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Unpacking
1. Unpack according to the full direc-
tions given on the paster attached to the
packing: box, and preserve the packing
case for use in the future, whenever it
may become necessary to either store or
reship the instrument.

Installing

2. Carefully observe the following
directions and execute them in the order
in which they are given:

a—Thoroughly familiarize yourself with
all the information given in this
Instruction Book.

»— Remove the glass case and mount
the instrument upon the switch-
board or other support, using a
spirit level to place it in a perfectly
horizontal and vertical position.
The support should be rigid or as
free as possible from vibration.

c—Trace out all external electrical con-
nections carefully and correctly
according to the proper diagram.
In all cases external connections are
shown on diagrams as viewed from
the rear of the switchboard.

d—Release the moving element and the
pendulum escapement, which have
been secured against motion during
Shipment.

e—The dashpot cylinders are located
partly within the solenoids; there
are two of them; the bottom one is
shown at B, Fig. 2. Give the cyl-
inders a half turn and draw them
downward carefully, out of the sole-
noids; fill each one about half-full
of glycerine and replace them in
their proper position. The cylinder
should contain sufficient glycerine
to keep the dashpot pistons com-
pletely immersed during the entire
travel of the recording pen between
its extreme positions; but great care
should be taken to prevent any
overflow of glycerine.

f—Hang the piston of the element dash-
pot on the movable contact arm of
the element. See that the piston
hangs freely without touching the
sides of the cup, shown at C, Fig. 2.
Remove the cup and fill it with
glycerine to within }-inch of the
top, then replace it. Take care that
no glycerine gets on the contacts.

g—Insert the roll of paper in the posi-
tion shown in Fig. 2, with the free
end of the paper outward and up-
ward. Loosen the knurled knob 4,
at the left of the driving cylinder,
and start the paper around the back
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of the cylinder, taking care to have
the edges pass under the guides at
the ends of the cylinder, and to have
the driving pegs fit properly into
holes in the paper. Note the
proper arrangement of paper as
shown in Fig. 2.

h—Hang the clock pendulum and start
it swinging. Make sure that it does
not strike and that it ticks evenly;
an uneven ticking is due either to
wrong leveling of the instrument or
to an accidental bend in the pendu-
lum escapement rod. Good results
cannot be obtained if the ticking is
uneven.

i—Connect the two extreme right-
hand binding posts (rear view); to a
control circuit of the character and
voltage on the nameplate of the
instrument. The control circuit
in the case of alternating-current
control instruments, must not be
obtained from the voltage trans-
former supplying the element.

j—Watch for the first winding period
of the clock, and see that it rewinds
satisfactorily.

k—Mix the special ink with water, as
instructed on the bottle, and fill the
pen, using the pen-filler supplied.
Remove the excess ink from the
stand-pipe opposite the pen point by
means of a blotter. Insert the pen
in the holder and adjust its position
by slipping it up or down so that it
will draw a line opposite the index
arrow marked on the paper end
guide. Test the accuracy of this
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position by moving the pen by
hand across the paper. The line
drawn by the pen across the paper
should be straight and in exact
alignment or parallel to the time
lines. Do not start the instrument
with the pen only half full of ink.
Place the metal cup provided, loose-
ly upon open end of pen, to prevent
the ink from evaporating.

/— Attach the calibrating weight and
see if the instrument calibration
responds to the test described in
paragraph 37. Test the pen for
friction by moving the pen arm
slightly to the right or left, and
observe whether the pen point
returns to within % inch of its
original position. If it does not,
there is friction in the instrument.
Examine the pivots of the movable
part of the element, and clean and
readjust them if necessary.

m—Remove the calibrating weight and
keep it for future use.

n—Replace the glass case, taking care,
in so doing, not to injure any part
of the instrument mechanism.

o—Connect the remaining binding
posts to the circuit to be metered.

p—Frequency meters should read the
normal frequency, either 25 or 60
cycles, with the control circuit on
and the circuit to be metered off.
At this point the mechanical forces
acting on the element are in balance,
making the readings independent
of the voltage.

To make the frequency meter
reading correct at all parts of the
scale and any voltage, adjust the
external sliding resistor to the
normal or usual operating voltage,
as marked on the resistance box
nameplate.

g—In installing direct-current watt-
meters having separate series coils,
the series coils should be secured to
the switchboard, propetly leveled
according to the position of the
hook, and then connected perma-
nently to the bus-bars. After thisis
done, the more delicate element
mechanism, which is mounted upon
a separate base casting, should be
hung from hooks on the series coil,
and leveled.

Note:—Frequency meters and
power factor meters do not have
calibrating weights. ~ Power
factor meters do not have a
dashpot at the movable contact
of the element.
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3. Graphic instruments arc shipped
from the Works properly calibrated and
are ready to be installed. The foregoing
directions for installing, if followed close-
ly and intelligently, will insure satis-
factory operation, unless the instrument
has sustained injury during shipment or
handling. In general, no other adjust-
ments should be found necessary, nor
ought any to be attempted without. a
comprehensive knowledge of the prin-
ciples and construction of the instru-
ments.

It must be thoroughly understood that
these instruments arc designed to make
records of a degree of excellence and
accuracy which heretofore has been
considered impossible of attainment by
this class of instruments. Therefore,
they requirc and deserve morc intelligent
attention than the other forms of graphic
instrument but it will be found that the
amount of nccessary attention has been
reduced to a minimum, and the results
obtained will more than compensate for
what additional attention may be re-
quired.

4. Freedom from Errors—In order to
prevent unnecessary inquiries, it may be
stated here that these graphite instru-
ments are free from errors due to the
following electrical and other conditions,
which always have been causes of in-
accuracy in other types of graphic
instruments:

Changes in temperaturc.

Self-hearing

Frequency error in ammeters, volt-
meters, and wattmeters.

Effect of external fields.

Residual errors.

Wave-form

Excessive energy taken [rom instru-
ment transformers.

Unbalancing  in
meters.
Low power factor in wattmetcers.

polyphase  watt-

General Description

5. General Construction—The
Westinghouse graphic instruments de-
scribed herein are of the relay type, and
have three general clements: 1—the
measuring or the element; 2—the record-
ing element, comprising the pen and the
pen actuating levers and solenoids; 3—
the clock for feeding or moving the rec-
ord paper.

6. The measuring element of volt-
meters, alternating-current ammeters,
wattmeters, and frequency meters con-
sists of a system of fixed and movable
coils, arranged in a manncr similar to
those of the Kelvin standard laboratory
balances. They can be used upon cither
alternating or direct-current circuits up
to the limits of their rated capacitics.

The measuring clements of the power
factor meters embody the magnetic
vane principle.

The measuring elements of the direct-
current ammeters are of the permanent
magnet moving coil type, employing
a set of two movable coils pivoted within
the magnetic field of two permanent
magnets and astatically arranged so as
to be free from the influence of strayv
magnetic fields. Direct-current ammeters
operate from external shunts of the same
design as those used with the shunted
type of indicating ammeters.

Detailed Description

7. General Principles of Operation
The voltmeters, alternating-current am-
meters, alternating-current wattmeters,
and frequency meters operate upon the
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same principle, and differ in construction
only in the windings of the measuring
clement, as described in paragraphs 21,
22, 24, 25 and 28. The construction of
the voltmeter elements is shown clia-
grammatically in Fig. 3.

8. The measuring element is con-
posed of two pairs of fixed coils, A-B and
C-D, and the movable coils E and F
located between the fixed coilsand mount -
ed on the lever pivoted at (). The mov-
able coil E is pivoted with a movable
relay contact J, located between the
stationary relay contacts H and I of the
solenoid circuits of the recording element.
The contacts H and I are adjustable.

9. The recording element comprises
the pen-actuating solenoids X and L;
their iron plungers K:and L, which arc
supported by the T-shaped lever arm M,
pivoted at N; the pen arm (O, connected
to U by pin bearings P and provided at
the upper end with a pin R which moves
in the stationary guide slot V; and the
recording pen S, arranged to pass across
a suitable record paper T moved by
clockwork not shown in the diagram.

10. The control spring consists of the
helical spring U mechanically connecting
the movable coil system of the element
with the movable pivoted supporting
arm M of the recording element.

11. The electrical connections arc
as shown in Fig. 3 the coils 4, B, C, D, E,
and F are all connected in series and
their terminals connected to binding
posts 3 and 4

The solenoid coils K and L are con-
nected to the stationary relay contacts
H and I, respectively, as shown, with
their junction brought out to binding
post 2. The contact J of the movable
coil system of the element, is connected
to binding post 1.

Leads from the control circuit are
brought to binding posts 1 and 2, and
leads from the circuit to be metered are
brought to binding posts 3 and 4.

12. An external resistance is cmploy-
ed in the measuring circuit of all capaci-
ties and in the solenoid control circuit for
potentials of 500 volts direct current, in
order to eliminate injurious sparking at
the contacts.

It will be noted that the connections
for the clock and the motor employed
to wind it, and which is operated from
the solenoid control circuit, are not
shown in the diagram.

13. Action of Instrument on Rising
Voltage—The arrangement of the fixed
and movable coils of the element is such
that when the current flows through them
the coil (Fig. 3) E is repelled by 4 and
attracted by B, while at the same time
the coil F is repelled by D and attracted
by C. Therefore, if the contact J is mid-
way between the contacts H and 7, and
the recording pen S is at zero position on
the chart when connection is made to
the solenoid and metered circuits through
binding posts 1-2 and 3-4, respectively,
the contact J will be forced down against
the contact I, thus completing the circuit



through the solenoid L, energizing the
latter and causing it to pull its plunger
L' downward, thereby turning the arm
M about the pivot N. This movement
of M swings the pen arm O to the right,
causing the latter to move across the
chart toward full scale position.

This movement of M also places the
control spring U under a tension which
continues to increase with the downward
movement of the solenoid plunger L,
until it balances the torque of the mov-
able coil system E-F, thus drawing the
contacts I and J apart, and breaking
the circuit through the solenoid L. The
line drawn by the pen during this
operation represents the increase of
voltage on the metered circuit.

The dimensions and weights of the
various parts of the instrument and the
control spring are so proportioned that
the entire moving system, including
solenoids, pen-actuating arms, and mea-
suring coils, now remain stationary in the
position occupicd when the solenoid
circuit was broken. In the meantime,
the clock continues to move the record
paper forward, thereby causing the sta-
tionary pen to draw a line lengthwise on
the chart. This line represents the volt-
age which is being maintained on the
metered circuit, for the time being.

If the voltage of the metered circuit
continues to rise, the contact J is again
forced down against the contact J, and
the entire operation already described is
repeated until the increased tension of
the control spring U again balances the
increased torque of the moving coils and
opens the solenoid circuit, thus causing
the recording system to again remain
stationary until another change occurs
in the voltage of the metered circuit.

14. Action of Instrument on Fall-
ing Voltage—On the other hand, if the
voltage decreases, the contact (Fig. 3) J
is forced against the upper stationary
relay contact H, thereby completing the
circuit through the solenoid K. This
causes the latter to pull its plunger K:
downwards, thus returning the support-
ing arm M to the left and causing the
pen arm to move the pen across the chart
towards zero or minimum scale value.
This movement continues until the arm
M has been sufficiently tilted up to
relieve the tension on the spring U, thus
restoring  the balance between the
actuating forces of the clement and the
spring, causing the contact J to leave
the contact H and breaking the circuit
through the solenoid K.

Thus the voltage variations in the
metered circuit cause the contact J to
move up or down betwcen the contacts
I7 and I, thereby making or breaking
the circuit through either one or the
other of the pen-actuating solenoids.
The corresponding oscillating motion
of the pen, combined with the uniform
motion of the clock-driven record paper,
results in the- drawing of a line, the
irregularitics of which accurately rep-
resent the magnitude and duration
of the voltage variations in the metered
circuit.
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15. Comparison with Siemens’
Dynamometer—The principle of oper-
ation described is very similar to that of a
Siemens’ dynamometer in which the
knurled thumb-nut has been turned
until the torsion of the control spring
has drawn the pointer attached to the
movable coils back to zero, so that the
pointer operated by the knurled thumb-
nut will indicate the circuit voltage. The
movable contact (Fig. 3) J of the graphic
instrument corresponds to the zero-read-
ing pointer of the dynamometer, and the
solenoid-operated recording pen of the
instrument corresponds to the manually-
operated indicating pointer of the
dynamometer.

16. The straight line pen move-
ment necessary for securing scales hav-
ing rectangular co-ordinates, is obtained
by the mechanical arrangement of the
solenoid supporting arm (Fig. 3) M and
the pen arm 0. By construction, the
distances P N, PS and PR, are constant,
and the pin R, rigidly attached to the
upper end of the pen arm O, is arranged
to slide up and down in the guide slot V.

When the supporting arm M is rotate:t
upon its pivot N, thereby swinging the
pen arm O cither to the right or left, the
movement of the pin R in the slot V
gives the pen a straight line motion across
the chart. The parallel motion arrange-
ment thus obtained is extremely simple,
cffective, and free from friction.

17. The pen-actuating solenoids
are wound for operation from direct-
current circuits having nominal potentials
of either 110, 220, or 550 volts, or from
alternating-current circuits of 110 volts,
25 cycles and 60 cycles.

18. The control circuit voltage may
vary temporarily plus or minus 25 per

cent without affecting the satisfactory
operation of the instrument; but suitable
means should be employed to guard
against greater-variations. If the direct-
current bus-bars are connected to ex-
citers controlled by Tirirll regulators,
alternating-current control instruments
should be sclected.

When alternating-current control is
used, the current should be taken from
some source other than the instrument
transformer. If it is essential to operate
from the same voltage transformer from
which the element is operated, the
transformer should have a capacity of
at least 100 watts.

Adjustments to Suit
the Service

19. Dashpots—The motions of all the
moving parts of the meter and recording
clements are rendered dead beat by
means of suitably arranged pistons
working is glycerine dashpots.  The
movements of the solenoid plungers are
damped by the action of pistons attached
to their lower ends and working in cash-
pots located below and partly within the
solenoid coils. One of these is shown at
B, Fig. 2. The action of the pistons
relicves the plungers of excess mom-
entum, thus preventing them from over-
shooting and hunting. The magnitude
of this control can be readily varied by
changing an adjustable opening in the
washer located just below the pistons.
Quick pen action is readily obtained by
increasing the size of the opening, or by
using a light grade of oil; while the use
of a heavy grade of oil will give extreme
slowness of action on badly fluctuating
loads. In gencral it will be found most
satisfactory to have the pen travel
across the paper in from 15 to 20 seconds.
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(CLOCK AND
Crock CONTROL CIRCUIT CONNECTIONS NOT SHOWN)



In all instruments except power factor
meters a piston working in the dashpot
shown at C, Fig. 2, damps the motion of
the movable coils of the element, thereby
preventing the movable contact from
vibrating against the stationary relay
contacts.

20. The sensitiveness of the instru-
ment may be readily controlled by vary-
ing the distance between the stationary
relay contacts. With the contacts adjust-
ed close together, the line drawn on a
rapidly fluctuating load will be very
irregular. A more regular curve can be
obtained, however, by increasing the
distance between the stationary contacts.

It should be clearly understood that
the accuracy of the measuring element
remains constant under all conditions,
and that the character of the record is
the feature actually effected by varying
the distance between the stationary
relay contacts.

21. Voltmeters have coils wound
with fine wire, connected in series with
each other,and with an external resistance.
They can be used on either direct-
current or alternating-current circuits
without error, and on any frequency.
They are furnished in the following
standard capacities:

90-140, 180-280, 250-450, 360-560,
450-700 volts.

For alternating - current capacities
higher than 700 volts, the 90-140-volt
capacity instruments may be used in
connection with voltage transformer
having a secondary winding of 100 volts,
and a primary suitable for the circuit to
be metered.

Special voltmeters of high sensitive-
ness, having a resistance of 50 ohms per
volt capacity, are made of direct-current
circuits where the instruments have to
be installed in stations and operated
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from pressure wires brought in from
points of distribution.

22. Alternating-current ammeters
employ fixed and moving coils wound for
5 amperes capacity and connected in
series. They can be used on any frequen-
cy. On circuits exceeding 5 amperes or
1,000 volts, the meters are operated from
current transformers having 5-ampere
secondaries and primaries suitable for
the circuit to be metered, as follows:

A current transformer is installed with
each ammeter for a capacity above 5
amperes, and a current transformer,
ratio one to one, is installed with each
5-ampere meter where the potential is
1,000 volts or higher.

23. Direct-current ammeters em-
ploy a measuring system having fixed
permancnt magnets instead of fixed coils.
The movable coils are circular and fit
into annular air-gaps in the magnets.
They are connected in series with each
other and, through a small calibrating re-
sistance, to the two left-hand binding posts
of the instrument, from which connec-
tion is made to the terminals of an exter-
nal shunt in series with the load. The
shunt is the same as that used with
shunted type indicating ammeters, and
the movable coils operate upon the same
drop, approximately 50 millivolts.

Where desirable, the shunted type of
graphic ammeters can be operated from
shunts of other ammeters already install-
ed, and therefore have a very decided
advantage over the series type of graphic
ammeter, cspecially in the larger ca-
pacities, for the reason that frequently
the extra busses and leads required to
connect a series meter cost more than
the instrument itself.

24. Single-phase wattmeters have
fixed or current coils identical with those
of alternating-current ammeters, and are
operated from current transformers in
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the same manner. The movable or
potential coils are wound with fine wire
connected in series with each other, and
through an external resistance are con-
nected across the circuit to be metered.
These instruments are correct on any
frequency, and are supplied in the follow-
ing capacities: 5 amperes and 100, 200
or 500 volts.

A current transformer is required with
each instrument of more than 5 amperes
capacity and a voltage transformer on
potentials above 500 volts.

25. Polyphase wattmeters have
fixed or current coils of the same capacity
windings as the single-phase instruments
and alternating-current ammeters, but
these coils are connected in two groups.
The left-hand pair of fixed coils are con-
nected in series with each other, and the
terminals are connected to the secondary
of one current transformer whose pri-
mary is in series with one phase of a
polyphase system. The right-hand pair
of fixed coils are similarly connected, but
they are operated from a transformer
connected in the opposite phase of a
two-phase, or one of the remaining
phases of a three-phase system.

The movable or potential coils are
similar to those of the single-phase
instrument. They are arranged in two
circuits—the left-hand coil connected,
through an external resistance, to the
same phase as the left-hand current
coils, and the right-hand coil similarly
connected to the same phase as the
right-hand current coils. This arrange-
ment gives two magnetically independent
measuring systems, operating a common
movable contact.

These instruments can be used on any
frequency, and will correctly register the
energy of a polyphase system regardless
of how badly the system may be un-
balanced. They are furnished in the
same capacities as the single-phase
instrument, and are also equally accurate
on single-phase circuits.

Since polyphase wattmeters have only
three voltage binding posts, they cannot
be used on two-phase interconnected
circuits without the employment of a
voltage transformer, so as to permit of
the two phases being connected together
at the common voltage binding post.

26. General Note on Alternating-
Current Wattmeters—The maximum
standard capacities are 5 amperes and
500 volts.

On circuits in excess of 5 amperes and
not exceeding 600 volts, use 5-ampere
meters of proper potential in connection
with current transformers having a
primary suitable for the circuits to be
metered.

On circuits of all capacities exceeding
600 volts, use 5-ampere 100-volt instru-
ments, with the necessary current and
voltage transformers.

Polyphase instruments require two
current and two voltage transformers,
except for six-phase and four-wire three-
phase circuits, where three instead of
two current transformers, are required.
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If necessary, the instruments may be
used on circuits of potentials 25 per cent
above or below the normal rating of the
instrument.

27. Direct-current wattmeters are
similar to the alternating-current watt-
meters, except that the current coils are
designed to carry the total current. The
heavy capacity instrument, Fig 5, is
designed and constructed to obviate the
usual troubles experienced with direct-
connected switchboard instruments, such
as the inconvenience of handling due to
heavy circuits, the great difficulty of
recalibration, the amount of labor in-
volved in removing the instrument for
making repairs, and the necessity of
interrupting the circuit.

The element, complete with clock,
voltage coil, and pen and paper-actuating
mechanism, are mounted upon a separate
base, hung from the current coil. This
arrangement permits of the removal of
the instrument proper from the circuit
for repairs, recalibration, ctc., without
disturbing the current coil, which is left
in place on the switchboard. The glass
case is independently mounted on the
marble, and encloses both the current
coil and the element.

A record of the calibration and the
value of the magnetic field produced by
the current coil is kept at the Works;
therefore, if at any time it should become
desirable to send the instrument to the
Works for recalibration or repairs, all
that is necessary to send is the removable
element without the current coil.

These instruments are furnished in
standard capacities from 10 to 30,000

amperes for potentials of 100-125, 200-
250, and 500-650 volts.

Special instruments supplied for three-
wire systems have the same kilowatt
capacity, but one-half the ampere
capacity of the regular instruments.

28. Frequency meters are of the
same type of construction as voltmeters,
except that the coils are wound differ-
entially in two circuits and connected
to an external resistor comprising an
inductive and a non-inductive circuit.
The current in the non-inductive circuit
is independent of the frequency, and the
current in the inductive circuit varies
inversely with the frequency. Therefore,
the relative pulls of the instrument coils
change as the frequency varies, thus
causing the moving coils of the element
to maintain contact until the movement
of the pen-actuating element places
sufficient tension on the control spring
to equalize the forces acting on the
moving coil system and thus break con-
tact.

The control spring and the counter-
weight on the moving element are so
related that when the element circuit is
open and the control circuit is on, the
pen remains stationary at the normal
frequency point (25 or 60 cycles as the
case may be.) This feature renders the
instrument absolutely independent of
voltage variations at or near the point
of normal frequency,

A calibrated adjustment is provided on
the external resistor, which should be
set as marked, to suit the normal or
average voltage of the alternating-
current system, and thus make the in-
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strument 'readings correct at all parts of
the scale. Varying this resistance when
frequency is normal will have no effect
on the reading.

Frequency meters are supplied for
frequency ranges of 21-29 cycles for
25-cycle circuits, and 52-68 cycles for
60-cvcle circuits,

The element is always wound for 110
volts, normal.

A voltage transformer is required on
potentials above 125 volts.

Special instruments are supplied for
use on 30, 40, and 133-cycle circuits.

29. Power factor meters have the
same general construction as the other
instruments, but the element differs.

The single-phase element is shown
in Fig. 7. It consists of three stationary
coils, 4, B, C, and a moving system
comprising an iron armature E, rigidly
attached to a shaft G, suitably pivoted
and mounted on jewel bearings. A
light arm on the armature shaft G carries
a contact which plays between the
stationary adjustable contacts H and I,
carried by the arm O1 and connected in
the circuits of the solenoids K and L.

The coils 4 and B are potential coils,
placed at right angles to each other with
their axis in the same vertical plane.
The coil Cis a current coil, located with-
in the potential coils with its axis in a
horizontal planc at right angles to the
axial plane of the potential coils. Acting
under the influence of the fields of coils
A and B it serves to magnetize the iron
armature E, attached to the shaft G
which carries the movable relay contact
for making and breaking the solenoid
circuits as already explained in the case
of the voltmeter, paragraphs 13 and 14.

30. Electrical Connections, Single-
Phase Power Factor Meter—The in-
ternal connections are as shown in Fig, 7.
The potential coils 4 and B are wound
with fine wire and connected in split-
phase relation, through reactor ¥ and a
resistor X, respectively, and the two
circuits are brought out to the binding
posts 3 and 4 for connection with the
metered circuit,

The current coil C is wound with wire
of 5 amperes capacity. It is non-induc-
tive and its terminals are brought out to
binding posts 5 and 6, for connection
with the metered circuit.

The terminals of the pen-actuating
solenoid circuit are brought out to
binding posts 1 and 2.

The external connections are shown
in Fig. 19, the potential and current coils
being connected to the line through
suitable voltage and current transform-
ers, respectively, and the pen-actuating
solenoid circuits connected to the control
circuit through a suitable series resis-
tance.

31. Action of Single-Phase Power
Factor Meter—With the instrument
connected as shown in Fig. 7, the current
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in coil B will be in phase with the volt-
age of the metered circuit, and the cur-
rent in coil A will lag approximately 90
degrees behind the current in coil B, owing
to the impedance of the reactor V. Conse-
quently the current in B will be a maxi-
mum when the current in A is zero, and
vice versa, thereby producing a rotary
magnetic field having a speed of rotation
depending upon the frequency of the
metered circuit.

The effect of this rotary magnetic field
on the armature E, operating the mov-
able contact for making and breaking the
solenoid circuits, is as follows: Since the
coil C is non-inductive and connected
in series with the circuit, its current will
be in phase with the voltage of the meter-
ed circuit, and under the influence of the
fields of coils 4 and B the armaturc E
will assume a position in which the zero
of the magnetizing field will coincide with
the zero of the rotary field. Thus, if the
current in C is in phase with the current
in A, the axis of the armature will be
parallel to the axis of B; and if the cur-
rent in C is in quadrature with the
current in A, the axis of the armature
will be parallel to that of A. It is evident
that a zero rotary field can occur at any
point between the maximum and zero
currents in the coil A, thereby causing
the armature to assume a position with
its axis at an intermediate point between
the extreme positions defined above,
depending upon the phase relation he-
tween the currents in the two circuits.

The line drawn by the recording pen
‘in response to these movements of the
meter -element armaturc represents in
degrees the magnitude of the phase
displacement between these two cur-
rents.

32. The two-phase power factor
element is shown in Fig. 8. It is similar
in construction to the single-phase ele-

ment, except that the coils arce transposed
in position. In other words, the outer
coils are current coils wound with wire of
5 amperes capacity, and the inner or
magnetizing coil is a potential coil,
wound for 100 volts.

The small diagram on the right shows
the position of the armature R, the
armature shaft G, and the movable
contact J.

The two-phase instrument has seven
binding posts. The coil A4 is connected
to post , the coil B is connected to post
4, and their common connection is
brought out to post 3, as shown. The
other internal conncctions are similar
to those of the single-phase instrument.

33. The three-phase power factor
element is shown in Fig. 9. It is similar
to the two-phasc element, except that
three instead of two outer or current
coils are employed. These coils are
placed with their axis 60 degrees apart,
in the same vertical plane, and are Y-
connected. With this arrangement of
the current and voltage coils the power
factor recorded by the Westinghouse
instrument is based on the value of the
average angle of lag between the currents
and voltages in the polyphase circuit,
instead of being merely a record of the
displacement of only one of the phases
as in the case with instruments of other
makes.

34. Transformers for Power Factor
Meters—All power factor meters have
current coils wound for 5 amperes
capacity and potential coils for 100 velts.

Above 100 volts one voltage trans-
former must be used with each instru-
ment.

All single-phase instruments above §
amperes capacity require one current
transformer.

Two current transformers must be
used with all capacities of two-phase and
three-phase instruments.
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The instruments attain their highest
accuracy with from 3 to 5 amperes
Howing in the current coils and with 75
to 125 percent of normal voltage.
Thercfore, the current and voltage trans-
formers used should be of sufficient
capacity to give secondary values within
the above limits as nearly as possible.
The transformers may be cither the
switchboard or the portable type.

Under these conditions the instru-
ments will record true power factor
within an electrical angle of 2 degrees.
but the record will not be so reliable
when the currents are less than 2
amperes.

Accuracy of Graphic
Instruments

35. Limits of Allowable Error—
‘These instruments are adjusted at the
Works to operate within the following
limits of accuracy, which, owing to the
cxcellence of their construction they will
retain unimpairedgfor long periods of
service:

Voltmeters—Accurate within 1 per-

cent of reading at all points.

Direct-Current Ammeters—Accur-

ate within 1 percent of full scale
value, considered as a millivolt-
meter.

Alternating-Current Ammeters-

Accurate within 1 percent of full
scale value.

Wattmeters—Accurate within 1 per

cent of full scale value.

Power Factor Meters—Accurate

within 2 degrees of reading at all
points.

Frequency Meters—Accurate with-

in 1 percent of reading at all
points.

Calibration of Graphic
Instruments

36. The accuracy of graphic instru-
ments can be checked by comparing
them with known standards in the sameo
manner as indicating instruments.

The calibration of graphic voltmeters,
ammeters, and wattmeters can be
varied by changing the distance of the
control spring from the center of the
movement.

The lateral position of the scale or the
zero can be varied by changing the posi-
tion of the counterweight on the moving
element.

The adjustments of the lower end of
control springs are for the purpose of
varying the proportionality of the scale,
and, therefore, should not be disturbed
except for that purpose.

37. Self-Calibrating Weight—This
is a small weight furnished with volt-
meters, alternating-current and di-
rect-current ammeters, and watt-
meters, and is stamped with the serial
number of the instrument. It affords a
convenient means of checking the in-
strument calibration to determine wheth-
er or not it has changed under the
influence of mechanical causes, and also
provides a simple means of recalibration.



This weight should be used as follows:
Make sure that the instrument reads
zero with only the control circuit on;
then attach the weight to the small hook
on the left-hand moving coil. This should
cause the pen to move to the right and
stop at a point exactly 254 inches from
zero. Then, when the pen is deflected
cither to right or left, by hand, it should
return to that point, within the limits
of allowable error prescribed in para-
graph 35.

If the pen fails to stop at the point
specified, it indicates that the calibration
has changed and must be corrected. This
can be accomplished by means of the
calibrating weight, provided the mov-
able parts have not heen damaged in
shipment, as follows:

With the calibrating weight on, re-
adjust the position of the control spring
so as to make the pen stop at the point
specified, and at the same time adjust
the balance weight so that the instru-
ment will read zero with the calibrating
weight off.

38. Notes on Self-Calibrating
Weight Method—The following facts
should be noted in this connection:

a—The movement of the pen to the
point exactly 254 inches to the right
of the zero line of the record paper
brings it exactly to the middle of the
paper, but not necessarily to the
line representing the middle value
of the capacity markings in the case
of alternating-current and direct-
current-voltmeters, and alternating-
current ammeters, in which the
scales are not uniform.

h---In the case of voltmeters, the sup-
pression of the zero makes the
graduation line on the extreme left
correspond to the zero line of the
other instruments.

¢—The calibrating weight method of
correction is not" applicable where
the changes in calibration are duc
to accident such as short or open
circuits in the windings. Such
changes are of very rare occurrence,
however, and generally manifest
themselves in other ways also.
Furthermore, the weight will not
calibrate the instrument if a wrong
series resistor has been employed.
This fact can be ascertained by
comparing the serial numbers on the
instrument and the resistor.

d—As a general rule, if the instrument
correctly responds to the calibrating
weight test, etc., its indications may
be thoroughly relied upon, and
errors which may be manifested
subsequently would be traceable
to improper connections or applica-
tions, or to lack of proper attention
to the instructions accompanying
the instrument.

e—After the work of calibration, the
calibrating weight should be re-
moved and the instrument operated
without the same. The weight
should be carefully put away for
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futurce use, and record of its weight
in grammes should be made so that
it can be duplicated in case of loss.

39. Direct-current series type watt-
meters can be sent to the Works for
recalibration or repairs at any time,
without removing the current coil or
interrupting the circuit. An exact
duplicate of the current coil of each
instrument is kept at the Works for usc
in recalibration; therefore, the complete
element only, together with its base and
the clock, need be returned.

40. Frequency Meters—The propor-
tionality of the scale or range of reading
is varied by alternating the position of
the top of the control spring, thercby
varying its effective strength.  The
lateral location of the scale, as a whole
depends upon the extension of the spring
and the position of the counterweights,
which should be so related to the spring
extension as to cause the pen to assume
the position of normal frequency: 25 or
60 cycles; with all the clement hinding
posts disconnected.

However, if the instrument fails to
read thus correctly, read the description
of the principle of operation of frequency
meters given in paragraph 28, and
proceed as follows:

a—Observe whether or not the instru-
ment increases its reading with an
increase in frequency. If it fails to
do so, the external resistor has been
improperly connected, and the leads

between it and  the instrument
should be transposed in position .

b-—If the readings are incorrect in other
respects, disconnect the three ele-
ment binding posts, leaving the con -
trol circuit binding posts on. When
this is done, the pen should move to
the position of normal frequency; for
cxample, to the 60-cycle line if the
instrument is one designed for 60-
cycles. If it fails to do so, the
counter-weight on the moving coil
should be shifted until the pen will
assume the position of normal
frequency.

¢—Now see that the external sliding
resistor is adjusted to the point
marked as corresponding to the
normal voltage of the circuit. Re-
connect the element binding posts
to the circuit. The instrument
should now read correctly.

d—1If there are errors in the readings at
points near the ends of the scale,
but not near the normal point, with
the external resistor correctly set
and the instrument reading the
normal frequency with the element
finding posts disconnected, as ex-
plained in b and o, the trouble may
be corrected by shifting the upper
end of the control spring, thus
changing the scale proportionately,
and then calibrating to bring the
normal point to the correct position.
Moving the spring away from the
center will tend to condense the
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scale or bring its outer points
nearer normal; while moving the
spring toward the center will tend
to expand the scale.

41. Power factor meters are recali-
brated by balancing the element me-
chanically and then shifting the position
of the contact arm on the armature shaft.

Either a portable instrument or a
switchboard instrument should be con-
nected in circuit to obtain a comparison,
but if such an instrument is not available,
the power factor may be determined by
reference to the readings of the watt-
meters, ammeters, and voltmeters in the
same circuit.

In this connection it will be understood
that these instruments measure the
average angle of lag of the phases of the
circuit and indicate the cosine of that
angle, or a value that is slightly different
from the true average power factor of
the circuit, which is the ratio of the real
and apparent watts obtained from the
ammeter, voltmeter, and wattmeter
readings. The difference between the
two values is so small, however, that it is
negligible.

For satisfactory operation a power
factor meter should have at least 2
amperes flowing in the current coils.
(See Paragraph 34.)

Clock Adjustments

42. Running Condition—The clock
movements are similar to those used by
the Western Union Telegraph Company
on their time service circuits, and are,
therefore, familiar to all clock repairers
who do the work for that company.

In order to maintain their time-keep-
ing qualities, the following facts and
directions should be carefully observed:

e¢—The clock of graphic instruments are
sent out completely wound and may
be started as soon as the pendulum
is attached. In operation, they are
wound automatically by a small
motor which is mounted in the
lower part of the clock frame.

b—If a clock is allowed to run before
connecting up the control circuit,
it will stop at the end of two wind-
ing periods. However, as soon as
the control circuit voltage is applied
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the clock will wind itself completely,
and may be restarted by swinging
the pendulum.

¢—The clock winds itself regularly,
once, twice, or four times every
hour, according to the rate or paper
feed employed; but if the control
voltage happens to be off at any
winding period, the clock will con-
tinue to run to the next winding
period, and then rewind completely.
If the control voltage is off at the
next succeeding winding period, the
clock will repeat this action; or, in
other words, it will continue to run
for two winding periods before stop-
ping, but it will not rewind itself at
any time unless the control voltage
is on.

d—1f the clock fails to wind itself when
the control circuit voltageis applied,
first make sure that the voltage of
the control circuit is correct, then
proceed as follows: Open the control
circuit and allow the clock to run
down. Observe the position of the
winding contacts. If they are closed
they are in the correct winding
position and the clock should rewind
itself when the control circuit is
closed. However, if the clock fails
to rewind, the cause of the trouble
will be elsewhere than at the wind-
ing contacts, especially if the posi-
tion of lower contact spring is such
as to give sufficient gap to interrupt
the arc formed upon breaking
contact.

e—If the clock fails to run at all, dis-
connect the paper-driving cylinder
by loosening the thumb-nut 4,
Fig. 2, and observe whether or not
the pendulum swings freely and if
the escapement ticks loudly and
regularly. If the clock continues to
run perfectly with the paper roll
disconnected, the stopping is due
to excessive friction in the paper-
driving mechanism.

f—However, if the clock fails to run
continuously when freed from the
paper-driving mechanism, discon-
nect the control circuit, remove the
pendulum escapement pallet, and
carefully allow the clock to unwind,
by letting the escapement wheel rub
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against the finger. The clock should
stop with the contacts in the wind-
ing position, as specified in d. If it
fails to do so, move it around until
it closes the contacts and is just
ready to re-open them. Replace
escapement pallet and pendulum
and apply the control voltage. If
the spring fails to wind up two full
revolutions, the rccuﬁcatlon of the
trouble will require the services of
an expert. Substitute a spare clock
and send the one out of order to the
Works for repairs. In general, it
should be observed that the ticking
of the clock is always loud and
regular when driving the paper.

43. Adjustment of Winding Circuit
Contacts—When the center winding
cam comes in connection with the lower
contact springs, the end of the latter
should be about # inch from the edge of
the incline. After winding, the upper con-
tact spring should always clear the lower
one by # inch. When these springs touch
each other, they should be perfectly
parallel.

44. Cleaning and OQiling Clock
Movements—The construction of the
movements is such that all parts needing
periodical cleaning and oiling can be
reached without the necessity of dis-
mantling them. In cleaning, proceed as
follows:

a—Brush all the bearings and pivot
holes thoroughly with benzine, using
a stiff marking brush. Allow the
benzine to soak in for about two
minutes, then blow off all of it.
Apply fresh benzine, and at the
expiration of one or two minutes
more, blow off all of it as before.
This procedure will force all the old
oil out of the holes on to the surface
of the plates.

b—Wrap a piece of cheesecloth around
a small piece of flat wood, and clean
the dirty benzine and oil off the
plates and arbors, then apply fresh
clock oil to all the pivots and bear-
ings. Replace the dial train, heart-
shaped seconds socket, and syn-
chronizing lever if used, and observe
that motor and center winding con-
tact springs are clean and free from
benzine or old oil.

¢—If for any reason it should become
necessary to take the movement
apart, do not start the screws in the
back plate. Remove the front plate
only. When taking out center arbor,
be careful the center winding con-
tact knockaway pieces do not drop
off the arbor. If they do, put them
back with one-and-a-half or two
turns taken up on the main spring.

45. Synchronizing Attachment—
When required, a synchronizing device
can be supplied for connecting the in-
strument clock with a master clock or
other time circuit. It consists of an elec-
tric magnet energized from the circuit
controlled by the master clock, which
absolutely compensates for any variation
from the normal in the running of the in-
strument clock. By the use of these de-



vices any number of instruments in the
same station or upon the same system
can be kept running synchronously.

Ink, Pen, and Paper

46. The ink furnished for use with
these instruments is made from intense
aniline dye. For convenience it is shipped
in concentrated form, and must be dil-
uted with pure water before using. A
green color has been chosen because it
contrasts favorably with the red gradua-
tion lines on the record paper and holds
in solution a minimum of solid matter
for a given intensity of record line.

Other colored ink made from aniline
dyes may be used at the discretion of the
operator, but, of course this Company
cannot be responsible for the results
obtained.

Ordinary fountain pen or commercial
inks should never be used, because they
contain too much solid matter and other
impurities.

47. The recording pen is constructed
of glass and of such capacity that one
filling is sufficient for several weeks
use. The pen point is a capillary tube of
iridium alloy of heavy wall and small
bore, giving maximum strength with
minimum width of line. It feeds by
capillary attraction. |

48. Method of Filling the Pen—Fil
the special filler provided for this purpose
with ink. Invert the pen and insert the
special filler in the open end of the tube
located behind the pen projection, and
force in ink until the glass tube is full.
Now right the pen in position, close the
open end of the tube, and place it in the
holder on the instrument. In so doing,
take care not to drop the pen point
against the driving cylinder, otherwise
it may become broken and consequently
useless. Remove all excess ink from the
glass tube by means of a blotter.

Should the pen happen to become
clogged by the ink drying up in the
capillary tube, the latter can be readily
cleared by inserting a fine wire.

If the pen oscillates rapidly, thereby
tending to wear through the paper, its
action must be modified by increasing
the distance between the stationary
solenoid contacts and also by slowing up
the action of the solenoid dashpot
pistons, as explained in paragraphs 19
and 20.

49, The record paper is of specially
calendered and ruled grade. It is furnish-
ed in rolls, each having a strip of paper
248 feet in length, which is sufficient for
making continuous records for 62, 31,
and 1514 days at the standard rates of
feed of 2, 4, and 8 inches per hour.

The paper is 634 inches wide and
provided with perforations along both
edges for engagement by the pins pro-
jecting from the surface of the driving
cylinder, so as to insure a perfect align-
ment of the graduation lines on the paper
with the lateral motion of the recording
pen.

50. The graduation lines on the
paper form a system of rectangular co-
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ordinates, consisting of two sets of par-
allel lines ruled at right angles to each
other. The lines running lengthwise of
the paper represent the instruments cali-
bration, the spacing of the lines and the
markings being different for the various
types and capacities of instruments.
Where the capacity markings differ from
those of the standard paper, the former is
obtained from the instrument regularly
supplied by the addition of shunts and
instrument transformers.

The lines ruled across the paper or at
right angles to the calibration lines
represent time intervals. On standard
paper the lines arc 1 or 34 inch apart
and represent 30, 15 or 10 minutes
respectively, on the paper fed at 2, 4, or
8 inches per hour.

51. The record paper scales are 514
inches in length, and their distribution is
uniform in wattmeters and direct-cur-
rent ammeters. The scales in alternating-
current ammeters, power factor meters,
frequency meters, and voltmeters, al-
though not entirely uniform, have a very
uniform distribution over the working
part.

52. Special paper for use on very high
rates of feed can be obtained for experi-
mental and test purposes, with only the
capacity figures on and the time figures
omitted. If necessary, the time can be
marked in by hand while running test.

53. Extra high rates of feed can be
provided for in connection with the
clock feeding at the regular rates of 2, 4,
and 8 inches per hour by the employ-
ment of a device for throwing the pendu-
lum escapement out of gear and throwing
in a high-speed escapement. The paper
used in this connection may be either
special paper without time or capacity
markings, or the standard paper, the
time markings thereon being disregarded
and the time corresponding to the test
intervals marked in pencil.

This arrangement for obtaining high-
speed records is useful for special experi-
ments, motor performance tests, and
investigations relative to the operation
of hoists, machine tools, etc.

54. Blue-Prints—The paper is of such
a thin and tough texture that it can be
used readily for reproducing the pen
records by blue-printing or other similar
processes.

55. Paper-Collecting Roll—Where it
is desirable to remove the records at least
once every week at two inches per hour
feed, the paper-collecting roll may be
used with advantage. Otherwise, the
paper should be fed out through the
slot in the instrument case and into a
basket, as is the practice with stock
tickers.

The collecting roll is not intended to
wind up tight, but merely to properly
roll up the paper as fast as the record is
made.

Care of Contacts

56.The contact mechanism is so de-
signed as to make the action as nearly as
possible free from variation. The con-
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tact points of a movable contact are
carried by a swiveled piece, producing a
wiping effect on the contact surfaces,
thus automatically keeping them clean
and preventing ‘‘freezing” or poor
contact.

The outer end of the movable contact
arm carries a piston which works in the
glycerine dashpot provided for damping
the movements of the movable coils of
the element, as explained in paragraph
19. It is important to keep the contacts
free from all traces of glycerine, as its
presence causes a black deposit to form
on the contact points, resulting in pitting
or excessive wear of the points. Contact
points showing any trace of such a
deposit should be carefully cleaned with
cloth dipped in gasoline, and polished
with the finest ‘‘crocus paper’’ or emery
paper. With reasonable care the contact
points should last indefinitely; but any
points that should happen to become
badly pitted should be replaced with
new ones at once.

Causes of Unsatisfactory
Records

57. Sluggishness of action, indicated
by the record not showing actual varia -
tions in load, may be due to one or all of
the following causes: a—Friction in the
movable system of the element; b—
friction in the pen-actuating mechanism ;
c—dirt on the contact points; d—exces-
sive vibration.

a—Friction in the movable system of
the element can best be detected by
noting whether or not a slight de-
flection of the pen, say 14 inch, will
cause a motion of the movable con-
tact. If it does not, friction is present
and should be eliminated by an
experienced instrument man.

b— Friction in the pen-actuating mech-

anism is readily detected by remov -

ing the glycerine from the dashpots,

the control circuit being off.

c¢—If the contact points touch me-
chanically but do not complete the
circuit, the contact points are dirty
and should be cleaned, as directed
in paragraph 56.

d—Excessive vibrations, such as those
called frequency pulsations due to
the proximity of alternating-current
machines, may prevent current from
flowing in the solenoid coils, as the
self-induction of the circuit will not
allow sufficient time for the control
current to magnetize the solenoid
plungers. This trouble can be read-
ily detected by the sense of touch,
and can be corrected only by mount-
ing the instrument in a place free
from vibration.

53. Overshooting or exaggeration of
variations in the metered circuit may be
due to the following causes: a—Too
quick an action of the pistons in the sol-
enoid dashpots; b—dirt on contacts;
¢—{riction in the movable system of the
element. These faults can be remedied
as explained in paragraph 57.



59. Pumping-—A periodic motion of
the pen, not accounted for by the actual
variations in the metered circuit, may
be due to the following causes: a-—Lack
of balance in the pen-actuating mechan-
ism; b-—stationary contacts adjusted
too close for the character of the circuit;
¢—dirt on contacts; d—friction in the
element; ¢ —too quick an action of the
solenoid dashpot pistons; f—too high
a voltage on the control circuit.

60. Incorrect Registration—If the
instrument responds properly to the
calibrating weight and is correct mech-
anically, incorrect registration may be
due to the following causes: a—In-
correct setting of the pen in the holder;
b—use of incorrect series resistor; e
use of incorrect shunt (direct-current
ammeters); d-—incorrect transformer
connections (particularly important in
polyphase wattmeters and power factor
meters); e —use of voltage or current
transformers having different ratios from
those for which the instrument is
calibrated.

61. Correspondence relative to un-
satisfactory operation of graphic instru-
ments, with'the Westinghouse Company,
should state all the facts as fully as
possible, and give -sufficient data to
enable the Company's engineers to
locate the cause of trouble. Always send
a sample chart or record, showing the
trouble in question.

Repairing

62. Repairing can be done most satis-
factorily at the necarest Westinghouse
service station. Interchangeable renewal
parts listed on this page can be furnished,
however, and customers equipped for
doing repair work will find that the con-
struction of the instrument facilitates
this.

i
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Recommended List of Renewal Parts

The following is a list of the renewal parts and the minimum quantities of each
that should be carried in stock. These are the parts most subject to wear in ordinary
operation and damage or breakage due to possible abnormal conditions. The main-
tenance of such stock will minimize service interruptions due to breakdowns.

———Recommended Stock for——

Style No. Name of Part No. per 10 20 30 40 50
Instrument Duplicate Instruments
...... *Clock. . ... 1 1 1 2 2
108505  Upper Main Contact of Clock .......... 1 1 1 2 2 3
108506  Lower Main Contact of Clock........... 1 1 1 2 2 3
124900  Moving Contact Complete ~Except for
Power Factor Meters. ................ 2 4 8 10 12
...... $Clock Winding Motor... ............... 1 1 1 2 2 3
148367  Brush for Clock Motor. . ............... 2 4 4 6 6 10
148366  Brush Spring............. ... ... ... ... 2 4 4 6 6 10
122429  GlassPen............ ... . .. ... ...... 1 2 2 3° 5 10
72449  Rubber Pen Filler...................... 1 1 2 3 4 5
122429  Capillar Reservoir Pen................. 1 1 1 1 2 2
122430  Holder for Pen (Style No. 122429)....... 1 1 2 3 4 5
108067  Green Ink in Concentrated Form.. ... ... 1 10 20 30 40 59
...... tSolenoid Coil.......................... 2 2 2 4 6 8
72442  Dash Pot Cylinder..................... 2 0 0 1 2 2
105159  Stationary Contact..................... 1 4 4 6 8 10
206324  Brush for Control Motor. ............... 2 4 4 6 6 8
269194  Leather Belt for Reroll.................. 1 2 2 2 4 i
219079  Pen Cleaning Wires.................... 1 pkg. 2 4 6 8 10

*-—Clock suitable for driving paper at the rate of 2, 4, 8 or 24 inches per hour, Style No
124982.

Clock suitable for driving paper at the rate of 4inches per hour, Style No. 124981,
Standard clock for driving paper at the rate of 2 inches per hour, Style No. 124980.

1+—Clock winding motor, 60 cycles, 110 volts, for any of above clocks, Style No. 124983 .
Clock winding motor, 25 cycles or direct current for any of above clocks, Style No .
124934.

t—Solenoid Coil for 110-Volt, 25-Cycle Control, Style 72446,
Solenoid Coil for 110-Volt, 60-Cycle Control, Style 72447.
Solenoid Coil for 110-Volt, D-C. Control, Style 72444.
Solenoid Coil for 220-550 Volt, D-C. Control, Style 72445.

Accessories

Style No. Description

}g%gg? Elergl(‘m {For driving paper 24 inches per hour from clock Style No. 124982 .
115200 ©  Pinion [ For driving paper at the rate of 8 inches per hour from clock, Style
115201 Gear 4 No. 124982; 4 inches per hour from clock Style No. 124981; or 2

- | inches per hour from clock Style No. 124980.
115202 Pinion [ For driving paper at the rate of 4 inches per hour from clock, Style
115203  Gear | No. 124982; or 2 inches per hour from clock, Style No. 124981.
112605  Resistor for connection in series with motor Style No. 124984 when used on
110 volts, 25 cycles.
112605  Resistor for connection in series with motor Style No. 124984 when used on

110 volts, direct current. Order paper by Style No. on paper previously
used.

Ordering Instructions

When ordering renewal parts or accessories, give the name plate reading of the
instrument. Always give the name qf the part wanted, also the stock order number or
style number of the apparatus on which the part is to be used.

External Connection Diagrams

: ¥

Sertes Transformer

Note—One primary and one sec-
ondary lead of instrument transfor-
mers having like polarity, are painted

red.

Voltage Transformers Ammeter Shunt

10—CoNVENTIONAL SIGNs USED IN CONNECTION DIAGRAMS
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Westinghouse Graphic Instruments

External Connection Diagrams—Cont’d

E

Control Circuit
F1G. 11—A-C. AND D-C. VOLTMETER——REAR VIEW*

Note-—-Connections shown are for alternating-
current circuits exceeding 700 volts. On lower voltage
the voltage transformer is omitted and the instru-
ment connected directly across the circuit in series
with its series resistance.

Control Circurt

Fic, 13—D-C. AMMETER—REAR VIEW*

Note-—Ammeter shunt is shown connected
in the negative side of the circuit.

Phasc A Phase B
| all -

f\jJ

AR AN

~

E——
W e e/

T

L —

Control Circuit
Fic, 15-~WATTMETER FOR Two-PHASE FOUR-WIRE CIRCUIT
REAR VIEW*

¢

Control Circuit

Fic, 12—A-C. AMMETERS-——REAR VIEW*

=y
.

Control Circuit

F1G. 14—SINGLE-PHASE WATTMETER—REAR VIEW*

T
"

T,T

=

Control Circuit

F1G. 16—WATTMETER FOR THREE-PHASE THREE-WIRE CIRCUIT

REAR VIEW*

*Note-—-Series resistance is used only on 500-volt control circuit.
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Westinghouse Graphic Instruments

External Connection Diagrams—Cont’d

WNevtro!
ire

iy

Control Circuit
FIG. 17—WATTMETER FOR THREE-PHASE FOUR-WIRE CIRCUIT
REAR VIEW*

Resistor Zerrmirals rnarked
Rand L connect rfo righ?-
hand and lef¥ hand

ferrminals of rmeferelernent

as viewed frorm rear

Control Circurt
F1G. 18—~FREQUENCY METER—REAR VIEW*

HN
3

Control Circuit

F16. 19—SINGLE-PHASE POWER FACTOR METER
REAR VIEwW*

14

Phase A Phase B E

|

Control Circuit

F16. 20—PowER FACTOR METER FOR TwoO-PHASE FOUR-WIRE
CIRCUIT—REAR VIEW*

Note—For two-phase three-wire circuits the ad-
jacent wires of the two phases are replaced by a
common wire,

i

il

e

Control Circuit

Fi1G. 21-—POWER FACTOR METER FOR THREE-PHASE THREE-WIRE
CIrCUIT-—REAR VIEW*

Note—For three-phase, four-wire circuits the
connections are as shown, there being no connection
between the instrument transformers and the
neutral wire.

*Note—Series resistance is used only
on 500-volt control circuit.



Contacts J 7

@Qxed Coils

Westinghouse

Graphic Instruments

Internal Connection Diagrams

Fixed Coils

Fixed € i_— Moving Corls
B Contacts I3 F
o B8 Fixed| Codls D
1
Clock ? l-o
o1} Zero Cut-Out I 1
3 -
FH b= Sotenot L.
Clock Solernoid K j Tolenond L
=; —OT—) = >
= =
R s P n 2
Clock Res. :: EE
- 3
b 5 (oo sses S
2C G - 500 Volt B.C O]

eycle contrp/ Sotenod A L? —ire (:7774 Soc;/e control, ? ?

Resistances Resrstarnces

l /?es/.sfa/nce Coils ? é
vsed only on 60 cycle T S J
OcControf éMe)‘er' o ControlS  control Meter

"

Resistance Coils R vsed
only on 60 cycle control.

F1G. 22—A-C. or D-C. VOLTMETER—FRONT VIEW

F16. 23—A-C. AMMETER—FRONT VIEW

H)
Contacts J

Meter Element

£

Fixed Coils
H Moving Corls
Contacts J I3 f F)
/
Fixed {Cofls

R\

Clock Resist
Nore used
or? 500 Yo/t

8.C and 60
cycle controf

Solenoid A E ? Solerord L

LN

Res/stances

0

L(,

1L

Reszsfaﬂce

Soleroid K ég E \ Solenoid L

-Clock Hes:sfance

O) None used or 500!
Yot .G _and 60cycle control, |
J

Clock

Resistance Coils R vsed
only on 60 cycle contro/

Resistance Coils
R "o be vsed on
60 cycle control.

)

¢ Meferi

(o] o
Corntro/

Adyusting Resistance]

Fi1G. 24—D-C. AMMETER—FRONT VIEW

Ext. Resist

FiG. 25—SINGLE-PHASE WATTMETER—FRONT VIEW
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Westinghouse Graphic Instruments

Internal Connection Diagrams Cont’d

Contacls J m
/ Contacts J
Clock
ot
Clock Resist
None vsed orr
S00 Volt 0.C.and|
60 cycle cortrol. Clock
Solenord A 3 .
Sofenoid ) Resistances
° Solenoid K Solenaid L.
R Id :
-\ e — : R ry
1 Resistarnce Clock Re.
Nore vsed
or 500 Vot
DCand ? f ]
i 60cycle 1
contro/
<] [} o . 3 .6
Control  Serres X7, Serres B L é
) Resist. Coﬂfm/tL o O—>—
Resistance Coils R~ Shvnt S——Meter——
used only on 60 cycle control Resrstance Coils R vsed only on 60 cycle control

F1G. 26—PoLYPHASE WATTMETER —FRONT VIEW F1G. 27—FRrREQUENCY METER—FRONT VIEW

Reswstance

o Outside corl
@ faside corl
sz A,
A2 A
H /Canfdcfs
Solerord K J§  Solenord L
N i
3
N
<
2
§
Clock

Clock Resist Shun l

None vsed “Conrtro? Serres .
on S00Volt 0.€ , Resistance Colls R vsed
and 60cycle contro only or 60 cycle cortro/

F16. 28—PoOWER FacTOoR METER FOR TwO-PHASE AND FOR
THREE-PHASE CIRCUITS—FRONT VIEW
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