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CHAPTER LVI

AUXILIARY APPARATUS

For the proper control of the alternating current in any ot
the numerous systems described in the previous chapter, various
devices, which might be classed as “auxiliary apparatus,” are
required. These may be grouped into several divisions,
uccording to the nature of the duty which they perform, as

1. Switching devices;

a. Ordinary switches;
b. Oil break switches;
¢. Remote control switches.

2. Current or pressure limiting devices;

a. Fuses;

b. Reactances;

¢. Circuit breakers;
d. Relays.

3. Lightning protection devices;

. Air gap arresters;
Multi-gap arresters;
Horn gap arresters;

. Electrolytic arresters;
Vacuum tube arresters;
Choke coils;

“Static’’ interrupters.

Nt n P
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4. Regulating devices;

a. Induction voltage regulators;
. Variable ratio transformer regulators {gf:ln;ygg";
. Compensation shunts;
. Pole type regulators;
Small feeder voltage regulators;
Automatic voltage regulators;

. Line drop compensators;

MmOt oA N o

. Starting compensators;
Star delta switches.

©,

3. Power factor regulating devices;

a. Condensers;
b. Synchronous condensers.

6. Indicating devices;

. . . luniger type;
a. Moving iron instruments ; g:clined_ coil type;
magnetic vane type;

b. Hot wire instruments;

: : hielded pol B
¢. Induction instruments {f.e;fulsionpfy;:;y L

a,

. Dynamometers;

Instrument transformers;

commutator type;

f. Watthour meters { induction type;
Faraday disc type;

S

o synchronous motor type;
g. Frequency indicators{ resonance type;
induction type;
larlnp type:
1 indi voltmeter type;
k. Synchronism indicators R sonarcettype,
rotating field type;

wattmeter type;
rotating field type;

o,

Power factor indicators {

Ground detectors;
Earth leakage cut outs;

e

Oscillographs.
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CHAPTER LVII

SWITCHING DEVICES

A switch is a piece of apparatus for making, breaking, or chang-
ing the connections in an electric circuit.

The particular form and construction of any switch is governed
by the electrical conditions under which it must operate.

Since the electric current cannot be stopped instantly when
the circuit in which it is flowing, is broken, an arc is formed as
the switch contacts separate; this tends to burn the contacts,
and to short circuit, the severity of such action depending on
the voltage and the proximity of the switch terminals. Ac
cordingly in switch design, provision must be made to counteract
these tendencies. Thus,

1. The contacts should separate along their entire length,
rather than at a point;

2. The terminals should be far encugh apart and properly
protected to prevent short circuiting of the arcs;

3. The break should be quick;

4. The gap should be surrounded by the proper medium (air
or oil) to meet the requirements of the electrical conditions.

A great variety of switches have been introduced to suit the
different requirements. Knife switches are used for low pressure
service, the multiple break form being used where it is desired
to reduce the arcing distance.
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Ques. How should
single throw switches
be installed?

Ans. Theyshould open
downward so gravity will
keep them open.

Fi1cs. 2,199 and 2,200.—General
Electric  triple pole solenoid
operated, single throw remote -
control switch, and push but-
ton switch for operating same.
Switch is a self-contained unit
with two sets of contacts,
main laminated copper brushes,
and carbon guxiliary contacts
to take the arc on breaking
the circuit. The main brushes
are so made that each lamin-
ation makes an end on contact
with the switch blade without
any tendency to force the lam-
inations apart. A wiping effect,
given to the contacts every
time the switch is closed, keeps
the contact surfaces clean and
insures good contact at all
times. e carbon auxiliary
contacts are made of blocks o
carbon fastened without screws.
In operation, the switch is
actuated by a double coil
solenoid, one coil for closin
and one for opening, control]eg
by the single pole double
throw push button switch
shown in fig. 2,200, which is
normally in the open position
and remains closed only when
held by the operator. One of
these switches is furnished with
each control switch and must
always be used, as the solenoid
coils are not intended for con-
tinuous_service. The power
required to operate the remote
control switch is small, being
approximately 1.6 amperes at
110 volts, 0.81 amperes at 220
volts direct current, and 10
amperes at 110 volts, and 6
amperes at 220 volts alternat-
ing current 60 cycles. The
main switch can be closed and
opened by hand, and the push
button located at any point.
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Ques. How should double throw switches be installed ?
Ans. Horizontally.

F1Gs. 2,201 and 2,202.—Palmer service switch ard fuse box, for either plug, cartridge or
open link fuses. Fii. 2.201 illustrates the box in open position for the inspection of fuses,
etc. The cover is held open by a mmple lock so that the switch cannot fail closed by
gravity, the box may be mounted so that the service wires lead directly into a sealed
terminal chamber from any direction, and all currert carrying parts made aucessible by
the opening of the switch are dead. Fig. 2,202 illustrates the device with side of box
and cover cut away toshow interior and the normally sealed eover of terminal chamber
removed. The switch contacts do not enter their contact clips until the Banged cover
of the box has closed the switch epening, no current connections being made to line or
load until the box is completely closed, and im consequence there is no opportunily to
make improper connections to any live parts of switch, when conduit connections are
used to the service and meter wires,

Ques. What is a plug switch?

Ans. A switch in which the current is ruptured in a tube
enclosed at one end, thereby confining the arc and limiting the
supply of air.

They are used on high pressure circuits of from 10,000 to 20,000 volts,
for transferring live circuits and for voltmeter and synchronizing
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circuits where there is very little energy. The usual current capacity is
irom 4 to 714 amperes.
P
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F1G. 2,203 and 2,204.—Bus transfer plug switch. The method of sgpporting the contact
farthest from the panel consists of a porcelain gi}lar of the same height as the receptacle,
clamped to a brass connecting or bus bar which in turn is fastened to the receptacle.

Forms of Break.—On high pressure circuits there are several
types of switch: they are classified with respect to the break.
that is to say, according as the break takes place,

TERMINAL PRESSBOARD WASHER

PORCEL AIN
WASHER

FIG. 2,205.—Ammeter jack. This plug switch is insulated for high pressure and consists of
two parts: the ammeter jack, and the ammeter jack plug, cable, and bushing. The receptacle,
which is simple in construction, consists of a brass bushing well insulated from the panel
and protected on the front of the panel by a porcelain bushing. On the end of this tube
and insulated from it, is 1 phosphor bronze spring which, when the plug is out, restson the
brass tube and keeps the circuit closed. The plug consists of a brass rod well insulated and
set in a brass tube, both being fastened in a handle which is stained black and polished.
Inside the handle is run a twin conductor cable. one side being soldered in the brass tube
and the other to the brass rod. The other end of the cable is run through a bushing set in
the paneland thence to the ammeter or current transformer. Where it is desired to remove
the plug and cable from the board, or to plug both ends of the cable in di. erent recepta-
cles, a plug instead of a bushing should be used. In this case a cable should be provided

with a plug on cach end.
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1. In open air;

2. In an enclosed air space;

3. Aided by a metal fuse;

4. Aided by a horn;

5. In oil. -

F16. 2,206.—Westinghouse fused starting switch for squirrel cage motors. It is arranged for
National Electric Code fuses on one end only and has springs on the other end to open
the switch automatically if left closed at this end.” The correspopding terminals at both
ends of the switch are connected in grooves in the back of the slate base so that the
wiring need be connected to one sct of these terminals only, thus decreasing the number
of connections necessary, as shown in fig. 2.207. In starting an induction motor, the
switch is thrown to the end that is not fused ani held there until the motor is up to
running speed; then it is_quickly thrown to the fused position, thus protecting the cir-
cuit under running conditions.

TO LINE
Suinteiaiet ieiniuiels ety &)
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OF SWITCH ; !
] 1
| ' 1
E i \3 TO MOTOR
[ !
bl t-o 99
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F16. 2.207.—Diagram of connections of Westinghouse fused starting switch for squirrel cage

motors.

fuses are apt to blow when

The starting current of indu
current and, when the controlling switc
the motor is start

ction motors is several times the normal running
tch is fused to carry the running load only, the
ed. The fuses must be of a capacity to

prevent overloads under running conditions. These switches are designed to meet this

difficulty and are used without auto-s

tarters to control motors up to 5 horse power rating.
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Ques. What is the objection to open air break?

Ans. The relatively long gap required to extinguish the arc,
limiting this form of switch to low or moderate pressure circuits.

The open air arc may cause very high voltage ascillations when the
circuit contains inductance and capacity unless the break occur at
zero value,

F16. 2,208.—Westinghouse single pole disconnecting switch. Disconnecting switches are used
primarily for isolating aggaratus from the circuit for purposes of inspection and repair;
also for sectionalizing feeders. They are not designed for opening under load, and there-
fore no attempt should be made to open them with current in the circuit. In connection
with lightning arrester installations, disconnecting switches are particularly useful, dpm-
viding a simple and effective means for isolating the arresters while cleaning and in-
specting. The switch is opened and closed with a hook on the end of a wooden pole,
which hook engages in a hole provided in the switch blade. This type of disconnecting
switch is intended for wall mounting. The live parts are mounted on porcelain insulae
tors carried on a cast iron yoke or base, forming a simple and substantial construction,

Ques. What are disconnecting switches?

Ans. Knife switches in series with other switches so that the
apparatus controlled by the latter may be repaired in safety
by entirely disconnecting it from the bus bars or live circuit.

Such switches are not intended to rupture the load current.
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Fics. 2,211 and 2,212 —Westinghouse selector type disconnecting switch, Fig. 2,211, view
showing both sides closed; fig. 2,212, view with cne side open. The selector type of
disconnecting switch is a transfer switch which does not require the circuit to be inter-
rupted while making the change. It can also be tsed to connect two independent cir-
cuits in allel. In construction, it is in effect two single throw, single pole disconnecte

ing switches with the hinge jaws connected together and mounted on the same insulator.
The hinge jaw is also provided with dummy jaws to hold either blade of the switch in

the open position. Except for these differences in the hinge jaws, the construction is
similar to the switch shown in fig. 2,209. Tt should not be used to open the circuit when

loaded.

e T R T SRR

¥F1c. 2,213.—Hook stick for operating a disconnecting switch.
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Ques. What are the features of the enclosed air break?

Ans. The switch is more compact than the open air break
type, but pressure oscillations are caused on opening the circuit
the same as with the vpen air break, and it is not desirable for
heavy current.

F16. 2,214.—Baum 35,000 volt, 200 ampere, dcuble break pole type switch. While designed for
disconnecting purposes only, it can break considerable amperage. The levers and couplings
are fastened with tape pins. The control shaft coupling is adjustable to any angle, and the
switch can be locked in the open or closed position. A removable wooden kandle is sup-

lied and the Switch can be handled in any weather. The arms can be extended to hold
use fittings, or dead end insulators in the event of a heavy strain, but it is preferable to
have fuses on another structure as a_precaution against coming in contact with the
energized portion of the switch, and it is also preferable to take the strain of the line
on a pole a few feet from the switch, rather than on the switch structure, particularly
in the larger sizes. An insulating wood section in the control shaft separates the con-
trol handle from the remainder of the switch. Discharging horns can be fitted to this
type of switch and when so equipped they have been found capable of breaking con-
sid%erable loads.

Ques. How is the fuse arranged in the metal fuse
break type of switch?

Ans. It is placed in a tube fitted with powdered carbonate
of lime or some other insulating powder.
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1G. 2,215.—Pacific swivel type blade for Baum pole top switches, The twist type of blade,
here shown, is especially adapted to switches operating in freezing or sleety weather.
1t will be seen that the first few degrees through which the rotating insulator is moved
have the effect of twisting the blade betu the shoes of the conlact, which breaks any seal
through freezing, or corrosion.

P16, 2,216.—Pacific 22,000 volt, 100 ampere, pole top switch equipped with fuse tubes; de-
signed to meet the need for a small group controlled disconnecting switch, having sev-
era] features making it suitable for use with service transformer installations and line
branches, The switch is made with clamped ci)ipe arms permitting adjustment. Itis

equipped with fuse tubes and fittings, but should the fuses be not desired, the arm may

shortened, Provision is made for fitting insulator pins to the top of the arrus, when
the switch is mounted vertically, which will hold insulators at ri;ﬂn angles to the switch,
making it possible to end a line on the top of these arms and then drop down through
the switch to the bank of transformers. The swilch is so consiructed thot ?-avlty tends to
hold it in cither the open or the closed position.  Provision can be made for locking.
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P16, 2,217.—Hom break switch. in operation, the arc formed at break, will travel toward
the extremities of the horns because of the fact that a circuit will tend to move so as to
embrace the largest possible number of lines of force set up by it. Hence, the arc that
starts between the horns where they are near together rises between them until it bee
comes so attenuated that it is extinguished,

Pic. 2,218.—Westinghouse rear connected motor starting switch, for pressures up to 600
volts. It is used for starting rotary converters and direct current motors of large capac-
ity having starting torque small enough to permit cutting out the starting resistance in
few steps, The clips can be connected to any type of resistor, the steps of which are
successively short circuited as the switch closes; the amount of resistance in the arma.
ture circuit is thus gradually reduced. A pause should be made after each step of resist.
ance is thrown in to allow the motor speed to accelerate, If the starting switch do not
have to carry the full load current and can be short circuited by another switch, a start-
ing switch of smaller capacity equivalent to 50 per cent of running current of the machine
can be used. The switch is of the single pole, single throw, rear connected, four point,
koife blade type.
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SWITCHING DEVICES

Describe its operation.
The moving arm of the switch draws the fuse through

Ques.

Ans.

the tube, thus opening the circuit without much disturbance.
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What is the objection to the metal fuse switch?
The powder is set flying by the explosion of the arc,

Ques.

Ans.
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which, as it settles, gets into the bearings of any machine that
may be in the vicinity.

Ques. What is a horn break switch?

Ans. One provided with horn shaped extensions te the

contacts, as shown in fig. 2,219,

The arc formed on breaking the circuit, as it travels toward the ex-
tremities of the horns, becomes attenuated and is finally ruptured.

) B

FI1G. 2,220.—Kelman switching mechanism. The pantograph arrangement of the contact
blades gives a double horizontal break deep down in the oil. This gives over the break
a heavy head of oil which immediately closes in around the thin blades as they leave
the contacts in opening, thus effectually extinguishing the arc. The opening spring
acts within the pantograph itself without any intervening mechanism, and the light
weight of the few moving parts enables the spring to accelerate the blades rapidly, thus
obtaining a quick break. The contacts are of the return bend type, which makes a flex-
ible contact, to obtain alignment with the blades at all times. The tograph and
contacts are supported on corrugated porcelain insulators on a hardwood base or insula-
tor board. The insulators are fitted with iron ends for securing the difterent parts. At
each end of the insulator board is an upright or lifting board which serves to lift the
switching mechanism out of the tank. }f‘he leads are heavily insulated.
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Ques. What are the objections to this type of switch?
Ans. The considerable space required for the horns and
arcs, and the line surges caused by the arc.

Horn switches were used extensively for high pressure alternating
current circuits before the introduction of oil switches.
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16, 2.221.—Sectional view of Pacific weatherproof oil switch for use in places exposed to
the weather. All moving and contact parts are supported from the cast iron top and
are readily removable for inspection or repair-

Oil Switches.—The extensive use of high pressure currents
and alternating current motors and other devices introducing
inductance make it necessary to use switches radically different,
from the ordinary air break types.
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The opening of circuits of considerable current value with
jnductive loads is not possible with old style switches which
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were quite adequate for the service for which they were de-
signed. These circuits are controlled with ease and certainty
by the oil switch.

rIGS. 2,223 to 2,226.—Westinghouse indoor, two pole double throw oil switch for ressures
not aver 6,600 volts. Fig. 2,223, open position; fig. 2,225, closerl pasition. ’lphis type
of switch is suited for a wide ramge of application, being marde in both switchboard and
wall mountirg styles; also for remote mechanical control by the use of bell cranks and
connecting rods. The wall mounting style is adaptable to motor installations on account
of the facility with which it may be mounted on any s.pport, canvemient to the motor
operator. The lever aud handle extend outward over the oil tank, so that the switch
may readily be mounted against a wall, post or any vertical support. The character-
istic features of this type of switch are: knife blade contacts submerged in oil; live parts
carried on & porcelain base afarding a permanent insulation between adjacent poles, and
between the frame and live parts; compactness and accessibility; enclosure of all live
metal parts; and low first cost. Each contact jaw has a‘tached to it an arcing piece
which takes the final break, thus preventing any burning of the jaws. These arcing
pieces are inexpensive and readily replaced when worn or burnt away. The contact
making parts are enclosed in a sheet metal oil tank which has an insuluting lining. The
leads are brought out at the top. Connections to the outside circuit are made ins de
the swiich and a poreelain insulator is slipped over the joint, thus providing a stra’ght
contimious connection from the line with maximum imsulation. Cr the 6,600 volt
switch, insulation is pbtained by the use of porcelain bases far suppo ‘"7 the live parts.
In the 3,300 volt switch specially treated wooden bases are used, suitable barriers Deing
provided between the poles where necessary to prevent arcs cammunicating.
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Ques. What is an oil switch?
Ans. One in which the contact is broken under oil,

This type of switch is the one almost universally used on high pres-
sure alternating current circuits, because of the fact that the oil tends
to cause the current to break when at its zero value, thus preventing
the heavy arcing which would occur with an air break switch, and the
consequent surges in the line which are so often the cause of break-
down of the insulation of the system.

FIG. 2,227.—Kelman electric control unit for oil switch. It consists of an iron frame which
contains the opening and closing coils and the bearings for the operating bell crank.,
A small switch on the frame automatically opens the coil circuit at the end of the stroke
in either direction and operates signal lamps to indicate the open or closed position.
The automatic overload release opens the switch by closing the o ening coil circuit.
This electrical operating unit gives satisfactory service through a wide vanation of volt-
age. It requires a momentary expenditure of energy of from 1,500 to 4,000 watts, de-

pending on the size.
Ques. What is the nature of an oil break?
Ans. It is not a quick break.

Oscill-graph records show that the effect of the oil is to allow the arc
to continue during several cycles and then to break the current, usually
at the zero point of the wave.
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Remote Control Oil Switches.—It is desirable in the case
of switches on high pressure circuits to locate the parts which
carry the high pressure current at some distance from the
switchboard in order that they may be operated with safety.

With respect to the manner in which the switches are operated
they may be classed, as

1. Hand operated;
2. Power operated.

:
;
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PiGs. 2,228 and 2,229.—Views showing mechanism of hand operated remote control switches,
Fxg 2,228, stralght mechanism; fig. 2,229, angular mechanism,

Ques. What kind of power is used?

Ans. Electricity is used in most cases; in some installations,
switches are operated by compressed air.

Ques. For what pressures should remote control
switches be used?

Ans. For pressures above 1,100 volts.
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Ques. Describe the operating mechanism of a remote
control, hand, and electrically operated switch.

Ans. For hand operation, the mechanism between the oper-
ating lever and switch proper, consists simply of a system of
links and bell cranks. Various shapes of bell crank are used,
to permit change in direction or position of the force applied
to operate ihe switch.
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F1G. 2,230.—Pacific oil switch with solenoid control, designed for 60,000 and 70,000 vols
installations; it is capable of handling a 25,000 kw. generating station. The break
is horizontal, made by the rotation of a flat member edgewise through the oil. The
solenoid, at its extreme outer position, has a free start before commencing to move the
control parts of the switch. As it approaches the extreme inner position, where the
opening spring and the contacts begin to offer the greatest resistance, the magnetic action
is, of course, most powerful, and the leverage by which it is apFlied moves to an increas-

ing radius, by means of rollers working in the curved slots of the control shaft levers.
These curved slots and rollers have the additional advantage of making the opening
action very free and smooth. The tripping coil does not act on the latch directly, but
ives a hammer blow that is positive. The latch proper is a roller having a powerful
old and easy release. Current can not be left on either the closing or opening coils,
as they are automatically cut out by the movement of the switch.

Ques. Name two classes of electrically operated remote
control switch.

Ans. Those operated by solenoids, and those operated by
motors.

The solenoid type are closed by the action of a plunger solenoid,
and opened either by another solenoid called a “tripping coil” or by
gravity. Some examples of remote control are shown in the accom-
panying illustrations.
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Ques. What indicating devices are used with elec-

trically operated switches?
Ans. Red and green lamps; red for closed and green for

open as shown in fig. 2,231.
RED INDICATING LAMP

/ (OIL SWITCH CLOSED)
QH’_J
A ? CLOSING CONTAGY

[I3<—OPENING CONTACT

Nt

) —GREEN INDICATING LAMP
g (on. swWITCH OPEN)

r—'\ﬁ

FUSE
o I
125 VOLT BUSES
GEAR
CASE
SERIES MOTOR
OPERATING OIL SWITCH
4 IL CLUTCH MAGNET COIL

AUTOMATIC CONTACT FINGERS
CAM ACTUATED

OIL SWITCH IN CLOSED POSITION
F1G. 2,231.—Diagram of connections of motor operated rewote control switch, The motor
which operates the switch is controlled by a small lev.~ generally mounted on the panel
with the instruments which are in the circuit controlled by the switch, The standard
pressure for operating the motors is 125 volts.

Ques. For what service are motor operated switches
used?
Ans. For exceptionally heavy work where the kilowatt

rupturing capacity is greater than that for which the other
types are suitable.



F1G. 2,232.—General Electric motor operated three phase oil switch. The operation of the oil switch is accomplished by a
small hand controlling switch, generally mounted on the panel, with the instruments which are in the circuit controlled
by the oil switch. The standard pressure for the operating motor is 125 volts. The switch has six breaks, each break
being in a separate tank. In addition to this isolation of the breaks, each phase is enclosed in a fireproof brick compart-
ment, making it impossible for trouble in one phase to_be communicated to another. The cells are constructed of brick
Vivl&l)lomp and bottom slabs of slate. The capacities of such switches, range from 2,500 to 60,000 volts, and from 100 to

,000 amperes, :
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Rupturing Capacity of Oil Switches.—While an oil switch
may be designed for a given pressure and to carry a definite
amount of current, it should not be understood that the switch
will necessarily rupture the amount of normal energy equivalent
to its volt ampere rating.
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#16s. 2,233 to 2,235.—Diagrams showing connections for General Electric single, double, and
triple pole, solenoid operated remote control switches. The operating coils are shown
connected to main switch circuit, but may be conmected to an entirely separate control
circuit. Connections are the same for either alternating or direct current,

Oil switches are often used on systems with generator capacity
of many thousand kilowatts. It is taerefore essential that the
switches shall be able to break not only their normal current,
but also greatly increased current that would flow if a short
circuit or partial short circuit occur.
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PiG. 2,236.—Westinghouse three pole hand operated remrote control oil switch, adagted for
the control of alternating current circuits of small und moderate capacities, the pres-
sures of which do not exceed 25,000 volts. Each unit is installed in a separate masonry
compartment. The open positian of contact is maintained by gravity. Up to and
including the 600 ampere capacit{, the cantacts are cone shaped with an arcing tip, as
showing, for capacities in excess of 600 a%eres, brush contact are furnished with auxil-
unz arcing contacts of the butt type. Each pole has two sets of contacts, thus providing
a double break in each line. With both types of coatact, the final break of the arc is
taken and the main contacts protected by auxiliary arcing contacts which are inexpen-
sive and readily renewable. The upper or stationary contacts are mounted on porcelain
insulators secured in the soapstone base. The lower or movable contacts are carried by
a woodenr rod connected to and moved vertically by the operating mechanism. The
operating mechanism of the hand operated breaker consists of a simple system of levers,
bell cranks, and rods. The necessary energy for making a positive contact is small
owing to the use of a toggle mechanism. he leads are brought out of the top of the
breaker through heavy porcelain imsulators. On breakers above 3,500 volts, the connec-
tions to the ilne wires are made by means of a unien which can be tightened with a
socket wrench fitting inside the insulator. .As the leads commf into the switch are neces-
sarily insulated wire or cable, this arrangement elimtnates all exposed live parts and is
well ‘adapted to making connections readiiy to bus bars located above or in the rear of
$he circuit breakers.
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Under short circuit conditions alternators develop instan-
taneously many times their normal load current, while the
sustained short circuit current is approximately two and a half
to three times normal, or even higher with turlpine alternators.
‘OFF POSITION
)

Vil

t#iG. 2,237.—Cutler Hammer enclosed float switch, designed for the automatic control of
alternating current motors operating pumps used to fill or empty tanks, sumps or other
reservoirs, The switch is operat by the rise and fall of a copper float which is con-
nected o the swilch lever by a brass rod or copper chain. As the water level rises and
falls, the float moves up and down, This movement is transmitted to the switch lever
and the switch (if the movement be sufficient) is tripped to make or break the motor
circuit. To insure the best operation it is necessary that the float rod be provided with
& guide so that the float will move up or down in a vertical line, as shown. The minimum
difference in water level at which the switch will operate is approximately 10 to 12 inches.
When the float is placed in a closed tank, the minimum height inside from the bottom
of the tank to the top should be at least 6 inches greater than the difference in water level
to provide sufficient clearance for the float, When this type switch is used as a tank
switch, the contacts are closed when the water level is low, putting the motor, driving
the pump, in motion. When the water in the tank reaches a predetermined high level
the float arm opens the switch contacts, and the motor is disconnected from the line.
For sump pump purposes, the contacts open on low level and close on high level, the
lever being reversed for this purpose. Two pole, three pole and four pole switches of
this type are made, all arranged to completely disconnect single phase, two phase and
three phase motors from their circuits, When used with small motors which may be
thrown across the line to start, the switch may be used without a self starter if desired.



1,612 ITAWKINS- ELECTRICITY

Hence, circuit breakers of the so called instantaneous type must
be capable of rupturing the circuit when the current is at a
maximum, whereas, non-automatic switches, or circuit breakers
with time limit relays will be required to interrupt only the
sustained short current circuit. The reason is evident, since the
delay in opening the switch allows the current to approach the
sustained short circuit conditions.
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CHAPTER LVIII

CURRENT AND PRESSURE LIMITING
DEVICES

In any electric installation there must be provided a number
of automatic devices to secure proper control. The great mul-
tiplicity of devices designed for this purpose may be divided into
two general classes, as

1. Current limiting;
2. Pressure limiting.

Because ot the heating effect of the current which increases
in proportion to the square of the strength of the current, it
is necessary to protect circuits with devices which do not allow
the current to exceed a predetermined value.

Accordingly fuses, circuit breakers, reactances, etc., are used,
each possessing certain characteristics, which render it suitable
for particular conditions of service.

For instance, just as in analogy, steam boilers must be protected
against abnormal pressures by safety valves, electric circuits must
be guarded against excessive voltages by pressure limiting devices.
otherwise much damage would occur, such as the burning out of in-
candescent lamps, grounding of cables, etc.

The control of steam is simple as compared to the electric current,
the latter being the more difficult to manage because of its peculiar
behaviour in certain respects, especially in the case of alternating
current which necessitates numerous devices of more or less delicate
construction for safety both to the apparatus and the operator.
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Fuses.—A fuse is “an electrical safety valve”, or more specif-
ically, the actual wire or strip of metal in a cut out, which may be
fused by an excessive current, that is to say, by a current which
exceeds a predetermined value. A fuse, thus serves to protect
a circuit from any harm resulting from an undue overload.

Fuses have been treated at such length in Guide No. 2, Chapter XXV,
that very little can be said here, without repetition.
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Fig. 2,238.—Sectional view of Noark 250 volt, 400 ampere enclosed fuse. The fuslble ele-
ment is divided inlo strips A, B, C, and D. This parallel link construction results, upon
the operation of the fuse, in the formation of a number of small arcs, thus facilitating
the absorption of the metal vapor formed when the fuse blows. The fusible strips, of
which there are two or four in number, according to the ampere capacity of the fuse, are
entirely surrounded by a granular material which is chemically inactive with respect to

the fusible link and whose function is to absorb the metallic vapor tormed upon the blow-
ing of the fuse. The contact blades T and L are made of round edge copper, the round
edges facilitating the insertion of the fuses in the circuit terminals, R and S are the
end ferrules, attached to cover E, by the pin M,
Ques. What effect have the terminals on a fuse?
Ans. The current at which a fuse melts may be greatly
changed by the size and shape of the terminals.

If near together and large, they may conduct considerable heat from
the fuse thus increasing the current required to blow the fuse.

Ques. What is the objection to large fuses?

Ans. The discharge of molten mectal when the fuse blows is
a source of danger.

Ques. What should be used in place of large fuses?

Ans. Circuit breakers,
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Ques. What are the objections to fuses in general?

Ans., The uncertainty as to the current required to blow
them; the constant expansion and contraction is liable to loosen
the terminal screws when screws are used.

Ques. What is the advantage of fuses?

Ans. They form an inexpensive means of protecting smali
circuits.

_____________ e

PiG. 2,239.—Cross section through plug fuse. With this type of fuse it is impossible to place
any except the correct size of plug in the socket,

Ques. Describe a plug fuse.

Ans. It is constructed as shown in fig. 2,239, the fuse wire
being visible and stretching between the two metal portions of
the plug.

Ques. What is a cut out fuse?
Ans. One similar to a simple fuse, but provided with clip
contacts as used for knife switch contacts.

The fuse wire is usually contained in a china or porcelain tube, whick
also serves the purpose of a handle for withdrawing the fuse.
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Ques. What is an expulsion fuse?

Ans. One in which the fuse is placed in an enclosed chamber
with a vent hole.

In operation, when the fuse blows, the hot air and molten metal are
expelled through the vent.
Ques. What is a no arc fuse?

Ans. A cartridge type fuse, in which the space surrounding
the fuse wire is filled with powdered material.

R1G. 2,240.—Inside view of end ferrule of Noark enclosed fuse. Two prongs O and V, which
are a part of the knife blade K, pass through the square holes in the ends of the ferrule R,
and are riveted to the anchor plate T. The object of this plate is to stiffen the structure
and to increase the current carrying capacily of the metal between the holes, also to permit of
proper alignment of the plates. In each ferrule is placed a vent screen, composed of reticu-
late material, such as cheese cloth. The fuzz between the threads ot the cheese cloth pre-
vents the escape of the granular material through the vent holes A, but when the fuse
operates, allows free egress of the air, thereby permitting the vapor formed upon the operation
of the fusible element to quickly and freely pass through the interstices of the filling material
and become cooled, eliminating any possibility of flame issuing from the ends of the tube,

The object of the powdered material is to assist in extinguishing the
arc formed when the fuse blows.

Ques. What is a magnetic blow out fuse?

Ans. An enclosed fuse which is subject to the action of a
magnetic field produced by the current, the magnetic field
tending to blow out the arc when fusing occurs.



CURRENT AND PRESSURE LIMITING DEVICES 1,617

Ques. What is a quick break fuse?

Ans. One having a weight suspended from its center, or
springs attached to its ends so that the arc formed at fusing is
quickly attenuated and extinguished.

Ques. What is the disadvantage of a fuse as compared
to an oil switch circuit breaker?

Ans. When a fuse blows, the arc causes oscillations in the
line, which cause excessive rise of pressure under certain capacity

FUSE WIRE

TERMINAL

TERMINAL ‘@

P1G. 2,241.—Quick break fuse. The fuse wire is connected between the fixed terminal A
and the movable arm B, and is held under tension by the slgring which exerts pressure
on the movable arm in a direction tending to separate A and B. In operation, when the
fuse blows, the movable arm quickly moves to the position B/, thus attenuating the arc
and accelerating its extinguishment.

conditions, whereas this disturbance is reduced to a minimum

with an oil switch.

Ques. What metal is used for fuse wires?

Ans. Various metals. Ordinary fuse wire is made of lead or
an alloy of lead and tin.
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Ques. What is the objection to aluminum?

Ans. It becomes coated with oxide or sulphide, which acts
as a tube tending to retain the metal inside and prevent rupture.

Ques. What is the objection to copper?
Ans. Its high fusing point.

Current Limiting Inductances.—The great increase iu
capacity of power stations, for supplying the demands of densely
populated centers and large manufacturing districts. together

Fi16. 2,242.—Notched end fuse. This is a simple form of fuse consisting of a strip of
metal (or wire) fixed between two end pieces o fit around the terminals. This type is often
roportioned so that it is only possible to place the correct size of fuse in the terminals.
ometimes, in place of the end pieces as shown, the fuse metal is fixed between twa
clamping screws.

with the decrease in the reactance of modern alternators and
transformers due to improvement in design to obtain better
regulation, has presented a problem in apparatus protection not
contemplated in the earlier days of alternating current distri-
bution. This problem is entirely separate and distinct from
that of eliminating the tendency toward short circuit, incident
to the high voltages now common in transmission lines. It
accepts that all short circuits must occasionally occur and
considers only the protection of the connected apparatus against
the mechanical forces due to the magnetic stresses of such
enormous currents.
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Ques. What means are employed to limit the value of
a short circuit current?

Ans. A current limiting inductance coil (called a reactance)
is placed in series with the alternators or transformers.

F1G. 2,243.—General Electric current limiting reactance; view showing details of construe-
tion. The core comsists of a hollow concrete cylinder, alloy anchor plates or sockets being
embedded in the core near the ends to receive the radial brass bolts. An extension at each
end of the core provides for clamping and bracing the reactance in installation. The
supports for the winding are made of resin treated maple and are located upon the core
by radial brass studs screwed into the alloy sockets, and insulated by mica tubes. The
nuts by which the structure is tightened, rest upon heavy fibre washers, Wooden bar-
riers fitted and shellaced into the su ports add to the creepage surface between layers
of the winding and between the wincﬁng and the core, The supports of the layer next
to the core are separated from the core by strips of treated pressboard. The coil con-
sists of bare stranded cable in several layers, usually three in number. It is wound into
grooves in the treated wood supports, which are protected from contact with the cable
by heat shields of asbestos shellaced into the grooves, The winding is usually in the
form of two back turn sections, thereby allowing the terminals of the coil to be brought
out at the ends of the outside layer. This assures accessibifity and ease of connection,
and the removal of the leads from proximity to the core, Two turns at each end of the
winding are given extra spacing for the purpose of additional insulation. The final turn
at each end of the coil is securely held in place by alloy clamps bolted to the supports.
The wood is protected from contact with the clamps by shields of asbestos. The ends
of the cable between the two sectinns are welded by the oxy-acetylene process.

Ques. What are its essential features of construction?
Ans. It consists of bare stranded cable wound around a

concrete core and held in place by wooden supports as shown
in fig. 2,243.
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In order to avoid the prohibitive expense of high voltage insulation,
the reactance coil is designed for the low tension circuit. This require
ment prohibits the use of a magnetic core which, if economically de-
signed for normal operation, would become saturated at higher den-
sities, or, if designed large enough to avoid saturation at short circuit
conditions, would become prohibitive in cost and dimensions.

The elimination of all magnetic tnaterial from the construction of
the concrete core reactance permits of no saturation, and assures &
straight line voltage characteristic at all current loads.

1
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. 2,244.—Westinghouse magnetic blow out circuit breaker, designed for the protectior.
of street railway and electric locomotive equipments; it serves the combined purpose
of fuse block and canopy switch. The contact tips are surr ded by a lded arc
chute which confines and directs the arc untid the magnetic blow oul extinguishes st.
The current carrying contacts consist of copper strips separated by air spaces. An aux-
iliary contact or *arcing tip'" at. the end of the switch lever takes the burming of the arc
when the breaker opens, and thus confines the burning to & very small piece which can
be easily removed and replaced at small cost. The hand tripping lever and the resetting
lever have insulated handles, so that they can be safely handled, even in the dark.

Ques. Where is the proper location for a current limit-
ing reactance?
Ans. As near the alternator as possible.

Ques. Why?
Ans., To lessen the possibility of a short circuit occurring
between the reactance and the alternator.
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Ques. Beside limiting the current, what other service
is performed by the reactance?

Ans. It protects the alternator from high frequency surges
coming in from the outside, and limits the current from other
wachines on the same bus.
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G, 2,245.—Genpral Elect-ic magnetic blow out circuit breaker, This type may be used im
air or water tight boxes and is peculiarly adapted for service where the arc must be confined.

Circuit Breakers.—The importance of circuit protective
devices, commonly called circuit breakers, is fully recognized.
The duty of a circuit breaker is to protect the apparatus in an
electrical circuit from undesirable effects arising from abnormal
conditions, by automatically breaking the circuit. Accordingly
a circuit breaker must comprise a switch in combination with
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€lectrical control devices designed to act under abnormal con-
ditions in the circuit,.

A circuit breaker is a device which automatically opens the
circust in event of abnormal conditions, in the circust.

F1cG. 2,246.—Magnetic blow out circuit breaker. This is a direct current breaker in which the
flnal break occurs in a magnetic field. Itis a principle in_ electromagnetics that a con-
ductor carrying a current in a magnetic ficld will lend to move tn a direction at right angles to
the field. The arc set up on breaking a circuit constitutes a conductor, and in magnetic
blow out circuit breakers, as generally manufactured, there isan electromagnet, energized
by the current to be broken, which produces a field in the neighborhood of the arc, with
the result that the arc moves outward, and so becomes attenuated and is finally extin.
guished. The form shown in the figure is used on cars equipped with heavy motors.” When
80 used, it is in many cases mounted in a box with the handle H projecting at one end.
A and K are the terminals of the breaker and B is the tripping coil, which also serves to
set up the magnetic field necessary for blowing out the are. X is the armature of coil B
.and is pulled down against the action of the spring S whenever the current exceeds that
for which the breaker is set. The tri ping current is adjusted by means of nut T. The
dron plate P and a similar one back of it are magnetized by the current in coil B, and ag
the break takes place between these two poles, the arc is promptly extinguished by the
field that exists there. In operation, A and K are tho terminals, E D is a contact that
is forced up against F, F when the breaker is set. The current then takes the path
A-B-F-D D-F-K. When the breaker trips, the contact piece D D flies down and the
tendency is for an arc to form between F, F; the magnetic field blows the arc upwards,
and whatever burning takes place is on the contacts E, I, which are so constructed that
they may be readily renewed. To trip the breaker by hand, the knob N is pressed.

In the design of circuit breakers, there are several methods
used to effect the rupturing of the arc between contacts when

opened on heavy overload, such as
1. Magnetic blow out; 2. Thermal break; 3. Carbon break.
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In the magnetic blow out type, the arcis extinguished between
auxiliary contacts confined by a chute in which the arc is
rapidly blown out due to a powerful magnetic field from one or
more electromagnets. This type may be used in air or water-
tight boxes and is peculiarly adapted for service where the arc
must be confined.

s

»1G. 2,247.—Thermal overload circuit breaker. In construction two contact blocks are
fixed rigidly to, but insulated from, the switch arm. They are connected electrically by two
parallel strips of suitable metal, each fitted with a steel catch piece. When the switch is
closed the strips are sprung apart over a fixed catch, and the full rated current does not

release the catch. Overload causes the strips to move apart, and the circuit breaker flies
off under the action of a spring.

In a carbor break type, the arc is finally ruptured between
carbon break contacts. The breaking of the circuit is accom-
plished progressively, that is to say, it is done in three stages,
by several sets of contact, known respectively as

1. The main contacts;
2. The intermediate contacts;
3. The carbon contacts.
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In operation, as the circuit breaker acts to break the circuit,
first the main contacts, scparate, then the intermediate contacts,
and finally the carbon contacts between which the arcis ruptured.

Ques. What is the object of the intermediate contacts?

Ans. To prevent the forming of an arc on the main contacts,

Fi6. 2,248.—Carbon break discs of Condit circuit breaker. The two pairs of similar discs
which slide past each other are so arranged that these surfaces ccincide at the instant the
g}tennediate contact separate after which,asthecontact arm opens further, they gradually

isengage,

Ques. What is the object of the carbon contacts?

Ans. First to protect the intermediate contacts by providing
a path for the current after the intermediate contacts separate,
and 2, to “‘slow down” the current by means of the considerable
resistance of the carbon, thus reducing to a minimum the arc
which is formed when the carbon contacts separate.
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Ques. How is the automatic cperation of a circuit
breaker usually accomplished ?

Ans. TUsually through the medium of a solenoid, or electro
magnet energized by current from the circuit controlled by
the breaker.

316, 2,249.—Mechanically connected insulatec. lazches used on Condit circuit breakers to
produce inter-locking tripping.

The essential features of construction and operation of a circuit
breaker is shown in the elementary diagrams, figs. 2,250 to 2,253. In
construction as shown in fig. 2,250 it consists essentially of three sets
of contacts, a swinging contact arm which is set in the closed position
by the hardle aperating through the toggle joint, the movement of which
is limited in the closing direction by the stop. The latter is made ad-
justable by an eccentric pin or equivalent. Conrected to the toggle is
the plunger of the solenoid whose winding is energized by current from
the circuit which the circuit breaker is to control.
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£1Gs. 2,250 to 2,253.—Elementary diagrams illustrating the operation of a carbon circuit
breaker of the overload type, showing the progressive opening of such device. Fig. 2,250,
closed position; fig. 2,251, main contacts open; fig. 2,252, intermediate contacts open; fig.
2,253, carbon contacts open, circuit broken.
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In operation, the circuit is closed by hand by turning the handle
downward to the position shown in fig. 2,250, that is as far as it will go.

Since the toggle has passed the center line the arm will be held nor-
mally in this position because of the spring acticn of the contacts. Now,
if the current rise above a pre-determined limiy, the pull exerted by
the solenoid will overbalance the tendency of the toggle to remain in
the closed position, and pull the two toggle links downward below the
center line, drawing the contact arm back and breaking the circuit.

PiG. 2.254.—I-T-E overload circuit breaker. In operation: the current from one side of the
circuit enters the circuit breaker at A, passing through the laminated bridge B to con-
tact block C, thence through coil D and terminal E to the motor. The coil D sur-
rounds a magnetic core, having pole pieces F and G and armature H. The effect of
the current in the coil is to energize the magnet, thus tending to litt the armature against
the force of gravitation. The volume of current required to tnp the circuit breaker
isdetermined by the position of the armature, which is subject to ready adjustment, and
is indicated on the calibration plate P. From the o] gosite side of the line, the current
enters at I, passing downward through the laminatedp ridge member ], into terminal K,
whence it passes out to the motor. hen the current passing through the circuit breaker
attains sufficient volume, the force generated by the magnetic coil overcomes the weight of
the armature H; and the latter is drawn upward toward the pole pieces with constantly
increasing force, until the insulated projections L and M strike against the respective
restraining latches N and O, thereby releasing the two switch members, which at once open
in response to the force supplied by the spring of the contact membersand auxiliary springs
provided for the purpose. Positiveness in opening is further assured by the blow of the
armature, which is added to the other opening forces; hence, the heavier the overload, the
more violent the blow and the quicker the circuit breakeropens; or the greater the current
the more promptly it is interrupted. This is the I.T-E or Inverse Time Element principle.
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B1G. 2,255.—Condit 600 volt, 1,200 ampere,  FiG. 2,256.—Condit 600 volt, 6,000 ampere,
single pole, type K, circuit breaker with single pole, switch board mounting, circuit
pull down handle. breaker, with pull down handle,

rFIG. 2,257. — Gen-
eral Electric
triple pole, over-
load, circuit
breaker, with twa
overlpad coils,
capacity 300 am-
l peres, 4B0 volts.
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The progressive action which takes place during this operation is shown
in figs. 2,250 to 2,253 in which the main contacts separate first, then the
intermediate, and finally the carbon contacts as mentioned before.

Ques. What name is given to this type of circuit

breaker?
Ans. It is called

an overload circuit breaker.

i

o < 2o

£10. 2.258.—Parts of General Electric 2,000 ampere 650 volt circuit breaker. A, cover for
secondary contact bracket; B, Slgﬁri'g washer for Ea.; C, pin for links and G; D, spn;{g
for carbon support; E, plate for F; F, carbon su&port; G, secondary contact bracket; H,
contact plate; I, screw for H; J, nut for K and W; K, contact stud, upper; L, laminated
brush, complete with support; M, leather buffer for L; N, main link; O, pin for Na and La
left hand and Cb and Na right and left hand; P, screw for N and magnet frame shaft; Q,
washer for N and magnet frame shaft; R, screw forSand V; S,indexplate; T, plate for Gb;
U, screw for T; V, magnet frame; W, contact stud, lower; X, pin for Cb, Naand V; Y,
washer for X and O; Z, calibrating screw with thumb nut: Aa, armature with contact p{ate;
Ba, catch lever complete with catch Ca, button handle for Ba; Da, spring cotter for Ea; Ea,
pin for F and Fa; Fa, operating link for G; Ga, pin for D; Ha, carbon holder with copper
and carbon contacts; Ia, flexible connections for G and F: Ja, screw for G and flexible
connection plate; Ka, screw for Na and Ha; La, copper secondary contact; Ma, screw for
La; Na, secondary contact lever; Oa, cross bar for Na; Pa, screw for L and M; Qa, second-
ary toggle link (left land); Ra, spring cotter for Waand O; Sa, brush lever; Ta, buffer for
Cb ard Sa; Ua, secondary toggle link (right hand); Va, washer for Wa; Wa, pin for Cb,
Qa, Uaand N; Xa, pin for Sa and Cv; Ya, spring cotter for all pins, except Wa, catch lever
Ein and buffer; Za, secondary contact link; Ab, washer for Fb; Bb, guard for Fb; Cb,
andle lever; Db, catch for Cb; Eb, screw for Db; Fb, handle with stud; Gb. secondary
connection.
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Automatic Features.—There are three methods of connect-
ing the winding of the solenoid, or rip coil as it is called:

- EE Y

SPRING |

——
MAIN CIRCUIT MAIN CIRCUIT

SPRING

PRESSURE
CoIL

Low vourace
TRIP

AUXILIARY
CIRCUIT

MAIN CIRCUIT MAIN CIRCUIT

P1Gs. 2,259 to 2,262.—Elementary diagrams illustrating the various methods of electro-
magnetic control for circuit breakers. Fig, 2,259, overload trip; fig. 2,260, underload trip,
fig. 2,261, low voltage trip; fig. 2,262, control from auxiliary circuit by means of a “relay,"”
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1. In series with the main circuit;

2. In shunt with the main circuit;

3. In shunt with an auxiliary circuit.
SERIES RESISTANCE

|

LOW VOLTAGE
TRIPPING
SIS SWITCH

P16. 2,263.—Diagram of General Electric low voltage trip with tripping switch normally open.

The automatic controls arising from these connections give
various kinds of protection to the circuit and are known as

1. Overload trip;

2. Underload trip;

3. Low voltage trip;

4, Auxiliary circuit trip.
SERIES RESISTANCE

LOW VOLTAGE COIL

TRIPPING
SWITCH

Fic. 2l.264d—Diagram of General Electric low voltige trip, with tripping switch xormally
closed.
Ques. What is the object of the overload trip?
Ans. It is intended to open the circuit when the current
exceeds a predetermined value.
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Ques. What modifications are made in the mechanism
shown in the elementary diagrams?

Ans. Sometimes a latch is used in place of the toggle and a
magnet in place of the solenoid as in figs. 2,265 and 2,266.

Ques. Why is a magnet used in combination with a
latch?

Ans. Because with this arrangement very little movement

4

OPEN POSITION

CLOSED POSITION

HANDLE 0 -

CONTACT ARM

SPRING

MAIN CIRCUIT MAIN CIRCUIT

Fics. 2,265 and 2,266.—Circuit breaker with automatic control mechanism consisting of
magnet and latch; views showing breaker in open and closed positions, and_essential
features. The toggle is used to obtain sufficient leverage to easily close switch against
the pressure of the brush contacts but not to lock switch, this being done by the latch
as shown, the latter closing by the action of a spring, there being a roiler R at the end
which engages the arm to reduce friction. In operation, when the current exceedsa
gredetermined limit the magnet attracts the latch and releases the contact arm. The

rush contacts which are exerting pressure against the contact arm, rapidly push it
away, and assisted by gravity, the arm flies open to the position shown in fig. 2,266,

is required to trip the breaker, and for such conditions, a mag-
net is more efficient than a solenoid.

Ques. How does the latch arrangement work?

Ans. When the proper current is reached, the magnet pulls

open the latch and the contact arm of the breaker moves by the
force of gravity or other means and opens the circuit.
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Ques. How does the underload trip operate?

Ans. The same as the overload type except that they operate
on a diminution of current instead of an excess.

CURRENT PRESSURE
COIL COIL

FiGs. 2,267 and 2.268.—Positions in circuit of current and pressure coils of circuit breakers.

Ques. Describe the no voltage trip.

Ans. The energy for the trip of this breaker is derived from
a high resistance or fine wire coil which is arranged to be placed

LINE

SWITC!

SHUNT TRIP 1
colL TRIPPING /
H

F1G. 2,269.—Diagram ol General Electric shunt trip with coil connected beyond breaker and
thrown out ot circuit atter tripping.

directly across the line, in operation, wher. the current flowing
through the circuit falls below a predetermined valve, the energy
of the coil is insufficient to counteract the force of a spring, which
then trips the breaker.
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Ques.

Describe the auxiliary circuit trip.

Ans. A pressure coil is used which is energized by current
from an auxiliary circuit. The coil is only momentarily energized,

_d

LINE

]

/
7 CIRCUIT OPENING
/ \ SWITCH

)

SHUNT TRIP

TRIPPING

COIL SWITCH

P16. 2.270.—Diagram of General E'ectric shunt trip with auxiliary circuit opening, switch te

throw coil out of circuit after tripping.

P1G. 2,271.—General Electric shunt trip at-

tachment. The shunt trip attachment has
been designed to provide for conditions
under which the low voltage attachment
cannot be successfully applied. It resem-
bles the low voltage attachment in con-
struction, but differs in that it trips the
circuit breaker when energized. The shunt
tsip. should be allowed to remain only mo-
mentarily in circuit; hence it should be so
connected that the opening of the circuit
breaker immediately disconnects it from
the circuit. Whenever it is impossible to
connect the shunt trip in this manner, the
circuit opening auxiliary switch should be
used in connection with it.

Fic. 2,272.—General Electric low voltage
attachment for circuit breakers. This low
voltage trip is designed to operate the
circuit breaker when the line voltage drops
to approximately 50 per cent or less of the

normal voltage. It should be noted that
the coil is always in circuit, as is the case
with the overload and underload coils, and
that it operates with the releasing of its
armature. It is always necessary to use
a fixed amount of resistance (depending
upon the voltage of the system) in series
with the low voltage release. The low
voltage release performs the functions of a
shunt trip coil when used in conjunction
with a push button, auxiliary switch or
speed limiting device, and is generally
preferrcd to the shunt trip attachment.
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by push button, relay or other controi, as distinguished from the
preceding types, in which the coil is constantly energized.

FiG. 2,273—General Electric circuit opening auxiliary switch. Thisswitch opensan auxiliary
circuit when the circuit breaker opens, and is intended to be used in connection with a
shunt trip attachment to insure the immediate disconnection of the shunt coil from the
circuit. It may also be employed to serve other purposes, such as tripping another circuit
breaker having a low voltage attachment, and permitting another circuit_breaker to
remain closed only when the circuit breaker equipped with the auxiliary switch is open.

Ques. What other name is given to the auxiliary
circuit trip?

Ans. It is sometimes called the shunt trip, though ill ad-
visedly so.

Fig, 2,274.—General Electric circuit closing suxiliary switch. This switch closes when the
circuit breaker opens, and may be used to announce the automatic opening of the circuit
breaker through tae means of an indicating lamp cr an alarm bell. It is often necessary
to arrange one circuit breaker so that, in opening, it will trip others. This may be accom.
plished by using a circuit closing auxiliary switch in connection with a low voliage or shunt
trip attachment on the circuit breakers to be tripped. The construction of this type of
switch is such that it may be opened by hand after the circuit breaker spens, but it is auto-
matically reset when the circuit breaker is closed.

Relays.—Oil break switches and carbon break circuit breakers
are commonly used to open electrical circuits at some given
overload and on short circuit. To secure adrtitional protection
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under a variety of abnormal condition or to provide for a certain
pre-determined operation or sequence of operations, relays may
.be employed.

A relay is defined as: A device which opens or closes an

v PN <~ S TSGR SSRGS, N S

Pic. 2,275 —General Electric type C circuit breaker. Specially adapted to motor driven
machine tool applications.” For use in mills, machine shops, factories, foundries
and office buildings. For general motor work, autemobile charging outfits, storage
batteries, rectifier sets, cranes, etc. List of parts: A, calibrating post; B, laminated
contact; C secondar{{cnntact s;:uring'i D, contact blude; E. cotter pin for G; F, toggle link;

A

G, pin for D and F; H, stop for Aa; I, hinge frame; J, aperating lever; K, pin for I and J;
L, toggle link; M, connection; N, screw for M, O and F; O, nut for N aqd%’; P, terminal;
, tripping coil; R, calibrating screw; S, laminated contact; T, calibrating scale; U, cali-
ting spring; V, connection post; w knob;; X, washer for Y; Y, handle; Z, buffer; Aa,
armature; Ba, laminated connection; Ca. connection; Da, base.
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auxiliary circuit under pre-determined clectrical conditions in
the main circuit.

The object of a relay is generally to act as a sort of electrical
multiplier, that is to say, it enables a comparaiively weak current
to bring tnto operation a much stronger current.

Ques. For what service are relays largely used?

Ans. They are employed in conrection with high voltage
POSITIVE BUS

L L L NEGATIVE BUS L

- g

P

CIRCUIT —| 3
BREAKER ‘
PUSH
\ <H BUTTON )

CIRCUIT OPENING
AUXILIARY SWITCH

SHUNT
TRIP COIL l

TO FEEDER

FROM GENERATOR

FiG. 2,276.—Diagram of connections of General Electric shunt trip coil with and without
circuit opening auxiliary switch.

switches where the small amount of energy derived from an
ordinary instrument transformer is insufficient for tripping.

The connections between relays and circuit opening devices are usually
electrical. Combinations of this natnure arc extremely flexible since
they permit the use of a number of Jevices, each having a different
function, with a single circuit breaker or oil switch as well as with two
or more switches, to secure the desired operation and protection.

Selection.—In all electrical installations protection of ap-
paratus is important, but in some large central stations this is
secondary to continuity of service.
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To combine maximum protection without interruptions of
service is not always possible, but these requirements can be
approximated very closely by the use of reliable and simple

POSITIVE BUS ALARM BELL

llllllll'

CIRCUIT BREAKER

.
CIRCUIT CLOSI)PIG
AUXILIARY, SWITCH RESISTANCE

LOW VOLTAGE
Ot

7

SPEED LIMITING
Hﬁ]i?‘/ DEVIGE.

EQUALIZER BUS

—

[ NEGATIVE BUS

L

FiG. 3,073.—Diagram of connections of General Electric low voltage release coil when tsed
with speed limiting device on rotary converter.

controlling or protecting devices if proper care be taken to select
the relays suited to the special conditions of the installation.
To do this intelligently, a knowledge of the various types of

relay is necessary.
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There is a multiplicity of types and a classification to be com-
prehensive, should, as in numerous other cases, be made from
several points of view. Accordingly relays may be classified.

1. With respect to the nature of the service performed, as

a. Protective;
b. Regulative; _
¢. Communicative.

2. With respect to the operating current, as

a. Alternating current;
b. Direct current.

3. With respect to the manner of performing their function, as

a. Circuit opening;
b. Circuit closing.

4. With respect to the operating current circuit, as

a. Primary;
b. Secondary.

5. With respect to the abnormal conditions which caused
them to operate, as

. Overload;

. Underload;
Over voltage;

. Low voltage;
Reverse energy;
Reverse phase.

e AD R

6. With respect to the time consumed in performing their
function, as
a. Instantaneous (so called);

b. Definite time limit;
¢. Inverse time limit.
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7. With respect to the character of its action, as

a. Selective;
b. Differential.

8. With respect to whether it acts directly or indirectly om

the circuit breaker, as

a. Main,
b. Auxiliary,

P16, 2,278.—General Electric overload and low voltage type C circuit breaker for 600 volts
or less. It has one overload, and one low voltage coil as shown. Screens are providled

between contacts.

Protective Relays.—These are used to protect circuits from
abnormal conditions of voltage, or current, which would be
undesirable or dangerous to the circuit and apparatus contained
therein,
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Ques. How do protective relays operate?

Ans. They act in combination with automatic circuit
breakers, operating when their predetermined setting has been
reached, energizing the trip coil of the circuit breaker and open-
ing the circuit.

Fig. 2,279 shows the principles of relay operation. When the current

or pressure in the main circuit reaches the predetermined value at
which the protective system should operate, the relay magnet attracts

STOP

I AUXILIARY CIRCUIT \
]

CIRCUIT CLOSING
RELAY

INSTRUMENT

rnmy] TRANSFORMER

F16. 2,279.—Diagra