-wire, and
on certain three-phase, four-wire applica-
tions (where the potential transformers are
connected line-to-line). The outputs of the
two Hall elements are connected in series.
(See Figure 5).

(c) Polyphase, three current-coil (2% ele-
ment): This transducer has three current
and two potential coils. The two Hall ele-
ments each have two current coils with
one coil in each element being connected
in series to form the third current coil. (See
Figure 6). This transducer, theoretically, is
accurate on balanced voltages only. How-
ever, electrical power systems or equipment
will not tolerate a degree of unbalance
which would cause errors outside the ac-
curacy rating of the transducer. Therefore,
there is no practical need for a three-ele-
ment device. The error due to as much as
15% unbalance is in the order of 0.002 of
reading: negligible in any commercial
power measurement.

Maximum

Output

dc
Avérage

Minimum

Qutpud
Unity Power Factor

Maximu

QOutput

ac
Awverage

Output

Gutput
50 Percent Pawer Factor

Maximum

o} e — e — B s
/\Outpu de
0 Average

Zero Power Factor

Figure 2: Basic output of watt transducer
element (unity 50% and O power factor.)

3. Ratings

(a) Output-Input

Standard VP2-840 transducers are factory
calibrated so that they will develop an
isolated output of 50 millivolts dc into a 50
ohm load resistance with inputs:

T-element. .................. 500 watts
2-element.................. 1000 watts
2%-element.................1500 watts

The 60 Hz models may be used for 50 Hz
service with some reduction in accuracy.
(See Part ).

(b) Voltage Input

The VP2-840 transducers are designed fon
a nominal input of 120 volts. Zbey may be
operated continuously at 150 pereent ‘of
rated voltage or as low as zero Voltage f
the current is decreasedreportionately.

If an attempt were made toymaifitain rated
volt-ampere input at reddcedioltage, the
electromagnet in the Hallidevicewould
saturate. This saturation becomes appre-
ciable at 125% of ratedycurrent. Figure 7
shows the effect ofismallenvoltage devia-
tions at constant volt-ampere input.
TransducerSiare made uUp on special order
for 2404volts and, inS8ingle-phase only.
for 48Q wvoltsé In most cases. it is preferable
to use thejstock 120-volt transducers with
auxiliaty, potential transformers. Never use
resistors t@ydrop voltages to Hall trans-
dugersplnternal transformers are used to
reduce the’hominal voltages to the few
volts actually impressed on the crystals.

A resistor in series with a transformer
primary will give erroneous results. The
Watt rating of a transducer will increase
proportional to the increase in rated
voltage.

(c) Current Input

Standard transducers are rated at 5 am-
peres nominal. They may be adjusted as
described in Paragraph 7 of this section
for full output from 4 to 6.25 amperes at
400 to 625 watts per element. When
special calibrations are ordered, the trans-
ducer may be marked with some other
value of current. This should be considered
as the maximum rating, as it may be at the
threshold where any increase will cause
saturation of the electromagnet in the Hall
element with resultant large errors. The
electromagnets for the Hall elements are
made up in a number of nominal current
ratings to accommodate wattmeter currents
from 0.5 to 10.0 amperes. Thermally, the
current coils are good for 200% current
continuously and 500% for 5 seconds.

4. Readout Instruments

Analog instruments may be connected
directly to the output terminals of the watt
transducers for direct indication of power.
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Upper
Element
Qutput

Lower
7"\ Element
/ \ Output
/I

1
Combined”

Outpui

v/
\ o/
0 N

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

Instruments should be of the millivoltmeter
type, rated 50 mV and having a terminal re-
sistance of 50 ohms, There is a difference
between this kind of instrument and a 1 mA,
50 ohm milliammeter, which will have al-
most all its resistance made up of copper.
thus making it temperature sensitive in a
voltage source circuit such as the VP2-840.
A millivoltmeter has typically only about %
of its resistance in copper. Instruments for
use with the VP2-840 can be made from a
low resistance 0-1 mA milliammeter by
adding resistance in series with the moving
element. The lower the resistance of the
moving element the better the temperature
coefficient of the completed instrument as
a millivoltmeter.

When ordering a transducer and matching
instrument for use as an indicating watt-
meter it is necessary only to specify the
desired full scale marking of the instrument,
the configuration of the primary circuit (eg.
3-phase. 3-wire}, and the ratios of the cur-
rent and potential transformers. The factory
will determine the proper transducer rating.
If the transducer connections are not as
shown in Figures 4, 5 and 6, a sketch of
the circuit should be included. In selecting
a value for full scale kw, reference should
be made to the ' Table of Preferred Ratings
on pages 13 and 14 of Price List 43-200.

For a more complete discussion of instru-
ments used with transducers, see |nstruc-
tion Leaflet 43-800.3 (Modification of V-2
Transducers).

5. Signal Source

V-2 transducers may be used to supply sig-
nals to potentiometric recorders, active in-

struments, analog to digital converters, etc.

The transducers can supply a O-1 mA cur-
rent signal into 50 ohms, or they can sup -
ply a 0-50 mV signal into a high im-
pedance load of 50,000 ohms or more.
These high impedance inputs are usual for
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active instruments. They usually require
filtered signals for which a standard filter
is available expressly for use with the
VP2-840. It has a 50 ohm input resistance
and comes with an optional output adjust-
ingrheostat. See Section L, Filters (Page
27).

6. Scaling
(a) A watt transducer is usually connected
to a power circuit through current and po-
tential transformers. These establish a rela-
tionship between the primary watts of the
circuit and the secondary watts which the
transducer sees. The transducer usually
teeds into a readout device which is scaled
to match the level of primary watts.
The basic formula for scaling a wattmeter
is:
Wlszwsc X Tee X rpt
where:
W, =maximum watts on scale
W, =self-contained rating of 5 amps
120 volts transducer
W, =500 watts for single-phase 1-
element for the standard unit
W,.=1000 watts for polyphase 2-
element for the standard unit
W,.=1500 watts for polyphase 2%-
element for the standard unit
(tor 240-volt transducer multiply by 2; for
480-volt by 4)
roy=current transformer ratio
ot =potential transformer ratio
{by Consider a standard 3-phase. 3-wire
transducer rated 5 amps, 120 volts and
calibrated to 50 mV output at 1000 watts.
It is connected to a 7200 volt system
through 60:1 potential transformers and
400:5 current transformers. The product of
the transformer ratios is 4800, so the full
scale reading of a 50 mV readout instru-
ment would be 4800 kilowatts, This is an
odd scale, difficult to markand to read”"A
0-5000 kilowatt scale would be more
practical, but to achieve this, eithier the'in-
strument end scale value or the transducer
calibration must be changged.
(e) Changing instrumentiendScale value
is practical within limits. In the,example
in (b):
With standard calibration:
4800 primary KW=1000 input W
=50 mV output
5000 primary KW=1000 input W
=52.1 mV output
The sensitivity ofta 50'mV, 50 ohm instru-
ment is 1080 oRms)per volt (one ohm per
millivolt). sotit is merely necessary to add
2.1 ohms, ofiseries resistance to get the
52.14m\V end scale. The resistance change

2 i
l-l ¢l~3
!
4 i
| s
| gan -
rystal m 1l
& SV NTand
l 3 Cutput
3
| =/ 2
= L)/
‘\1}2 3 .
v v 1

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

also affects the transducer output so the
transducer load should be corrected to 50
ohms with a shunt resistor.

1 1 1 .
(ﬁ =55 " 83 R—‘IZSO). Infthis €ase the
change is negligiblé.

The practical limitis, £5 ohms.

If the instrumefitycircuityresistance is
changed., it will upset thejtemperature
compensation ferbothythe transducer and
the instrument. Forlload resistance changes
over the range of 45-55 ohms, the trans-
ducer errgfwill begwithin 0.5% for a £10°C
change from 282C. For the transducer-
instrument, combination, this is typically a
+£08%nerrorfor a £10°C change. For
these combinations, the net effect is that

an fnierease in 5 ohms of circuit resistance
will increase full-scale watts approximately
8 pereent. Decreasing the resistance 5

ohms will decrease tull scale watts approx-
imately 8 percent. Intermediate values are
proportional. The actual resistance changes
should be determined by test of the instru-
ment in combination with the transducer,
It is possible to change the instrument to
52.1 mV end-scale by demagnetization.
This should be attempted only by a quali-
fied instrument modification 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 in example (b). it would be
necessary to change the end-scale value of
the instrument to less than 50 mV. This
requires the shunting of the swamp resistor
inside the instrument. Temperature com-
pensation will be affected so the 5% limit
must be observed.

32 i 0 Re
[ 4 ;] H Re !é__ -{:T:\ H+
1 E Q; |
Y}g i2 }E_ Output
ST -
R¢
LA ! IG HEM | .
AR |
gl ihs! ; |7
yvy = ! 8

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



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

Using the example (b):

With standard calibration 4800 primary
kW =1000 input W=50 mV output. De-
sired calibration 5000 primary kW=1041
input W=50 mV output.

The standard 2-element transducer is cali-
brated 1000 watt input equals 50 mV out-
put. It must be recalibrated to 1041 watt
at 50 mV. This method of scaling leaves
the temperature compensation unimpaired
and keeps the instrument standard. Actual
calibration procedures are covered in para-
graph 7. The transducers have trimmers
which are intended for original factory
calibration. These are used also for recali-
bration, but the exact limits of adjustment
are variable. By aninternal resistance
change. the adjustment may be extended
to the limits of the transducer current coils
as histed in Part 1.

(e) Non-standard Ranges: Transducers
may be built on special order with coils for
current inputs as low as 40 mA or as high
as 10 A. These will have the full 50 mV
output with a nominal 120 volt potential.
When a transducer is to be used at less
than its rated mV output, it may be recali-
brated for maximum accuracy at the lower
value. The procedure is described in para-
graph 7 of this section.

Consideration should be given to the use of
the more expensive amplified transducers
where the instrument modification or trf@ns-
ducer calibration is impractical or_occ@=
sional. Westinghouse types VP3-840Q (0-
10 V) or VP4-840 (0-1 mA) are notlead
sensitive within broad limits. Théy‘are ad=
justable O to 110 percent. These trans=
ducers, when operated at reduced, output,
will degrade the overall ag€uragy, of the
measurements. Accuracy is expréssed as a
percent of full outputiat 1"mA output; a
*ransducer with %% accugacy will yield 2%
accuracy if opefated at 0.25ymA at full
scale on the ifdicating instrument.

(f) A variable ratigycurgént transformer
allows the use of a standard transducer and
a standard instrument with all of the scaling
done by varying the turns ratio of the trans-
former. A singledpaired transducer and in-
strumént can be used for any kilowatt load
if the instrument is marked 0-100%. 0-125%
or 0-1860@%)Percent Load. The same devices
are used with only a scale change if the
instrument is to be marked in actual load
kilowatts. There is a complete discussion
ofithis in Application Data 43-510 which
was written especially for motor load indi-
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Figure 6: Internal and£€xternal wiring of 3-phase, 4-wire watt transducer.

cators with whichghe vaniable-ratio current
transformer scheme jishalmost universally
used. If Applicatiop Data’43-510 is not
availablef’'somewhat the same transformer
data isfincluded in Descriptive Bulletin 44-
112 covering the Westinghouse Type ECI
variable-ratie current transformer. The
formulagyin Application Data 43-510 are
basedyon wWattmeter scales equal to 150
percentof full rated load. Commercial watt-
metefs are usually some other full scale
Valueldétermined by service conditions. The
application data for variable ratio trans-
formers is based on: |, the primary cur-
rent required to develop 5 amperes secon-
dary current. Therefore the basic formula is
modified to:

o= Wfs x5
Pt Wsc X Tpt
where:
'pri=rct x5

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

To get a current in phase with an available
voltage, a double primary hookup is used,

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

| W x 25

pr Wsc % Fp:

7. Recalibration

All VP2-840 watt transducers are factory
calibrated to develop an output of 50 mV
into 50 ohms at rated input watts. They
may be recalibrated within the limits of the
current coil capacity of each design. Part

Il (page 29) lists the upper and lower
limits 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, polyphase 2-current-coil
standard self-contained rating of 1000
watts would be a nominal 5 amp design
with a usable current range of 4.00 to 6.25,
single phase test watt range of 400 to 625,
and a self-contained rating range of 800
to 1250 watts. A variable calibration resis-

o
/" \
S
£2-05 2
[l >
= =10 7
H //
@
a -I5
20 40 60 80 100 120 140 160
Line Voitage

Figure 7: Voltage characteristic.
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tor and a fixed (soldered into the circuit
board) resistor on each element will allow
adjustment throughout the range.

Variable resistors may be reached by insert-
ing a screwdriver through holes in the
terminal board.

All wattmeters and watt transducers are
calibrated on single-phase with all current
coils in series aiding and all potential coils
in parallel. Polarities are chosen to produce
a positive output from each element as
current circuits are energized. Ideally, the
transducer is energized from a precision
instrument calibrator (a regulated source
of current and voltage in phase) but ade-
quate results are achieved by using com-
mercial power and a single-phase portable
instrument of .5% accuracy class. The watt-
meter current circuit is connected in series
with the current coils of the transducer and
its voltage circuit across the voltage coils
of the transducer. The load may be varied
on the test circuit in any convenient man-
ner —the nearer to unity power factor the
better. Outputis measured with a potentio-
meter as the mV drop across a 50 ohm
resistor (See Paragraph 6 of section A),

or it may be measured with a low resist-
ance (15 ohms or less) portable standard

1 mA instrument padded up to 50 ohms,
or a millivoltmeter, 0-50 mV with a sensi-
tivity of 1000 ohms per volt.

To calibrate, energize the potential coils of
the Hall elements for a 30-minute warmup.
Then, energize the potential coils one at a
time. Adjust the potentiometer trimmersto 25
mV per element for polyphase transducers.
with rated single phase test watts applied.
Single element transducers adjust to 50 mV.
Now test with both elements energized on
the polyphase transducer. The output
should be 50 mV. If not, repeat the indi-
vidual adjustment and the combined check.
The two element outputs must always be
balanced.

If there is not sufficient range in the poten-
tiometers to get rated output at the desired
test watts, it will be necessary to changé
the 3-watt fixed resistors on the edge of
the circuit board. This resistance must not
be reduced below 5 ohms. This regiStance
will change output current in inverselpro-
portion. The limitations of each design
must be observed. The coil currgft must
never be allowed to exceed thg'limits 1A
the table in Part |, if the transduger is
being calibrated for use onfreducedwolt-
ages.

8. Remote Indicators

Lead resistance S a negligible factor,
generally, when thegréadout instrument is
located near theytransducer. The lead
resistance becomegyadditional load resist-
ance and, asguch, affects calibration in

the ratio of 5 ohms equals 8% change.
This becomes more wg@rkable,as 0.6 ohms
=—1% error. If #l2 wig€were used for
hookup, the transduger andgndicator could
be 130 feet apartdor =% error. Error due
to as much as B ohms,lead resistance can
be calibrated out gf the'system, so actually
the two comjponentsi€an be hundreds of
feet apart. Forthese conditions. the lead
resistanceéyshould be specified on the order,
or a field recaklibration should be perform-
ed. Theredwill be an added infiuence of up
to 9%,for a 20°C change in temperature of
the leads. Where the determination of lead
resistance or field recalibration is likely to
bé a problem, 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 quantitative measurements,
it is sometimes desirable to add (totalize)
or subtract (differentiate) them. This is
most common with watt or current trans-
ducers to obtain gross outputs, or with
speed transducers to determine slip or
stretch. The techniques are generally ap-
plicable wherever transducer outputs are
linear with respect to a quantitative input.
In totalization for inputs to high impedance
devices such as potentiometric recorders,
the transducer outputs are converted to

« < =
E E E
B % ¢ + = *
| A 2 [Co—rn—o 2 Le—A—E 2
3p—/—Qa 3p—NQ4 3 4
50 o6 5 B8 6 5 M- 6
70 O% 7 8 t 4— 7(&—%—({8
1
9
90 ofle} 90 o]l < ~O-—/N—QI0
A + ¢—
1 ng} [@]V: 1 Ho 2 HQ Qrz
v ‘L v v l l
+ - + - + -
Output Output Output

Figure'8:“M=phase, 2-wire single-phase test
cofAnections.

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

Figure 10: 3-phase, 4-wire single-phase
test connections.



millivolts and then filtered. These outputs
are then connected additively or subtrac-
tively, as required.

Filter unit (see Section L, Partl) style
number 715B261A09 or 7156B261A10 may
be used if the transducers are connected to
identical current or current and potential
transformers. If, however, the transformer
ratios are different it will be necessary to
use style number 716B261A11. This filter
unit has a 0-100% voltage adjustment.
These transducers must be scaled so

that the ratio of units output to units pri-
mary input remains a constant.

For example, on a 14.4 kV system we are to
totalize kilowatts on three transducers 3-
phase, 3-wire, 5-amp, 120-volt calibrated
1000 watts input equals 50 mV output into
50 ohms. The transducers share the 120:1
potential transformers but use 600:5, 400:5
and 200:5 current transformers respectively
(See Figure 12). We must use the Style
Number 715B8261A11 filter and adjust the
output potentiometers so that with 1000
watts input the 600:5 unit will have its
normal 50 mV output. The 400:5 will have

%g x50 or 33.3 mV and the 200:5 will have

200
606 x 50 or 16.7 mV. The full scale output

will be 50 + 33.3 + 16.7 or 100 mV. The
signal must be fed to a device with 50,000
ohm or more impedance.

It is customary to work up totalization
problems using a scale constant (K,)gal-
culated from the sum of the values to bée
totalized, divided by the full scale millivolts
of the indicating device. The sum mdy. be
modified to round off the total to'afstands
ard dial marking value. It may be redueed
if there is a load factor less thaf 1, orit
may be increased if there is an overload
capability. To take the exampletin,the
preceding paragraph:

Total current 600 4400 +200=1200 amps

Normal fs for wattmeteryl 200°5 ct and
120:1 pt = 30MMW (Seewattmeter selec-
tor table pagé 14, Rrice List 43-200).

Instrument end"scale 100 mV (shouldbe a
standard value for thetype of instrument
used).

30 MW
Scale constant KS:W

The MW rating of the circuits will be pro-
partignalito the current transformer ratios.
600%amp circuit=15 MW

: circuit ratin
adjusttransducer output to: —-= T<_§
&3

=.3 MW/mV

-15_50 Vv
__3_ m
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3 Watt Resistors
A" Polyphase Resistors

3 Watt Resistors
B’ Single Phase Resistors

Figure 11: VP2-840 watt transducer calibration resistors.

400 amp circuit=10MW

. 10
adjust transducer outputito: _3.=33_3 mV
200 amp circuit=5 MW/

5
adjust transducer output to -§=1 6.7 mV.

Were the totalized®ful| scale value chosen
as 256 MW or 40 MW the K4 would change,
but the individual€ircuit ratings would
changedproportionately so the end result
in terms of MV output adjustment would
remain theame. They will change only if
the m\. forthe full scale totalized value
changesiylhelimiting factor is the maxi-
mém 50 mW»output of the individual trans-
ducefs.Inythe example given, the full scale
of totalized millivolts could notbe 200 as
the,transducers cannot develop 100 mV or

66 mV. 100 mV totalized is the maximum
in the example.

Where it is desired to totalize into an indi-
cating instrument the filters need not be
used. With identical watt transducers fed
from identical transformers it is necessary
only to connect the outputs additively (or
subtractively). The resistance of the mea-
suring circuit must be the rated load resis-
tances of the transducers times the number
of transducers. The full scale value of the
instrument is the sum of the individual full
scale outputs. Note that the individual
systems to be totalized must be identical.

The watt and var transducers are direction
sensitive so itis possible to use this
totalizing scheme where power flows
change direction to determine net flows in

14.4kv
3g4w

vevwy

A L 600:5 L 400:5 L 200:5
AAAAA Ct Ct Ct
AY 2R 4 cyY
* ? ll
ehee o 'YY Y} ' YXY)
Transducers —» .o

Filters —» o

+ @

. J

'Y ) + - Y Y
b [
Jpm—
| |

Totalized Output

Figure 12: 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=16.7 mV for a totalized full scale output of 100 mV into a high

impedance load.
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either or both directions. For bi-directional
reading. a zero-center instrument is used.

Where minimum cost is not an overriding
factor it is preferable in totalization schemes
to use the amplified constant current trans-
ducers such as types VP4-840 and VV4-
840. These are not load sensitive, so a
standard instrument can always be used
and scaling is simply a matter of calibration
adjustment to proportion output mA to
transformer ratios. There are two adjust-
ment ranges. £10% and 0-110% of rated
output.

10. Specifications and Technical
Data
See page 29. Part Il.

11. External Connections
See page 38, Part Il

12. Dimensions
See page 37, Part Ill.

Further Information
Basic Information:
Instruction Leaflet 43-840.2,
Application Data 43-840
VP2-840 Watt Transducer:
Instruction Leaflet 43-840.3
VV2-840 Var Transducer:
Instruction Leaflet 43-840.5
Modifications:
Instruction Leaflet 43-800.3
Prices:
Price List 43-861
Description:
Descriptive Bulletin 43-861

Section C

Var Transducer - Type VV2-840

1. General Information

Watts, or true power, as measured by the
VP2-840 watt transducer are the product of
in-phase voltage and current: Vars, or re-
active power, are the product of voltage
and that portion of the current which is
90° out of phase with the voltage. Con-
ventionally, this phase shift is accomplished
with a separate polyphase phase-shifting
transformer or single-phase reactor. Type
VV2-840 transducers, however, have in-
ternal phase shifting circuitry. Otherwise,
they are the same as VP2-840 watt transs
ducers.

With the exception of calibration and scal-
ing information, the material in SectionyB8
applies to type VV2-840 var transducets,as
well as to the watt transducers.

2. Scaling

Most varmeters are installed in cembination
with wattmeters using compiomcurrent and
potential transformers. Thig negessitates
the current coils of theipassogiated trans-
ducers being in series.

(a) Standard Scales: Afwatt indication is
usually left-zer@,andi@fvar indication center-
zero, with the endsscalelvalues of the var-
meter being one-halfjef the end-scale of
the wattmetef (eg90-1000 watts and 500-
0-500 vars).\Ogeasiofially there is a re-
quiremendsfer offset’zero (eg. 200-0-800
vars). Any of these is practical so long as
thé full-scale (Sum of both end-scale
valués) ofthe'varmeter and wattmeter are
idénticaljihe output of a VV2-840 trans-
dUeer is direction sensitive in that a reversal
of power flow will reverse the polarity of
theyoutput. Therefore. where a 50 mV, 50

Q0

ohm instrument is used, as agleft-zero watt-
meter indicator, a26-0-256 mV or 10-0-40
mV instrument i$'usediwith the center-zero
and offset-zeroindicators in the above
examples. EaGh of'theSe is a mechanical
modification of'@gs0 mV instrument, so the
load resistamce reprains 50 ohms.

(b) NemsStandard Scales: When a var-
meteris reqUired with a full-scale value (the
sum ofythe two end-scales) different from
tivénfull-seale value of the wattmeter, there
willfbesproblems. A varmeter 1000-0-1000
toloperate with a 0-1000 wattmeter will
requife a 50-0-50 mV instrument with 50
ohms total resistance. This is a possible
modification on a 50 mV, 50 ohm millivolt-
meter, or on a low resistance milliammeter
1-0-1 mA. When the requirement is for a
lower rated varmeter, however, the trans-
ducer capabilities will govern. With a O-
500, a 250-0-250 or a 100-0-400 scale
requirement on a varmeter to be used with
a 0-1000 scale wattmeter, the indicator
will have to be a 0-25 mV basic instru-
ment. The var transducer will have half the
output of the watt transducer. A 0-25 mV
temperature compensated instrument with
50 ohms terminal resistance is not avail-
ablein many instrument {ines. The job can
be done with a 500 uA microammeter ad-
justed to 50 ohms (see Section A. Paragraph
©) terminal resistance but, temperature com-
pensation will be bad. Of course, watt and
var meters may readily be scaled within

the range of the self-contained ratings of
the transducers as listed in Part Il. Forex-
ample, if a 2%-element wattmeter has a
nominal 5 amp rating, it has a self-con-
tained rating capability of 1252 to 2087

l"l*-
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Figure 13: internal and external wiring of single-phase var transducer.
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Figure 14: Internal and external wiring of 3-phase, 3-wire var transducer.

watts or vars. The 5 amp standard trans-
ducers can be calibrated for 2080 watts
and 653-0-653 vars. The same comments
as above apply if the transducer is to be
used without an indicating instrument. In
such cases the scale in the examples is 50
mV=1000.

(c) Recalibration: The procedure for cali-
bration of var transducers is considerably
more complex than that for watt trans-
ducers. General considerations are the
same but because the transducer was de-
signed with a phase-shift circuit, this circuit
must be made ineffective to accommpadate
calibrating equipment common to watt
transducers. In effect, the var transduger is
made to act hke a watt transducer afAd\then
calibrated as a watt transducer.

N 3 2 1

43 4
L m + - | 2
Re A > &A@
i 2% T iy
3 4
g W3 /e
Qutput
2 53 6 +
B s -B—ANN~@ o=
Current
R ;—7
I 8
7 X /@ LY
| 2 9 10
o7 o (o]
ds
i i2
[ ®
Single-element, single-phase 120 volt trans-
ducers are calibrated byafirst unsoldering RL
the black lead 6f thelpotential transformer
going to the resistor cards. Connect the + -
transducer per Figure'1 8A, and energize mV Cutput

voltage circuit for at least 30 minutes prior
to calibration. Calibrate full-scale watts at
appteximately unity power factor by ad-
justmenit,of rheostat. Then resolder black
lea@lef potential transformer. Do notre-
adjust rheostat. The reactive compensator
of the transducer is adjusted by connecting
the transducer per Figure 18B. Apply 100
volts at rated frequency to terminals 1 and
2 4Adjust resistor cards until the voltages
per Figure 18B are obtained. (Use volt-
meter with a resistance of 1 megohm or
more).

EN R T,
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Figure 15: Internal and external wiring of 3-phase, 4-wire var transducer.

Figure 16: 3-phase, 3-wire single-phase
test connections.
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Figure 17: 3-phase, 4-wire single-phase
test connections.
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Figure 18: 1-phase, 2-wire singte-phase test connections.

2-element three-phase three-wire trans-
ducers are calibrated by connecting them
asshown in Figure 16 to a source of
single-phase voltage and current at unity
power factor. Disconnect the current from
terminals 7 and 8 and adjust the current to
given the required single-phase, opposed-
potential calibration watts. Adjust the rheo-
stat between terminals 5 and 6 to get one-
helf of the desired full-scale millivolt out- sc&e
put. Reconnect the current to terminals 7 cur n
and 8. Again adjust the current to get the and reversgythem again, so that the test
required single-phase opposed-potential tions are exactiy as shown in Fig-
calibration watts, Adjust the rheostat be- 17 Reapply the specified single-phase
tween terminals 9 and 10 to get full-scale o d-potential calibration watts to the
millivolt output. trdnsducer and adjust the rheostat between
2% element three-phase — Remove the tefminals 9 and 10 to give full-scale milli-
screws between the terminal blocks, It output. Without changing any adjust-
slide off the cover. Disconnect the y ments, reverse the yellow and purple leads
i ireui so that the yellow lead goes to point #13
tion point ¥ 13 (identified o and the purple lead goes to ooint #15.
self) and the purple lead Replece the cover.
circuit board connection

to give one-half the full-
tput. Now disconnect the




Section D

Current Transducer — Type Vi2-841

1. Operating Principle

The VI2-841 transducer converts an ac
current input to a proportional dc current
of low magnitude. It consists of a current
transformer with a loading resistor feeding
through a calibrating rhesotat to a full-wave
rectifier. There is an R-C network in the
circuit for waveform error compensation to
compensate for errors due to moderate
waveform distortion. (This compensation
method is known as 120° commutation).

2. Waveform Compensation

The perfect sine wave alternating current
has the relationship shown in Figure 20.
Electrical power measurements are made in
terms of the rms values which yield true
power or “‘heating effect” of a current.
These values are measured directly by the
dynamometer or iron-vane mechanisms
used in conventional ac instruments. The
rectifier type instruments used in test sets
and in lower-cost switchboard instruments
respond to the average values only. In
effect, the measured values on this class of
instrument are increased by a factor of 1.11
in marking up dials. Thus, rectifier instru-
ments read rms values only when used on
perfect sine waves,

On power systems a pure sine wave is
rare. Close to the source, the voltage wave
tends to be clean but the current wave is
distorted. The opposite is true of the“far,
end of a system, generally. Distortions,of
waveform are caused by harmonics gener-
ated in equipment, partial wavelutilization
of controlled firing rectifiers, capagitors,
etc. They tend to be smoothedgaut DY
delta-wye transformations and by the filter-
ing effect of lines and certaintequipment.
But, all told, waveform isqumeertain’ usually
bad, and makes for question@ble measure-
ments using rectifigd measuring devices.
Typical current and voltageitransducers are
such devices.

In the type ¥12-841 transducer, an approxi-
mate rms compgrsating network has been

added to make tha transducer reasonably
close to rms responding, regardless of tha
waveform aberrations commonly folind on
ac power systems.
ANSI C39.1 uses a variable third-harmonic
content as a reference standard for per-
formance of instruments on non-sinusoidat
waveforms. It uses:

rms of harmoni¢

% Harmonic Content=
rms of fundamental

to define the waveform.

The harmonic content of industrial pawer
circuits is a wide variable. 5-10%0is not
uncommon. There are local circuits'which
run into the 20% area ‘and Beyond.

Plotted in Figure 21lis a cutve of the error
of average sensing deviges such as rectified
transducers or rectifier insttugents, and the
curve for the approximate rms compensated
type VI2-841 current transducer.

3. Ratings

Standard VI2-841transducers are rated 5
ampdnput. There are models for 60 Hz and
400 Hzyplbe 60 Hz unit may be used on
50"Hz. Thepoutputis 1 mA linear, into
10,0000 1% 0hms load resistance. The
olitput is igolated from the measured cir-
cuit/through an input transformer,

4. 'Readout Instrument

The transducer should be connected to a
14mA instrument through enough resistance
to make the total circuit resistance 10,000
ohms. A voltmeter rated 0-10 volts with a
sensitivity of 1000 ohms per volt is satis-
factory if the terminal resistance is 10,000
ohms £100 ohms. This is not always the
case because inaccuracies in voltmeter
resistors are compensated by demagnetiza-
tion rather than an exacttrimming of re-
sistors. The transducer can drive a direct-
acting recorder,

5. Signal Source

When used as an input to an A/D converter
or an active type instrument requiring a

O 9

3

Figure 19: Single range current transducer.
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Figure 20: Ac waveform characteristics.

millivolt signal, the transducer output cir-
cuit must be loaded with two resistors. One
resistor will provide the drop (e.g.. 50 ohms
for 50 mV and the second will provide the
padding to the required 10,000 ohm load
(See Section A, Paragraph 6). Any voltage
up to 10 volts is available so long as the
transducer terminals see 10.000 ohms.

6. Scaling

Indicating instruments are usually selected
with end-scale values equal to the current
transformer primary rating. Ratios may be
changed by changing the instrument rating.
For example, if a 2.5 amp full scale is re-
quired on a readout instrument, a 0-500
uA range is used rather than the standard
0-1 mA.

7. Recalibration

There is a £1% trimming rheostat locatad
under the hole adjacent to terminal % 7.
This is intended for use in calibrating
transducer-instrument combinations to the
accuracy of the instrument alone. To
change the input current rating requires a
change in transformer. The same result,
with some sacrifice in accuracy is achieved
as indicated in Paragraph 6 on scaling.

8. Remote Indicators

The indicating instrument may be at a
great distance from the transducer. Of the
10.000 ohms of load resistance, at least
3000 ohms can safely be in leads without
too great a temperature error. This woulc
allow any conceivable length of the typical
hook-up leads. When the lead resistance
exceeds 100 ohms, the resistor in the out-
put terminal must be reduced a correspond--
ing amount. 100 ohms will allow severzl
miles of lead wire of the sizes typical to
commercial installations,
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9. Totalization

Where the outputs of V12-841 transducers
are to be totalized into a high impedance
device such as a potentiometeric recorder
or A/D converter it is necessary to convert
output to a filtered voltage signal. Each
transducer requires a filter and a load
resistor.

Filter unit Style Number 71582861A09

has provision for a load resistor on the
terminal board. If current transformers are
are identical a 10,000 olym resistor is used
(see Section A, Paragraph 6), making the
output 10 volts. The outputs are then con-
nected additively to an instrument having,a
high impedance input with a full scale
equal to the algebraic sum of the trans-
ducer outputs.

Where the current transformers are not
identical the load resistors must beysplit ta
proportion output in accordance with
transformer ratios.

If, for example., it is necessary te,addioutputs
from transducers connected(to 500.5,
400:5 and 200:5 current transfermers the
load resistor on the firstwould bef10,000
ohms for 10 volts @utput/(see Section A,
Paragraph 6). The'second resistor would be
split 6667 and 3833 Wwith the output across
the 6667 ohm resister. The 200:5 unit
would use thessame resistors but the
output would'be /actess the 3333 ohm
resistor. (See'Figure/22).

Where af’indicating instrument only is to
bewsed'and current transformers are iden-
tical, ¢he tramsducer outputs may be con-

nected in parallel. Each tramsducer must be
loaded with 10,000 ohms ingSeries with its
output terminals dnd, thelsSumming instru-
ment (See Figure 23):4khe iAdicating in-
strument will be agmilliammeter with a full
scale value equal'toghepalgebraic sum of
the transducer outputs,

If the current transformers are not 1dentical
the simplest solutian lies in the use of
auxiliary current transformers, connecting
their gUitputs inparallel to a single trans-
ducer: . The auxiliary current transformer
ratio should be proportioned so that the
totalleutput from all circuits is 5 amperes.
Angthersolution is to use voltage addition
as(for a high impedance voltage input and
feed“this into a constant current amplifier.
Sugeh are available from several sources.

10. Specifications and Technical
Data
See page 30, Part Il.

11. External Connections
See Page 39, Part Ill.

12. Dimensions
See page 37, Part Il.

Further Information
Vi2-841 Current Transducer:

Instruction Leaflet 43-841.4.
Modifications:

Instruction Leaflet 43-800.3.
Prices: Price List 43-860
Description:

Descriptive Bulletin 43-861.
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Figure 21: Comparative performance of rms-compensated and umcompensated rectifier

type ac transducers when reading rms values.
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715B261A09. Resistors a, b, and e mount between terminals 5 and 7 of the filt Resistors ¢ and d

mount between 11 or 9 and 7 of the transducers.
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Figure 23: Totalizing thre uits with identical current transformers into an

indicating instrument.
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Section E
Voltage Transducer — Type VE2-841

o))

3
Figure 24: Single range voltage transducer.

1. General
The VE2-841 voltage transducer is exact
the same as the Vi2-841 current transduce
except for the input transformer an
omission of the transformer loading
All comments in Section D also
the type VE2-841.
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Section F

Suppressed-Zero Voltage Transducer-Type VE2-841

1. Operating Principle

The suppressed voltage transducer employs
the same basic operating principle as the
tegular voltage transducer with the addition
of a Zener regulating circuit which permits
1ne device to put out a positive signal only
above a design threshold.

2. Ratings

The output is 500 uA into 280 ohms £10%
non-isolated. The standard range is 110-
130 volts. There is a dc and an ac model.
The outputis non-linear. The ac model is
used from 25 to 1000 Hz.

3. Readout Instrument

A standard 0-500 uA microammeier must
be specially calibrated in combination with
1he transducer.

4, Signal Source

The suppressed zero transcucer 1s generally
not suitable for use with computers and
control devices unless the non-linezrity of
ihe output can be accommodated in the
receiving equipment.

5. Scaling

No modifications can be made in the input-
10-output relationship without a sgecial
design. Instrument scales are always the
product of the standard 110-130 and the
potential transformer ratio.

6. Recalibration

This transducer is intended for instrument

use only since its output is non-linearand
scele distribution should be determined fan
each transducer.

If the instrument resistance is lower than
the 280 ohms specified, the transducer
output can be padded upVithe addition
of a series resistor equal to the rfated load
tesistance minus tHelnstrument/resistance.
This series resist@p can‘be, mounted between
1erminals 5 andg11 (sge Section A, Paragraph
8). The lead griginally going to terminal 11
should be connegted togerminal 6. The
nameplate load resistance rating shou!d be
changed accordingly®The instrument is
connected to terminals =9 and +11. With-
out recalibration, the 110-130 volt trans-
ducersinstrument combination accurzcy

§ e
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Figure 25: Ac suppressed voltage transducer.

equals the transducer’s ac@uracy®{ &% of
center value) plus 1/63the instrument’s
accuracy; e.g.. transducemplus 2% 20/20
instrument gives overall accufacy of 1/3 +
1/6x2%=2/3 of centemualue.

If the instrumenlt resistance is within the
output load limits ftheltransducer can be
recalibrated as follows:

1. Theinsttdment must be supplied with
its mominal dc full scale sensitivity cali-
bratedyto within its accuracy class rating.

2. s€enneegt,transducer-instrument combi-
nation‘per nameplate.

3. Calibrate left end-scale by adjusting
rheostat through hole adjacent to terminal
9 and right end-scale by adjusting rheostat
through hole adjacent to terminal 1. Check
left end-scale and repeat if necessary.

4, Determine scale distribution and mark
instrument scale accordingly.

5. Change nameplate accordingly and
serialize instrument-transducer.

AM A

Input

7. Remote Indicators

The indicator may be remotely located pro-
vided the combined resistance of leads and
instrument is held at 280 ohms £10%.
This will allow up to well over a thousand
teet using #12 or #16 hookup wire.

8. Specifications and Technical Data
See page 5. Part Il.

9. External Connections
See page 39. Part Ill.

10. Dimensions
See page 37. Part Ill.

Further Information
VE2-841 Voltage Transducer:

Instruction Leaflet 43-841.4
Moaodifications:

Instruction Leaflet 43-800.3
Prices:

Price List 43-860
Description:

Descriptive Bulletin 43-8#1

1=

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 linear
dc output on each side of a null point
within the frequency span of the device.
This makes the transducer essentially fail-
safe when used with an indicating instru-
ment. The schematic diagram for the Type
VC2-841 transducer is shown in Figure 27.
An input voltage of 120 volts ac is applied
between terminals one and three. Resistor
R1 limits the input voltage which is then
clipped by the Zener-diode bridge network
(D1. D2, D3, D4, Z1) producing a near
square wave of constant amplitude voltage
at this point. Resistors RS and diode D8
are used to balance the loading of the
Zener circuit. On one half-cycle of the sig-
nal, capacitor C1 discharges through diode
D6 and R2 (the output load calibrating
resistor) against the zener voltage.

The combination of diode D7, capacitor C3,
and resistor R3-R8 produce a nulling cur-
rent at the junction of diode D6 and resis-
tor R2 which balances the circuit to pro-
vide zero output at the point 30% of the
frequency span up scale from the lowest
frequency of the span.

The integrated discharge current of capaci-
tor C1 changes with input frequency (i=

2 fce), causing a proportional change in
the output. Capacitor C2 is used to filter
out part of the ac ripple in the output. The
transducer is calibrated for specific load
resistances (see page 31. Part Il).

The transducer produces an output which
is load sensitive beyond a 10% variation
from the calibrated load.

2. Ratings

(a) Standard Frequency Ranges are:
59-61. 58-62, 55-65, 50-70, 48-52, 45-
55, 45-65, 390-410, 380-420, 350-450
and 20-30 Hz.

(b) Inputs
120 volt nominal is standard; 240 voltis
available.

(c) Output

There is a point where the output of the
transducer is zero. This point is offset from
the nominal frequency in order to preveat
indication of nominal frequency when
there is no input voltage. Standard trans-
ducers have the null point at 30% gfathe
frequency span upscale from the lowifre-
quency end of the span. The outputris
linear within its range and is 50 uA"per Hz
for 50 or 60 Hz center frequengies and'§
UA per Hz for 400 Hz center frequency.
There is positive dc output forffrequencies
above the null point and negativeldc out-
put for frequencies below the null point
(see page 31, Partdll). On special order
zero output can Be set at the lowest fre-
quency of the gpantamd the full output at
the highest frequency ‘afithe span. Output
will be the arithmetig,sum of the end-
scale values @s shewn'in Part Il. (e.g.. for
55-65 Hz ranged theloutput would be
0-500 uA),

The output is ot isolated from the input.
Input terminal /¥ 3 is internally connected
to eutput terminal ¥ 9. If isolation is re-
quired, asmall 1:1 transformer should be
used,at the input. If the source has one
side grounded, this grounded side should

| R 4
i
o7 A osYL
D2
Input
DI
L
+ R9
Output » +

Figuge 273 Frequency transducer schematic.

preferably be connected taythe input termi-
nal #¥3.

3. Readout Instruments

The standardytransducer uses a microam-
meter with zerajat 30% of span upscale. A
green madrk,at this'point serves as a zero
referenee. CantinUous indication at this
green linelindicates an inoperative instru-
ment.\The end-scale values vary with trans-
duecer frequency range. These values are
Jistedyin Specifications in Part I, page 31,
offthis application data. Instruments should
besefialized with their matching trans-
ducers.

4, Signal Source

Where millivolt signals are required for in-
put to active instruments, control systems,
etc., the transducer may be resistance load-
ed with two resistors in series. The first
should give the desired mV drop at the
full-scale output of the transducer. The
modified transducer with zero at the low
end of span is often used for this applica-
tion; e.g.. with a 55-65 Hz transducer the
output is 0-500 uA into 280 ohms. Fora
0-50 mV signal there should be a 100 ohm
dropping resistor with a 180 ohm padding
resistor across the transducer terminals.

The output is dc with ac ripple of the same
frequency as the input signal and ripple
magnitude of approximately 20% peak-to-
peak of full scale output. This ac ripple
introduces no error and is not objection-
able when applied to conventional indi-
cating instruments. Where the output level
of the transducer is insufficient, it may be
fed through an amplifier to get a suitably
high signal level. In this case, a filter should
be used on the output before amplification.
Filter modules, Type VF2-876, may be
added when minimum output ripple with
millivolt output is required. Filter modules
may only be used with loads of 50,000
ohms or greater.

5. Scaling

Instruments are scaled to match the trans-
ducer span. This span may be changed
with changes to the circuit boards. See
Instruction Leaflet 43-800.3.

6. Recalibration

The transducer is supplied calibrated ac-
cording to information shown on the name-
plate. [f the transducer is used with a load
other than for which it was calibrated, the
calibration will be affected. Standard trans-
ducers have zero output at 30% of span
upscale.



Minor calibration on certarn wide-span
transducers is accomplished by first setting
the null frequency value by adjustment of the
rheostat reached through the hole adjacent
to terminal 11. End-scale values are then
calibrated by adjustment of the rheostat
reached through the hole adjacent to
terminal 7. Narrow-span transducers (i.e.,
58-62 and 59-61 Hz) use calibrated resis-
tor spool for end-scale calibration and a
rheostat for null frequency calibration.

7. Remote Indicators

The tolerance on load resistance is £10%.
The leads between the transd ucer and
readout instrument can be several thousand
feetlong without exceeding the tolerance.
Adjustment to compensate for lead resist-
ance may be made by recalibration on the
job, as in paragraph 6.

8. Specifications and Technical Data
See page 31, Part Il

9. External Connections
See page 38, Part ill.

10. Dimensions
See page 37, Part I,

Further Information
Type VC2-841 Frequency Transducer:
Instruction Leaflet 43-841.3.

Modifications:

Instruction Leaflet 43-800.3.
Prices:

Price List 43-860.
Description:

Descriptive Bulletin 43-861.
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Power Factor Transducer — Type V.F2-841

1. Operating Principle

The VF2-841 power factor transducer pro-
vides a dc output proportional to the
phase-angle between current and voltage
on a balanced ac power system. The trans-
ducer operates on the *‘zero-crossing’ prin-
ciple in which the outputis proportional to
the time elapsed between the instant that
the voltage passes through zero and the
current passes through zero.

There is no real agreement on a defiftition
of power factor in power measurements.
One definition is that power faétor is the
cosine of the phase-angle betweemcurrent
and voltage. A “'zero-crgssing’’ devicécan
make a single-phase méasuremention a
perfect sine wave within, thigydefinition. A
second definition is that powerfactor is
the relationship of try@ povier4o reactive
kw
kva’
gardless of wavefoumibut measurements
under thissdefinition require complex in-
strumentation) Thetwo definitions coin-
cide ofly fogsingle-phase measurements
with perfect sine waves,

power; i.e., This ‘definition holds re-

A polyphaselpower factor measurement in-
volves thiee voltages and three currents
whichiare ltKely to vary in magnitude, in
phase-angle. and in waveform. The mea-
surément is made theoretically correct only
bymeasuring watts and volt-amperes and
adding them vectorially. Figure 28 shows
am‘exaggerated polyphase vectorial addi-

. . AC
tion. The polyphase power factor is AB

Obviously, a transducer sensing one volt-
age and one current cannot make an equi-
valent measurement.

A polyphase power factor meter or trans-
ducer, therefore, measures only approximate

power facter. IA8the case of the VF2-841
transdaeeys. the measurement is made
using a gurtent in one phase and the volt-
age ‘across the other two phases. The
measurement is correct only for perfectly
balanged conditions and perfect wave-
form. Anaccurate as it is, it is the only type
measurement which can be made by a
Single, direct-reading. passive instrument.
It's, therefore, a common measurement.

The internal schematics for the Type VF2-
841 transducer are shown in Figure 29 and
Figure 30 for 3-phase and single-phase
models respectively. The proper voltage
(see page 32, Part ll) is applied between
terminals 5 and 7. The resistor R1 limits
this input voltage which is then stepped
down by transformer T1. Resistor R2 limits
the current output of transformer T1 and
provides phase compensation. Zener diodes
D1 and D2 clip the secondary voltage of
transformer T1, producing a near square
wave of constant amplitude voltage at this
point. This voltage triggers transistors Q1
and Q2, which are connected in a modula-
tor configuration. A 2-5 amp ac current is
applied to terminals 1 and 3 and to trans-
former T2. The voltage from this current
transformer secondary is clipped by Zener
diodes D3 and D4 and switched to resis-
tors RS and R6 by transistors (1 and Q2.
These transistors are operated only in a
switching mode and require no zero bal-
ancing. The voltage and current applied to
the transducer are shifted 90° externally in
the 3-phase systems by cross-phasing and
in single-phase systems by an internal
phase-shifter network. There is zero dc
output at unity power factor since the
voltages across R5 and R6 are equal and
opposite. There is no output when the in-
put currentis off. The transducer output

B
‘,..o'%
L] |Phase3
/fv/
« =
s WA |
@ /(/ l
4
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e '
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ase 1 M
A e e Ic
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Figure 28: Vectorial determination of 3-phase power factor.
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for leading power factor values between
unity and zero is positive. Conversely, the
output is negative for lagging power factor
values between unity and zero.

2. Types and Ratings

The single-phase transducer is rated 5 amp,
120 volt nominal. The polyphase is rated

5 amp, 120 volt for 3-phase 3 wire and
208 volt for 3-phase 4-wire.

In each case, the outputis 0.5-0-0.5 mA
into a load resistance of 110 ohms maxi-
mum. These values correspond to 0.5 lag
-1.0-0.5 lead power factor.

The output is linear with respect to phase
angle.

The accuracy of the VF2-841 is 1% of
phase angle above 40% of rated current
and rated voltage and 2% of phase angle
for 20 to 40% of rated current and rated
voltage (60 Hertz sine wave input only).
Inasmuch as the power factoris propor-
tional to the cosine of the phase angle, the
accuracy of the transducer in terms of
power factor is a broad variable. The trans-
ducer is calibrated for load resistance of
110 ohms. If itis used with a different load
resistance, calibration will be affected.

The VF2-841 transducer was designed
specifically for use with the Westinghouse
20720 line of panel instruments. However,
it can be used with pivot-and-jewel instru-
ments and taut-band instruments as long
as the instrument’s terminal resistance is
within the load resistance range of the
transducer (see page 32, Part Il). Without
recalibration, the transducer-instrument
combination accuracy equals the trans-
ducer accuracy plus the instrument ac-
curacy in terms of percent of scale length.
The transducer and 20/20 panel instrumept
can be ordered together as a serialized

pair (instrument and transducer are speci-
fically calibrated together). This combinas
tion provides an economical yet acqurate
(2% of scale length) power factor indica-
tion. The VF2-841 is for usé on balanced
systems only. The outputff thespower
factor transducer for unbalangeéd conditions
is not accurate, but measuréd power factor
under unbalanced conditions igygssentially
meaningless, as pointed out in paragraph

1 of this section.

3. Readout Instruments

Any zero-center milliammeter vvith a termi-
nal resistance‘lessythan 110 ohms is satis-
factory. Theyscale may be marked linearly
in phase-angle®but more often is drawn as
a cosine scale and marked in power factor.
Modificatiom ¢an be made for terminal re-
sistancesifrom 110 ohms up to 5000 ohms.

Rl

Figure 29: 3-phase power factor transducer.

4, Signal Source

The VF2-841 may be used as an idputyto
active instruments, amplifiers, computers
and the like if they can accommodate the
Cosine g scale. Such devices usuallylre-
quire a millivolt signal. For a 5@:0-50 mV/
output, the transducer should be‘leaded
with a 100 ohm resistor. Thé"outputiof the
VF2-841 is dc with an ac [fipple ofytwice
the input frequency@ndyripple magnitude
of approximately 20% peak-to-peak of full
scale output. If filteringfis necessary, the
VF2-841 power-factoer transducer should
be used with a VIE2-876filter unit which
has a load resistor.“The base dimensions of
the transducgér arepsuch’ that the VF2-841
and other typesfof V2 transducers and filter
units cangbe gangsmounted horizontally or
vertically on either standard racks or on
conventional gontrol panels. There is no
interagtionibetween gang-mounted trans-
ducers.

5. Sealing

The transducer is designed for an output of
1, milliamp for a phase-angle change of
120° or 8.33 uA per degree. Standard
transducer output is £0.5 mA for 0.5 lag —
1.0 - 0.5 lead power factor or minus and

R! c2 R9

T

plus 60° phase shift. Maximum obtainable
output is for minus and plus 78.5° phase
shift or 0.2 lag — 1.0~ 0.2 lead power
factor (£0.65 mA). The transducer can be
recalibrated.

6. Recalibration

Minor calibration adjustment is accom-
plished by first adjusting for zero output at
unity power factor by adjustment of the
rheostat reached through the hoie adjacent
to terminal 7 in the terminal board. End-
scale leading and lagging values are then
calibrated by adjusting the rheostat reached
through the hole adjacent to terminal 11.

If the desired output resistance is greater
than 110 ohms but less than 5000 ohms,
the transducer can be recalibrated. Resistor
R7 (see Figures 29. 30 and 31) must be
replaced with a resistor (%2 watt =100
P/M temperature coefficient or better) equal
to 7500 ohms minus the instrument termi-
nal resistance. Connect the transducer-in-
strument per nameplate information and
external connections as shown in Part I1f,
page 38. Energize the transducer at rated
voltage and two-thirds rated current and
calibrate as previously stated for 100% and
end-scale power factor values.

—t®
RS
RB St
R6
R7

Figure 30: Single-phase power factor transducer.



The voltage input rating of the VF2-841
transducer can be changea by changing
the resistor R1 {see Figures 28, 30 ana 31)
per Part Il, paragraph 7. page 32. This
resistor should be rated at 5 watts and
have a temperature coefficient of £20 P/M
or better. Recalibrate the transducer as
previously stated.

Three-phase, 4-wire transducers are the
same as 3-phase, 3-wire transducers ex-
cept for the input voltage resistor R1. The

line-to-line voltage of the 3-phase, 4-wire

systems is equal to V3 x the line-to-
neutral voitage.

7. Specifications and Technical Data
See page 32, Part Il.

8. External Connections
See page 38, Part Ill.

9. Dimensions
See page 37, Part lll.
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Temperature Transducer — Type VT12-841

1. Operating Principle

The VT2-841 temperature transducer de-
velops a current output related to the tem-
perature of a resistance temperature detec-
tor coil (RTD). The output is non-linear
with respect to the Fahrenheit or centi-
grade scales in which a temperature indi-
cating instrument is usually calibrated.

A complete RTD thermometer system con-

sists of transducer, dc indicating instrument.
detector coils, selector switch, and connec-
ting leads.

The RTD coils are made of copper wire to
an exactresistance of 10 ohms at 25°C. They
are located at the points where the tem-
perature is to be measured. The coits are
mounted in the equipment by the manu-
facturer of the generator, motor, trans-
former, etc., and are not supplied with the
transducer. Usually several RTD coils are
used with a single transducer connected
through a selector switch.

When connected to the transducer, tie
RTD coil becomes one leg of a Wheat-
stone bridge. As the coil resistance changes
the balance of the bridge is upset and a
voltage is produced across the output al-
most proportional to temperature. A trans-
ducer-instrument combination is checked
by connecting an internal test resistor in
place of the detector coil. This test resistor
will make the dc meter read at a test point
marked by a green line. Resistances of a
standard copper RTD coil rated 10 ohms at
25°C will be:

Degrees Centrigrade Resistance-Ohms

0 9.037
10 9.422
20 9.807
30 10.192
40 10,527
50 10,962
60 11.374
70 11.732
80 12.147
90 12,502

100 12.887
120 13.657
140 14.427
150 14812
160 16.197
180 15.967
200 16.737

The transducer contains a power supply as
well aggthe Bridge circuitry. The standard
input is{20wvolt, 60 £0.5 Hz. The power
supPlyselament is shown in Figure 32.

Resistor R1 loads the transformer second-
ary and allows some adjustment of the in-
puttothe rectifier circuit. This is the end-
scale adjustment for an indicating instru-
ment.

Resistor R2 allows adjustment of the power
input to the bridge circuit. When calibrating
the VT2-841 with an external instrument,
this is the primary adjustment for the end-
scale deflection of the instrument mechan-
ism.

Zener diode z is a voltage regulator. Thelin-
putvoltage influence on the VT2-841 acs
curacy is:

0.5% maximum with £10% variationyrom
the nominal 120 volts.

2% maximum with £209, variation frtem
nominal 120 volts.

Schematically, the bridge cireuit 1S%hown
in Figure 33.

Rb5 is a variable depending on temperature
range: 100°C=12417 ohms; #60°C ==
12.887 ohms; 200°C =14.812 ohms. The
RTD is 10 ohms nominal. L1, L2 and feeder
leads arecalibratédto maintain balance. With
changes in RTD resistance the bridge is
unbalanced @nd’current flows through the
meter. For calibfatioirtest a resistor of
negligiblggtemperature coefficient substi-
tutes fof the RID.

The circuit for/a typical multiple point in-
stallation 1s'shown in Figure 34.

2. Types

Only‘the design for a 10 ohm copper RTD
1s‘eumently offered. Now that the universal
motor protectors, formerly available only
with 120 ohm nickel detectors, are avail-
able for 10 ohm copper there seems little
need for any other RTD material. The user
should make the decision on detector type
before ordering motors or generators. If
other than 10 ohm copper RTD’s are speci-
fied or permitted, it will restrict the types of

gy

temperature relaying which*will share RTD
coils with the temperaturgindicators.

3. Ratings

Standard transducers are rated 120 volt,
60 Hz paower supply. 0-100°C, 0-150°C or
0-200°C tolyield’1-0-1 mA into 30 ohms.
The fi@quencyis critical. The tolerance for
rated accuraey is £0.5 Hz which may be a
problem on isolated small power plants.

4./Readout Instrument

Any zero-center milliammeter 1-0-1 mA
with"a terminal resistance of 30 ohms.
(hower resistance milliammeters can be
padded to 30 ohms). The instrument must
be calibrated with the transducer as a
matched serialized pair.

5. Signal Source

The VT2-841 transducer, because of its non-
linearity is generally not suitable for input
to active instruments or computers or data
systems unless the system can be pro-
grammed for the individual transducer
characteristics.

iy

6. Scaling

To change the temperature scale of the
transducer requires a redesign. This can
be done if quantities are involved. The
scales can be changed to Fahrenheit by
shortening scales to the nearest suitable
end-scale number. There is no possibility
of narrowing ranges without redesign of
the bridge circuit.

7. Recalibration

After all connections have been made, apply
voltage and put the selector switch on the
test position. The instrument should read

at the green line of the dial. If it does not,
the instrument’s mechanical zero adjuster
should be turned with a screwdriver until
the pointer deflects to the green line. if the
deviation is beyond the range of this ad-
justment, either the instrument will need

G—

Ri

bz D3

T A

Figure 32: Internal power supply of temperature transducer.



Application Data 43-860 Pageg 23

Type V-2 Transducers

Part |
General Information,
Operating Principles and Applications

11. Dimensions Switchboard Thermometers:

See page 37, Part i Descriptive Builletin 43-270.

RTD’s 19,0hm Copper Obtained from:
Minco Preducts, Inc.
7300"CGommerce Lane
Minneapolis. Minn. 55432

12. Further Information
Type VT2-841 Transducer:
Instruction Leaflet 43-841.6.

Prices: S
Price List 43-860. There afe models for factory or field instal-
lationyin stators, strapping on pipes, im-

Description: mersiomin liquids, etc
Descriptive Bulletin 43-861. quids. etc.

O O
Figure 33: Schematic bridge circuit for L2y o] Q1 ooy
temperature transducer. \ O 2 Ofo
o . 3 4 Of10
recalibration or some error in the connec- Lz 80HZ
tions has been made and should be check- ! 5! 4[ 3] 2’—‘J_CAL' * Os 8O
ed out and corrected. The test point is not S T FOTWT_TN\T Dc mstrument - O7 e
the mechanical zero or de-energized posi- ( { j T Lz
tion of the instrument. Li Test Resistance Oo 0O
The VT2-841 transducer is usually supplied \\ 1 2O
calibrated to a serialized instrument, The ) Ts(Ta|r3iTeliT |ITT Q [¢]
outputis non-linear and the null point of E;ﬂ!:rmg\ e) O
the transducer (exploring coil temperature T
point where output of transducer is zero) Feeder Leads -
is not necessarily the same for all trans- eeder EANANAN i
ducers. Transducers supplied with serialized Branch Meads ~ = cs
instruments need no further calibration. | A
Transducers supplied calibrated to full Figuréy34: Multi-point external connection of temperature transducer.
scale output and no serialized instrument
are to be used with center zero 1 mA, 30
ohm de¢ instruments. All lead resistors must 1. L-2. feads and branch Iead.s Shol.lld not exceed 0.02 ohm each. ) .
be per Figuye 34, Dis.tribution_ of ins.tru-. 2, gfgrga%ogaicftzrtg :i‘gllzrrll?\% iglillss)r?u“ make before break. {Switch Westinghouse style number
ment scale '.S determlneq by first adjusting 3. Individual L-1 leads should have a resistance of 0.3 ohms for standard instruments. Other resistance
the mechanical zero point of the meter so values are available on special order up to 3 ohms. In either case, the variation in resistance should not
that it reads correctly at the right and léeft exceed +0.1 ohms.
end-scale points with the corresponding 4.5Al L-1 leads must be within 0.02 ohm of the same resistance.
exploring coil resistance (+1/10%) per 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.

table in Paragraph 1, page 22. Matk @
green line at test point (transducer.test
resistor substituted for exploring_eoil).
Then determine scale distribution by sub-
stitution of correct exploring coihresistance
per table paragraph 1, pages22.

Mark instrument scales accordingly and
serialize transducer instrument combination.

8. Remote Indication

It is preferable for thefcontrol switch and
the transducefte be near 16 the instrument.
If, for some reason, the readout instrument
is to be remote from'thee transducer, the
limitation is the 30 ohms in the meter cir-
cuit. Milliammeters as low as 20 ohm
terminal resistanée are not unusual. This
leaves@0 ohms for instrument leads which
will carryathe meter hundreds of feet away.

9, Specifications and Technical Data
SeelRart |1, page 32.

10, External Connections
See Figure 34 of this section or Figure 20,
page 40, Part Ill.
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Speed Transducer — Type VR2-841

1. Application

The VR2-841 speed transducer is a self-
contained, externally-powered (120 volt,
60 Hz) all-static device. It converts cycles
or pulses per second into a linear dc cur-
rent output. Itis intended for use with dc
indicating meters.

The usual source of pulses is from a vari-
able reluctance magnetic pickup fitted into
the machine to be speed-measured. The
pickup is installed in proximity to an iron
or steel part which serves as a tooth or a
notch to pass the face of the pickup at
least 25 times per second with a velocity
of 25 inches per second or more. A shaft
may be fitted with a notched wheel to
generate pulses. Such are listed in Westing-
house Price List 43-500.

A wheel with 15 notches minimum or a
gear with 15 or more teeth will permit
measurement down to 0-100 rpm. Below
this speed the pulse device would need
more notches, or would need to be driven
through a speed increaser. Any pulse
source can be used if it satisfies the follow-
ing conditions:

FS (Full Scale) Minimum Input

Frequency Pulse Duration

0-1.500 to 0-14,000 . Hz..... .. 50 microseconds
0-750 t0 0-1.5600 Hz. . ........ 70 microseconds
0-400t0 0-750 Hz............ 110 microseconds
0-180t0 0-400 Hz............ 135 microseconds
0-90t0 0-180 Hz.............320 microseconds
0-60t00-90 Hz.............. 600 microseconds

The full scale frequency (FS) is a function of
the notches or pulses per revolution and the
rotational speed of the machine.

rpom x notches/revolution
60

Other input pulses can be used. If the sig-
nal is an ac wave, it may vary from 1 to 40
volts peak-to-peak (14 volts rms, sine

wave) or from 0.5 to 20 volts, if dc pulses.

FS Frequency=

2. Operating Principle

In Figure 35 the section identified as
“‘Power Supply” is a conventional regulated
source of low voltage dc. Output 5 volts,
filtered.

In the “"Switching Circuitry’” segment.pulse
signals across 1 and 3 terminals are, ampli=
fied and conditioned. The outpdt circlitny
is a capacitor charge-discharg@gircuit tak-
ing the variable frequency pulses‘and con-
verting them to a rectifieddc putput’ The
dc varies proportionally tafrequency be-
cause the integral 6f the constant-charge
pulses from C2, £5, and'C6 varies with fre-
quency. Because‘the £apacitors have a
fixed chargin@itime,there is a minimum
pulse duration requirement.

R10, R11, and " Ri,2 are for temperature
compensators. R13%s for output calibra-
tion.

The transducer Is load sensitive. It is or-
diharilyiealibrated 0-1 mA into 100 ohms.

Switching Circuitry

”
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(
[Rs RG R |
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Figure 35: Pulse transducer schematic.
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3. Pulse Sources
Westinghouse lists,an Electro Model 3045
as a standard pickuplin Price List 43-500.
It incorporatestthis pickup into the Type
B801 pulsefgenerater together with any of
a number of pulse wheels. The wheels are
sold sepatately in‘the same price list.
Standard,wheels are 4.784 inches in dia-
meter. Theyphave 6, 12, 15, 20, 30, 40, 50,
60, 70,78, 80,90, 100, 110 or 120 notches.
Seéveral'manufacturers have a variety of
magnetic pickups. These include:
Electro Products Laboratories, Inc.
6125 W. Howard St.
Chicago. lllinois 60648
Honeywell, Inc.
2701 Fourth Ave. So.
Minneapolis, Minn, 565408
Power Instruments, Inc.
7352 No. Lawndale Ave.
Skokie, Illinois 60076
Any ac generator, make-break contact or o,

oscillation may be used as well.

4. Ratings

Several transducers are required to cover
the pulse range:

0-7000 to 0-14,000 Hz or pulses/second
0-3000 to 0-7000 Hz or pulses/second
0-1500t0 0-3000 Hz or pulses/second
0-750 to 0-1500 Hz or pulses/second
0-400 to 0-750 Hz or pulses/second
0-180 to 0-400 Hz or pulses/second
0-90 to 0-180 Hz or pulses/second
0-560 to 0-90 Hz or pulses/second

Ordinarily a transducer is factory calibrated
for a specific pulse rate. It is not field ad-
justable but is shop adjustable within the
above ranges. This is discussed further in
Paragraphs 7 and 8 of this section. Stand-
ard outputis 1T mA into 100 ohms (100
mV). Shop adjustments can be made to 1
mA, 220 ohmes.

5. Readout Instrument

The VR2-841 transducer is matched exactly
to a 20/20 100 mV instrument (1 mA sen-
sitivity and 100 ohms terminal resistance),
as shipped.

It may be used with any other type or
brand of milliammeter with a terminal re-
sistance of 20 ohms or less by padding the
resistance to 100 ohms using a nichrome
or other low temperature coefficient resistor.
For instrument resistances up to 50 ohms
(or 60 ohms with a slightly increased tem-
perature influence) the instrument circuit
should be padded to 220 ohms but a
transducer modification is required. The



modified transducer may be ordered for
220 ohm load or a standard transducer may
be modified as described in Instruction
Leaflet 43-800.3. Higher-than-standard
resistance on milliammeters are a standard
modification.

6. Signal Source

The output is pulsed dc. Signal condition-
ing is required when the transducer sup-
plies an active instrument or a computer.
The VF2-876 filter will reduce output
ripple.

7. Scaling

Transducers are specified usually at a pulse
inputrate corresponding to the character-
istics of the machine being monitored.

For speed measurement where a notched
disc is mounted on the measured shaft:

Calibrated Pulse Rate (Per Sec.)=
rpm x notches on wheel

60

Where the pulse wheel is geared the rate
is adjusted by the gear ratio. For linear
speed measurement the pulse rate is cal-
culated as shown in this example:

The problem: to indicate the speed of a
strip in a rolling mill in feet-per-minute on
a switchboard mounted indicator remote
from the machine. The strip passes over a
24" diameter roller, which is driven by a
motor running at 1750 rpm through a gear
reduction of 5:1. The pinion on the motor
has 20 teeth and the gear on the roller
shaft has 100 teeth.

Investigation reveals that the reluctance
type pickup device can be mounted in
close proximity to the teeth on thel00-
tooth steel gear {magnetic material)

With the motor running at full load'speed
of 1750 rpm the feet per minute/of the
strip can be determined by:

1750 24

X XT = 2200 fpm
Impulses per second would be:
100 x 350 .
'—'—65‘—=583.3 IpS

As the standard calibgation’ is 1 milliampere
tor full scale deflectioniof the indicating
instrument, the full scale rating would be 1
milliampere at .636 volts, based on the
following'

583 x =—— = 636 ips at 2400 fpm for

full scale.

Rréwision can be made for roll wear com-
pensation’by connecting a rheostat in
series with R13. Itisthen necessary to
specify the minimum and the maximum
pulse rates.

240
2200

The transducer can be scaled as a fre-
quency meter. It is especially appropriate
where scales such as 0-75 Hz are required
on nominally 60 Hz equipment. The input
pulse rate in this case is specified as an ac
frequency.

In the above example, full-scale frequency
equals 75 Hz. Usually the input voltage for
such frequency meters is to be 120 volts.
The transducers can be so specified or
modified per Paragraph 8.

8. Recalibration

The VR2-841 can be recalibrated for amy:
frequency withinits range by changing the
value of R13. The ranges are siiewn in
Paragraph 4 of this section. Forexample;

a 200 Hz or pulse per second input can be
recalibrated for anywherefffem, 180ito 400,

Input voltage level can be changed®Fhe
input voltage of the standard VVR2-841
transducer is 0.5 to 20 oltpesitive pulse
or 1 to 40 volts positiue pulse“ac wave.
The input voltage range“can be changed
to 220 volt positive pulse 040 to 440 volt
positive pulse aciwave byrthe addition of a
series 15000000 hm(=5%. 1 watt carbon
resistor iy’ position R1°(See Figure 36) and
reconnéction of the load going to circuit
boardypointil to circuit board point A. No
recalibration isthecessary.

Application Data 43-860 Page 25

Type V-2 Transducers

Part |
General Information,
Operating Principles and Applications

9. Remote Indicators

An additional2 ghms of instrument leads
may be ‘@ddedio the' standard transducer
and 100 mVWjinstrament without exceeding
the normal.erromRemote indicator leads of
a thousandfeet or more between trans-
ducer'and meter can be accommodated by
spécial calibration. The lead resistance
becomes,part of the instrument resistance
asydiscussed in Paragraph 5 of this section.

10;, Specifications and Technical Data
See page 33, Part Il.

11. External Connections
See page 39, Part Ill.

12. Dimensions
See page 37, Part lil.

Further Information
Type VR2-841 Instructions:
Instruction Leaflet 43-841.7.

Modifications:
Instruction Leaflet 43-800.3.

Transducer Prices:
Price List 43-860.

Speed Measurement Systems Prices:
Price List 43-500.
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Figure 36: Speed transducer circuit board.
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Motor Load Transducer - Type VW2-841

1. Application

Many types of motor loads cannot be cor-
rectly measured from line current because
of a change in power factor with load.
While a watt transducer such as the VP2-
840 can convert true power to a propor-
tional output such transducers are some-
what costly, particularly in polyphase where
a minimum of two current transformers and
usually two potential transformers are
needed. The type VW2-841 transducer
produces a signal proportional to | cos ¢
which is. of course, proportional to true
power. It is a less costly and more flexible
device than the watt transducer.

2, Application and Operation
Refer to Application Data 43-510 for full
information on the principles of operation
and application of the VW2-841.

3. Ratings
A single design covers all current ranges —
120, 240 or 480 volts.

4. Output
1 mA into 200 ohms.

5. Scaling

The basic scale is 0-150%. It is related to
the motor characteristics with a variable-
ratio (doughnut) current transformer. A fine
+5% adjustment can be made by chang-
ing the value of an input resistor.

,.,-w‘rg“q
L 4
6. Indicating Instrument %
Any 0-1 mA instrument padded up to 200
ohms.
7. Remote Indicator
The leads from transducer to meter can be
2 ohms without perceptible error. Higher
resistances can be accommodated by trans-
ducer modification allowing leads of sever-
al thousand feet.
8. Specifications and Technical Data
See page 33, Part Il, and Application Data
43-510.
9. External Connections
See page 39. Part Ill.
10. Dimensions
See page 37, Part Ill.
Further Information
Instructions:
Instruction Leaflet 43-%
Moaodifications: oo
Instruction Le 13-80 Bl

Application:
Applicatiop,D

Prices:

Price List 73



Section L
Filters — Type VF2-876

1. Application

The VF2-876 filters are for use with trans-
ducers with dc outputs having unwanted
ac ripple. The output indicating instrument
must be of high impedance in respect to
the input impedance. The output instru-
ment should have 50,000 ohms minimum
for a 50-ohm input load. A typical applica-
tion is a null balance potentiometer or A/D
converter.

The style number 715B261A09 filter as
shown in Figure 37 contains an inductor
and capacitor filter network with provisions
for connecting an external input load re-
sistor. External connections are made per
Figure 38.

The style number 715B261A10 filter as
shown in Figure 39 contains an additional
50-ohm *%%, % watt input load resistor.
External connections are per Figure 37.
The style number 715B261A11 filter con-
tains two potentiometers for fine and
coarse (0-100%) adjustment of the voltage
output, see Figure 41, The input resistance
is 50 ohms *%%. External connections are
per Figure 40.

2. Specifications
Response Time:
Less than 200 milliseconds.

Reduction in Ripple:
Output ripple is %% of input ripple at
120 Hz.

{nsulation Test:
2600 volts. 60 Hz from terminals to case.

3. Dimensions
See page 37, Partlll.

Further Information
instructions:

Instruction Leaflet 43-876.ls
Madifications:

Instruction Leaflet43-800483.

Prices:
Price List 43-860.
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Figure 37: Style number 715B261A09
filter schematic.
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Figufe'3B: Style number 715B261A09
filter external connections.
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Figure 39: Style number 715B261A10
filter schematic.
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Figure 40: Style numbers 715B261A10 and
715B261A11 external connections.
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Figure 41: Style number 715B261A11
filter schematic.
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1. Standards 2. Type VP2-840 Watt Transducer and VV2-840 Var/Tra ucer
There are no ANSI standards on electrical (a) Specifications
transducers. Howvever, as thesg transducers Standard Input. ... ........ ... .. 5 amp, 120 voit nominal, 60 Hz
are used generally as accessories for Optional Input................. 60 or 400 Hz {60 iz medel apera n 50 Hz with zpproximately 5%
electrical measuring instruments, the additional errer at full scal er factor, continuous operation)
standard ANSI C39.1 ""Requirement for 500 watts single-phase
Electrical Indicating Instruments” is used 1000 watts 3-phase 3 i
! ! '9 | . 1500 watts 3-phase 4
insofar as is practical. Case dimensions Soeciat | Rati Tob
- Q peciat Input. ... .. oo L, atings per Table
generally conform to [EEE Standards. 480 volt single-phi Ultiply watts x 4)
240 volt {muhi at
50 Hz
Masximum Current 125% of nom
Maximum Voltage 150%
OQutput. . ... .............. ... djustable approximately 10% (see Part I, Section 87,
Load Resistance.. . ........ e %
Linearity . . .. ..............% . luded in accuracy rating
Accuracy................ at reference conditions with 50 ohm load
Loss {Burden) Per Elem
Current Circuit. . ..... .7 .. ...2.0vA at0.20 power factor at rated current
Potential Circuit. . ..1.0 vA at 1.00 power factor at rated voltage
Response Time. , . ... .Full output 0.05 second
Warm-Up, AN SN 30 minutes
Ambien grature Influence. ... £0.5% maximum with £10°C from 25°C
Extre mpe re Influence. ... —1.5%. 25°C to 65°C
+2.5%. 25°C to —20°C
Frewue fluence. ............ +0.5% maximum between 54 and 66 iz or between 360 and 440 Hz
o r Influence. .. ..... .. +1% maximum for & change from 1.00 pf to 0.50 lag or lead
. Dieletric Test. ................. 1500 velts rms
ng Voltage to Ground.......1100 volts peak
rmissible Overload
Percent of Rating}:
Current Circuit. .. ... ....... .. Continuous 200%
5 speonds 500%
1 second 1000%
Voltage Circuit. . ............. Continuous 150%
Ripple. .............. . ... ... Single phase is sinusoidal with zero reference displaced. Polyphase
rippie depends on balance ef measured circuit {sea Part | Section B,
Paragraph 1C Page 4 and Section L, Page 27).
{b) Typical Ratings for Standard Type VP2-840 Watt and VV2-840 Var Transducers
Type Nominal Useable Single-Phase Self-Contained
i Current Current Range L Test Watts(D Rating
1-Element 1 35 3.00 to 3.99 300 to 399 300 to 399
Single-Phase, ) 5.0 4.00 15 6,25 400 to 625 400 to 625
1-Current Coil | 7.5 6.26 to 8.99 626 to 899 326 to 899
2-Element ! 2.0 1.84 t0 2.49 164 to 249 328 1o 499
Polyphase, 3.0 250 to 3.99 230 to 399 500 to 799
2-Current Ceil | 5.0 4.00 to 6.25 400 to 625 800ta 1251
7.5 6.26 to 10.0 626 to 1000 1252 to 2000
2%-Element, 3.0 2.28 10 312 228 18 312 912 to 1251
Polyphase v 5.0 3.13 t0 5.21 313 to 521 1252 to 2087
3-Current Coil | 6.0 5.22 to 6.90 522 to 690 2088 18 2763
(D For VV2-840 var transducers, ihe single-phase 2-and 2%-Element - Divide watt transducer test
rast watts are: watts by 1.73.
1-Element--The same as for wati transducers. See Partl Section C, Paragraph 2C for an explanation

of var transducer test watts

March, 1373

Sumpersedes AD 43-860, pages 29 and 30, dated
September. 1871

E. ®, C/2043/®B
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house Electric Corporation

&

3. Type VIi2-841 Current Transducer
(a) Specifications

4
Standard Input. . . .............. 0-5 amps %
Special Input. . ... ............. Single and multi-ranges up to 20 amps
Frequencies. .................. 60 Hz {useable on 50 Hz and 400 H@
Output. . ..................... 1 mA, isolated
Load Resistance................ 10.000 ohms £1% Q
Linearity .. .................... +1%. included in accura i

Accuracy.........c.iin .. +1% at reference con s with"80 ohm load
LOSS. oo i e 0.2 volt amperes

Warm Up Time................. @

Response Time. . . .. P 0.15 second imu

Ambient Temperature Influence. . . .

Extreme Temperature Influence. . ..

Frequency Influence.............
Dielectric Test. .. ........... 15 Its rms

Working Voltage to Ground. . olts peak

Permissible Overload
(Percent of Rating) 4. . .. ... ... entinuous, 200%
5 seconds, 500%
1 second, 1000%
48% (see Part 1, Section L, page 27)
6 amps
Voltage Transducer
41 (Paragraph 3) except:
tandard input! ... .0-150 volts
S . e b 0.2 volt-amperes
\ e..... 2.0 seconds
. pe VE2-841 Suppressed Zero Voltage Transducer
me ‘as for VI12-841 (Paragraph 3) except:
dard Input. .. .. 110-130 volts
LOSS. . ... ....... 0.5 voit-amperes
Accuracy. ...l 0.33% of center value
- i

a strument Division, Newark, N. J. 07101

d in USA
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6. Type VC2-841 Frequency Transducer

L 4
{a) Specifications %
Standard Input.. . ., 120 volts
Special Input. . .. .. 240 volts ?

Output:

Range Cutput Load Maximum Resistance
Resistance QObtainable By Adjustment

59-61 Hz —30-0-+70 uA 866 £10% 1000
58-62 Hz —60-0-+140 uA 214 £10% 500
55-65 Hz —150-0-+350 uA 280 £10% 400
50-70 Hz ~-300-0-+700 uA 92 £10% 200
45-55 Hz —~150-0-+350 uA 280 +£10% 400
45-65 Hz —300-0-+700 uA 92 £10% 200

390-410 Hz —30-0-+70 uA 866 +£10% 1000
380-420 Hz —60-0-+140 uA 214 £10% 500
350-450 Hz —150-0-+350 uA 280 +10% 400
48-52 Hz —60-0-+140 uA 214 £10% 500
20-30 Hz —150-0-+350 uA 280 £10% 4

Linearity. . ........ ... ... ... +2% of span {included in accuracy rating)

ACCUraCY . .o v v i +2% of span

Loss {(Burden)................. 4 volt-amperes

Voltage Influence .. ............. + 05% of span, 10% voltage change

+2% of span, 20% voltage change
Ambient Temperature influence . . . £1% of span. For £10°C chapge 25°
Extreme Temperature Influence. . ..2% of span, 25"C to 65°C

2% of span, 25°C to —2
Dielectric Test, .. .............. 1500 volts rms
Working Voltage to Ground....... 1100 volts peak
Permissible Overvoltage. . ... ... .. Continuous. 120%
5 seconds, 200%
1 second, 200%
L 4
Warm Up Time. ............... 3 minutes
Ripple......... ... 33%% rm the h st frequency and maintsins the same voltage
outp tput decresses

O
Q>®

L 4

December, 1971

Supersedes AD 43-860, pages 31-32, dated
September, 1971

E. D. C/2043/DB
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7. Type VF2-841 Power Factor Transducer
(a) Specifications
Input:
Type Voltage Input Resistor R1 Power Phase
{£5%. £20 Pulses Per Factor Angle
Minute)
1-Phase 2-Wire 120 14,100 ohm 0.5 lag-0-0.5 lead —60°-0-+60°
1-Phase 2-Wire 240 28,700 ohm 0.5 lag-0-0.5 lead —-60°-0- + 60°*
3-Phase 3-Wire 120 14.100 ohm 0.5 lag-0-0.5 lead —60°-0-+60°
3-Phase 3-Wire 240 28,700 ohm 0.5 lag-0-0.5 lead —60°-0-+60°
3-Phase 4-Wire 208 24,000 ohm 0.5 lag-0-0.5 lead —60°-0-+60"
3-Phase 4-Wire 415 48.000 ohm 0.5 lag-0-0.5 tead —60°-0-+60°
Input voltages can be changed with resistor modifications.
Output, ........ i —0.5 mA -0-+0.5 mA
Frequency............co.ouu.n ..60 Hz
Load Resistance................ 110 ohm, can be modified for up to 5000 ohms
Linearity. . . ...... ... . ... +1% with respect to phase angle, included in accuracy raN
ACCUraCY...oovv i i i Accuracy can be stated only for perfect sine wave, bala curre
rated voltage, and balanced power factor. It is given as a ent of
phase angle. Power factor varies as the cosine of p g 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 \
C

Dielectric Test .. .......... «....1500 volts rms
Ambient Temperature Influence....+0.5% for £10°C Change from 2
Extreme Temperature Influence. ... +1%, 25°C to 65°C

+1%. 25°C to —20°C

L 4
8. Type VT2-841 Temperature Transducer \
(a) Specifications K
Powerinput................... 120 volts
Temperature Detectors......... ... 10 ohm at 2 x
Output. . ... vt 1-0-1 mA in@s

Frequency..................... 60 £0

Frequency Influence............ . 1%/0f scale length

. .Non-

Linearity. . ................ ar, instrument specially calibrated

ACCUIACY . v v v v vnens standard conditions, £1% of scale length

aximum for £10% from 120 volts
aximum for £20% from 120 volts

Voltage Influence.......... ..

Response Time. ............... 0.1 second

Warm Up Time,............ . .30 seconds

Ambient Temperaturejlnfluence . ... £0.5%, with £10°C change {rom 25°C

Dielectric Test. . “o. . . . ..., 1500 volts rms

house Electric Corporation
y Instrument Division; Newark Plant, Newark, N. J. 07101
in USA
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9. Type VR2-841 Speed Transducer

(a) Specifications

Standard Input. ................ 1-40 volts ac peak-to-peak, 0.5-20 volis dc positive pulse

Special Input. .. ............... 40-440 volts ac peak-to-peak
Full Scale Minimum Input

Ratings. . ...oviinnnennnnnan. Frequency Range Pulse Duration
0-1500 to 0-14,000 Hz 50 microseconds
0-750 to 0-1500 Hz 70 microseconds
0-400 to 0-750 Hz 110 microseconds
0-180to 0-400 Hz 135 microseconds
0-90 to 0-180 Hz 320 microseconds
0-50t00-90 Hz 600 microseconds

Linearity . . .. ... ... £1%, included in accuracy rating

ACCUIACY . o v v ove it +1% at reference conditions

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

Response Time,.,............... Full output, 0.1 second

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

Ambient Temperature Influence. . ..+1%, with 10°C change from 25°C

Extreme Temperature Influence. . ..+2%, 25°C to 65°C
+2%. 25°C to —20°C

Supply Voltage Influence......... +0.5% maximum with £10% voltage ¢
+2% maximum with £20% vol g

Overload Voltage . . ............. Continuous, 150%
5 seconds, 200%

Dielectric Test. . . . ............. 1500 volts rms
Working Voltage to Ground....... 1100 volts peak
10. Type VW2-841 Motor Load Indicator

(a) Specifications

StandardInput ... .............. 5 amps, 120/240/480 vol

Output. ... 1 mA into N
Frequency..................... 45- K

Linearity. ........ ... iz‘&x accuracy

ACCUTACY. oo st e e e i ea s % with, power factor above 0.3

Loss. ..voiiiiii V cuit: 120-volt connection, 2 VA

240-volt connection, 4 VA
480-volt connection, 8 VA
nt circuit: 5 amps, 1.0 vA

Extreme Temperatu . ...2.0%, 25°C t0 65°C
2.0%, 25°C to —20°C

Dielectric Test. . . .............. 1500 volts rms
Working Voltage to‘round. ......1100 volts peak
Permiss| Overload............ Current 6.25 amps maximum

voltage 150% of rating

September, 1971
New Informatien
E. D. C/2043/DB
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Qutline Dimensions Front External Wiring
And Drilling Plan View Diagram

Watt Transducer (VP2-840)

1-Phase, 2-Wire. .. .............
3-Phase, 3-Wire................
3-Phase, 4-Wire. ...............

N
o
N NN
[S208 SOV

Var Transducer {VV2-840)

1-Phase, 2-Wire. .. .............
3-Phase, 3-Wire......... .. .....
3-Phase. &-Wire. . ..............

,,,,,,, e

iy
o

NN
oA w

Frequency Transducer (VC2-841)

Filters (VF2-876)

Power Factor Transducer (VF2-841)

1 -Phase, 2-Wire With Transformers
3-Phase, 3- and &-Wire.. . ... .. ..
3-Phase. 3- and 4-Wire With Transformers. ..

JENGNENEN
c oo

RMS Voltage and Current

Transducer (VE2-, VI2-841)......

Speed Transducer (VR2-841)

Motor Lead Transducer {VW2-841)

1-Phase, 2-Wire, 120 Volt. .

1-Bhase, 2-Wirs, 240 VoIt oo

1-Phase, 2-Wire, 480 Volt.

3-Phase, 3-Wire, 120 Volt.
3-Phase, 3-Wire, 240 Volt. .. ..., ... ....
3-Phase. 3-Wire, 480 Vaalt, ., .. ..o ... ..

Temperature Transducer (VT2-841)

August, 1971

Supersedes AD 43-8580. Part tll pages 19-20, dated
Septembar, 1970

E, D, C72043/0D8
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Type V-2 Transducers

Outline Dimensions and Drilling Plans in Inches
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Fig. 2 August, 1971
Supersedes AD 43-860 Partill, pages 21-22, dated
September, 1970
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Type V-2 Transducers

Part Il
Qutline Dimensions, Dnlling Plans,
Wiring Diagrams

Wiring Diagrams
Watt (Var) Transducer, VP2 — (VV2-)
840, 1-Phase, 2-Wire

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

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

2 4 19 0 2 |
4 2. (o] o} O
BEC | meT e (s
' 3 A4
- — | p2nig | ;] PPl
Os 60 ? ] 5 6 ] -3 . ES 6:
Or 80 7 A8 ;7 A %
Os 10 T -1
9 9 Al
& 09 £ 06 W_"
o2 iy, 9120 o 12Q
qJ l :::_ Jr L 2 1 - ol k l r lv I i i
+ - 3 v v v = M
Output vy + Oltput *output
Fig. 3 836A940 | Fig. 4 o 836A941 | Fig.5 836A942
Frequency Transducer, VC2-841 Filter, VF2-876
o [¢) o) [¢)
2 [
o o +o DX
Input Input 1
o O 3 - L
Externdl 5141
o: |np’:!rll::ud -1+ E
o7 (71I58261AQ3 Only) 0_7_., —a
(o2 =ty 9 4
Cutput Fulhr&? Quiput o9
G o ! +O t
) @
Fig. 6 861A564 | “Fig../ 876A547
Power Factor Transducer, VF2-841, Power Factor Transducer, VF2-841, Power Factor Transducer, VF2-841,
1-Phase, 2-Wire 3-Phase, 3-Wire 3-Phase, 4-Wire
2 1 3z N3 2|
e ‘
4 5 o ‘
o) (o) [e} [e]
2 S
)
S i ! &
Q3 3 g
L g3
J Qe = &R =
TR o SEE
- S TE22 oI tos
olinut o e o Output
+O -l [ +0 i
g - 0
ot XL ‘w L 4 = el ¥4 I
Fig. 8 877A787!1 Fig. 9 877A788| Fig. 10 877A788

Westinghouse Electric Corporation

Relay-lnstrument Division: Newark Plant, Newark, N.J. 07101

Printed in USA
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Westinghouse

@)

Volt {Amp) Transducer, VE2-(V12-) 841,
RMS Values

—
o) [}
[ A @]
c o © [ 20
tnput og"
le: 3 o 40
Os “8' €0
or B8O
e =Lios | & | 100
o Qutput o
i
- H 120
@ @
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Fig. 12 861A669

Speed Transducer, VR2-841

Terminal 3and 9 Common

c [ o
) "
+O oll
Input
- e d Sy
|
O wpveonz Os | i
a upply 57 '
-0 0.9_.-...!
QOutput
+O aoll]
) o
Q o)
-+
Fig. 13 863A126
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Type V-2 Transducers

Part lll
Outline Dimensions, Drilling (Rlans,
Wiring Diagrams

Motor Load"Transducer, VW2-841,
1-Phase, 2-Wire, 120 Volts

19 120V
2 1 -
.T_
) ()
[ [
5‘}. f 20
3 40
05 SOt
[ O7 80
o] (e
1 12O
2 )
[e) o
L4 v
Load
Qutput O=——
Fig. 14 2 OuPY OgTEA64

Motor Load Transducer, VW2-841,
1-Phase, 2-Wire, 240 Volts

Motor Load Transdueer, VW2-841,
1-Phase, 2-Wireg480Velts
1@ 480V

Motor Load Transducer, VW2-841
3-Phase, 3-Wire, 120 Volts
3@ 120V

13 240v
2 1 2 1 3 2
T T T
[) o Q o [e) o
- @ () e ° . [-] Q
-l O 20 g-l Ot 20 L Yol] 20
I 03 [Te] O3 40 O3 40
Os 60 o5 6 F 13 SO
» 7 80 - 07 80 O7 8O
D9 10Q O9 a0 Q9 e o,
O 120 On 1RO Ot 120
") 3 ) e e )
P ow o ) T ¢ o o vy v v o o
Load Load Load
br—5—0 Output O——H G OQutput O
S Output o7— + - + -
Fig. 15 876A458 | Fig. 16 876A45% | Fig. 17 876A465
Motor Load Transducer, VW2 -841, Motor Load Transducer, VW2-841,
3-Phase, 3-Wire, 240 Volts 3- Phase. 3-Wire, 480 Volts
3@ 240V < 3@ 480V &
3 2 1 = 3 2 1 [} o
<) ° e %)
2 e - Ol 20
A o | [ : o [
3 Lle] o8 O
i 60 7 80
o7 80 09 100
09 iasd 1 120+
On 12 | 2 2
) e 1
r v v o o
y v ¥ ° o Load
Load 2 Output L:,
2 Output O
Fig. 18 876A460 | Fig. 19 876A461

August, 1971

Supersedes AD 43-880 Part IlI, pages 23-24, dated
March, 1970
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Type V-2 Transducers

Part Il
Qutline Dimensions, Drilling Plans,
Wiring Diagrams

Temperature Transducer, VT2-841, Connections

[+] [+]
O 2 ) O
|20V 60 HZ
L2
3 4
TE4 O C
5 4 3 2 1] caL L2
sl L L L ro—10 > 0
r DC !nstrument
- 7 s O
L2 OB 0 Q
L £ B, Test Resistance
i 2 QO
D
s {ta j13 fr2 {n | X )
9 ) ® 2N O o
Expioring Goils ——-——.{1’ t;ﬁ L [l [L ek
Feeder Leads PR 11 L2
» » * 13 ® Terminal connections and wiring are the same for
AN cs :
Branch Leads ? A vertical or horizontal mounting.

Fig. 20
1. L-2 leads and branch leads should not exceed 0.02
ohms each.

2. Switch contacts to exploring coils must make
before break {Switch Westinghouse Style Number
663A488G01 for 5 exploring coils).

3. Individual L-1 leads should have a resistance of
0.3 ohms for standard instruments. Other resistance

Fig. 20

"T——
-

4.

values are available gh'special orderdp to 3 ohms.
In either case, thefvariatign in resistance should
not exceed +0.1 Ghms.

All L-1 leads miust be within 0.02 ohm of the same
resistance.

. Each resistancegtelerance, or limit stated will limit

errors from this source to less than one percent.

. Control switch contacts Cal.

Any increase will cause an approximately propor-
tionate error.

. Feeder leads must be within 1 ohm of the same

resistance.

1,2.3.4.5 close in
position as indicated. Contact A is open in off
position, closed in all other positions.

862A639

Temperature Transducer, VT2-841, internal Schematic

@

120V80HZ

Fig. 20a

Westinghouse Electric Corporation

Relay-Instrument Division: Newark Plant, Newark, N.J. 07101

Printed in USA
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