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INTRODUCTION

The modern electrified movable bridge involves three elements
which are wore or less separate and distinct. These are (1) the
structural design proper, comprising the moving leaves, the approach
spans, and the substructure and foundations; (2) the mechanical
assembly, comprising the various gear trains, ghafting, and other
machinery for transmitting power to the span, and to the various
lifts and latching devices, and all other necessary equipment, and
(3} the eleetrical assembly, comprisiug motors supplying power, and
a1l cleetrienl and mechanical equipment necessary for power regu-
lation. speed control and the correct interlocking or sequence of
operations.

The strictural design of movable bridges is treated in eonsiderable
detail in many of the current standard texts on structural analysis.
The design of machinery for movable spans has also received con-
siderable attention in the engineering literature of the last few years,
However, very little data pertinent to the selection of the electrieal
assembly have been published.

In discussing this question with various bridge engineers, three
distinet reactions have been encountered. QOne group of engineers
appenrs to have dismissed the subject aus comparatively unimpor-
tunt—simply a matter of selection of standard equipment from the
manufacturer’s catalogue. The second group regards the question
as purely the province of the electrical expert. preferring to refer
this porfion of the design to an outside electrical consultant, specify-
ing only busic requirements in their broadest terms. The third
aroup, which is fast coming to represent the majority, feels that the
bridee engineer hus not given sufficient attention to this phase ot
desizrn.  This group believes that a short publication covering the
fundamentals of movable bridge electrifieation would constitute
valuable addition to the literature on this type of structure.

This bulletin is intended to present in sowewhat condensed form
a treatment of those fandamental principles which must be applied
in making n seleetion of an mssembly of electrieal apparatus for
hridges, .

Consider the nuture of the problem—the highway treflic is com-
posed in large part ot fast-moving vehicles with all kinds of drivers,
many of whony ure inclined to neglect the most common safety pre-
cantions.  Thix highway traffic is opposed to the water trafic under-
neath—a bulky and unwieldy movement with tremendous kinetic
energy oven at slight speeds. wnd subject to deviation from its covrect
path s a resnlt of floods, fog, wind. and cross currents.

Where 1 movable bridge is necessary these traflic strewms should
pe safeguarded by the installation of a power plant capable of swift
and sttre aceeleration, and a system of control and interlocking which
is cortuin, flexible, and dependable. Many accidents might have
been avoided had the power plant met the above specification.

A boat approaching on a freshet stuge and at a sufficient speed
to avoil losing steerage way—a bridge to be eleared of vehicular
traffic hetore the grtes can be closed. an anxious operator watching
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ELECTRICAL EQUIIPAENY (N MOVABLE BLIDLGES 3

hotl Leaflic ways, Gming his operations by split seconds, and then
& hoisting motor that will not develop the necessary rapid accelera-
tion, or a center lock or wedge motor stalled, or a roadway gate
fouled because of faulty Interlocking details.  This is a sifuation
which is of frequent occurrence.

A majority of the movable bridges in this country use eleetric
power, and bridge engineers have been guided by the manufacturers
m the selection of major power units and have placed almost entire
dependence npon them in the selection of eontrol and interlocking
devices. The lurge electrical firms have done a great deal to develop
contiol apparatus, und the eagineer must be guided by the limita-
tions of commercial manufacture. He can not, with due regard for
economy, insist upon the production of special equipment except in
it few special instances, but he can apply an intelligent nnderstand-
ing of fundamental prineiples, and in the case of wiring and assem-
bly, he can produce n specinlized arrangement of standard products
to fit his particular needs.

Many movable bridges are meorrectty wired.  Kither the inter-
locking is inadequate or the equipment used is lacking in flexibility
or is not sufficioutly positive in action, causing uncertainty in opera-
tion or high maintenance expense. Much of this trouble may be
ehimimated by a stiudy of each individual probleny, wnd by the appli-
cution of those Tundamental prineiples swhich form the subject matter
to be disenssed in this bulletin,

IL should be pointed out that this bulletin is not a treatise on in-
dustrizl power design and contrel. Tt does not encroach upon the
lickl of eleetrical enginecring literature and does not go into lengthy

discussions or cderivations. It is simply a condensed statement of
fundamental principles written for the briclge engineer and, for
the most part, (s based on the personal experience of bridge engineers,
and if some of the electrical principles stated appear self-evident
ot elementary this fact shonld e borne in mind.

ELECTRIC MOTORS
TYPES OF ELECTRIC MOTORS

Electrie motars are used on movable bridges for the following pur-
poses: IFor holsting or swinging the teaves; for operating end angl
center wedges or other lifting devices; for operating locks or latehes:
for operating traffic gates and barriers; and for other auxiliary serv-
ice stich as the operation of counterweight pit punmps.

In general, motors may be grouped into the following major
classes: Shunt-wound direct-current motors, series-wound divect-cur-
rent motor, componnd, wounnd direct-enrrent motors, syuchronous
alternating-current motors, polyphase induction motors (alternating
current) of (1} wound rotor type, und (2) squirrel cage tvpe, and
single-phase alternating-curvent motors,

The three tepes of divect-current motors and the polyphase ndue-
Bon moters are most generally wsed as power units and will be <ls-
cissed e the following pages. Single-phase alternating-carrent
motors e sometimses used to operate roadway wates and Tike equip-
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'

nient but the bridge engineer is not partienlarly interested In their
operating charactevistics,

DIRECT-CURRENT MOTORS

FUNDAMENTALS OF DIRECT-CURRERT MOTOR OPERATION

The following brief discussion of fundamentais is presented as &
basis for the discussion of control systems,

Figure 1 illustrates the primary elements of a direct-current motor
which are a revolving armature consisting of an iron core wound with
wives enrryiag & current, £, and a system of field magnets which pro-
duces a magnetic flux, ¢, pussing through the armature and which is
cut by the armature wires when the armature rotates.

When the switeh (fig. 1}, is closed, the applied voltage, £, forces
a current through the armature winding which produces in it a ten-
dency to rotate, since any wire carrying current and lying in a maﬁ-
netic field is neted upon by a force tending to move the wire at right
SWITCH A VARIABLE RESISTANGE R angles to both flux and current.
_!__z__/)/ - } The torque or rotation tendency
: Ar A ,ARMaTURE i proportional to the product of
j POWER MAN , flux and enerent or,
Torque=7/¢Xa constant.___{1})
7 The rotation of the armature
| wires which move through the mag-
Comoneme Netic field indaces another electri-

FLux®  cal pressure opposite in direction to
cunnent, 77 the line voltage, /. Inother words,

e 1.—Prlmaey eloments of o divect- the TﬂOtOI' in motion acts a'[so 145
curvent motoer "

¢l

I LINE VOLTAGL.

FIELD mM# SNET.
POWER MAIN ri

a penerntor inducing its own volt-’

age, /7. The value of this back pressure or counter voltage increases
with the speed of the motor.

The difference between the applied voltage snd the back voltage
at any instunt constitutes the effective etectrical pressure, which
forces the current, I through the armature resistance, £, that is:

F—FK'=RI

Tro o the fundamental law of direct-current generators this back
pressu e must be proportional Loth to the speed and to the maynetic
field, thut ix:

£ =1 pann X g Xa constant,
or

IAl Al

_{J o I
R.p.m.f--'-é-Xu {'onxt;mt'—*T Xa constant. o o___ {(2)

The nbove syuations serve to explain all of the operating charac-
teristics of direct-current motors.
LOAD CHARACTERISTICS OF DIRECT-CURRENT MOTORS

The magnetic flux, ¢, is produced by energizing or exciting the
field magnets by menns of a wire wound about them und carrying
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current. ‘Lhe flux, ¢, is proportional to the exciting current, <, and

to the number of turns, n, in the winding. That is:

¢=niXa constant

When the field winding is connected across the line, as shown in
Figure 2, the motor is said to be shunt wound. When the field wind-
ing is in series with the urmature current, as shown in Figure 3, the
wotor is series wound.

ARMATURE CUARENT, .T. ARMATURE FLux \¢

ARMATURE
CURRENT T—

EXCITING _
CURRENT, Z

|

ARMATURE

FLUX &= [722 x & consTanT] [ =72 Ix A consTanT ]
Frovue 2—Elements of & ghunt mator Fieure d.—Elements of n sorles wotor

~ The armature resistance, R, in any motor is very swmall, so that
the term, 27, is alwuys sinall and the term, B—Z/, is nearly constant,
Equations 1 and 2 may be written (for constant line voltage A TS
follows:

Torque=riXa constant,

& constant .
R.p.m.= 22 7 (approximate).

In the shunt-wound motar of Figure 2, the exciting current, ¥, is
constant with constant line voltage whence, for the shunt motor,

Torque=17xa constant,
R.p.an.==a constant (approximate).

For the series motor (fig. 8) i=7/, whence,
Torque=7/*Xa constant,

2 L .
R.op.m.= q__c__qn;_ ant (approximute).

Therefore, for constant line volt-
age, the shunt motor is practically
A constant-speed motor producing
& torque that varies directly as the
armature current. .

Under like conditions the series
motor produces a torque that theo- AN
retically varies as the square of the . ; 9701 X & CONSTANT + 777 X A CONSTANT]
armature current at a speed that Fioreg 4~—Tlements of u eampound motor
varies inversely as that current.

The compound motor (fg. 4} is n compromise between the above
types, obtained by using part shunt and part series windings, and its
load characteristios obviously lie between those of the shunt and
series-wonn types.

5
7

LLLY | =

SEAIES COILE.
FUTLANS

A

j?’“‘“-“ u—
SHUNT £OILS

fra 72 TURM.
B ras
TNNYVY

£
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Typical churacteristic curves for the above types of direct-cur-
rent motors are given in Figures 5 and 6.
SPEED CONTRCL OF DIRECT-CURRENT MOTORS

In movable-bridge operation it is highly desirable that some
method be used for controlling and varying the speed of the motors.
This is especially trme for double-leaf bascule spans where the

W
=
=)
W z
g k3
2 &
o -8
[ ki
5 =z
[=] 5H
g 2 ST MO, e
z < 3 HORIZONTAL~J e—
w 3 2 ]
5 o > 3
0 =1 Lt o
o ™ -4 -+
o d =
- 8 =
o w o
o 5
o ARMATURE CURRENT —me o5 TORE T
ARMA CURRENT — -——=
IMaurE G.—Typical tonpe-cuerrnt curves v
for treet-gurrent  meters having  the tne E—"Frpleal sporid-curront carves
sisme full-lond  horsepower  wil apeed for dlrect-curvent moloys hnving  the
ritlog sitmte mpoeel rnblag al Pall losd

operntor will often desire to speed up or retard one of the leaves
withont resorting to coasting or the application of brakes.

Equation 2 is, rp.m.= - X g constant, and therefore the

speed of & shunt motor may be varied by varying either 7 or ¢.
Referring to Figure 7, E=F,—R’I, and by varying the resistance
R’, the effective terminal voltage, £ is varied and consequently the
speed, By varying the resistance, R/, the fleld coil curvent, iy 18
varied, which in turn varies the flux, ¢, proportionately, and the
speed inversely.

Resistance inserted in & shunt
= field winding circult causes the
' spead to increase, resistance inserted
in the armature winding ecirenit
causes the effective terminal voltage
and the speed to decrease. Thig
lngt method is somewhat wastetul
% o of power.

i

('

£,
E

FIELD
r

The speed of a series wound
ntotor may be varied by (1} the use
Frovun T —Speed contred of 1t shunt motor of o Val"zﬂ)le resistance in the arma-

ture cirenit, (2) shunting the field
coils with a resistance, or {3) short circuiting purt of the field coils.

Figure 8 illustrates these methods of speed control. In method
A, as the resistance, £’, is increased, the effective terminal voltage,
I, drops, and the speed is reduced proportionately since less back
e.m. £, (eiect-romotive foree) is now needed. Tu methed B, as the
resistanes is decreased, the excitation is decrveased, and the motor

RCOMSTANT LINE VOITAGE.
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speeds up.  In method C, as more of the field coils are cut out the
flax, &, is decreased and the motor speeds up.

Compound motors are sometimes controlled by short circuitin({;
the series windings after the inotor has attained a certain speed,
thus converting it into a simple shunt motor. The sevies character-
istics are advantagecus for starting while the shunt characteristics
are advantageous for speed regulation after starting. This type of
control is sometimes used for electric elevators, but is rarely used
for bridge control.

The methods by which the resistunces are varied nnd contrelled
are diseussed on subsequent pages.

~

STARTING RESISTANCE, LOW-VOLTAGE RE-
LEASE, OVERLOAD PROTECTION, ETG.

Referring to Figure 1, if the
switch is clogsed with all the star*ng
resistance cut out, a large current
will flow through the armature,
since the buck pressure at the in-
stant of starting is zere. This

A
excessive current will quickly burn
out the armature windings. To
prevent this action, a variable start- 2
ing resistunce is used. The eir- # 3 ARMATURE
TANCE

ARMATURE

bl bih bkl

aAAAAARAAA ALK

—E <5~ R

emt 3s closed with ail resistance in, I

H & 8Ih I ¥ * il VARIABLE RESIS
and a small current flows through e RRAE BTN

the avmature winding,  If the torque

produced by this current is not
suflicient to tarn the motor, resist- —rermemronsnont

ance is gradually cut out until the [SRcUITNG
carrent is sufficient to furnish the 'y
required starting torque. As the )

motor speeds up the resistance is
gradually cut out to balunce the
inereasing back pressuve. At full-
lowd speed the resistance is gener-
ally all cut out, and the arinature Ficone 8ot iree methods of ¥peed com-
18 currying full-lond current. If

the load on the motor is ivcreased, it slows down shightly if it is a
shunt motor and considerably if it is a series motor. This loss in
speed decreases the buck pressure and allows more current to flow.

Such a starting arrangement requires safeguarding against two
dangery as follows:

(1) If the power should go off with the resistance all cut out and
thea come back on, the full curvent way bwrn the armature winding
provided the operator has not opened the line switch or thrown in
the resistance. As u safeguard, n low-voltage release is provided
to automatically eut in the full resistance, or else open the cireui,
when the line voltage drops below a certain predetermined valne,

(2) An excessive load demand during operation may draw a
destructively high curvent through the armature. This contingency
is provided for by means of a circuit breaker or overload reluay, or by
meuns of fuses.

ARMATURE

Aamh A Ay

AN
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Figure 9 is a’diagram of a hand-operated motor starter fitted with
overload protection, and low-voltage release. A current passes
through the metal contact arm, A, and through the variable resist-
ance to the armature as shown, The uormal position of this arm is
such as to keep the motor civeult open, the avm being held in the open
positivn by means of & spring. To start the motor, the arm is
moved avound the vesistance are and, step by step, the resistunce is
cut out. At the last step the magnet, M, atiracts and holds the arm
in the full-lead position. The magnet winding is shunted across the
main line as shown,

It the power suddenly poes off, or it the line voltage drops suffi-
ciently, the force of the mugnet is overcome by the spring and the
arm springs back, opening the circnit. This deviee iy termed a
“low-voltage release mechanism.”

The main armature current passes
through  a  solenoid, and at a
vertain  predetermined  overload
current. valvue the solenoid core is
lifted so ns to close the contucts
C-C’.  Thix short circuits the
magnet, and again the arm springs
Lack to its open position. This is
an overload release.

This is one of many methods of
control and is simply illustrative
of a principle. The subject of start-
ing resistances, overlond relays,
soste ] eirenit  breakers, controllers, and
master swifches is too large to
present herve, and data is available
Fuvne H—Hand-opernird moter stactor 10 manufactinery’ catalopues or

with overlond protection uand low-voltnge gtypelard texts, [Puwrther discussion

TeleaNe \ . .

of control will be found in the sec-
tions which treat of control equipment.

P

SHUMT FOR OPERATING

yl

SERIES-FARALLEL CONTROIL 0OF MOTORS

Figure 10 illnstrates a nicthod of connecting series motors in pairs
which has sometimes been used for the operation of mavable spans.
The frst section of the controller connects the motors in series with
each other. As the controller handle is moved arvound, successive
resistanre steps are eot out. and at the end of the first section the
starting resistance is all cuf out and the motors are operating in
series, cach motor operating on one-half the line voltage. The next
step on the controller changes the terminal connections, throwing
the muotors in parallel and cut in pll the original resistance. This
resistance s again cut out step by step until the motors arve each
operating under the full line voltage.

With the motors in series, esch motor takes the full line eurrent
at half the line voltage. A strong torque at a low speed is produced
without drawing excessive current from the line. In the parallel
connection each motor takes half the line current at the full line
voltage and produces less torque but operates at a higher speed.
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ALTERNATING-CURRENT MOTORS

FUNDAMENTAL PRINC]PLﬁS RELATING TD ALTERNATING CURRENT

Alternating current is generated whenever a revolving magnetic
field of alternating polarity cuts one or more stationary conductors,
as shown in Figure 11, A. The current (and the electromotive
farce) reverses in direction once during the time raquired for any
Lwo adjacent poles to pass u conductor.

SWITCH 5,

REVOLVING
MAGNETS

SSwiTch 5, 360 ELECTRICAL DEGREES
; odol
CLOSE SWITCH S, AND OPEN SWITCH 52 4 B
TO TRANSFORM TO PARALLEL CONMECTIONS

AS SHOWN BELOW

SWITCH S,

Iy Ay Vi
‘\./!b\./\./“\.“T\J

o c

SWITCH S,

Fwgune 11.—Dingram to Dlustrate prip-

Frirne 10, — Serles-parallo!  contpal ciple invelved in an alternatlng-current
dlugram motor

The e. m. f. and the current vary as shown graphically in Figure
11, B. The distance, «, represents a complete cycle or 360 electrical
degrees.

The frequency of the e. m. f. is the number of cycles per second,
und is represented hereinafter by the symbol, /.

If p be the number of poles, sbriously

_rpm p_ rp m. X p
T==60"%9= 12§

An ¢. m. f. imposed apon u single cirenit is known as a single-
phase voltage, or e. m. £ Suppose there ave thrvee such cireuits,
the e. m. f. in ench circuit lagging the adjacent . m. f. by 120 elec-
trical degrees. The graph of the three voltages superimposed would
be as shown in Figure 11, C. Such a voltage is known as a polyphase
voltage (in this case, u 3-phase voltage) und the resulting current is
termed a polyphase current.
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Suppose there are three alteenating-enrrent generntors (or more
exactly, three independent coils on one generator), ench generating
an alternating current, and so atranged as to lag each other by 120
electrical degrees. Instead of the six wires shown in Figure 12, A,
suppose that wires b, d, and ¢ were connected together to form n

common lead, as shown in Figure
12, B. This conunon lead wire car-

a7 ries the three curvents formerly
N b4 carried by wirves b, o, and e, but
Y troin Figure 11, C it s readily seen
2 that the algebraie sum of the three
voltages at any instant is zevo.
c Since there is no voltage there can
d be no current and the wire can be
dispensecd with as shown in Fig-
At ure 13, A. This method of con-
PHASE 3~ s .
necting the lead wirves from the
three stator coils of » 3-phase gen-
29 erator mnkes it possible to carry &
3-phase cwrrent over three wires,
each wire acting as a return for
y the other two.
¢
E[rf
{bdeh
R
Fingrs 1%.—Dlagram lustrating princi-
pleg  Involverd  In geneeating  d-phase
eurrent
Two methods of connection are Y CONNECTION
used, the one in Figure 13, A being A
known as the Y connection and the
one shown as Figure 13, B being .
termed the A {delta) eonnection. -
If ench phase coil generates a volt- £ IV3a
age, F, across its {ermninals, and a
current, £, the cirrents and voltages . E
in and ncross the line wires, forr the T -
two different methods of connection L5
are as shown in Figure 13. A proof 4 C“"g“‘"”"

of this fact will be found in any
textbook on alternating current,
Figure 14 shows the different

FIGURE 18.~—ethoids of conneeting wihnd-
ings of a S-phase genernior

ways in which loads are connected to a 3-phase main.

INDUCTANCE

Whenever there is a change in the current flowing in any line,
there is induced an e, m. f. opposite in direction to the current
change. This electromotive force is known as the e. m. f. of self-
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induction.  Without going into a theoretical and lengthy discussion,
the following facts may be stated.

The o. nn. £, of self-induction s proportional te the rate of change
in the current. It is zero at the instant that the current ceases to
change, and a maximum when the current is changing the most
rapidly,

This e. m. f. is always in such direction as to oppose the change
in current. When the current is Increwsing, the induced e. m. f.
tends to cause the current to decrease, and vice versn. The greater
the frequeney of an alternating eurrent, the greater the ¢. m, f. of
self-induction.

Consider the alfernating curvent shown graphically ju Figure 13
At the instunts @, b, andd e, the cur-
rent change 1s zero. Theretore, the )3
o, m. 1. of self-induction is zevo ut ;i
these points, Between @ and b, the . &
current iz decreasing, therefore, the
e. m. . of self-induction must be
positive between these points, Be-
tween & and ¢, the current is in-
creasing, therefore, ¢ 1. 1. of setf-
indusetion most be negative. The
maxinnmm rafe of chunge in current THREE LOADS Y CONNECTED
takes place at the instants o, ¢, and -—E_@TI
#. which Indicates thut these points
must be the points of maximum
e. m. t. of self-induction. Plotting
the ¢, m f. curve through these ———3)—_—‘ —{s‘)—_—’
control points results in the dotted
crrve of Figure 15 which must be SINGLE LOADS A CONNECTED
the curve of £ the e m. £ oof self-
tnduetion.

The bmpressed voltage, £ must
be suflicient to overcome this coun-
ter voltage, £y, and nlso to force ;
the curront. {, through the resist- & =
ance, R. of the circuit. ‘4 )

I£ this reststance 1s zevo, then the
improssed e. m. £, is only just equal
angd opposite to the e. n. 1. of selt- THREE LOADS . CONNECTED
induction, and varies as shown in Free b, U eeting 1ouds
Figure 13.

The above facts arve the basis of the following very impertant
taw: In inductive eirenits of negligible resistance, the applied voltage
lewds the current by 90 electrical degrees, or, as generally expressed,
the enrrent lags the voltage by 90 electrical degrees.

The self-induction of a circuit acts against the impressed or ap-
plied voltage, and lessens its power to force current through the line.
The value of this resistance is generally termed the *inductive re-
actance,” and is expressed in ohms.

I£, in uny cireuit there be a resistance, B, and also an inductive re-
actance, Y. the impressed voltage no longer leads the current by 90
electrical degrees. but by some angle. 8, which may be determined
from the following consicderations.
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The impressed voltage, £ (fig. 16), must have a component, £,
equal to &/, and in phase with the current, /7, else it could not over-
come the resistance £2.  This voltage must also have another compo-
nent, 7%, equal to /X, and in phase with it, else it could not overcome
the inductive reactance, X. This inductive reactance leads the cur-
rent, 7, by 90°, as shown above. Therefore, these two components

are at right angles, and the result-
| [ Er e of snemscion ant voltage is found as shown in
A A TIrigure 16,

SRS }] / M / }’ The actual usetul power in the
&8 Ne Yo 4NN Y /N civenit is messured b the product
4 2 K LY P
i W N W /ot the current, /, times the voltage
AR |/ \ ~% / component, £’, in phase with 7
; \1/ l ‘u__ - y \\_“

. 3

. since the other component (in phase

bt oo OEhsomnetee X)) is balanced by the e. m, f.
Figeus 15, --Dingram  showing  retntion of self-induction.

) eI anmecssed voltuge, ad That is, power in watts=1'I=

£ cos 8,
The term, cos 9, is called the power fuctor, and varies with the
ratio of inductance. X, to resistance B,

GENERAL DISCUSSION OF POLYPHASE INDUCTION MOTORS

The essential parts of u polyphase induction motor consist of a
stator or stationary element with windings carrying the several
phases of the line curvent, and a rotor inside the stator. If the rotor
wires are connected together at
their extremities, the motor is & s — ZEIX |
known as the squirrvel-cage type. 1
It they terminate in brushes, which
are connected with varviable resist-
ance elements, it is termed the
wound rotor, or slip-ring type of  — A —CTERITRTI-—
motor.

Fignre 17 shows a stator of an
induetion motor wound for a 3-
phuse current with the phases
spaced 120 electrical degrees
around the ring. When the cur
rent in phase 115 a maximun posi-
tive value, the value of the current
in both phase 2 and 8 is equal to
—1 sin 30°—144.

The resultant magnetic field is ®
therefore in the direction shown in 1 - L7
Figure 17 at this instant. When *—E'—M——J
the current has passed through 120

RESISTANCE,_ | INOUCTIVE REACTANCE
A X

FFisore 16.—Defermtinatlon of vesultaunt
. 1 voltage In an alterouting-current cir-
electrical degrees (EI fter ET sec- cult contuining resletance nnd reactance

onds, where f is the frequency) the value of phase 2 is maximum and
positive, and that of both phase 3 and phase 1 negative and each
equal to one-half the maximum value. The resultant magnetic feld
at this instant is, therefore, 120° to the left of its ovriginal position.
After another equal interval the field is 240° to the left of its original
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position. A 3-plase current, therefore, produces a rotating magnetic
field with a speed in r. p. m. of 607 for a 2-pole machine, For multi-
polar machines with £ poles, the speed of the revolving magnetic
Coat _60fF 120/

field 15, v p. oo 7 2 .

This is known ax synchronous speed, and depends on the frequency
of the applied current, and not on the motor Ioad. The action of
the rotating magunetic Geld is exnetly the same as if the permunent
magnets of Tigure 18 were revolved about the rotor nt synchronous
speed.

Suppose the rotor of Figure 18, A to he at rest and curvent sud-
denly applied to the stator winding. The hypothetical magnets, N

HOVEMENT OF MAGHETIC FIELD

S
&
o

o

®

WHEH PHASE
ket e
15 MAXIMUM

PHASE 2 S

DIRECTION OF MAGNETIC FIELD WHEN
EACH PHASE IS A MAXIMUM

a/ o
- - h—g
120" |20‘—-L—|zu'—-l -

Fispue 17—Diagram [llustenting prineiples invelved In an induction molor

and S, start to revolve at synchronous speed, and an electromotive
force is induced in the rotor wires. This e. m. f. induces a current
in the rotor wires and since these wires already lie in o magnetic
field, » torque is at once developed which tends to revolve the rotor,
and with it the motor shaft. The flux is moving downward with
respect to the wires on one side of the line A-A (fig. 18, A), and
upward with respect to the wires on the other side of this line. The
induced e. m. f., therefore, is opposite in direction on the two sides
of the line A-A.

If the rotor current is in phase with the rotor. voltage, the condi-
tion shown in Figure 18, A obtains (i. e., relative motion and cur-
rent reverse at the smme time}, ane the torque is all in one direc-
tion. If, on the other hand, the induced rotor current lags the volt-
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age, u condition such as shown in Figure 18, B obtains, and part of
the torque is negative. From Figure 18, B the returding torque
sector 1s seen to be proportional to the eurrent lag, 6.

SQUIRREL-CAGE MOTORS

The above fundamentals will now be applied in a discussion of
the load characteristics of polyphase mctors. Assume the motor
ab rest and no stator current flowing. At the instant the line switch
15 closed, the mugnetic field induced by the phase winding starts to
revolve at synchronous speed, and currents are set up in the rotor

ACCELERATING
TORQUE

AMNGLE OF

MOTION GF
MAGNETIL FIELD

ACCELERATING — RETARDING

SECTON 8- 7 SECTOR ACCELERATING RETARDING
7 SECTOR

“\%
N

N

c

Ficvpre 18 —~Dingram fiustrating prioelples Invelved in induction motars

bars. The frequency of the rotor currents at the instant of start-
ing must be the same as that of the stator currents, since the rotor
has not started to move. With this relatively high frequency,
large inductive reactance is introduced (sinee the inductance varies
as the frequency). Since the rotor resistance must always be rela-
tively low (to avoid excessive heating), the current must, in this ease,
lag the induced e. m, £. by a large angle. A large retarding torque
sector (fig. 18, C% is, therefore, developed so that the net or useful
torque 1s relatively small while the rotor current, I», is quite high.
At starting, therefore, there is a relatively small starting torque, with
o relatively high starting current. Generally, a starting current
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equal Lo abont five timey the full-load eurrvent is needed to develnp
L) per cent of full-load torque.

As the toryue develops sufficiently to overcome the inertia of the
rotor and the external load, the rofor starts to retate. For no load
conditions, the rotor accelerates to practically synchronous speed; for
tull load, the rotor generally has a slip of about 4 per cent; i. e, the
rotor moves through 86 per cent of one revolution, while the stator
field makes a complete cirele.

As Lhe frequency of the rotor current depends upon the rate at
which the votor barg slip past the rotating field, the full-load fre-
gquency is but 4 per cent of the frequency at starting. Thix low
freguency reduces the reactanece in the rotor circuit proportionately
and, therefore, reduces the current lag since the rotor resistance is
constant, and the rotor currents become more nearly in phase with
the rotor voltage. Full-load torque is, therctfore, developed at a
greatly increased power factor. Full-load torque at full-load speed
obviously requires the rated {full-load curvent, while for this same
torque at the start about 330 per cent of the full-load current is
roguired.

As the load on the motor is increased above the rated full lead the
rotor slows down and the percentage of «lip becomes greater. This
jncrease in slip increases the amount of current in the rotor bars and
also increnses the frequency.  The current increase tends fo increase
the torque. wiiile the increased frequency increuses the current lag
and, therefore. decreases the torque. Up to a certain load the cur-
rent inerease is greater in ity effect than that of the frequency in-
crease aiund, therefore, the torque increases to carry the Increased
lond.  Above a certuin point, however, the effect of the lag in rotor
currents is more than the effect of the increused cnrrent itself, At
this point the motor starts to slow down, and the torque decreases
with uny further increase in curvent.  (Fig. 22.)

The change in current values is great even for a small change in
the percenfuge of slip, so that the sqnirrel-cage motor is to all
intents and purposes a constant-speed motor. This type of motor
abways takes o lnguing currvent, and has a power factor at full load
varying between 80 and 90 per cent, depending an the size,

The syachronons speed of o squitrel-cage motor may he found by
fhre formula

1207
P =
Full-toad speed i generally about 96 per eent of synchronous speed.

The large current required by the squirrel-cage motor for starting
under full load is the principal objection te this type and eliminates
it from considerastion for heavy starting duty. It is, however, very
stiurdy in construction. and has no brushes or sliding contacts such
as the commmntator of a direct-current motor or the slip rings of «
wound-rotor motar.  For small unifs or other use not Invelving
heavy starting duty this motor is very satistactory.

WOUND-ROTOR MOTORS

Tt hias been pointed out that for the squirrel-cage motor the large
ratio of varrent to torque at starting is due to the lagging current,
whiclt in turn is 1 Dmetion of the hgh reactance amxd low resistance
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of the rotor. For example, if the resistance Z in the rotor circuit
(fig. 19) be increased to R’, then the angle of current lng decresses
from O to ©', and the retarding sector on the rotor is decreased
proportionately. {Fig. 18, C, D.) By increasing the rotor re-
sistance & larger torque is produced with less current, and the angle
of Ieg can be so reﬂuced that full-load torque at starting may be
developed at about full-load current.

As soon as the rotor speeds up the resistuance is no longer needed,
since the reduced frequency of the
rotor current automatically takes
care of the current lag, and this high
rotor resistunce would cause heavy
power loss due to heating, Instead
of having the rotor Lars connected
together at their extremities, the
iR wotnd-rotor motor terminates these
IR bars on slip rings to which are wired

resistance grids arranged so that

Figene 10.—Diagrum showing effect of they mmay be cut out step by step as

i:i:‘:tr;o :;l::'r:é, resintiuce In rotor of fodue- t]le motor speeds up. "I‘l.‘lis type of

motor is suitable for heavy starting

duty, as it has much better starting characteristics than the squirrel-
cuge type,

For the main hoisting or turning motors of a movable bridge the
wound-rotor or slip-ring type should preferably be used if the power
required is in excess of 15 to 18 horsepower. Below this value squir-
rel-cage motors can be used. They are also suitable for such pur-
poses as the operation of pumps, locks, latches, gates, and barriers.
Squirrel-cage motors having what is known as “ high-resistance
rotors ” sre sometimes used for in-

yor @
for @2

termittent duty of this kind and \ __P—5TATOR VOLTAGE
may be used for power units up to £ -
25 horsepower and perhaps even o P
higher. g b
a ut a
POWER FACTOR e = _’9;
. . . g 313 g,
Thus far the discussion has béen 5 gly
of rotor currents, voltages, and re- g SiZ

sistances. The stator current, how- v ————
ever, is the metered current for s " 4

which the consumer pays., Under O™ '"‘“T‘;Eﬁﬁﬁ. o rad current on
no load, the stator currents lag the

voltage by nearly 90°, as the resistance of the stator windings is
low and the only impedence is the reactance of the circuit.

As the Toad comes on the rotor develops a slip, and rotor currents
are developed which tend to demagnetize the stator. To counteruct
this tendency a load current is developed in the stator which must
be in phuse with the stator voltage.

As the lond current increases the power factor increases, us shown
in Figure 20, For example, if Qo represents the value of the stator
load eurrent at one-half full load, the power factor is cos 8. As the
lond is increased to full load, the magnetizing current or current
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opposing the inductance remuins ractically constant, the load cur-
rent increases to the value 05, anc{) the power factor becomes cos 9'.

The power factor for an induction motor varies with the losd
approximately as follows:

Percentage of Power factor,
full load per cent

0 8
25 55
0 T2

7 &0

100 87
150 %

It is not advisable o design a SYNCHACNOLS SPEED
power system so that the motors are o (PO ToR 5l 0% soekp
always underlonded, as this means ‘P—?&hyi\?::frl‘"\?z;faq”ﬁo
not only a waste in the first cost | s, |0
but also a low power factor and a {1\@ ‘\sg(,/
consequent, plant waste at the point N xe
of generation, \“_// N

/)x \

g

5
5

-
a
5]

&

e
o
o

REVOLUTIONS PER MINUTE
2
o

SPEED CONTROL OF WOUND-ROTOR
MOTORS

8

]
B

The motor torque depends upon a o 1ke 200 zse 30 w0- a0
the rotor current which in turn L, oRaut frooT pounas)

1= induced by the slip of the rotor. e siiprimg go-aneed Curves for
i, at any given load and speed

resistance were inserted in the rotor [ TT]
circuit, the rotor current would prraptimscument | i

drop and the torque would de- R g g

crease.  This wonld cause the rotor Lot ><\<‘-‘o,?

to slow down unti] the additional > I \Q‘Jz;

slip produced the required torque Forantisa vokur \
current, The motor would then Lt A\
continue to rotute and carry the

lIoad, but at a reduced speed. Speed

-
a
o

CURRENT (AMPERES)

TORGUE (FOOT POUNDS)

FU—LLO‘I}WE\s
L
control on wound-roter motors is fIRL LOAD EUARENT
therefore made possible by varying o |

the resistunce in the rotor circuit. 0 1020 30 46 50 G 70 8O %0 KO

2
s
5
&

]

. SPEED AS A PERCEMTAGE OF SYNCHRONOUS SPEED
Figure 21 shows the torque-speed -
Fropes  22.-Typleal sapeed-torque snpi

curves for ga 4:40-\-’011}, 60-8)(01&, speed-cirtent curves for i ddt-volt ai-

G-poie, wound-rotor, induction mo- tersating current motor rated at 1,200
. . rop.m.

tor having five resistance steps.

These curves are self-explanatory. Figure 92 shows the relation

between speed, torque, and current for a 440-volt alternating current

motor,

STARTING SWITCHES, COMPENSATORS, AND SPEED CONTROLS

The full line voltage can be thrown directly on the stator of small,
squirrel-cage motors by means of an ordinary knife switch, but all
circuits should be profected against overload by suitable fuses. In
starting large motors, use is frequently made of antotransformers,
or starting compensators, which are placed in the line to reduce the
voltage at starting und thus avoid the possibility of dangerousty
high currents,

G559°---31
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The Y-delta methol] of starling is sometimes used.  This method
tepends for its action on the difference in voltage across Y-connected
against delta-connected londs ns shown 1n Figure 14. During the

starting period the stator windings are Y-connected to the line, giv-

ﬁor 58 per cent of the line voltage. .is the
machine speeds up, the connections are thrown into a delta connec-
tion, increasing the voltage to & or 100 per cent of the line voltage.

These starting devices are used for squirrel-cage motors, while the
slip-ring motors need no device other than the variable rotor resis-
tance. This latter type of control, which is most readily effected
with magnetic contactors (remote or magnet control), presents so
many advantages that its nse for movuble-bridae operation is becom-
ing almost universal. 'This method of control and also the question
of motoy starters in general is to be discussed more fully in following
pages,

ing a voltage of

SINGLE-PHASE MOTORS

Tt is sometimes necessary to use single-phase motors for small
units because no other enrrent is available.  For nnits above a single
horsepower this should not be done unjess unavoidable, as 3-phasc
motors are always considerably less expensive, less complicated as to
wiring, and easier to install and maintain.

As an illustration, the following quotations on 2-horsepower and
3-horsepower units have recently been made for use on a bridge.

-HORSEIMIWER GATHE MOTHHS

Sinme-phase (reversible)_ . et mm——————— s BT

Three-phiase ... . 43

THilerenee_ ... . . i
A-ORSEMINWER BARKIEE MOTURS

Single-pluise (reversilile) . . . 04

Three-plst — e - - . .

DifTevenve 4

There is also the Factor that single-phase motors must be fitted with
brushes which are always likely to cause some trouble or expense
hecause of sparking or {lashing over.

SELECTION OF ELECTRIC MOTORS

The determination of the power required for movable bridges is
so thoroughly covered in current literature that it need not be re-
peated lere. The discussion which follows s, therefore, based on
the assumption that the torque and power demands at the motor
shaft for all conditions of loading, have already been deternuned.

The fundumental principles underlying the operation of electric
motors have been discussed and it now remains to sunmurize this
subject matter und deduce a few simple rales for the suidance of
the engineer in specifying and selecting equiptent.




BELECTRICAL FQUIPMENT 0N JMOVABLE BRIDGES 19
DIRECT-CURRENT VERSUS ALTERNATING-CURRENT MOTORS

Thie choice between direct-current and alternating-current motors
will, of course, be largely controlled by the character of clectrical
eunergy commercially available. Alternating current is used for
general distribution through high-voltage lines because of its flexi-
bility. The majority of commercial service lines carry alternating
current, while direct current is used for street railways and for dis-
tribution in industrial centers. The majority of instatlations for
movable bridges make use of alternating current because of its more
frequent commercial use.  Where both types of current are available
at approximately equal rates, the choice between the twe is largely
a matter of personal preference.

The direct-current series moter has starting charaeteristies some-
what better adapted to heavy hoisting duty than the polyphase in-
duction motor as indicated by Table 3. Direct-current motors are
apb to have more sparking at the brushes than wound-rotor motors,
especially where commutating poles have not been supplied. Ma-
chines of the squirrel-cage type do not have such trouble,

Alternating current is more flexible. easier to handle, und some-
what easier on contacls because the trequent current alternations
minimize the tendency to sparl,

Al things considered, alternating current is perhaps slightly mure
desiruble than direet current for movable ridges.

TESTS AND RATINGS FOR MOTORS

The capacity of any motor is limited by two factors—conumuta-
tion and temperature rise. Commutation is necessary only on direct-
current motors wil certain typex of single-phase machines, and if
commitating poles are supplied the sparking at the brushes is greatly
minimized,

The horsepower of 2 mofor is 1 function of torque und speed which
are in turn functions of the voltage and load enrrent. The load
current is limited to that value which will not heat the motor to =
point detrimental to the insnirtion. Tt is appurent that the internal
temperatire of the windings is 1 function of the time during which
the motor operates so that the size or capacity of any motor is not a
fixed term but a term which has u varizble meuaning. depending upon
the period over which it must be operated continuously. This is
ilustrated Ly Table 1 taken from the catalogue of a manufactuver.

Takte I-—Iiforsepoicer raling of direcl-cwrreat wmotors for different periods
uf the bused o o {imaing rise in fewmperatire of 73° €.

Maotor One-fgurth | One-hall

Dotar bonr 1 bpur 3 bours

tlorsepotoer, H’oraepowfr Huraepower Harupou.-e;
: i §

33 2
0 B
[E0] 140
400 250
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The duty imposed upon the motors of any movable bridge is highly
intermittent, but it appears advisable to specify « time rating not less
than that necessary for five complete operating cycles, and, In any
event, not less than the following minimum limits:

Minnton
Cintes and bareler motors.... N 13
Wedme and Nift motors. . 0 L . . . 25
1loisting or swihglhg molers .o . i

The limiting rise in temperature should, in general. be not more
than 50° C. ubove & room teniperature of 30°, atthough o tengperature
rise ot T3° is sometimes permissibie for certain types of direct-current
motors. The standard rating tests of the Awmerican Institute of
Electrical Engineers are universally specified.

SPECIAL FEATURES INVOLYED IN USE OF DIRECT-CURRENT MOTORS
TYPE F FIELD WINDING

Shunt motors run at practically constunt spewd andd draw power
from the mains in direct proportion to the torque demand; while,
theoretieally, weries motors draw current in proportion te the square
root of the torque and operate at a decreased speed as the current
increases. Tt the load on a series motor is swddenty removed, the
speed inerenses rapudly and the muotor may larst under the eentrifu-
al stresses indneed,

The eluracteristics of a compownd motor lie somewhere between
those of 1 shunt netor and those of u series motor, depending on the
ratio of shunt coils to series coils, .\ compound motor with char-
acteristies approuching those of n series motor is sabd to Le heavily
componndled.

The main wotors of 1 wovable bridge should be of the series or n
heavily compounded type in order to produce the torque required
for starting and to overcome wind resistance without unc]ul'\' inereas-
ing the current,

As an exumple, a bascule span was recently designed by one of the
writers with a required torque at the main pinion of 23,000 foot-
pounds under normal conditions, and 62,500 foot-pounds under ex-
troeme conditions {wind pressure of 13 pounds per square foot). For
a series motor the ratio of current required under extreme conditions
to that reguired umder normal conditions would theoretically be.

\/2:;‘{;28 i:ﬁt:ii;::{ﬂ:-—- 1.65. The extreme condition would require an
increase in current of 63 per cent as against 172 per cent eXcess cur-
rent required for the sume condition if a shunt motor was used. A
heavily compounded motor would require a current slightly in excess
cf that for the series motor but much less than that for the shunt
motor,

- Trnder the wbove conditions the overload would decrease the speed
of the series motor to about 60 per cent of its value under normal
load. Constant speed is not obtainable with this type of motor and a
strong wind may increase the opening time but such delays can often
be tolerated.

If two motors are used to move a spant and one of them becomes
inoperative the torque Jdemand of the single motor is 200 per cent
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of normal. This will double the current passing through a shunt
motor, but will increase the current in a series motor- by only about
+1 per cent. Current induced by overloading causes a tempera-
ture rise in the motor, and the maximum load is limited by the
maximum current which may be induced without heating to a tem-
perature destructive to the insulation. The safe load on a direct-
curtent tootor, as has been stated, is often limited by commutation
(unless interpoles are used}, as an excessive armature current weak-
ens the reversing field, and causes destructive sparking at the brushes.
If a shunt motor is used a larger power unit should be employed
as legs margin can be allowed for overload.

A series motor is not suitable to operate pumps for the counter-
weight pit of a bascule span, since the suction pipe might break and
release the load and let the motor attain a dangerously high speed.

For roadway gates and trafic barriers, either shunt motors or com.
pound motors with pronounced shunt characteristics are preferred
1n order to have constant speed, since no great amount of overload is
likely to be applied. Where chain drives are used to operate outes
there is & possibility of chains breaking and removing the lead and
the shunt characteristics are best suited for this condition.

Center locks for donble-leaf bascule spans and center wedges or
lifts for swing bridges may be operated by shunt motors or those
having a light compounding.  End wedges for swing spans, how-
ever, should preferably be driven by a heavily compounded motor
in order to develop the necessury power at the end of the lift when
wedge friction is a maximum or when a wedge is jammed. Shunt
motors have been used for such service in many instances, but the
expericnce of the writers with end-wedge lifts indicates that a motor
with better overioad characteristics is desirable.

In general, the main heisting motors or turnin notors, end-
wedge motors and those for any other duty demand ing occasional
overlonding should possess strong series characteristics unless the
conditions are such as to mwake possible u sudden velease of lond.
Motors for lighter duty or where constant speed is desirable. may
be of the shunt type or the compound type with shunt characteristics.

CIAMUTATION

The following brief discussion is presented to explain the value
of commutating poles on direct-current motors for certain kinds of
service.

Figure 25. X shows purt of the armature and commutator of a
common type of direct-current generator. Each of the armature
coils revolving through the main magnetic fHeld carries a current.
These coils are in series so that the current induced in each coil flows
through every other coil between it and the commutator segment in
contact at that particular instant with the brush. An instant before
the armature assume the position shown in Figure 23, commutator
segment G wus buck of its present position so that point d was at
some point &' over the brush, Thus the commutator segments B
and C were comnected and ceil A wag short cireuited. As com-
mutator segment C moves on past the brush, coil A is suddent
thrown in sevies with coil B, This sudden change of current in coil
A is opposed by the seM-induction of the coil as indicatecd by the
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arrow; thus causing a pavt of the current to be forced across the
gup and into the brush, causing sparking.

If the brush is shifted forward to the position shown by the dotted
outline, coil A would still be short-cireuited during a eertain period
of the rotation, but it would be short-circuited in a reversing mag-
netic field since it has now been moved under the pole tip N.

This disenssion ¢an be applied to a motor where the armature
current is applied rather than induced if it is remembered that the
direction of rotation is rveversed. The following general rule may
be stated : To avoid sparking. the brushes must Le shifted forwared
for generitors and back for motors.

COMMUTATIMG POLE PIECE ———— = &1 E ECGMMUT&TING FIELD LIMES
]

~,
LS

A

L SPARY

S, Lo \
AR \)
BRUSHES SHIFTED FORWARD

FOR BLTTER COMMUTATION
‘-.' 1 '

POLE PIECE
PILE PIECE ©

A

UKIFDRM FLUX ARMATURE RERCTION RESULTANT FIELD
OUE TO FIELD. (DUE 7O ARMATURE REALTION
MAGME TS ONLY) AND FIELD MAGNETS)

iy
WEAKENED FIELD

Frvie 23.—Diagrnm iHusteallog couse und method of ennteol of commutating
dlfentliog

Figure 23, B3 indieates the distribution of flux through the arua-
ture of a generator or motor due to the field magnets only.  TFigure
23, C illustrates the magnetic field produced by the armature wind-
ing. Figure 23, D shows the resultant of these two felds. It is
apparent that the effect of armature veaction is to weaken the re-
versing field, und that furthermore the degree of weakening is di-
rectly proportional to the avmature current. For sparkless com-
mutation, therefore, it would not only be necessary to shift the
brushes further on account of armature resction, but the neutrul
position for these brushes wonld vary with the load {the armature
current).

To avoid this difliculty, interpoles or commntating poles may he
placed zs indicated in Figure 23. A. The function of these poles



http:RE5ULTI'.NT

BLECERICAL EQUIPMENT OX MOVABLE BLIIMGES 5]

18 to crente an auxilia ry reversing fleld for the armature eoil which
is being short cirenited.

The following statement on commutating poles is quoted from the
utalogue of a large electrical manufacturing company.

AVERLOAD CAPACTTY AV COMMUTATOR IS ONFAINED BY THE USE OF COMMUTATING
'OLES

Tie woeakes! peint of a noncommutating-pole motor is tho commutator, on
seenunt of s rendencey o disintegente bewtuse of the aptrkine and wear by
brosh Eriction.  The comumutaring pols motor s prinmrily o en-sparking ma-
chitie with the vesall that 2 much hghrer brosh teosion ntity be used. In fact,
o aiher fenture adds so mnch (o the duraldlity snd overload capaeity of u
direct-cnrre 0 woler ns thoe nse of rommaticing poles,  1'he benefieint offects
of commuatmiing poles are partiealarly noticezble o the higphor voltiges, gnd
v cireuits baving o wide and rapidly fluctuating voltage wheve they preatly
mininyize e tendoney to ftash over at the commutator,

The nepiral point of commutating pole machines js tixed, regardless of the
tirection of rotation, thercfore commutiiion poles are particularly vaivable on
reversihin molors.,

The conmntating pole windings e in series with the windings of the arma-
tare wiul mnin poles. Phis maukes the advantages of the commutating poles
markediy effeetive in the cese of serips-wommd motrors, for as the load in.
creatses, the exeitarion of Loth the commutating and main poles increase enually
nadd together, resulting in an cnormously ineremsed capaeity of the machine to
stand sudden heavy overleads withogt sparking at the commutntor.

SPECIAL FEATURES [NVOLVED IN THE USE OF ALTERNATING-CURRENT MOTORS

For the wain hoisting or swinging motors the following general
practice should gide the selection :

For power units of less than 15 horsepower: Squirrel-cage motors
may be wed, although slip-ring induction motors are someshat pre-
ferred on necount of the need for some speed control,

For power units botween 15 and 23 horsepower: Either slip-ring
induction motors or squirrel-cage motors with high-resistance roto~
should be wsed. Again the slip-ring type is preferved.

For power units above 25 horsepower: The slip-ring induction
motor should be ased and care taken to provide enough resistance
soeps to accclerate and decelecate the span thronghout its complete
operating cyele at suelt a rate as to completely eliminate all shock
antd juroand to provide a speed range saflicient for the needs of the
mstallabion,

For conter locks, tail locks, end wedges and lifts. pit pumps, road-
way grates, and all other light duty. ordinary squirrel-cage motors
are sutistuctory.

LUBRICATION

The method of Inbrication will depend wpon the nature of the jn-
staltation.  Swing bridges and vertical-lift spans have stationary
maotors. Thix ix also trie of the main hotsting motors in certain types
of bazcule bridges. For certuin types of ralting-lift spans. however,
and for motors which operate center-locking wechanisms or tail
locks, the motors must rotate with the moving leaf. Motors which
e mownted on o stationary portion of the structure may be lubri-
ated by means of oil rings. Motors whieh rotate with the moving
leaf, however. must be equipped for oil waste or wick lubrication or
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fitted with grease cups or other effective systens for pressure lubri-
eation.

MOTOR HOUSINGS

The housings of motors are generally classified as open frame,
semiinclosed (pertorated covering). and totally inclosed. The open-
frame motor has better ventilation, and. therefore, heats less rapidly
under heavy current. Since the capueity of any motor is entirely n
matter of temperature rise (unless commutation ix a factor), a
stmtler power unit may e selected i an open-frame design is per-
missible.  For open alr service, however, open-trame coustruction
may result in damge o the armature and windings due to moisture,
dirt, dust, and other v itions of exposure.  All motors except those
which nre located in con tdetely inclosed, heated rooms shonld prefer-
ably be of the inclosed type, '

Cerlain conditions muy preclude the use of open motors and yet
not necessitate a foll inclosure. For such a condition, perforated
covers (the semiincloged type) may be used.

T'nder severe conditions motors may be fitted with a complete
inclosnre having an air intake and an air outlet for the connection
of ventilation pipes. Motors thus equipped are commercinadly avail-
able aml are of two types: those arranged for extermal ventilation,
aned the self-ventilated type which is equipped with fans as an
integral part of the machine,

OTHER GENERAL FEATURES

In general, the motors on any bridge shoukl be arranged and
located so as to permit of the most efficient system of ventilation and
to pernit easy aceess to all parts for inspection and repairs.

Where both 2-phase and 3-phase altetnating current is available,
preference shoukd be given to the 3-phase current becnuse of the
better distribution of the stator windings whiclr inereases the effi-
cieney of the motor, ‘The power factor is also higher and the start-
ing characteristics better with the 3-phase motor. There is also a
saving in the amount of copper required for the distribution system.

For the same power rating, high-speed motors weigh less, ocenpy
less space. and cost less than low-speed motors.  Table 2 illustrates
the variation in weight for o few tvpical alternating current indue-
tion moters of various speed ratings.

pasLe 2. - Weight and speed of typical G0-cycle allerpating-curveat indiction

molars
E 30 hgrsepwer 0 horscpower ) horsepower
Full-lgad - olir Fall-tond =y Full-md e
speed Welght speed] Welghl spevd Woight
Ropom Pownds t.op.om. Foinils 2, o Py
I TH LG 1, &0 59 2,464
Ll TR RN 1, 313 [[5] 2, 1K
(1] 1, %K) [oH 1, ¥4 aih 3,
s} [ H e R

Motor housings should be tapped for conduits so that all motor
lewtls may be thoroughly protected. Inspection holes, of ample size,
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and easily accessible should be provided over commutators and
brushes on all totally inclosed motors. The motor shaft should be
extended and key seated for a stundard shate coupling, except where
back gearing and a secondary shuft is used. In this case the motor
shaft is keyed to a forged-steel pinion, engaging a cast-steel gear
with snachine-cut teeth and keyed to a seconc ary shaft. This sec-
ondary shaft shouid be supported on bearings rigidly fastened to the
motor housing, and generally the entire back gearing except the pro-
truding end of the secondary shaft is totally housed. Motors which
are to be used in conjunction with motor-mounted solenoid brakes
should be Rtted with a double shaft extension, one end of which is
for the attachment of the bruke mounting,

Where more than 40 horsepower ix required to move a span or a
leaf in the case of double-leaf bascule bridges there is great advan-
tage in using 2 set of two motors rather than a single motor. Should
one motor fail it would be possible to operate the movable span with
the remaining motor, aithough, of course, at a considerably reduced
speed.  This system also has the ndvantage of permitting inspection,
repair, or renewal of a motor during the course of operation by
simply cutting the motor out of the line temporarily. Where direct
current is used the motors may be installed with series-parallel
nicthod of control which affords a large speed variation, and also a
large torque for starting.

Where motors are operated in pairs, the discontinusnce of one of
them places a large burden upon the other. Motors are generally
rated on the basis of three torque vatues—full-load torque, maximum-
starting torque, and maximum-ranning torque. The maximum
starting and_ running torques are generally more than twice the
normal or full-load torque. Table 8 indicates the ordinary range of
torque values for a few typical motors.

Tante B—Turquc valiwes of typical motors

SO-CVOLE ALTERNATING-CURRENT MOTORS

, Muxbnunn | Maxhnom | o

Norsaposer Woatiag Full Jomg running | starting | Speed t

! OTHUe torque torue fuelf dosd

i Fonl. polctuly I-'oof-purmdal!"noc-muud\: Fi A Y
2., - Yy howir, 507 . . - 155 375 333 G40
. . g hour, 50° . . - | 2y 80 BN 575
] 1 e, 5O° A ! 45 1, 10 1,028 als
100 I hour, LG R ! Nja 2,850 21 815

SERIES-WOUND IRECTRCURRENT MOTORS

0 i hoair, 75° 179 i 1,000 fi
k' i hour, 757 P k4 LY L1508 pic)
firt] 1 howr, 75° . . . S0 1, i3 A e g7
190 . . 1 heur, 757 S i, 000 40 5, & &

i 5,2
COMPOUND-WOUND DIRECP-CURRENT MOTORS

20 i 1 howr, 753° A, ) 65

1,000 350
. 1 hoar, 75 .. H il ] 1,405 5
50 ¥ bour, 750 ] 250 500
1 1 honr, 75° 1, %) i, R Ric]
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Where motors are nsed in pairs they should be able to operate
against the specified wind load in the required opening time when
runming at full-load speed and producing not more than full-load
torque. Kach motor alone should be able to exert & maximum torque
sufficient to operate the leaf against a wind pressure of 10 pounds per
square foot. Such a wind pressure is of common occurrence and
may occur at the time one motor is inoperative. While the single
motor is exeLtin‘g its maximum torque, it _will run at 2 reduced
speed, particularly if it is a_series motor, It is not necessury that
exch motor be able to open the bridge in the required opening time,
as a single motor will be used
only jn an emoergencey.

It may be powmible to install
an electrical or hand-operated
gear shift which will reduce
the speed of operation when
onre motor is inoperative. The
maximum torque will then be
reduced by the factor repre-
senting the gear ratio. An ar-
rangement of this kind intro-
duces another mechanism inte
Goie 24 -\ G0-horsepower. 530 r. p. .o the operating train, and since
lént-‘.g‘l:’.m?uil(“, \\oumi, nlk-iype, QFeed-cae the cost of motors is not a
Inrge portion of the investment
for a movable bridge, it is
questionable whether This pro-
cedure Is advisable. However,
in many localities therve 1s the
important consideration that
clectrieal energy is sold on the
busis of a fixed cost per horse-
power of connected load. When
this is the case, the use of g
wotors will incrense the month-
ly operating expense by a mate-
rial amount, and this may have
; - considerable bearing upon the
Frovan 2 —Typlon) fotully lnclosd palsbhtse guleetion of motor sizes.

With any tvpe of gearing it
is conservative and safe practice to proportion the mechanism so that
when only one motor is in operation the actnal maximum torque at
the main pinion or operating strut is sufficient to operate the bridge
against n wind pressure of 18 pouds per sgquare foot,

The kotal power systen should also e suflicient to hold the bridpe
in any pesition against a wind pressure of 13 pounds per square fout
with a comfortable margin of sufety.

Each motor should bLe rigidly supported by a firmly anchored
base.  Motor bases supported divectly upon masonry arve much pre-
ferved over motors supported by the structural work.

Vertieal motors ave sometimes used for the aperation of sump or
pit pumps. Seeh motors should be equivalent in all vespects to hori- .
zontal motors for like dotv. and shiould have thiust bearings designed
to carey considerable exeess vertical load.
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2. It is desirable that there be supplied with each motor as spare

£ parts one set of brushes, one armature complete with shaft and

> commutator ovr one rotor complete with shaft and slip rings, one
> set_of field coils or stator coils, and one set of bearing linings.

Figures 24 and 25 show motors suitable for movable-bridge service.

The following data should be included in the specifications for
any motor needed for a movable bridge in order to furnish the basis
for an intelligent bid:

f1) I'he characier of the enrrent (whether ilternaring current or direct
tarrent}.

{2) The volluge,

td) The Tregueney {eyeles) and number of phases (i€ #ltornating current
1% userl).

(4} For direct-current motors, the t¥pe of winding (whether shunt wound,
serles woutd, or compound weund), wnd for alfernating-current motors, the
type of rotor {whether squirrel-esge, high-resistance rotor type, or wound-
rotor typel,

(5) "The type of frame (whether open, semiinclosed, or totally inclosed).

{6) The type of insulution (whether special moisture-proof insuliation need
be provided),

{T) The rating in horsepower, giving thie basis of rating in terms of tempera-
ture rige and duration of test (for example, a rating of 40 horsepower pn the
hasis ot u temperature vise of 50° ¢, for 30 minutes when subjected to the
stanmdard tests of AL I K.

(8} Whe speed of the motor in revolutions per minute at fuil load and, in
cuse of alrernating-encrent motors, the syncturonous speed ns well, .

i) The full-loanl forgue, the maximam staviing torque, and the maximum
running torgue values,

Tt is probably well to provide that each motor shall be tested at the
contractor’s expense, and at the manufacturer’s plant, and that a
certified copy of the results of such tests be furnished the engineer or
purchasoer.

CONTROL AND INTSRLOCKING OF OPERATIONS

A complete control system for any movable bridge must be de-
signed to perform severnl separate and distinet functions, as follows:
{1} The regulation and control of the power plant proper, (2) the
proper control of sequence or interlocking of the various operating
steps, and (3) the safeguarding of the structure and its operating
mechanism.

The first functiton, or power-plant regulation, comprises four sepa-
rate features—starting, acceleration, deceleration, and reversal. The
control equipment for starting must be such as to effect a transference
of lond to the power plant without undue shock or jar, and without
introducing torques or lond currents in excess of those for which the
plant is designed. Acceleration and decelevution must be effected at
a vate necessary for safety and traffic efficiency. This rate is, of
course, influenced to a lurge extent by the character of traffic for
which provisien must be made.

The second function is that of controlling the succession of opeta-
tions so that they can oceur in only one predetermined order.

The third fanetion involves safegnarding the stracture by mechan-
isms and devices such as limit switehes, automatic stops, indicators,
buzzers, and seating devices, so that the various portions of the struc-
ture are protected from overload, overtravel, or undue impacts and
shocks or vibrations,  Kach of the ghove functions will be discussed
in detail.
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Attention is called to the gpendix at the end of the bulletin coy .48
manufacturers’ specifications for vari.

taining definition of terms an
ous electrieal appliances.

CONTROL AND REGULATION OF ELECTRIC MOTORS

The regulation of electric motors ineludes starting compensatiot
speed control, reversal, overlond protection, and protection agains.
excessive acceleration.

STARTING COMPENSATION

Starting compensation may be defined asg the means employed to
counteract the tendency toward destructively high currents In the
motor during its initial and early acceleration from a point of rest.
The need for compensation has been discussed in connection with
motor characteristics. Starting compensation may be said to be the
electricnl equivalent of a friction clutch-—it is the method by which
the load is eased onto the motor at starting.

Smalil motors of either direct-current or alternating-current type
do not require stwrting compensaiion and full-dine current can be
applied by means of an ordinary switch. As the duty increases,
compensation at starting becomes a necessity unless the size of the
motors in comparison with the load be greatly increased. It must be
remembered that, aside from commutation, starting compensation
is only necessary to protect the motor agninst excessive currents,
and if the motor windings were to be built large enough to withstand
such currents, starting compensation could be dispensed with, Some
of the larger manufacturing companies are now building motors
of rather large horsepower which have been designed for direct-line
connection af starting. However, for general practice in movable-
bridge design, the following rules are suggested.

Motors tor roadway gates, counterweight pit pumps, and other
light duty miay be directly connected to the line at starting. IYotors
for end wedges of swing spans, tail locks of the tog%le type for bas-
cule spans, heavy traffic barriers, bascule center locks, or other like
intermediate duty where the load is ordinarily light, but due o a
possible jamming or sticking of the mechanism may have to carry
sbnormal loads occasionally, should preferably be provided with
some starting compensation. Motors for hoisting or swinging the
leaf or leaves of a movable span, are under a service that necessi-
tates provision of this character in all cases except for very smail
struetures.

Starting compensation for direct-current machines is effected by
a reduction in the voltage or by interposing resistance in the arma-
ture cireuit which is cut out In successive steps or stages as the
motor attains speed. Starting compensation for alternating-eurrent
motors is effected by a reduction in line voltage or by a group of
resistance steps in the rotor or secondary circuits, (For a further
diseussion se¢ p. 57.)

SPEED CONTROL AND REYIRSAL

Speed control of direct-current motors is effected by varying either
the field or armature currents as previously explained, while in
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+ alternating-current motors it ix effected by varving the resistance in
the rotor or serondrry circuits,

Direct-current motors are reversed by reversing the polarity of
the armature current with reference to the field current. Alter-
nating-current motors (polyphase induciion motors) are reversed
by reversing the phase sequence of the stator coils.

GYERLOAD PROTECTION

Motors are protected from overload by a eircuit breaker or over-
loadt relay and this function has already been discussed. These
devices ave wired in series with the armature circuit of direct-
current motors and in series with the stator or primary circuit of
alternating-cnrrent motors.

There are several general types of overload relays in common
use. In one type the relay controls a latch on the main switch, and
when the [ateh is released the .
switchh opens. The relays them-
selves ean reset instantaneously, but SERIES COW, C @
it iy necessary for the eperator to -
reclose the switch manually. This e
type of relay is applied to civeuit ™
breakers or switches installed on B
the main switchbowrd in the in- ouomeresi—s3 HOLBIRG RELAY CiRaUsT
coming line. They furnish protee-
tion to the cireuit us a whole, but T SYART BUYTON RESEY
not fo indivicdlual motors (if there M

R orTeT

IE conE

are two or nore motors on the line), thwrie uf--Diagmm of a series relay

- . o with vlecteie nuteniatic reset
since they must be adjusted for the

combined load of all connected apparatus. In a direct-current cir-
cult ov single-phase alternating-current cireuit only one lead wire
need be opened to break the eircuit.  For a 3-phase circuit two of the
leads mnst be controlled to insure against the possibility of a motor
operating on a single phase with one of the leads open.

In another type of appuaruatus a pilot cireuit operating a magnetic
contactor in the main line is controlled by contacts un & line relay.
This type of apparatus is genernlly installed in the cireuits of single
motors, In some installations it Is necessary to close the relay con-
tacts by haand or by a magnetic device controlled by a push button
located at any desired point. Use is also made of relays which open
und then antomatieally close.  While the auxiliary cireuit is momen-
tarily open the power supply is shit off. bhut can be reconnected by
means of another auxiliary cireuit controled by a push batton or
other reset point,

Figure 26 is a schemativ wiring diagram for an overload relay
with clectrieal nutomatic veset and anxilinry push-button start sta-
tion to protect a direct-current motor, The breaker eireuit is nor-
mally heldd in contact 2t point A by menns of the balancing or reset
relay P shunted across the line. When the current in the power
lead reaches u cortain value series coil ¢ exerts a pull on its core D
sufficient to overcome the attraction of the relay ' and opens the cir-
enit at point A, This deenergizes magnet coil E. opening the main
power circnit at B, An instant later (almost instantaneously)} con-
tact A is remade (since series coil € is deenergized with the opening
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of circuit at ¥}, but this instunt has been suflicient to open ap the
shunt circuit G-H, causing the core on the holding relay to drop,
opening the circuit actnating magnet coil B at K. All cireuits are
reestablished by pressing the button M.

If a spring is attached to the contact arm A to reestablish contact
when coil C censes to funetion, the arrangement is known as an
sutomatic spring reset. If the effect of gravity is snbstituted for
spring tension, the type is known as the automatie gravity reset
type.

PROTECTION AGAINST EXCESSIVE ACCELERATION

Where suecessive vesistance steps ave cut out with a controller or
master switch, excessive currents will be induced if the action is
too rapid. As euch resistance step
is cut out, armuture or rolor cur-
rents increase, causing the motor fo

. ROSSHATCHED AREA INOICATES . .
GVERLOAD CURRENT PROBUCTD speed up. As the motor speed in-
57 TOO RARD ACCELERATICH creases these currvents drop back due

to the increased back e. m. f. in the
case of direct-current metors and to
the decreased slippage of the rotor
in the case of induction motors. In
by either cage the current variation as
T suceessive resistance steps are cat
out is as indicated in Figure 27, If
the confroller or master switch
handle be moved over at just the
right speed. the current varia-
tions may be kept along the line
ABCDEFGH. 1If this handle is
: thrown over too rapidly, however.
' the current variation graph assumes
some position such as ABCLIKLH.

Flarek 27,  Hffeet on speed und current posulting in an excessive eurrent.
pr Rormal o rupld reduction of it *ng aviod excessive acceleration.
it s advisable to install in the
main motor cirenit {armature cirenit of direct-current motors, and
either the rotor or stator eircuit of alternating-current motors’)
current limit reluys which operate on each resistance step and hold
open the civeuit, cutting out the next resistance step until the power
current has dropped to a certain predetermined value. These relays
are quite similar in genersl construction to overload relays consist-
ing of an electromagnet in sevies with the armature cirenit or the

rotor or stator circutt.

As any step of resistance is cut out the power current steps up.
This current passes through the relay and while above a certain
value it exerts a pull against the relay armature or core snflicient
to open an auxiliary cirenit which is wired in such a manner that
electromagnetic controls hold open all additional resistance steps
on the controller or master switeh.  No matter how far the controller
or master-switch handle is now thrown over. no further resistance
can be cut out.  The nuxiliney cirenit ds held open by the current-

CURRENT | smmem—sm

[

CORRECT

Vo
TIME AHD SPLED

the atutor currenta obvionsly decrogse with any decrmitse Tn rotor cveents due In the
duecrensel demngoetizlng «Teet,
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Hnit relay mugnet aguinst the pull of a spring (or a weight or
another relay coil), and as the motor speeds up the power current
tlecreases to & point where the spring overcomes the magnetic attrae-
tion and the relay again closes, rendering the next point on the con-
trolier or master switch available for cutting out another resistance
step.  As the next step is cut out the cycle is repeated. Current-
Huit relays are generally adjustable and can be set for any value
of current within the range for which they are designed.

The present discussion has been limited to an outline of the func-
tions necessary for a proper regulation and control of motors. Selec-
tion of equipment, wiring, and arrangement will be considered later.

CONTROL OF SEQUENCE AND INTERLOCKING OF OPERATIONS

The next question which logically presents itself is that of con-
trolling the sequence of the various events constituting an operating
evele. " As these events are somewhat different for different types
of movable bridges, the discussion must be segregated by types,
cach of whieh will be discussed in brief detail.

LOUHLE-LEAF BASCULE BRIDGES

A complete operation cyele for this type of structure comprises
the following events which should be performed in the order given.
{Opening:

(hweration off wurning simnals and signs,
Closing of remote gates, if any,
Clogiog of near gates, traflic barriers vr opening of derafls,
Unlockluyg the leaves,
Opening the span,
Clusing :
Closing the span,
Lovking the leaves.
Raising the reathie barriers, near gates, or cloving of deralls,
Ratdsing of remete mutey,

The warning signals may be sirvens, whistles, and bells for andible
warning, and semaphores and lights for visual warning. The bells
and sirens may be operated during the operation of the gates, or
muy cease before the gates are lowered. In general, a traffic bell
or gong ringing during the operation of gates is not objectionable,
bt u prolonged siren 1s apt to drown out signals from the river
craft so that it is perhaps better to stop the siren before the gates
are lowered.  The traflie-bell ¢ircuit may be cut into the gate circuit
s0 that it Is Jmpossible to operate the gates until the traffic-bell cir-
cuit is closed und the trafic bell muay be made to sound during the
entive operation of the gutes.  The necessity for this precaution will
depend on traflic conditions.  Semaphore arms or lights may be
electrieally interiocked so that they must be set to danger before
the gates can be operated.  The semaphore can be urranged to close
an ordinary door-type switeh in the gate cireuit when the semaphore
s In the warning position.  The traffic-light circuit can be arranged
toy operate a relay which closes the gate civeuit only when the light
circait is energized.

Semaphore arms and traffic Hights can be arranged to operate on &
cirenit which is elosed the instant the gate moves from its fully open
position. Both of the above deseribed arrangements are indieated
~ehemmbieally i Flenre 250 This dingram shows buttons for short-
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circuiting the switches controlled by warning devices, so that the
gates can be operated when there is a failure i1n the interlocked cir-
cutts. Interlocking of controls serves an admirable purpose, but,
carried to excess, and without provision for cutting out the various
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Faynp 24 —Wiring of controls on the center-lock motor
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steps in case of emergency, it may cause dangers as great as those
it is intended to avoid.

The closing of near gates, traffic barriers, or derails should not be
possible until the remote gates are closed.

The leaves of a baseule bridge are locked together in their closed
position by a center-locking device, and in a(ﬁlition, tail locks are
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sometimes used. Thess devices are generally operated through «
master switch or controller which should be arranged so that they
can not be released until all signals, gates, nnd barriers have been
properly vperated. (Fig. 29.)

The main leaves are generally controlled by a mnaster switeh which
should be wired through a contact on the center lock which is closed
only when the center-lock pin is fully released: otherwise & careless
operator might cause serious damage by attempfing to raise the
leaves before they were untocked. (Fig. 30.)

il | :
-a-l- LOWER LEAF

MAIN-LEAF HOISTING MOTOR

MASTER SWITCH

MASTER SWITCH

CONTACTS
CONTROL LINES

T MAIN-LEAF REVERSHG SWITCH

MAIN-LEAF

——
—- RAISE LEAF

-

s
5
i
7]
Y
o

ign

ALTERNATE METHOOD
FOR CENTER - tOCK MTERLOGK

RELEASED  GRIVEN
Bt
CENTER -LOGK MASTER SWiTCH

CONTACT UM CENTER - LOCK MASTER SWITCH MADE
WHEN HAHDLE 18 THROWN TO ORAW-LOCK POSITION

Fraone 30, ~—Interiocking of main motor and centor-dock pin

In closing a Lridge the leaves ave lowered to a bearing at an out-
board or live-load shoe at the stream edge of the abutment and at a
rear bearing or ancherage. (Fig. 29.) At either of these points a
device muyti)e tnstalled to complete the cireuit for the center-iock or
tail-lock motors in the * drive ™ direction, so that these <evices can
not operate in that direction until the bridge leaves are down. fully
seated, and correctly aligned. Whether this particalar interlocking
Is essential to sufe operation is an open question.  If this interlock is
not provided, the center or tail locks may be drviven while the bridge
is in the open position. This in itself is not partienlarly objection-
able, since the muin motor circuit is wired so as to be inoperative
except for those devices fully open.  (Fig. 30.)  There is, however,
danger of jamming the center and tail-locking devices by trying to

G4050°- -8 3y
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drive them with the leaves not fully seated, and in exact vertical
alipnment {except for certain types of locks designed to draw the
lenves together for the last inch or so of their movement). If it is
possible to operate the lock pins with the leaves partly open, provision
should be made for making the voadway gates, traflic barriers, etc.,
jnoperative with the leaf up: otherwise, the wates and barriers ean be
raised {lock-pin interlock is closed) with the leaves partly or fully
open. Lf, on the other hand, the contactor for the gate and barrier
circuits is operated throngh a pair of contacts, one on the pin and the
other on its mating seat. then the leaves must be seated and the pins
driven before the barriers and gates can be cleaved for teafhie
(Fig. 30.)

Figure 31 is a dlagram of n centerlock contact for a barrier or gate
motor circuit.  If the two contact points are at A and B the barrier
eircuit can be energized whenever the pin is deiven forward, regard-
less of the position of the leaves and additional interlocking should

be provided on the live-load shoes

or anchor coliunn., 1f the contact
points are at X and C no additional
contact on the leaves are necessary.
If the gate or barriev circuit is
interlocked with the Jeaves, but not

| with the center or tail lock, it is
ll possible to carelessly permit traflic
roover an nnlocked span and thus
1
}

LICH PIN CRIVEH
sz LOCK SOCKET

produce live-load stresses not pro-
vided for in the design.
Fperie S84, -Methads of inferlocking clv. '[‘h(’. sequence of the E‘i‘.lll!lil}il\g

70 o barler o gale wotues operations (movement of barriers,

near  gates, derails, remote gutes,
etc.), is controlied by avrranging each eirenit so that it is open until
the operations which should precede have been completed.

Where eircuits curry only low power as in the case of gates awd
signals, the control switehes may be operated itivect, but for high
power they should be operated magnetically through a coutrol cir-
enit.  (Fig. 30.)  As an example of an incorrect arrangemnent, sup-
pose that contact A in Figure 30 is placed on the venterlock niaster
switch then if the rondway gutes or burriers are open, the circuib
to the centerlock motor is opea and the handle on the centerlock
switch can be thrown to the draw-lock positien, bot the pin will not
be drawn. However, this removes the interlocking on the cireuit
to the main hoisting motors. With such an arrangement a careless
operator might eause serjous dumage.

SOATROL LAME THROUGH SdAMARMNE CABLL 4
i

SINGLE-LEAF RBASUULE BRIDGES

The seruence of apevations for this type of bridge is much the
same ag for the double-leaf type,

Heavy, positive-uction fraftic barriers upe essentinl as the open
endl presents a traffie danger mere aente than in the case of the
double-dent type where the opened lenves act as effective traffic
barriers,
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The tail lock at the rear end of a sinple-leaf bascule may be
arranged in several ways, but the manner of interlocking does not
differ from that of the center lock or tail lock of a double-leaf sparn.,

SWING-8PAN BRIDGES

The operating cycle of a swing span includes the following:
Opening :

Operation of warning signils and signs,

Closing of remote mates.

Closing of newr gutes, traflic burelers, aud apening of dernils,

Retense of center wedges, it any.®

Unlatehing of span.

Withdrawsl of entl woedges,

Cpening span.

Closing:

Closing the span.

Closing Iatches.

Driving of center wedges.

Driving of end wedges.

Italsing of traffic barrlers, neuar gutes. ete., adl closing of derails.

Rulslng of remote gutes.

Interlocking of the various steps in moving a swing span follows
the principles which have been outlined. If there is n Iarge volume
of traflic some method of protection in addition to the ordinary road-
way gate is almost imperative.

‘enter wedges are used on center-bearing swing spans, and their
function is that of a pair of live-lond shoes ut the central support.
These wedges are driven to u snng bearing only and take no dead
load. Sometimes they arve inechanically connécted with the end
wedges so that all thvee are operated si mnltaneously. If thisis done,
some method must be provided to prevent overdriving which will
make them hard to release. If the center-wedee system Is separately
operated, it should preferably be interlocked with fhe traffic gates and
barriers, to prevent a release of the center wedges with the roadway
open to traffic.  This would expose the center pivot to live-load stress,
and allow the span to rock laterally under traffic.

The end wedges must also be interlocked with the gate and barrier
.mechanism ov else live load over the span with the wedges relensed
will catise hammer at the supports and induce excessive chord stresses.
It might also cause severe impact stresses in end floor beams and hip
vertical {russ members,

It is not considered necessary or advisable to interlock the latching
device with any other device. " It may be arranged to release simul-
taneously with the end wedges and be operated by the same mechan-
ism or it may be operated independently. In any event, unlatching
the structure can cause no harm. If the wedges are driven the struc-
ture is stable without the latch, and if they are releasec, the end-
wedge and center-wedge interlocks insure that the traffic gates and
barriers have been properly set.

"The cireuit to the main swinging motors should contain a magnetic
switch controlled by a cirenit interlocked with both end wedges and
center wedges, anid preferably all gates and barriers as indieated in
Figure 32,

2The teem ¥ wedge ™ Iv nged to indiente any t_\'Re ol llftlu;j; devler used nb the eenter ar

end supports of g swing span regardlvgs of t
nperntos,

e mechnujenl prinelple upon which It
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When the span has been swung to the closed position and the
latches released, the next operation is the driving of the center
wadges and end wedges, and it is not necessary to interlock the power
circuit actuating these mechanisms with the span movement. In
such a case the wedges can be driven when the span is open, but
the main motor cireuit is interlocked with the end wedges und the
span ean not be elosed under power until the wedges are drawn and
there is, theretore, no danger of swinging the span against a driven
wedee,  The omission of this inferlock s sometimes a1 convenience,
s the wedges ean be driven baele and forth for inspection while the
structare s over the deaw rest, which is a convenient inspection

POWER LiNES(
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Lit i) ‘_—‘jil_‘—(
iy 1’ [ r
TR R 1
MOTORY ™™ :
Y/ MARY LEAF CONFACT
{ I DEIIRED)
El
¥ oyl
rd W,
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"\ﬂ.@“a BARRIER

= A
B e[ T ]

E WEQGE

. 24 e SHORT-CIRCUITING
garmen|l «7 oF BUTTONS NQT SHOWHN

’l]'i T

Firng Sd—Intedlocking deviees eonbeolline woedge moter nnd taenlsg metor

point.  Of course, even with the interlock, this snme operation may
be performed with a short-civeuiting botton.

The cirenits actuating adl gates, barriers, and signals, and any
derail mechanism, must be interlocked so thut the roadway will
he opened only after the wedges nre fully driven. If the wadges
are not interlocked with the span movement, then the gate and
Larrier circuits must be interlocked with the span itself so as to
become operative only after the span is closed amd seated.  Other-
wise when the span is open the wedges ean be driven and all gates
and other vondwry protection ean be operated.

Where several sufety operations follow each other in sequence, it
is sometimes desirable as an additiona] preeantion to double or cross
interlock the remote devices; for exnmple, interlocking the remote
gate power cirenit (for elearing) with hoth the fraffic barrier and
the end wedges: thus providing two interlocks, either of which will
st fegunrd the oporation,
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Figure 32 is a schematic layout for the main-mstor and wedge-
motor interlocks on a typieal swing-span installat;.n. For sim-
plicity. the center wedge has been omitted, the latel.es are assumed
as hand operated and are not interlocked, and onlv two traflic pro-
teetive devices {un arm_gate and a vertically moving barrvier net)
have been considered. It should be pointed out that Figures 28 to
32 are not wiring diagrams, but merely schematic layouts used to
Hustrate certain general prineiples in electric interlocking. Much
of the detailed virenit wiring has been anitted for the sake of sim-
plicity. Complete wiring diagrams will be discussed in later pages.

The degree Lo which a swing bridge is protected by means of
interlocking and other protective devices from mistakes in operating
is a factor vitally affecting its service life. For example, a careloss
attempt to swing an unprotected leaf with either the center or the end
wedges driven or with the lateh bar in place might easily result in
stutling of the power plant, burning out of elutches, steipping of
genrs, twisting of shafts, demage to wedges, shearing of latch bhar, ov
overstress in the lower chord of the span.

Overdriving of the end wedges must be safeguarded against by
suitable travel limiting devices (p. 39). otherwise the span may be
ritsedd above its normal position; thus tending to introduce dan-
gerous stress reversals i some of the truss members, or injuring
the wedge-driving mechanism.  Another method of protection is
fo use a torgie current relay in the motor cireuit. _

Underdriving the wedges results in a difference in floor elevation
at the junction of fixed and movable spans which causes heavy jm-
pact on end floor beams, and hip verticals. It also tends to cause
overstresses in various chord members due to the incrensed canti-
lever action.

If the wedges are not released the full amount, there is quite
upt to be an interference as the wedges swing off their pedestals
andl pass over the other shoe, Ay the wedges swing away from their
supports there is apt to be a slight dropping due to the lost motion
in the mode eastings, and If conditions are such that the upper
chords nre at 2 materially higher temperature thun the lower chords,
the normal swinging clenrance may be curtailed to such a degree
that, nnless the wedges are fully drawn, the inner wedge strikes
the outer shoe as it swings around and over it, with destructive
cffect on wedges amd sertous impact stresses in the truss wembers
PIopeT.

YERTICAL-LIFT BRIDGES

A vomplete operution evele for this type comprises the following:

fypening :
Dperation of warning stgunlx, =imne, lglhts, ete,
{Mloging ol rewote gales,
Clistng of near gates, fraflic barelers, and opening of deradls,
Unlocking the =pan,
Lifting.
Closing
Closing 1l spsn,
LockIng or litelinge,
Linfsing of near gntes, tedlic borereiers, and rvesettinge of devails.
[hanixing o clenring of remote mkes,
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These operations are interlocked in mnch the same manner as
the other types and need not be discussed in detail.  Sometimes
the span locks are omitted, in which case the main hoisting motors
should be interlocked through the roadway signals.

GENERAL RULES FOR INTERLOCKING

Each interlocking problem is, of course, morve or less of an indi-
vidual one. “Lraflic density, sight distance, and other factors muy
modify the arrangement of details. I[n general, however, the fol-
lowing features of interlocking are necessary.

(1) Each control circiit should be so wired that the prior opera-
tion must be actually and completely performed before it becomes
operative.

(2} Interlocking contacts must be positive in action and so located
as to minimize the danger of short-circuiting or deterioration from
moisture. ice, or mechuanical injury.

(3) Contacts should preferably be made by a spring or snap
device rather than by a sliding motion in order to avoid sparking
and injury to contact points or tips. although a certain amount of
wiping motion may be advantageous in tending to keep the contacts
clean and bright.

{4) Muice-and-break contncts for interlocking should not be placed
directly in a heavily loacled power line but rather on an nuxiliary or
contrel cireuit wired to operate a magnetie contactor cut into the
main power line,

(8) Cross interlocking of operations should be provided wherever
there is u danger due to the possibility of a failure of one phase of
operation, '

{6) Short-cireuiting buttons or switches should be provided to
permit operation in the event of u failure of any portion of the
interlocking mechanism,

(7) In general, the entire interlocking arrangement should be as
simple as possible, compact, sturdy. protected to the maximum possi-
ble extent. and so designed as to eliminate as far as possible every
conceivable traffic hazard and every contingency or event that might
expose the structure to undue stress.

PILOT AND INDICATING DEVICES

In addition to the interlocking proper, added protection may be
obtained by means of suitable indicating devices. A system of
lights or a moving indicutor should be provided to indicate to the
operator by day or by night the exnct position of the leaves.

All circuits fo roadway teaflic lights and signs and navigation siyr-
nals should light a pilot lizht in the operator’s house to indicate
whether or not they are are operafing. The position of all traffic
gates, roadway barriers, derails, wedpes, and center locks should like-
wise be indicated by pilot signals or other satisfactory devices.

The seating of the leaves of w hascule span should be indicated
to the operator by a buzzer signal controlled by eontacts which are
closed when the structure comes to rest upon its live-load bearing or
ngainst its rear anchorage iz, Such un arrangement is partienlarly
uselul in bringing the far leaf of a bascule span to a correct seat
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on & dark or foggy night. A seating indicator is desirable but not
quite so necessary with the other types of movable spans. In the
case of o swing span, u latch-pin contact in s buzzer eirenit will
serve this purpose and be distinctly advantageous.

PROTECTIVE AND TRAVEL LIMIT DEVICES

Ancther function of a control system ix that of protecting the
structure itself and its operating mechanism. 'This is generally ac-
vomplished by means of limit switches so designed as to cut oft
power from the motor cireuit at a certain selected point of travel of
the mechanism protected. "These limit switches may alse be arranged
to apply brakes where necessary, aml to complete circuits of pilot
Itgehts inddieating the position of the mechanism,

It is essentin] that & main-leaf limit switch be provided on bascule
and lift spans at both the upper and lower portions of travel. Gen-
eratly these limit switches are set some little distance from the actual
extreme upper or lower limit. When it is necessary to operate the
structure above the upper-limit switch a short-cireuiting button
makes it possible to put power to the span.  The lower-limit switch
is also provided with a short-circulting button and sometimes with &
seating button by means of which the structure can be gently seated
under power.

It is not particnlarly necessary to provide a main-leaf Hmit switeh
on swing spans as the span will do no damage if 1t swings past its
correct position, except perhaps to shear n lateh pin, and this danger
is generully eliminated by other means.

Centerlocks. taillocks, wedges, and other devices are generally pro-
vided with limit switches at one or both limits of travel. The mech-
anism ot conuncereinl roadway gates and traffic Darriers generally
includes a limit switeh which not ouly euts off current but nutomati-
cally resets the contacts for reverse movement. A1l of these features
will be discissed in more detail later on.

The question of control hasg been discussed in n rather general
manner, avoiding any discussion of methods and appliances, since
it appeared advisable to present n general picture of the problem
hefore discussing details.  The following pages will present a more
detailed consideration of the question and the last portion of the
bulletin will present a description of actual wiring diagrams for con-
structed brideges. :

ELECTRICAL INTERLOCKING AND CONTROL ASSEMBLIES

An assembly for electrieal bridge control is largely a speeialized
arrangement of standard parts. Solenoid beakes. civeuit breakers,
overtoad relays, current-limit switches. mugnetie contactors—these
and other Iiike deviees make up the installntion.  Most of these devices
are standard commercial units and this is a desiralile feature of elee-
trical control. There are many instances which appear to call for
specially designed control devices. but a little stindy will often indi-
vate that a special arrangement of standard equipment will be ade-
quate. In the paragraphs which follow the principal items of equip-
ment necessary for an installation will be briefly deseribed and o few
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essential %}uings with reference to their design and general construc-
tion will be discussed.

TYPES OF ELECTRIC-CONTROL SYSTEMS

The three generul types of electrical-coutrol systems are manuaal
full magnetic, aud seminagnetic. ’ ’

In the manual-control system all circuits are operated directly by
hamd controls.

With magnetic control the circuits carrying heavy current, such as
motor cireaits and brake circuits, terminate on a magnetic, control
board. Magnetic contactors, as shown in Figures 28 and 30, are

mounted on this
board. The power
circuits and other
heavy current leads
terminate on this
board in one or more
copper contuct points
such as at B in Fig-
nre 33. These con-
tacts are made and
Lroken by an electro-
mapnet {fig. 33 A},
which is actuated by
a separate control cir.
cuit extending to the
operator’s station,
and termninating in
what iz known as a
master switch,

A omaster switch of
the drum type (fig.
34) may be used, or
the control circuits
may be operated by
push buttons, hand
lovers, or like devices,

Figeaer 33.—A typlent magnetic.contnctor panel, ‘Che mag- The advantages Of

net cotl, A, 18 wired in secles with the contral circuit Mmagnetiocontrolare:

amd aternets Hs eriendnee revoiving the sqnnee ghift, 1, e vy 4

it g berlngs and making the main contact, B The (1) Th?’ ehmln‘lt}on

blow-out coils, B, create & magnetic field between the Oflonghnes carrying

sideg of the are chutes, C, stretching out the are and heav o 1

repturing it quickly sy the contictor tlps. IL are gepa- IERVY current  ang

ratesd, Thie Ueakded copper strips. 1, earey the current l'eqmrinn' La roe Wil‘e,
; =] =

fromn the dpe to the contactor tips .

thus effecting a sav-
tygr in copper, {2} The elimination of cumbersome controlling de-
vices in the operator's quarters, The circuits necessary for the opera-
tion of any movable bridge are numerous, and if the main circuits
are all extended into the aperator’s quarters the devives for control-
ling them occupy considerable space. On the other hand, control
cireuits may be operated, at least in part, by push buttons or other
devices which are more economieal of gpace. (3) The magnetic sys-
tem is safe and flexible in operation and lends itself more readily to
iterlocking.
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The cost of full magnetic control ix sumewhat higher than that for
manual control owing to the additional cost of magnet contractors.
This increased cost, however, is partly offset by the saving in copper
by dispensing with long lines carrying heavy currents.

The semimagnetic-control type is a compromise between the two
gystems of control. Sowe of the power circuits ave opened and closed
direct from the operator’s station, while others are magnetically
operated.

A system of foll magnetic control consists of a main switchboard,
a magnetic or remote-control bourd, and an operztor’s control board.

N o _a e i

Fipewn b= ~Typienl armnganen of waster switches on n doubleeloaf haseule bridge.
The laege wnsier swltehos eimtrol ue Teaves, whille the small ome in the eonter 14
For ponter-tock control, Note the goared-typo vertlenl master switel handleg, fhe
forged copper lingers amd are dellecters shown in the master switelh interior. A
Batiery of Jndicator lghts is mounted Detween the windowa, At the rlight §4 the
emergeney el besike levere. The  glioet-ehreniting  buttons  for the  Teal-lUmit
switehis are mackod A"

HSWITCHLOARD ARSEMBLIES

The main switchboard may be located at any convenient point on
the structure, Tt I3 genevally located near the operator’s station in
nrder to have the meters and instruments conveniently accessible.
The main power circuits must run from the main switchboard to the
rervote-control bosed. and thenee to the motors or other appliances
which thev actuate, These two boards should be so loeated as to give
a convenient avrangenment for pewer wiving.  The circuits from the
remote-confrol board to the operator’s beneh carcy only low power
anii it 1s not particularly essential that the operator’s station be close
to other equipment. T the main switchbowed s located at some dis-
tanee Trom the operator’s station and £ it 15 desivable that certaln of
the in=trnents (voltmeters, anuucters; aml the like) he accessible to
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the operator, these may be mounted upon a ~eparaie panel and placed
near the operator’s stativie. The wmain switehbored should have space
for all pecessary instmunents. =witehies, cireuit breakers, cut-outs,
Tuses, and other upparatus, and each device should be easily accessible.

[E TH T e Tl wiew ol o Dvpieal switebteaed installition ~hoewing methal of
pottrebiae el Baloellinz vleendne Decalees ov vivedl elavs, afbietors, ol figeter:,
laatigs =% tteda =, sl caerreleceay e Fiss

Contraly aud indicators shonld be marked with permanent Tabels
covered with celliwdold op other similary material, IMigure 33 shows
a portion of o tvpical switeltboped nstallation,

D generall the tinin switehboard  shaaldl have (e Tollowing
culpnent
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(1) A suitable civeuit breaker. Oil-type switches nre used for
this purpose, with provision for an inverse-time-clement* overload
relense, und suitable low-voltage protection. Carbon-type civeuit
breakers (3-pole for alternating currrent and single-pole for dirvect
current are also used for this purpose. These switches are placed
on the incoming line {the power supply) and when open the current
is eut off from all electrical units. The current rating for such a
switch should be suficient to cover the entire power demand.

It alternating current iy used the incoming line is genevally pro-
tected by a reverse-phase relay which opens ‘the main power cirenit
in case of phase failurve or reversal.t

(2) A suitable system of voltmeters and anuneters,

(3) A system of inclosed fuses, preferubly of the cartridge type
for the protection of all circuits. '

(4) A system of knife switches for disconnecting each individual
cirenit.

REMOTE OF MAGNETIC CONTROL UOQARDS

The remote or maguetic cohtrol board should, in general, contain
the following panels (fig, 57):
1} A line switch for each power circuit.
2) A line switch for each control circuit.
3) Individual disconnecting switches for each motor cireuit.
?L) A system of overload relays.
.“:; A system of current-timit aceelerating relays.
{6) A system of mechanicully interlaclc magnetic reversing
contactors tor ench group of reversible moto 4.
(Tt} A system of magnetic contactors for ecach of the solenoid
brakes,
(8) s\ battery of magnetic-accelerating contactors for speed con-
trol and starting compulsatlou
'lht. magnetic- contml board should, in general, be located as near
as posa:ble to the main motors ov in the path between them and the
main switchboard, so as to avoid excessive length of large wire.
Where wedge motors_;, lock motors, and similar units are operated by
magnetic control, a separate magnetic-contacting panel may be in-
stalled near these motors or the panel may be a part of the main
magnetic-control bourd. Lock and wedge motors, in geveral, do not
need any devices for speed control. If they are to be reversed, a
reversing contactor must be provided, or else a reversing switch
instatled on the operating bench.
In general, the agyregation of mdn:duul contactor, switch, and
relay pmels "which constitute the remote-control board should be

1

3 The tern " Anverde (inge clement ™™ B2 oapplicd o an arenngement nociveait beeakers or
averlond relays whieh Nmirs the amount of corrent which ean be earried without apening
of the vircult ln fnverse propertion to the tiine of application,  This is acvompiished by an
oll dashpot, a thermastatic scrip, or other suloable deviee. As an llastratlon, one oll-type
devlee recently used is eated at 100 per cent [of calibreted (1Il‘li'||l) for 30 -,uu.nmlq {with-
ant openlng annil]. 156 pee ceul for 7 seconds, 200 per cent Tor 3 seconds, and 300 per
eont for 2 seconds,

VOne type of reverse-phase |'(_-Ini)]‘ eanslsis af o %t ol serics ofils mounted behind o
metal disk.  Che normal enrrent flowing rheaugh thess colly praduces n mageetic [leld
which tends to turn thix disk. Thig turning tergue is the resultant of the normal 3-phase
torque, and a single-phase tnmlut- which nets o the opposite direction.  The norinsl
Hephase torgie 18 the grocter and fonds o hold fhe dsk asialnst o mewnd stop, In coge of
phinge ailre or phase reversal, the tendencey to rotation {5 reversmt, und the disk rotateg
In the epposite direction nippinu u eonlact which opens the lne.
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mounted on first-gquality enameled slate vr cbony asbestos lumber
not less than 115 inches thick, These individual panels are assem-
Lled and secured together and should be mounted on a rigid metal
frame so located as to be readily accessible and convenient. Many
remote-control bourds are not located o sufficient distance from the
adjncent wail to afford suflicient safety to the operator. The cur-
rents =il in bridge operation are heavy, and the remaote-control

Freres S5 e Intertfor vlew af an opersior’s bench or board showing the Wnterlor
wrrnhgenienl of master switel contieds aod termband boaels and biodimge posts for
eontrol elrenfts Note the master swltel contrals aml the =nmll beess Anger levers
o conlralling auxHinry cirentts

board is u place of danger. There should be sufficient room behind
this board to avoid the necessity of working in cramped quarters,
of coming in contact with a civeut which may be grounded through
the wdjacent wall and its stractural eonnections.

Savch magnetic-control board should be eqnipped with one or more
pilot lights mounted at convenient loeations near the top of the hoard
andt lighted at all times except when the board is completely deener-
rized. The line switches on magnetic-control boards are sometimes
arranged so that they may be locked in the open position with a
pudlovk.  The Jock-nut switehes wre not needed except where it ix
necessary for the operator (o come n contact with electrical cireuits
at points from which the mugnetic-control bourd i< nut visible,
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In some cases the overload and current-limit reluys on the remote-
control board are placed in inclosed cases and locked to prevent
unauntheorized persons from attempting to adjusé them,

OPERATOR'S CONTRGL BENCH

The operators hoard or bench (rometimes called a manual) gen-
crally consists of an assembly of the master switches, starting
switches, push buttons, short-circuiting switches. and any other ap-
paratus for the control of the leaf or leaves, Figures 36,37, and 38 are
typical  installutions

The operutor’s
benceh is generally
eeuipped with a sys-
tem of indientors and
tizhts to enable him to
determine,at any time,
the position ot the
leaves, center and end
locks, lifts or wedges,
romdway gates, traflic
Larriers,and other like
protective devices,
Pilot hights to indi-
cate whether the vari-
ous 1oaidlway and nav-
iration lights are
burning may be lo-
cated on this board, or
on the main switeh-
board, or on a sepa-
rite board convenient
to the operator, The
lizhts for position in-
dieation are sometimes
placed inan indiestor
box as shown in Iig-
tre 34,

The operators Pt in sglonly onp st of u
heneh shoulid be sub- nioter and veltmeter, the buttery of Indicnlor lights. the
stantially constructed i the Toot pedal for < Morting ™ the Teaf 1nit switcnes
of sheet metal and
tocated at the point which will give the greatest degree of visibility
of both roadway and waterway, Eunch switeh or button on the oper-
atur’s beneh should be suitably marked with a Jabel and placed under
o Lransparent cover securely fastened fo the bench, Sometimes the
dram controllers or master switches are mounted agrainst the inner
edge of the bench as shown in Figure 34, and in other cases they are
arvanged as shown in Figure 36.

Tu the arrangement shown in Figure 39, the pousition of the leaves
aind locks is indicated by the flushing of 1 sevies of lights.  Figure
t) shows u plan view of an operating benel for 2 double-leaf baseule
bridge, using a different type of poxition indicator. Terminal boxes
for all connections can e provided beneath the bench and Tises for
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the various light cireuits can be installed there. The wp of the
beneh provides spiee for the nevessary shore-civeuiting buttons or
levers for normal speration, TF it i desired to install short-cieeuit-
g switehes for cutting out any of the interlocking steps over

Fusrug S5 dnetier view of oo apesitor’s beorh <lown In Fieaee 370 Note the

arvangeimeal for iwdivetboe olos posilion of e oty

Froros - Shenal lighio Lox tor baseale-bridge control

a period of time, sueh switehes shonkl e placed beneath the beneh
where they ran Le foeked,

The position hindieator ~hown in Figure 3% consists of & model of
the Cwe bridee leives mounted io a0 glassecovered recess, A smali
alternating-morent word-rotor motor (either single phase or poly.




ELECTRICAL EQUIPMENT ON MOUVAGLE BHIDUGES 47

phase) is geaved divect to the main leaf, and a simitar motor Is
directly connected to the model. The rotor circuits of these two
motors are connected together and the primaries are connected to
the power line. Any movement of the leaf iy, therefore, transmit-
ted to the model. This device indicates the position of the bridge
leaves quite accurately and is probably soinswhat more desirable
than o battery of lamps. Aldternating current is requived for its
aperation. One nmnufacturer of this device states that it is not
ax satisfactory ax the dial-type indieator shown in Figure H.

Frocut A Plan view af ppertbor™ heoel for oo dotble-luat basende bridize, with &
diad type pusibion bndistler

MAGNETIC CONTACTOR DETAILS

Magnetic contactors are used for the following purposes:

For entting out resistance steps in armature snd rotor cirenits;
for opening and closing motor cirestits, ad reversing {he direction
of current through motor windings; for operating brake circuits
and other auxilinry devices: amd for cverlond and eurrent-limit
profection,

There is 2 standard commercial product suitable for cach of these
fypes of service. Figure 33 shows the general arrangement of
these contactors on a magnetic-control bourd. Tt will be noted
that, in general, the main contacts are protected by means of wre
sehutes wied magnetic How-out ceilz® (althongh simple are barviers
ave sometimes used on the Tighter {ypes), aid ave made and broken

A Phe gszietle hiew o oml eoll b lesod on e preineiple thiod any eondueior eneeeing eir-
vond ] G s maEnedie el i sobfeeted to Bieees witlel tewd (o detect W Teon B posi-
tor, 10 thes priienlsr cowlaeisr lappens to be o ave ferfomi when $wo conbier points
e el owiile cureving current, the sne B obvioway holis, L therefore. the

comlitet L B ol i are pleest Inon menetie Beid pestaesd by thie blow.out colls, B,
Due geve formtnl when e Ups separite will o beat gpeneds OF the golariiy of the mgnet
ol B praperly ~seleebedy mnd sireieeid ond beoa raphd o enpdare, this prateeting tine -
Leels Troe lsintegestion,  The pogeliy of the pateaegie Sobl masst e suel o5 0 Blow Liw
e wwey ot the eentets wind e ik thes,
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by the movement of a square shaflt which is revolved in its bearing by
the pull of an electromagnet wound in series with the control cireuit
for that particular panel. (Fig. 33.) There are a number of pointy
in connection with the selection of fhese contactors which should be
borne in mind, as follows:

EI) "The contact tips should be of solid copper.

2) All contact tips. are schutes, coils, ~prings. shuints, and like
details should be interchangeable where practicable.

(3) ALl magnet coils should be impregnated witl n moisture
proofinge.

(+) The contact tips shoulil come together with a certain ariount
of wiping motion in order to keep them bright and clean.

{3) Reversing contactors should be mechanically interlocked so ay
to prevent the closing of one cirenit until the cirenit in the reverse
divection has been opened. Figure 83 shows a mechanical locking
bar used with this type of contactor.

(6) Large flexible copper shunts should be used to carry current
aronnd the bearings.

(7) Each contactor should be provided with a spare operating
coil and a spare set of contacts.

It is somctimes considered advisable to provide contactors with
two separate line contucts arranged to operate in sequence so that if
one * freezes ¥ due to short-cireniting, the other is free to open the
line. These contactors are generally wired to s push button, and
when the double line contactor is used, the push button is so arranged
that it can not be mude to close the open contactor until the * frozen ™
contactor has been pried loose.

MASTER SWITCH DETAILS

The Electric Power Club defines the term  master switch * as fol-
lows: “A device or group of devices which serve to govera the operu-
tion of contactors or anxiliary devices of an electric controller.” This
organization also defines the term “manunl controller ¥ as follows:
“A controller having all of its basic functions performed by haund.”
The term master switch may therefore be considered us including
stch deviees rs hand levers, push buttons, or uny other device used
to open or close an eleetrical-control eireuit. It also, of course, in-
clides the standard drwn-tvpe master switeh shown in Figure 34,
which is the device to which the term master switeh is generally
applied.  The drum-type manual controller is wmuch the same in
general construetion as the drum-type master switeh except that it
1s desigmed for heavy currents,

The drum-type master switeh should he equipped with a large,
easily gripped handle and fitted with a latehing device to prevent
aceulental reversing of the motor. nnd a star wheel or pawl to indi-
ate when the switeh has heen thrown to any particular point and to
insure a positive contact at each point, Manual controllors and
master switches handling heavy eurvents are generally equipped with
are sehuttes and magnetie blow-out coils while for [ighter service are
barriers are placed between adjacent contact points to prevent nreing.
Contacts are generally made by forged copper fingers against copper
segnents. The fingers and running segiments should be easily reneye-
nble, adjustable Tor alignment and pressure, and the contact should
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have a wiping or stiding motion to insure ¢lean surfaces. The oper-
ating shaft should be designed to eliminate the danger of any slip-
page or turning of contacts on the shaft, and the entire construction
should be rigid, well insulated, and protected from dust or mechani-
cal injury.  Master switches used to operate the main hoisting and
turmng motors are placed adjacent to, or as an integral part of the
operator’s beneh, and are wired to the magnetic-control board,

Ly generad, the master switch shonld be arranged to furnish for
each direetion {(forward and reverse) one deift point, or point at
which ull electrically operated beakes are rvlunsocrl’ with the motors
idle. The second point each way starts the hosting or swinging
mators, and the additional number of power points must be sufficient
tn operate the bridge from a position of rest to an aceelerntion such
as Will open the span in the specified time without shock or jar. In
general, master switches should be equipped with zuxiliary contacts
which are wired in such & mazrner as to render it impossible to start
the motors or release the brakes once the push-button circnit has been
broken, without first moving the master-switch handle back to the
dritt point, or perhaps the first power point.  This deviee is known
ns u *master-switch reset,” and s generally wired through ecireuit
breakers und other protective devices, The necessity for such pro-
lection is vbvious, I, due to an overload or for uny other regson,
power should be cut off with the master-switeh handle on a forwand
noleh of power, u reestablishment of power through any of the reset
devices (such, for example, as the start push button), would cause
carrent to flow through the motors with several steps of starting
resislance cut ont.

RESISTORS

The variable resistance which is used for rotor and armature eir-
ciiits Is generally off the standard cast-gritd type consisting of cast
zigzag metal grids mounted on an insulated frame (fig. 41}, although
the edge-wound resistor consisting of a flat alloy ribbon spirally
worid on edge about an insulated core is sometimes used. The
resistors are so wired a5 to be cut out in successive steps by the
migrnetic accelerating contactors mounted on the remote-control
buard which contactors, in turn, are actuated by control circuit con-
taels made on the various points of the master switch, The current
capacity of the resistors should he ample for the maximum possible
on each particular stop.

Resistnnees wsed for regulating the field of direct-cturrent motors
(tiekd rheostats) may be of the coil type (coils embedded in a specinl
cement of suituble thermal conductivity and insulating properties)
but all armature or rotor resistors should be of the east-grid or
ridgre-wontd type.

ALl resistors shoukd be of adequate current-carrying capacity, or
they will heat to a point sufficient to constitute a fire hazard and even
to a point suffivient to canse the units themselves to be twisted or bené
ont of shape.

The resistors should operate under comditions constituting the
most extrene continnous eyele of duty without heating to a tempern-
ture wliove 2300 (L

G409~ 1——4
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It is probably advisable to specify a resistor capacity sufficient to
withstand at least five successive operating cycles without heating to
a point above 230° ., the motors being accelerated at their normal
rate.  For structures ander an exceptionally heavy operating sched-
ule it may be advisable to specify resistors rated for continuous duty
oh wxny notcl of power,

SOLENOGID BRAKES

Solenoid brakes derive power through the attruction or repulsion
of an iron core placed uside n coll carvying current, The current
1 the coif creates a wagnetic fiehd, and alse an induced magnetic

Frprnn 42 fravity-fype soleaold brake,  Nole e shoek-nbsorbing aprings at A, the
automntle sie-gap adfisber at U, the autematie adjustipent o brake shoes at {0, the
swmadl brake wherel wid the fhickaess of the bresEeslion Wploy,  Torque muay he
widinsted by varying the position of the plos coboeeting the lever system fo the
bruke shges af D -

polarity in the iron core. If the current in the coil is reversed, the
magnetie field is reversed, but the polarity of the core is also reversed
so that the pull or attraction of the eore remaing fixed in direction.
Thus solenoids may be nsed with either direct or alternating current.

Two types of solenoid brakes are manufactured—disk brakes and
band brakes. The disk brake is generally a half-torque brake and is
usecd principally to cheek the momentum of motor armatures and
other rotating purts and to hold them in a fixed position when the
motor 1s not in operation. The bund type of solenoid broke is
usuaily nsed on movable bridges, and the general arrangement is
indicated in Figures 42 und 43,

Solenoids excited by alternating current are generally wound for
single-phase operation. For direct current the brakes may be wound
either in series or ny a shunt {if a drift point is to be provided, shunt
winding mst he ased}. The brake mechanisin consists of 1 series
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of levers which tighten a pair of brake shoes bearing uguinst a metal
brake wheel, The outer end of this series of brake levers i~ von-
nected to a rod or reds supporting the core of a solenoid. When
current is applied to the circuit the xolenoid attracts this core, pull-
ing it up and relcwing the brakes. When current is intenruptcd the
core drops and brakes ure applied. The force npplying the braking
pressure may consist of the weight of the solenoid core (gravity-set
type, fig. 43) or it muy be derived from a coil spring (spring-set
- type, fig. 44). Brukes placed in-a horizontal position may he of

Fane Bb-—0ne type af speing-<et s0lemnid breake.  This type is suitable for use where
the braking deviee moses theongl oo veerlen? angle ooy el operatlon of  the
apine Another and more comumon type uf spring-set brake uses o heavy eoll spring
In connectlon with a horizoninl ool cnunvctht_-.: the Lroke-shoe lovers aeross the top,
the spriog Lelng bheld ln the relenge posltion by fhe golenold eore

either type (the spring-set type is somewhat easier on machinery),
but brakes mounted on a movable portion of the leaf which will
swing through a vertical angle must be of the sFrin,r_:-seb type.

Some solenoid brakes are made so as to apply only one value of
braking pressure for each setting of weighit levers or spring pressure.
This type is most frequently used for bridges. The multiple-magnet
type 38 arranged so that one or mere magnets may be excited, 1hu=
giving two or more values of hraking pressure or torque for each
adjustment.

There are u number of advantages claimed for the spring-zet brake,
as follows: More uniform and gradual application of braking
torque; a simpler method for torque and air gap adjustment (both of
these adjustments in the spring-set type being capable of accont-
plishment by means of u series of nut= on the connecting rod) ; the
ability of the hrake to operute in any position: and the fact that the
brake will operate even 1f mounted considerably out of line.
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b Tﬁle following points should be considered in selecting solenoid
rakes:

(1) The braking mechanism should preferably be adjustable for a
range of torque values varying by 30 per cent or more each way from
the mean.

(2) The brake wheel should be a small as prackicable to reduce
the inertia,

{3) The bruke shoes should be lined with compressed asbestos
material, or other material not affected by heat or moisture.

(4) The brake shoes should be adjusfable for wear. Figure 42
shows a method by which this adjustment is muade aatomatieally.
There should also be an automatic device to insure a constant mini-
mum air gap in the solencid as the brake shoes wear. A device of
this kind 1s shown in Figures 42 and 43.

(8) The mechanism should be so designed as to minimize the
shock when the solenoid core is attructed. This is sometimes done
with springs. One company manufactures a brake with a floating
top core to accomplish this purpose.

(6) The solenoids themselves should be well ventilated und cov-
erecl with a moisture-proof compound.

(7) All brakes should be provided with a hand release for use in
case of power failure,

(8) Brakes which operate on the main hoisting motors of bascule
spans should be equipped with some means for a sorbing the shock
when the brakes are applied suddenly. Coil springs interposed be-
tween the solenoid core and its frame are sometimes used. One com-
pany uses an oil dashpot on the larger sizes of their brakes for this
purpose. This dashpot is single acting in the down direction, pre-
vents rebonnd, and absorbs a congiderable amount of the shoeck and
jar incident to the application of the brakes. These dashpots are
adjustable and can he used to produce variuble-time application
braking if so desired,

Each brike should be lurge enongh to develop a mean braking
torque of 1ot less than 140 per cent of the full-load torque of the
motor if it is mounted on the motor shaft and net less than 120
per cent of the full-load torque of any other shaft on which it may
be mounted.

Solenoid brakes for main motors should be controlled by magnetic
contactors so wired that the brakes are released only when the con-
tactor circuit is closed. This release circuit is generally wired
through the master switch, the limit switches, and auxiliary contacts
In connection with the start and stop push-button circuifs in such
a manner that the relay cireuit is open and the brake applied under
the following conditions:

(1) When the span runs through the limit switch at either end
of 1its travel,

2) When the master switch is in neutral.
3} When the auxiliary push-button cireuit is open at the stop
button.

{(4) When any overload relay has been opened.

(5) When any of the roadway gates, trafhe barriers, and other like
devices ave not in proper position for the bridge to oper.
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(6) When the center Jocks or end wedges have not been released.
or, in general, when any of the operations which shounld precede the
hoisting or swinging of the bridge have not been performed.

Ordinarily, motors driving auxiliary devices such as lifts and locks
are not equipped with solenoid brakes, but they are desiruble in driv-
ing henvy wedyes or other lifting devices. In cases whoere they are
used, they are generally wired so as to be controlled by the limit
switches which cut off powey to the particulsr device.

It is sometimes advizable to supplement the motor-wounted hrakes
with brakes on one or move of the shafts on the gear train,  The re-
quirements for these brakes are the sume as for motor-mounted
brakes. They are controlled by a magnetic contactor, which in turn
iv controlled by start and stop push buttons, or a system of hand
levers conveniently located on the operator’s beneh.

LIMIT SWITCHES

Moving parts which may be damaged by movement beyond a cer-
fain point, should be protected by limit switches. Bascule and verti-
cal 1ift spans should be protected at hoth the luwer and upper lmits
of travel of the spau. Limit switches nre not absotutely necessary on
swing spans, but they are sumetimes installed in order to prevent too
rapid closing with a possible danger of shearing latch pins or a de-
structive impact between pedestals and superstructure in cave wedge
cleurunces are insuflicient s sametimes happens during eritical tem-
perature periods.

There are several types of Hmit switches on the market, Fignre 44
shows a type Irequently used on baseule bridges. A long pinion Is
vered through an internediate gear to a wheel which travels longi-
tudinaliy on w stationary serew.  The surfree of these traveling
wheels is perforated for fhe attachiment of lugs which trip switches
or contacts. The long pinion is connected with the main power
mechanism of the bridge nnd the lugs can be set to trip the switches
nt any desired point of bridge travel.

Figure 43 shows a limit switeh of the drun type which operates on
much the same principle as the drnm-type master switch or con-
troller. Tigure 46 shows other types ot switches,

Limit switches ean be arranged in many different ways. In the
majority of cuses commercinl devices can be used as munufactured
or n special cases they can be assembled from standard units.

The contacts on limit switches should prefernbly be snap or spring
contnets.  Sliding contucts as illustrated in Figure 45 are apt to
become dirty and cause sparking or flashing over.

The main-leaf limit switch for bascule and vertical-lift spans
<houldl be provided with a set of contacts for opening the main
motor eirciits and another set for applying the solenoid beakes at
or near the upper limit of travel. In some ecases the same contacts
are wsed for both purpeses, but it is better practice to allow a short
seriod of drift between cutting off the motor and applying the
[)1'akcs. Similar contacts are also required to control the movement
at or near the lower limit of travel.

In addition to these main contacts, it is desirable that certain con-
tnets for interlocking be provided. The :.ain limit switch may
he arranged to make a contact in the control circuit for center

4 o
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locks or tail locks when the span is at the extreme lower limit of
travel so that these devices can be operated only when the bridge is
closed. A shorting bution can be provided for use when it is
desired to operate these devices with the span partly open for inspec-
tion and adjustment. Roadway gates and barriers may also be inter-
locked through this limit switeh if desired, Where limit switches
are provided on swing spans the end wedges may be interlocked
with the main leaf by an auxiliary contact on the leaf Iimit switch
which keeps the wedge-control cireuit open except when the bridge
ig fully closed,

Limit switches should be adjustable so that the exact points at
which metor eircuits are broken or brakes applied may be shifted

T

Frogen 44, —-Limlt switch of the teavellng-nnt type for maindenf control, The lugs,
A, mounted on the travellng wheels, B, trip the spring shup switehes, C, at certnin
predetermined points dueing the movement of the lenf, making and breaklpg cie
ctlts for conteol nmd Indicotor Hghis,

to different positions of travel. The contacts controlling motor ecir-
cuits and brake cireuits should be entirely independent of each other,
so that the duration of the drift period may be adjusted to suit
vonditions. Short-circuiting devices must be provided for the main-
leaf limit switches as otherwise it would be impossible to operate
the span beyond the cut-off point.

Short-circuiting deviees should have a spring action so that they
will remain open except when held closed by the operator, In some
cases short-circuiting devices on limit swifches have been actuated
by means of foot pedals. (Fig. 37.) This is not altogether de-
sirable because the operator may stand on the pedal while operat-
ing the bridge, thus cutting out all limit-switch protection. Many
operators grow increasingly careless as they become more adept at
operativn,  They pride themselves on their ability to seat the leaves
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under power without jar or shock, and if short-circuiting switches
are too conveniently arranged they will feel that their skiill makes
it unnecessary to use the limit switches.

Pt - —imit swifebes off The ving-dean (vpe

The muin-teaf Iinit switely should e arvanged {o open and close
cirenits for the varions signal sad pilot iifrhic, nsed to indicate the
pusition of the leaf or it‘l\(“s tnless n pomtmn indicator is used,
Light indieators shanld diow when the bridge is closed, nearly
Lluw:l nearly open, and fully open.
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Control circuits operating motors for wedges (fig. 47), locks,
and lifts should be wired through limit switches in every case where
it 1s necessary to safeguard ugainst overtravel. Limit switches for
these devices should preferably be arranged to open the power cir-
cuits at the limit of travel, and also reset the contacts for reverse
motion,

MOTOR STARTING SWITCHES

Some of the devices used for throwing electric motors on to the
line have alreadly been discussed. Devices used for this purpose
will now be briefly described,

The ordinary line swifch.

-

Fhis may be a push button or an

ordinary knife switch either with or witheut quick-break blades,

Frorre 40,—-The apper view ghows b trock-tvpe Umit switch nnd the lower view ghows
ung uf the truveling-nuk {ype

ot it may be a blade switch of the inclosed or safety type. In any
case. the motors are thrown directly across the line without start-
ing compensation. This type of starter is suitable only for small
maotors,

The protected line switch—This type of starter is also operated
without starting compensation, but the motor is protected with
overlond relays and low-voltage coils, The overload protection may
consist of one or wmore series relays {p. 29), or a type of relay
known as the thermnl relay.  This Tatter type consists of a heating
clement connected to a thermostatic strip in such o way that exces-
stve current will break a contact wired in the cirenit controlling
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the line relay, thus opening the power cireuit to the motor. The
motor circuit can not agpain be closed until the device has cooled
down sufficiently to permit u recontact in the relay circuit. These
thermal overload relays may be obtained with either an automatic
or a hitnud reset.

Additional protection is sometimes provided by what is known
as n thermal cut-out which is simply a fuse. TFuse wire is quicker
acting than a heating element and gives protection ngamst a
momentary rush of current,

Gil-type line switches~This type of switch may be used for small
motors without compensation or with the types of compensating
starters deseribed below.

FIenf 45 A Umit swlich for o centor-lock moter (donble-leaf basesle spun),  Con-
ticrs e mude and Beoken by merbs of the eetentrle, A, keymd to tiw alwmft, B.
This cceenirle, operating through i osystem of levers, mukey and breaks the eon-
tuets nt O for conivel clrenbty nmd Indientor Helits

Hand-vperated starting vheostats—A starting rheostat for a
direct-current motor has been deseribed and illustrated on page 7.
The same type of rheostat (with certain modifications) may be used
for slternating-current slip-ring motors and is used to cut out
resistance steps in the rotor or secondary civeuit.

Ntarting com pensators—This type of starting switeh is used with
squirrel-cage induetion motors, and consists essentially of an auto-
transformer. The starting handle is first placed upon the start post-
tion which connccts the motor to the line through the antotrans.
former which reduces the applisd voltage: as the wotor atfains speed
the handle is thrown over to the run position, cntting out the trans-
former aml connecting the motor divectly to the line,
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Hexistor-type sturfers.—This type is used for squirrel-cage motors.
A resistance block is used to reduce the starting voltage, and is cut
out after the speed has been attained.

All of the starter types discussed are hand opersted. The first
three types are divect-line starters suitable for smaller motors, while
the last three types provide starting compensation and are therefore
suitable for larger motor service. It now remuins to describe a few
of the common types of automatic starters.

Elocteically Hmed cutomatic starier—The opevation of this type
of antomatic starting switch depends on the current drop in arma-
(ure or rotor (and consequently stator) cirenits as the motor attains

-~ POWER LINES —y
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T
1
1
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I
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RELAY M

5
SECOND ACCELERATING CONTACTOR

Frisenw d8~~Typleal wlring for alternnting-current anlomntie sturter {slip-ring
induetion motor)

speed.  Figure 48 shows the wiring of a starter of this type. When
the control switch A is closed, relay B Is actuated and the primary
motor circnit is closed with full starting resistance in the cireuit.
Beley I3 also closes an auxiliary contact C (generally set to close
slightly Iater than the main contacts) actuating relay D. Relay D
tries to ciose contact F, but the servies relay G is now carrying ity
first inrush of starting current and since it is wired to oppose relay
D, contact F remaing open.  As the motor speeds up, the primary
current drops until it is no longer able to balance the pull of
relay D and contact T closes, actunting relay H and closing the first
uceclerating contactor (part of starting ro.istanwe cut out). One
nuxilinry contact on this contactor shorts around contact F and
unother nukes contact T in the control circuit.  As the first accelerat-
ing contactor closed, the current through series relay G again in-
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creased and relay D is no lonﬂe able to maintain contact ¥, nor to
close contact K. Congnct ¥ hax been shorted (otherwise the first
accelerating contactor could not be kept closed) but contact X must
remain open until the current again drops to a safe valve, Then
and not until then will contact K be made ae tunting relay M and
closing the second aceclerating contactor.  This operation is repeated
for each vontact unti! the mator is operating on full-line voltage.

The badanced-relay device snay be .uljuau\d to close cach seevlerat-
ing contactor in seguence at predetermined current values,

dutonadic stavier with mechanicnlly Emed veeclerating contae-
tore—This type of wutomatic starter consdsts of a line voutactor in
combination with a group of accelerating voutactors equipped with
a mechanieal timing mechanism somewhat similar to the escapement
of a clock and so (iewrued is to prevent the accelerating contactors
from closing until after a definite time interval.  When the operst-
ing relay closes the litie contactor. these accelerating contactors ulsa
attunpt to close, thus exerting a torque on’ the gear train of the
timing device. These gears rotate at a ptedetcmmwd rate of speed
as controljed by the esc ‘tpunwnt device, thus insuring n definite time
Interval between the closing of the line contactor ami the first ac-
celerating contactor. Bach accelerating contactor then closes in
sequenge, tlltiillﬂ' ont rotor or armatare !l“-ﬂ‘«i.lill e step by step until
the motor is dirce tly across the line.

Autowmatic re rhuu{' roltage starters—Iror squirrel-enge motors an
automatic starter using either the antotranstormer pnnupie or Te-
sistance blocks may be obtained throuwgh the use of what is known
as o definife time relay,

Of the types of starting switches (les{‘ubml above, the fret three
are cbviously suitable Unhf for smutl motors, such ag pit-pump mo-
tors, gute and barrier motors, ete. Types -k, i, nid 6 are sometimes
used for hoisting or swinging duty, but only for small structures
where the need tor speedd control i$ not great und the expeunse of a
magnetic-control systen. is not w arvanted. Type 4+ may be arranged
for specd control us well a5 starting compensation if the resistors
and resistor circuity are designed for the necessary tinie rating,

If lurge wedges require motors too large for direct-line connee-
tion, types 4, 3, or 6 may be employed for Star ting.

Automatic starters are ovensionally used, but for larger installa-
tions the majority of eases are sich as to warrant the adoption of
full wggnetic oy semunagnetie control,

DEFINITE TIME RELAYS

It is often desirable to have one operation follow unother at u
definite time interval.  In one instance the two end wedges on a
swing span were (esigned to ppernte simultuneously.  On account of
other conditions these deviees were consmning too much power and
it was desired to close one wedge » few seeonds eariier than the other,
Since these wedges were operated by a singlde molor, it was necessary
to use a definite time relay,

One type of dvﬁnitv time relay on the market consiste of o small
induction motor driving o disk through a train of gears. This
maotor eperafes at line twq!lvm voatnd ‘)t‘IIt‘a to rotate as soon as the
first countnetor closes.  The disk enrries n tripping finger which
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actuates w Iatch, which in tuen controls a rvelay contact for the
second contactor. As the disk travels at approximately constant
speed, the time inferval is o function of the angle through which the
clisk must rotate in order to trip the latch. By changing the loca-
tion of the tripping finger on the disk, or by changing the gear
ratio of the gear train, o range in time interval is obtainable.
Definite time intervals ap to 30 seconds max be obtained on a 60-
eyele virvent with this type of device, Mgure 49 js a diagram of
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wiring for suel n relay with push-button control. When the start
button ix pressed, the small induction motor starts, making contact
A, shott-cireniting the start button, and energizing the operating
refay for the starting contactor. After a definite time interva
{depending. of course, on the position of the tripping finger on
the motor disk) contact B is made, closing the running contector
il also disconneeting the small motor. By adjusting the tripping
finger, these two contaetors may be made to close st any time interva
within the Hmit of the machine.

MISCELLANEOUS AND MINOR CONTRGL DETAILS
LOCATION OF AMMETERS AND VOLTMETERS
It is oceasionally desivable to determine the degree of leat balance

for baseule amd vertieal-lift spans by eareful mmmeter readings
during an entire cycle of operation on the sanie power notch. This
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ean be dove by a single person if the wmmeters and voltimeters are
placed so as to be visible to the operator from his contrel bench.

SEATING OF BASCULE AND VERTICLE LIFT SIPPANS

In ovder to avoid excessive impact on the leaves and deterioration
of the operating mechanism, it is essential that the scating of the
leaves of a bascule or (it span be done -5 gently as possible. . When
the leaf runs through the lower-limit switeh, it s generally brought
to a stup a short distanee above the nermal closed position, Tt is
then seated by nse of the botton short-civeuiting the lHmit switch,
[f the leaves are sufficiently unbalanced this may be done on the
master switch drift peint.  [f the leaves are not sofliciently out of
halunce to coast to position, then the master switeh must be put over
to the first power point. If this
results in too rapid seating, the
master switch hundle must be al-
ternated hetween the Jrite and first
power points which makes seat-
ing a rather awkward procedure.
Seating may be accomplished by
means of the start and stop push
buttons, but perhaps the most de-
sirnble wethod s that of a lever
seating  button as iflustrated in
Fignre 50. This enables the opera-

. ] tor with one slight wotion to cut

It Gy St BULEon 40 Typenkes in and out and to apply

small amounts of power to the span
seating the leaves gently on (he supports with practically no jar or
impact.

A seating deviee such as shown in Figure 50 should preferably be
operated on the first or second power notches of the master switeh
in order to avotd excessive rotor or armiture currents.  Flowever, the
duration of power during seating ix so short that no damage would
be likely to oreur even if the master switch handle were left on a
higher power point. The forward position ot the seating switch is
the neutral or open position, the central positiou short civeuits that
portion of the leal limit switeh controlling the brake eircuit, while
the rear position completely shorts the leaf limit switch, putting
power to the span.

WIRING

Whenever possible all wiring should be run in approved eonduit
and all conduits should be seenrely fastencd to or built inta the
strueture.  Conduit swps shoald be provided with suitable Jdrain
holes.  The contractor shonld be required to furnish. at the com-
pletion of the job a complete conduit plan showing in detail the loca-
tion of vach conduit run and the various civenits carvied. This is
important in conneetion with future maintenance.  Adequate ter-
minat bexes with provision for numbering or otherswise labeling each
binding pest or connection, should be instailed at the ends of each
long conduit. These terminal boxes should be of substantial con-




el

ELECTRICAL EQUIPMENT 0N JAIOVABLE BRIDGES 63

struction and arranged so that they may be locked to prevent un-
anthorized disturbance. Figure 3L shows a typieal contact switch.

All wires between the fixed and movable portions of the structure
should be carried through flexible steel-armored cables. Feed wires
should have ample capacity to earry the currents when the motors
are exerting their maximum torque with a voltage drop of not
more than 3 per eent.

Circuits from one portion of the structure to auother on the
opposite side of the channel are generally carried through submarine
cables which should be armored wnd. where the locution requires,
buried beneath the nutursl river bottom. Tt is good practice to pro-
vide a number of spare eireuits in such a eable for use in case of wire
trouble or the wddition of other protective devices.

No wires or grounds should be attached to any metal part of the

bridge und common returns should

INCLOSING BOX A be avoided.
AL It . 8 !
ALll-V!iAgY [ fele) KNIFE SWITCHES
- i+ ~
——— e e—t Knife switehes should be de-

SEGTIoN signed so that the maximum load will

1 3 T -
. = "";*:t__‘“—*a;, 9%-:_; never exceed 700 to 800 asmperes
e Bf"_‘ ""?,":&;'5'%"_‘_ ! per sgure  inch of cross seclion
o T i3 oy B TN and all viveuits should be protected

with suitable tuses.

! Hs)

s i) = Al portions of the structure and
re GHOLES  puan its operating mechanism which are,

viprar Sl Tapienl contaer swhieh nre inuany degree. in danger of accident-
rineement, Tl hox, A, 15 medatdd nn \ LT & N . o L
rllui;-snnhmur}' pulirliunluf thue Htrlut'tlln‘ ‘1“_\ coming i contact with wires
and contnet armd B, Lsomounred Upo;n eyt ST s e
Ihe muvling purt of the span. s the CRrry g current E’hOlIld hc pro

sIHNL eluses confbaet, 4, Is made, 1 t(‘(‘t(‘(l b\' a f_“l.‘()LlIl(] connection.

e En i iy g Boway becaind eonneetions should  termi-

nate in an ivon pipe deiven through

the water into the strean bed or other similar device of positive
action and substantizlly huilt,

GROUNDING CONNECTIONS

F°T

TELEPHONES, BUZZERS, AND SIGNALS

Strnctures vequiring the servives of more than one operator should
lve an wdequate system of buzzers, signals, speaking tubes, or inter-
phones, as a safety precaution.  The system shoulid be separate from
any commereial telephone tnstallation in the operator’s quarters, and
shoulll be designed purely for intercommunication between various
potnts on the structure.

NAVIGATION AND SERVICE LIGHTING

The requirements for navigation lights are completely covered in
the regulations of the United States Lighthouse Service, and need
not Le consilered here. Service lighting on movable bridges pre-
sents no new or peenlinr preblens.  However, the effeet of service
lights on the operator’s room shonld be mentioned.  On a dark night
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the glare of the service lights mukes it difficult for the operator to
observe the river chamnel.  In order to expedite his operntions, he
will want to turn off the service lights and darken the operating
room.  [n order that this may be done without undue waste of time,
the cntire house liehting should operate fram a pair of 3\\*1\‘
switches, one of which '~}1nnl<| be n push button or lever on the
operating bencls.

MISCELLANEOUS AND MINOR EQUIPMENT

There are many anxiliar{l or special devices suitable for particular
installations. Float switches, pressure switches, holcnoi({ valves—
these and nuny more devices og hike character are useful in special
cases, Equipment of this character is completely deseribed in the
literature put out by manofacturing agencies and will not be
described here.

DYNAMIC BRAKING

Where a direct-current motor s used for hoisting or swinging
a bridee span it is possible by cutting off or cutting down the arma-
ture current to slow up the motor to the point where the bridge over-
hauls and turns the motor,  Under such a condition the armatore may
be disconnected trom the live and short-civevited through a variable
resistence, and the motor becomes a divect-current generator driven
by the momentim of the bridge. The moving mass tends to main-
tain the speed of this gener ator whic h, s(‘mIm!r current threugh the
resistance develops a mt.mlmtr tmqm‘ endmtr to bring the moving
leat to rest.

As the registance in the short-cirenited armature is decreased, the
current and consequently the retarding torque is increased. By this
methad the speed may be reduced to almost zero.  How ever, to stop
the structure completely, a mechanieal-braking torque must be ap-
plied, since the dynamic retanding torque ouly aceurs while the arma-
ture is in motion, This operation is ealied dynamic braking.

With & compoind motor, the shunt coils are not disconnected from
the line so that during 2.e period of dynamic braking the motor acts
as a separately exeited generator,  With the series type of motor the
serics coils must be reconnected ag shunt coils before the armature is
short-civcuited in ovder to provide field excitation.

Dynamic-braking connections may be made on the off or neutral
position of the master switch or at a speeial control point provided
for this purpese only.

Figure 32 is a dingram of a munually operated controller giving
dvnanm' braking on the off position. The motor is u compound-
wound type. On the first power noteh in the raise (Im'ctlon, the
cireait path is as follows:

Li—a-b—c-d1=A2-d-RiI-Ro—e—f-122.  As the eontroller handie is
moved over, successive resistunee steps are cut cub in the avmatire
cireuit and the motor speeds up.  For the reverse direction, the first
notch maikes the following circuit:

Ll-t-g-e-Ri-Rl-d-\2-A1-c-D—f-L2, thus reversing the direction
of current through the armature, \-’run sticcessive points cut out
registance steps in the armature eireit. Tn either case, the brake
resistors ave connected s w shunt from point ¢ to point « in the arma-




ELECTRICAL EQUIPMENT OXN MOVABLE BRIDGES

ture eivenit.  In the off pesition, the motor is disconnected from the
itne and acts as a generator xeparately excited through the shuat
coils, il driven by the momentum of the bridge,

By varving the braking connections (Bl to B3) the braking cur-
vent may be varied, which, in tuen, varies the braking torque.

In Figure 52, no arrangement is shown for varying the braking
during vperation,  These connectivis may be set for the particuluy
hraking foree desived, or they may be arranged for variable braking
uring eperation if it appears necessary.

Very few movable bridges in this country have made use of
dynamic braking and these have been divect-curvent installutions.
The fellowing extruct from a letter to one of the writers from J. H.
Bellknap, chief of the division of control engineering of an electric
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and manufacturing company, in response to an inquiry as to this
methed of control is of considerable interest.

Diyaaniie hraking has been used to a limited extent on I ¢, bridge controls,
Wihen componnd or shunt motors are used entirely satisfuctory performatice
e be obteined withour utidae complication in the control.  Dynamic braking
with & seties moetor introdices @ control complicatlion in that means must be
provided to keep the series tield energized from the line while operating on the
Uynanile hraking poinks. We have used this scheme on numerous other appli-
vations bur have made practienlly no use of it tor bridge control.  In general,
we Feel that dynumic braking with series wound moetors oflers no real ndvun-
Ihge over sueh braking with compoum! or shunt motors, and in most cuses the
Littler ean b vseed with less complication,

Ho far as we know, dypumic braking for A, C. bridges has not been used.
It can be olwainsdl by exeiting all or purt of the stator windings by direct
current.  Variations in terque are obtained Ly varintion of rotor {secondary)
reststors or by variation of the D. (, exciting carrent. The et that cdivect
vureent is also required, coupled with the complexity of the scheme, procticslly
eliminnies e n<e of dynnmic braking en A, O, bridge motors,

56000 —11 ¥
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Certain complicated seiwmes employing regrouped  windings, coudensors,
reneters, ete., bave been used to sowe extent In Burope we ure told, Such
schenies make use of under-synehronous speeds for retardation. These schemes
cotld probably he adapted so as to provide semething approtching the armature
shunt ehnrneteristies of D, (% bridge control.  Howerver, nothing has been done
alowg this line in our country nnd the complication would probably make the
control umdesiruble and expensive,

The method of armature shunt veferred to in Mr. Belknap’s letter
is described on page 87,

WIRING FOR ELECTRICAL CONTROL

The term * wiring ” a5 used here means something wore than con-
necting up various devices by means of conduit and cable runs; it
inctudes the complete nssemibly and arrangement of equipment so
as to insure the performance of special functions in u predetermined
sequence.  The design of any electrical-control system is largely a
matter of the assembly of standurd nnits, However, the product
of this assembly is far From a standard product.  Building brick ave
n stuncdnrd product, yot the brick building affords an unlimited field
for individuality of expression. And so with the standard units of
cloetriend control (controllors and master switches, overlowd and cur-
rent-limit reluys, accelorating contuctors, limit switches, solenoid
brakes. motors, lights, and signal apparatus),

The poneral nature of the prablem can be lustrated by a detailed
deseription of a few complete control systems as actually installed.
The bridges selected were constructed under the personal supervision
of one of the writers and are choseu hecanse of familiarity with the

detnils of the design and construction problems presented.

Several tvpes of movable bridges will be considered, and it is feit
that the discussion showld fuenish a general foundation upon which
to construct au outline for control and wiring for any spuan or set
ot eonditions.

CONTROL SYSTEM FOR A DOUBLE-LEAF BASCULE BRIDGE USING
ALTERNATING CURRENT

Figure 53 shows the general plan of the bascule span under dis-
cussion, including the general location of the main hoisting motors,
the center locks, pit-pump motors. sivens, fog bells, navigation lights,
switchbouards, cte.  The operator’s board is leented at the forward
endd of the operator’s house overlooking the channel. The various
indicntor lamps, switches for operating rondwuy gates, and other
fike devices are mounted on this bourd. In front of the beard are
mounted the master switches and controllers for operating the span.
At the side of the board and to the operator’s right is the main
switchboard, upon which are mounted the main power switches, the
various light and heating circult swifches, as well as the necessary
circuit breakers, ammeters, voltmeters, etc. From this board the
power wires run to the remote-control boavds, one for each leaf, these
boards heing located in the machinery rooms below the floor.

Figure 51 is o plan view of one of the machinery-room floors show-
ing the location of the remote-control parel, hoisting motors, limit
switches, ete.  All power and control wires are laid in conduits in
the concrete floor. "The power and control submarine cables termi-
nnte ut each leaf in boxes mounted on the inside of the pler walls as
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shown. Figure 55 is u photographic view of this machinery room,
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and Figures 56 and
58 are close-u par-
tial views of the re-
mote-contro] board.

WIRING FOR POWE
CIRCUITH (STATOR
WINIMNGS)

The power line
passes through a
3-pole switch on the
main switchboard in
the operator’s house.
When this switch is
open, the remote-con-
trol board in each
machinery house is
completely dead.
When this switch is
ciosed, the line ter-
minals L1, 1.2, and
L3 on panel 13 (fig.
57) become energized,
and as soon as the
main switch at panel
13 is closed the main
stator wires become
energized as far as
points O and C on
panel 14, The
switches on panel 13
are always closed ex-
cept when the opera-
tor desires to “ kill”
one remote - control
board to permit han-
dling the magnetic
switches or contact-
ors. Thelarge 3-pole
switch on panel 13
carries the stator cur-
rent (440-volt, 3-
phase). The small
double-pole switch is
connected across any
two of the three
stator wires, and
therefore carries a
440-volt single-phase
current.

The knife switches

whose terminals are marked T14A, T2A, T34, and TiB,

TeB, T3 arce also normadly in a closed po::.ltwn, their purpose

L7

FYs




(O R LR 4 LIS R P B I LV T IR PR R T30 B TTCN ERYRY e

P 5% Parcal shew of s kst b o0 - bt feat toe e topele CLh
Tombod gpen Stlte bop the potes K A4 The e igie g-Lav e o
LR CR P IS B T T RS I SN S L P B L T T R e A e I I

Ve st hoa | BV O T i CURNCLEL I P TR YRRV B NS 0
el the ant et LN RTL e RE R POV U F)
Sopawial e ' [EEEECPRT B (O

HO BB

[ . I .
LRI T NIRRT IS IR RN T 3 S g d b e
| O O N L FTERT PRE TR I RO ERTER LR O (TR AR T TS 1 ||




T PECHNICAL BULLETIN 265, U, 5, DEPT, OF AGRICULTURE
Yeings to provide & means of cutting out one of the motors withont
interfering with the operation of the other. It will be observed that
the wires fron terminals T1LA, T2, and T3A lead to the stator wind-
ings un motor .\, while the other three lead to the stator windings
oh motor 13. '
The line wires Ll and L2 run through a system of overload relays
aed current-lhmit relays and terminate at points O and ¢ on panel
Th {These reluys modify the conteol cireuits and have no effect on
the power cwrrent. Their operation will be discussed later)  The

Figrio: 56 fpper pocdion of maogpetiecontenl heard. The aeld-lype cosistors are
showet b, the sevetsing contostor Tar ihe boisging wotoes a0 I3, fhe current-foil
relays ot ) wml the Enife switehes for power amd eunitrol clreuies ab D E, and T
Note e muechanienl fadeelocking of lus peversingg conlaetor aeel the staxiliney
vantacl polofs

thivd 1ine wire cuns direct (o the terminals A and T3, and thenee
to the stator windings on the main hoisting imotors.

Assume that the line switches on panel B3 and also both motor
swifvhes on paoel 13 are closed. When the main power switch in
the operator’s house is elozed, therefore, one of the three stator wires
fnnmely, T3 and "T38) for cach molor is energized.  With the
reversing swileh (panel 14 i the position shown, however, the
other two stator wires nre dead, the civenit being open at O and G,

When switeh O (panel 1H) s closed, however, the stator windings
earry current, amd the motor starts to turn over. T wwiteh O i
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resistunce, and thus act as both starting compensators and speed
controls. To be more explicit: At a certain point on the master
switch in the operator's house, circuit 487 is made (sce panels |
and G), and relays T8 c¢lose the main switchies on panels { and 6.
Panel 1 switch connects the terminals R2A-R3A and R4A (in delta)
and thus cuts out the first step of resistance for the rotor of wotor
A, Panel § switch performs a similar function for motor B.

Panel 2 has a switeh which conneets R3A, RO, and R7A, ad
thus cuts out another step of resistance. Panel T has u switeh which
performs the same function for motor B.  Other panels perform a
similar function until at panels 5 and 10 the contacts R14A, R15A,
and R16A for motor A and R14B, R15B, and R16B for motoer B are
connected and the motors are running as squirrel-cage motors with
the rotor bars short eircuited.

AUXILIARY SOLENOID HRAKES

The normal position of the brake (no current through solenoid)
is with the shoes bearing against the brake wheel. The solenoid coil
is excited by a 440-volt single-phase current taken from lines Ll and
1.2, thus ratsing the core and releasing the brakes.

The brake operated from panel 11 i3 designed as an anxiliary
brake and is entirely independent of the leaf-limit switch or the
master switches in the operator’s house, It is controlled by the push
button shown at M in Figure 57; the manner of control being as
follows: The solenoid will operute when the switch on panel 11 is
closed, since wire 12 goes directly back to one terminal of the line,
amd_wire 48 directly to the other. It is only necessary, therefore,
to close the switch on panel 11 and the brake will be released. The
ahove switch is closed by means of relay coil 17-4G. Wire 17 con-
nects to one terminal of the line through 16 to 48. It is only neces-
sary, therefore, to connect wire 46 to the other terminal (12) and
the switch at once operates. The push-button station shown at M
nccomplishes this result as follows: There are two Push buttons in
this staticn, one labeled “stop” and other labeled “start.” These
buttons are of the spring type and are normally held in the position
shown &t M, in which puosition the switch at panel 11 is open. Now
if the start button is pressed contact 4647 is made, and relay circuit
17-46 on panel 11 is completed through 46-47-12 and from 12 baclk
through the cable to the terminal point 12 on panel 18, Instantly
relay 17-46 operates, attracts its armature and closes the main .‘-i‘\\'.itt‘ll
on panel 11, making the eontacts 12-34 and 48-33 and the auxilinry
solenoid brake is released. ) X

It may appear that as soon as the operators finger 1s vemoved
from the start push button the cirenit will open and the brake will
be again applied. This is not true, however, owing to the following
device: There is an auxiliary contact 46-47 operuting on the reley
that closes the main switeh ut panel 11. ‘The instant that contact
46—47 is made at the push buiton stution, contact 46—7 is made on
panel 11. Release af the start push button does not release the con-
tact 46—17 on panel 11, and the brakes continue to be released. This
device, known as a holding relay eireuit and deseribed on page 29.
5 o rather common expedient in magnet-control wiring of this kind,
Tf the stop push button is pushed down, contact 47-12 is broken and
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both 46 and 47 are instantly killed, rendering panel 11 dead until
the start button is again pushed down.

Thus at uny position of the leaf and at any time, regardless of the
position of limit switch, master switch, controller, or center lock,
if the start button is depressed the zuxiliary brake is instantly re-
leased: if the stop button is depressed the brake is applied.

During the installation of this device on this particular job it
was argued by sonte of the enginecrs connected with the work that
serious defect lay in the fact that the operator did not know from
the position of the push buttons whether the emergency brake was
o or off. Ay a matter of fact this is unimportant. At any position,
regurdless of whether the brakes are on or off, the start pus{l’ button
will instantly release them or keep them released if they are already
released, and the stop button will upply them or keep them applied
if they ave already on,

MOTOR-MOUNTED SOLENOID BRAKES OR PRIMARY BRAKES

‘These brakes are mounted on the motor shaft, whereas the auxiliary
or emergency selenoid brake is mounted on an intermcediate shaft.
There are two motor-mounted solenoid hrakes and one auxiliary
solenotd brake for each leaf.

The motor-mounted brakes operate on cirenit 1244, us shown on
panel £2, but are controlled through a relay 419 wired through the
nuster switch. It will be shown later that point 4 on this relay is
energized on point 1 oof the master switeh, the other terminal de-
pending for its connection to the Iine on a second auxiliary switch
1017 on the panel 11 marked *Auox. sw. B.” In other words, before
the primary brakes can be released the master switch must be moved
to point I, but In addition the start push button must be pressed
to make contact 17-19 on panel 11,

START AND 5TOF PUSH BUTTONS

it was sfrown above that there can be no connection between wire
% and the power main until the start push button is pressed, which
means that this butten must be pressed before the primary brukes can
be released.  From inspection of panel 14, it is alse seen that until
this start button is pressed there can be no current through relays
19-20 or 1921, and consequently the reversing switch cun not be
vlosed in either divection, nor the motors started.

The operator must first press the start button, else he ean not re-
lease the brakes nor start the motors. This start button is, therefore,
a# key to the entire opecation. For heavy traffic, or where other con-
ditions warrant speecinl precautions against premature opening, it
may be ndvisable to interlock this start control with all roadway
gutes and signals, This would requive soine modification of the
wiring shown in Figure 57 and was not considered necessary in this
rase,

INTERLOCK WITH CENTER-LOCKING MECHANISM
Tnspection of Tiguree 57 shiows that one terminal of every eontrol

relny on the board is connected In some way {or may be connected)
with wire 18, which is one terminal of the control civeuit. For ex-
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ample, relay 4-19 on panel 12 leads through the contact 19-17 on
panel 11, through 17-16 and 1648 on the overload relays directly to
the line. (Under normal conditions these contacts are all closed.)
The other terminals of all these velays lead throngh the master
switch,

In order that the master gwitch may close the various control cir-
cuits, there must be some way of leading the current from the other
sitie of the line (wire 12} to this master switch, This is done through
contaet 12-3 on the center-locking device. When the center-lock bar
is driven, locking the leaves together, contact 12-3 is open and the
master switch Is entirely dead. It is impossible te release the motor-
mounted brakes or to start the motor. When the bar is drawn, con-
tact 12-3 ix made and points 3 and 2 on the master switch nre ener-
gized. This interlock insures the withdraws] of locking bar, release
of bralees, amd starting of main lifting motors In proper sequence.

MASTER SWITCHES

The distinction between master switches and manual controllers is
that the former carry light control currents while the latter carry
main-power currents. The main-control board in this case is operated
throwgh a master switeh, while the center-lock motor is operated
thraugh a controller® (carrying +40-volt, 3-phuse current).

As the handle on the master switch 1s moved around, the finger
contacts, 1, 2,3 . . . 10 fall on the vertical lines, 1, 2, 3, ete., making
the following contacts:

FORWARD O OPENIXNG

o] Llectrical enorgy oo—
O e e e Wires 2 und 3.
1. e C e e e Wires 2, 3, und 4.
A, Crmt e mm—————— Wires 1, 2, 3, nud 4.
5 J— “- he e e -e- Wires 1, 2, 3, 4, 6, ang 7.
Ao o el e e—e Wires 1,2, 38, 4,08, 7, and 8.
5 e mmmm e Wires1, 2, 8,4, 6,7, 8, nnd 9.
B e e e e eee Wires 1,2, 5,4, 6,7, 8 8, and 10,

REVERLE U CLUSING

i e e e ———— Wires 2, 3, nid 4.
e m e e e WTES 2 34, and 5.

ES et e At —— Wires 2,38, 4, 5, 6, 00d 7.

b o e e e o oo Wires 2,3,4.0,6. 7, and 8.
I, e mmme Wires 2,4, 4006, T8, and §
Bl o e mmmee mmmm e WiHPes 2,3, 4, 0,8, 7,08, 90l 10,

Awsume the span closed. and the master-switeh handle at neutral.
Assune the start-push button to have been pressed so that the
auxilinvy brake is released, and contaet 17-19 on panel 11 iy made.

A the master-switeh handle is moved to point 1, wire 4 15 ener-
gized, relay eireuit 18 on panel 12 is made, and the motor-mounted
bruke released.

+

Tl ferm eonteodlor ™ whire used thraughoot thiz disenssion ns boen employed to
dedientte a tanar! coptredlor aoed should e 0 updoestosd,  As o mniter of striet
tormdneiogy o cantroller 4 oany deviee far coptrodling dn cleeteieal seebanism, and thoere-
fore Inebudes the eatire contral pg=sembiy, Tt uis oot been used ju this sense of any podne
in this adisenstlan, however, but rather to deslgnute cevtain particoiar (ypes of manunliy
oprrratedl gwibelies,

re
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On point 2 of the master switch, energy is applied to wire 1 which
runs to the limit switch, This limit switch (geared to one of the
operating shafts and set so us to open and close contacts 1-11 and
5-25) will be deseribed in detail later. Ou its last trip down this
limit switch has closed contact 1-11 so that current from wire 1
flows through wire 11 to panel 14, from 11 to 20, unul thence through
the relay 20-19, thus closing the reversing switch O and causing
current to flow in the stator windings. The motors, therefore, start
up with all rotor resistance in. At panel 14 an auxiliary contact
conmects wire 6 with the line so that finger 6 on the master switch
is now enetgized.  On the next point on the master-switch contact
67 ix made. This completes cirenit T—48 and closes the accelerating
contactors on panels 1 and 6, cutting out the first step of rotor
resistance, and speeding up the motor.” The other successive points
on the master-switeh ent out successive resistunce steps in the rotor
cireuit increasing the motor speed.

When the sprit is from 10° to 15° from its fully open position the
leaf-limit switch opens contact 1-11 and the reversing switch flies
open deencrgizing the motor.

LIMIT SWITCHES

Figure 44 on page 35 illustrates the general arrangement of a
limit switeh similar to the one used in this case except that two
traveling wheels are shown in the figure while only one is used on
the bridge deseribed. Ordinarily the limit switch should be placed
as near the main trunnion as possible to aveid variation in timing
due to backlash on the power gears. This main trunnion, however,
is a very slow moving shaft, and a large number of back gears would
be necessary. ‘The back gears, when used, should be made of hard-
ened and heat-treated metal and should be polished to reduce back-
lash (by running each gear with its mate using an abrasive).

Sometimes the limit switch is arranged to turn through an angle
equal to the opening angle of the leaf without any speed increase.
In other words, the limit switch is simply a master switch set on
its side with its shafé keyed to the main trunnivn.  As the trunnion
moves through the opening angle, the master-switch shintt movey
through the same angle and makes and breaks the desired contacts.
This design eliminates the necessity for a large number of Dack
genrs, but introduces a sliding electrical contact with the vonsequent
danger of sparking and smoking. A switeh of this type, but with
one set of gears to increase the angle of rotation of the contactor
shaft. is shown in Fignre 4,

Figure 37 shows that as the bridge is started upward tfrom the
clnsedd position the moving contactor wheel on the leaf limit switch
moves toward the top of the drawing.

The pilot light indicating bridge closed is glowing. but all other
lights are out: contact 1-11 is closed (havinyg been elosec on the last
downward trip of the limit switeh, but contact 5-25 is open, having
been opened just before the bridge was closed on the lust trip).

As the limit-switch contactor wheel W travels upward, its first
funetion is to trip the switeh closing the cireuit 52-56, thus causing
the Tump indicating neavly elosed or 102 open, 15° apen, ete. (as tiay
be desired), to glow,
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Its next fanction ix to close contact 3-23. This contact controls
the reverse or downward motion of the leaf (see master-switch wir-
ing}), and was, of course, opened at this same point on the last trip
down. It must be closed at this point, else the operator would not
be uble to lower the bridge on the next trip.

The third function of the limit switeh is to open contact 1-11,
cutting off power from wire 11 on control pancl 14, and causing the
reversing switch at O to fly open, thus cutting off current to the
motors. At u cerfain point on the travel of this contactor wheel the
nearty-open or $60%-open light cireuit is closed, and at the end of
truvel the bridge-open light is alse made to glow.

On the return or downward trip, contact 1-11 is remade, the lights
ure extinguished one by one, and at a predetermined position near
the end of the return, contact 3-23 is opened, thus opening the
reversing switch C on control panel 14 which, in turn, cuts off
current from the hoisting motors.

The limit switch ulso applies the brakes {motor-mounted) at
certain predetermined points. This may be accomplished in a
number ot ways, and is not shown in Figure 57,

The smadl pitot Lights indicating the position of the bridge may
be of different colors it desired. These lights are located on the
operating board. It desired, other positions of the leaf may be
indicated by introducing additional contacts on the limit switch,

Current may be applied to the motors after the 1imit switches
have operated by means of the short-cireuiting push buttons shown
in the diagram.

OVERLOAD RELAYS

Referving to panel 17 on the remote-control board, it will be seen
that if the stator current rises to a certain predetermined value the
sotenoitd cores will e drawn up, opening contacts 48-16, or 16-17.
This breaks the circuit through relay 46-17 on panel 11, and at the
same thne breaks auxibiary contacts 4647 and 17-19, thus opening
the reversing switch and putting on all solenoid brakes.

The opening of contact $8-16 or 16-17 on the overload relay is
only momentary, inasmuch ag the rising solengid core alse closed
the contact 518 or 18-16, and relays 2-51 or ¥-18 at once remsde
the circuits 816 or 16-17. This arrangement is quite common in
industrial wiring, and is known as an aciomstic-clectrical reset
which has been deseribed.

This momentary break in the cirenit, however, is sufficient to open
contaet 4647 ou panel 11, so that the entive control beard remains
dead until the start push button s again pressed.

The purpose of these overiond relays is to prevent the possibility
of a destructively high current flowing throngh the stator coils due
te an excessive lowd on the leat, or for other reasons.

CURRENT-LIMIT RELAYS
ITn order to prevent the operator from cutting out the various

steps of rotor resistunee foo rapidly and indncing high motor cur-
rent and a low power factor, there s provided a systenn of quxiliary

i1



BELECTHICAL EQUIPMENT ON MOVABLE BIIDGES 77

contacts with wiring leading through a systemt of current-limit
relays.

The rotor resistance for motor A is varied by means of the jacks
or magnetic nccelernting contactors on panels L, 2, 3, 4, and 5.  Mo-
tor B iy operated through contactors 6, 7, 8, 9, and 10 in exactly
the same munner. Therefore, for the purpose of illustration. motm
A may be considered slone.

Consider the contactor on punel 1 open, and the motor running
with all resistance in. At the instant this contactor is closed, the
rotor currents increase (duc to the decrease in rotor resistance} and
the motor speeds up.  The stator eurrents also increase to overconw
the demmgnetizing tendency of the rotor currents,

At the instant the main contactor on panel 1 was closed (or
slightly later, depending upon the adjustment of the contacts) the
auxitinry contact 23-24 was made, but the increased stator current
has opened contact 50-48 on the current limit relay {panel 18) and
very little eurvent flows throngh wire 24 (since the resistance of the
relay 48-24 is very high),

The 22 side of relay 22-8 on panel 2 is, therefore, practically
dead. and even if the master switch were moved to the next point
{encrgizing point 8 from the other side of the line) insuilicient
current would flow through relay 822 to close the jack,

As the motor speeds up, however. the stator eurrent drops until
the core of the current-limit coil is pulled dewn by the balance relay,
making contact 5038, This contact shunts the current in wice 94
around the high resistance of relay 2448 (panel 18) and instantly
point 22 on panel ¥ is energized.

Then, aund not until then, can this switeh be closed by energizing
point 8 through the master switch. Contact 4822 on panel 2 is
made and contiet 23-23 1y broken with the closing of the contactor
on panel 2 so that this contactor is held in the closed position there-
after by means of the circuit 42-22-8 and further operation on this
panel 15 independent of the stator current. If this were not pro-
vided for, any further current increase would cause this contactor
to fly open which is obviously not the purpose of these current-limit
relays.

In a similar manner, contact 30-29 on panel 2 energizes one side
of the relay on panel 3 as soon ns contaet 48-49 on the current-limit
relay drops in plave, aid %o on for ench of the five magnetic accelerat-
ing contactors,

This arrangement insures a proper time sequence in closing the
contactors, und eliminates the possibility of cutting out any resist-
ance step before the motor hus attained its proper speed. Were it
not for this arrangement, a careless operator might frequently cut
out resistance with such rapidity as to operate the overload relays,
killing the entire board, and resulting in a jerking and uneven move-
ment of the leaf. The life of & bascule span depends to w great
extent on the elimination of such annccessary jurs and shocks,

It will be observed that the last two jacks operate from one point
on the controller, the time sequence of closing (for panels 4 and 5)
being entircly controlled by contact 30-87 {panef 4) and the current-
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limit relay. This arrngement is rermed p time-element switel:, or
contactor.
CENTER-LOCK MOTOR CONTROL

Figure 57 illustrates the general arrangement of limit switeh, ve-
sistance elements, reversing switches, ete., for the center-lock control
which involves no new features and does not require detailed
discussion.

Since the load is light, the variable rotor resistance might very well
be omitted, using « sqm:ml cage motor. The saving in cost, how-
every would be very small.

The powser cireuits in this case are taken throngh the contactor
which is 0 manual controller rather than a muster switch.,

GENERAL REMARKS

Figure 57 is typical of working drawings prepared by manufactur-
ers except that considerable c\pl.mdtmy ‘matter has been added.

The engineer in charge of the erection of a bascule span must be
able to check u wirlng dhumun of this kind, and to truce out the
various circuits and their fumtwnb, eise he can not possibly give the
work the intelligent supervision it deserves.

The wiring i agram of Figure 57 i1s only one of many possible
arrangements, but u careful study of the drawing and explanatory
muatter wiil give the engineer an understanding of the subject sufli-
cient to enable him to prepare an intelligent pl'ehmmm'y sketch and
to cooperate with the electrical contractor in working out the most
efficiont and economical arrangement for the p‘utlcul.u problem
Iefore them.

No attempt has been made to describe the interlocking for road-
way gtes and signals employed for this particular bridge zs the
gepnernl principles involved have already been discussed and an
v\mnple of gate nnd traflic-barrvier interlocks is discussed vn page 83.

CONTROL SYSTEM FOR A RIM-BEARING SWING SPAN USING
ALTERNATING CURRENT

The wiring and control assembly for the double-leaf bascule just
deseribed may be termed a fairly complex installation, although it
is not as complicated as that for muny of the larger bascule strue-
tures. The installation which s now to be considered has been
selected as representative of a much simplier type o1 control.

Figure 39 shows the general layout of the wiring for this struc-
ture which is a rim- be.umtr swing span, 235 feet in over-nll length.
The traffic over this structure and the openings required were ‘not
suficient to warrant the installation of power gates or traffic barriers,
atel no attempt was made to interlock traffic Lights, sivens, and other
sirnals with the span movement.

Electrie power 1s debivered ab a small power house buile on the
bank of the stream, and the main switchboard is a very simple affair,
us it need only provide spuce for a power meter, and the line switches
for power and lighting cireuits,

The power line suppliex 3-phase, 220-velt, alternating current and
is run to the center of pivot pier through a submurine cable termi-
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nating 1 three single-throw, 3-pole, inclosed safety switches, pro-
tected with refillable fuses. These three safety switches feed three
magnetic contactors, one for each of the end wedges, and one for
the swinging or turning motor. The wedge contuctors are of the
reversing type, with u temperature overload relay wired as an
integra] part, and are operated by a push Lutton. and a druni-type
controller is provided for the swinging motor. The wédge motors
are direct line connected and of the squirrel-cage induction type, and
the turning motor is of the slip-ring induction type, with the rotor
resistance wired to cut out in successive steps on the controller. No
current-limit relays ure provided, us the installation is simall and each
magnet contactor is protected with a temperature relay. The
swinging-gear and wedge-motor circuits are suitably interlocked as
indicated at A, B, and . The entire control assembly is mountesl
at the side of the roadway in the plane of the trusses in 2 weather-
proof metal cabinet which is kept locked except during operation.
The operator goes to the center of the span, unlocks the control cabi-
net, and completes the entire operating cyele at one station in full
view of both roadway and waterway.

The detailed arrangement of wiring is evident from Figure 59
However, a few explanatory paragraphs may be helpful in under-
stunding the workings of the installation. The operating sequence
ts completely given in Figure 59. The detailed wiring, however,
may need some explanation.

CONTROL WIRING

When_the three safety switches are closed, each end-wedge circuit
is energized as follows, L-8-11-9-7-2 . ete.. down to point 4
on the release push button on one side of the line, and L3-5-5-6 on
the other side of the line.  When the release button is operated, con-
tact 46 is made, and the wedge-motor cireuit is closed in the release
direction.  This is accomplished by the attraction of operating relay
2-7, which also closes auxiliary contact 4-10, which shunts 4-10-6
arotnd the release push button. so that the wedge motors continue
to operate afrer the push button is released.

The control cireuit will be opened and, therefore, the wedge
motors will be inoperative under the following conditions:

(1) When the wedues huve heen fully relensed, This is aceam-
plished by means of the limit switches B (one at either end wedge)
by means of which the control eireuit is opened at either ene or both
of the rontacts 2A-2.

{2) When the stop push button is pressed. This opens rontact
-6, opens relay 2-7, and thercfore opens contact 4-10. A reestab-
tishment of contact 5-6 on the stop button (by releasing the button}
will not remake the control cirenit, as it is now broken at auxiliary
contact 4-10. and can only be remade through the releuse button.
The stop button, therefore, stops the mechanism at any point
permanently.

{(4) When the drive button is operated. This breaks contact 29—t
nnd opens the control circuit. Tt is seen thet the push-button in-
~tallution furnishes an effective reversing interlock.

(4) When the tempereture relay opens the control civenit at con-
tuet 8-11. This turnishes overlond protection to the wedge motors.
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On the return trip the wedge motor is actuuted by the control
circuit energizing operating relay 88 and the circuif is completed at
1-6 {the drive button}, and the shunt contact 1-6 on the contactor
panel, This cireuit may be opened at either of the limit switches
A {contacts 3-3A}), the release button (contact 1-3), the stop butten
(contact 5-6), or the temperature relay. The same interlocks are
therefore furnished for the drive <lirection of the wedge motors as
are furnished in the release direction.

The magnetic panel controliing the swinging-gear motor is not
of the reversing type, and reversing, acceleration, and starting com-
pensation are controlled by the drum-type controller. The first
point on this controller in either direction closes the control cireuit
operating the line contactor relay 2t This control circuit is wired
through contret switch C on the eud wedges, thus rendering it im-
possible to put power to the swinging gear until both end wedges
are fully released. The dotted lines indicate a method of interlock-
ing roudway gates, barriers, and signals should traffic conditions
demand such & precaution at a futnre time.

The connection of circuits between fixed and moving portions of
the structure is through a spiral length of flexible submarine cable
supported on a flat platform attached to the pivet pier above the
masonry uad below the level of the roadwuy deck. There is enough
stack in this cable to permit the span to be turned through 180° in
either divection, the coil merely adjusting itself to the position by
slipping over the platform. This arrangement eliminates the neces-
sity for sliding contacts, which are often a source of trouble due to
sparking and flashing, especially if they are so locuted as to be
exposed to grease or dust.

CONTROL SYSTEM FOR A SINGLE-LEAF BASCULE BRIDGE USING
ALTERNATING CURRENT

Figure 57 is typical of drawings submitted by manufacturers or
electrical contractors as shop or working drawings. Figure 60 is
the type of drawing which should be prepaved by the engineer for
use hy bidders, and shows the general layout and arrangement of
cireaits. This figure does not indicate detailed wiring but only the
general character and arrangements of circunits,

The general plan of control and interlocking used on this jobls
was very niuch the same as that for the double-leaf bascule deseribed
on pages 66 to T8,

INGOMING LINES AND. SERVICE CIRCUITS

The incoming lines go diveetly to the main switchboard in the
operator’s house. Lighting and heating civcuits are taken from the
power company’s transto:smer direct to the switchboard and pass
through ordinary kuife switches, protected by enrtridge fuses. The
power ¢ireuit is passed through a 3-pole, oil-tvpe switch with inverse
time e.ement overload velay, and snitable low-voltage protection.
The various heating and lighting cirenits and the location of all
metering devices is indicated in Figure 60,
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MAIN CONTROL CIRCUIT

This cireuif is taken from two of the main power leads through a
knife switch mounted on the remote-control board as shown at A.
This control ¢ircuit branches at point B, runs through the overload
relay contacts at G (which are, of course, normally closed) through
the stop button, threugh the start button, through the master-switeh
reset (contact 10-11), and back to the line through the gate, rear-jack,
and trafic-barvier interlocks.

To close this control cireuit it is necessary to set the master switch
on either neutral or point 1 or 2 either way, to close both roadway
rates, to set the trafic barrier, and to release the rear jacks. The
control circuit may then be completed through the start button,
which actuates operating relay D, closing contacts E and ¥, and re-
leasing the auxiliary solenoid brukes. Contact E shorts around the
start button and the master-switch reset, allowing the start bution
to be released and the master switch to be frecly operated. Contact
¥ enerpizes one side of the magnetic reversing contactors at points
26 and 27.

If either of the roadway gates be raised or if the traffic barrier be
cleaved, or if the rear jacks be moved from their fully released
position, or 1f an overload current opens contact C, the main control
circunit i3 broken, operating relay D is deenergized, opening contacts
F and E, and applying the auxiliary solenoid brakes. The gates,
barriers, and rear jack must be reset by hand. The overload relay,
however, is of the automatic electrical reset type and reestablishes
the control circuit through centact (t, relay K, and contact I an
instant after it is broken nt C.

However, the momentary interruption of the current has opened
contact , and after the gates, barriers, and jacks have been set, it
is still necessary to reset the master switch and te push the start
button.

The stop button breaks the control cirvenit and applies the anxiliary
solenoid brakes at any point in the operating cycle and stops all span
movement. DBefore the span may be continued in operation the
master switeh must be reset and t?lye start hutton operated.

The rauster-switeh reset in combination with the sturt hutton is
complete * no voltage * protection for the entire mechanism, Should
the power be discontinued at any time during the operating cycle,
contact I& is opened and it is lmpossible to operate the span from
a point of rest on any power noteh of the master switch above point
4 (the first power point). If this were not dene (if contack 10-11
were ¢nt oub of the control cirenit) it wonld be possible to push the
start button and start the lifting motors from a point of rest and
with so much of the rotor resistance cut out as to quickly kill the
circuit at the overload relay, resulting in a jerky movement of the
SPHIL

FJADWAY GATES

A complete operating cycle will now be considered step by step.
The first operation is obviously that of sounding the siren and
trafic gong. This operation could very well be Interlocked with
the readway guates but it was not thought to be necessary in this case,
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The rordway gates are then elosed by throwing two double-throw,
inclosed safety switches on the operator’s bench. The ordinary
standard arm gates eguipped with their own motors were used.
Gate motors are generally equipped with limit switches which eut
off power to the motor at both upper and lower limits of travel,
The motors are small enough to be connected directly to the line
and the gates can be operated by a simple double-throw reversing
switch as shown., It will be observed that the gate-motor circuitf
runs through a dogr-type switch on the barrier wgich is closed only
when the barrier is clear to trafie, so that after the barrier is once
set against traflic the gates can not be moved under power.

Gl
Y o

Frogan 61—A rlgid type berrior of the baseule type

TRAFFIC BARRIER

The next operation is setting the barvier against traffic. The
barrier is a rigid frame of the bascule type, located in the roadway
of the fixed approuch at the outer end of the muin leaf as shown
in Figure 61, It is operated by a hydraulic hoist which is actuated
by two solenoid valves, one valve being used to raise the barrier, and
the other to lower 1. These valves are controlled by a simple
reversing-type inclosed switch ag indicated in Figure 60. The
bavrier velve cireuits are interlocked with both gates and rear
jacks.

REAR JACKS

Setting the gates and barriers to oppose traffic resulted in opening
the gate circeurt at M and closed a doer-type switch N in the rear
juck control cirenit on the release side. TUp until this time the con-
trol cireutit for the rear jacks has been dead on this side of the line,
thus eliminating the possibility of traffic over an unlocked span,
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The rear jacks are now released by means of a simple reversing
switch on the operator’s board which operates a mechanically in-
terlocked magnetic reversing contactor O. As the rear jacks reach
the end of their travel a limit switch cuts off power to the magnetic
reversing contactor and resets the connections for reverse movement.
It will be observed that the instant the jacks start to release. the
barrier-control circuit is opened, locking the barrier against traffic.

OPERATION OF SPAN

All safety devices now oppose traffic and the main-leaf control
circuit is open at only the start button. The master switch iz at
neutral. Le start button is pressed, releasing the auxiliary sole-
noid brakes and energizing the main-leaf reversing contactors on
one side of each of the operating relays 26 and 27,

The nuster switch is now moved to point 1 on the raise side,
making the contact 320 and 20-25 through the leaf limit switch,
thus completing the control cireuit for the motor-mounted solenoid
brakes, and refeasing them. Point 2 on the master switch makes
contact 522 and this contact in coriunction with contaet 29-96 on
the limit switch closes operating relay 26 on the reversing contactor
and puts power to the motor. Successive points on the master
switch make the contacts 3-30, $-40, and 5-30 which energize the
operating relays on the magnetic accelerating contactors, thus cutting
ont successive steps of rotor resistance and speeding up the motor.

The last resistance step is wired to cut out auntomatically as soon
(after contact 50 has been made) as the stator currents drop to a
certain value. This arrangement is termed a time-clement resist-
ance step and results in five speed ranges with only four master-
switch control points,

As the span moves up the leaf-limit switch moves as indicated,
first breaking the jack-control eircuit and at the upper limit of travel
breaks contact 23-96, cutting off power to the motors, and then
breaks contact 20-25 and applies the motor-mounted brakes. The
interval between the breaking of these two contacts may be varied
to proeduce a snitable drift period. .

The short-circuiting buttons for the leaf-limit switch permit oper-
ation beyond the upper and lower limits of travel, and the interlock
short-circuits permit operation in case any device or mechanism is
inoperative,

Tt will be noted that the motor-mounted brakes are wired in series
with contact T, which makes these brakes operative whenever relay
D is open. The stop button, the overload relay, or any of the inter-
locks in the leaf-control circuit, therefore, set all three of the brakes.

figure 60 mukes clear the operation on the return trip as well as
the wiring for indicator and service lights.

CONTROL SYSTEM FOR A VERTICAL-LIFT SPAN USING DIRECT
CURRENT

The three examples which have been given are all alternating-
current assemblies. Direct-current control invelves no new princi-
ples, and, in fact, is much the same except for the method of speed
regulation.
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Figure 62 illustrates a method of mugnetic control for a direct-
current lifting motor and solenoid brake recommended by one of the
larger electricul manufacturing companies. The neutral or off posi-
tion of the master switch opens the motor circuit and applies the
solenoid brakes with all reversing contactors open. The third point
on the naster switch is a drift point, the brakes being released but
no power applied to the motor. The fourth point closes the reversing
switeh with contactors A to F, inclusive, open, thus cutting the entire
resistance into the series field circuit and opening the armature
shunt. The fifth point closes contactor F, cutting out one step of
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resistance in the series field, and each succeeding point cuts out an
adiitional resistunce step until the motor is running at full accelera-
tion with all resistors out of the series field circuit,

For deceleration contuctors C to I are opened in order, cutfing
each resistor in turn into the field circuit. As the muaster-switch
handle is moved back to point 3. the reversing contactors are opened
and the motor is made to idle or drift under the momentum of the
bridge, Point 2 again closes the reversing contactors and also con-
tactor A, thus shouting the armature and causing the motor to slow
down. Puint 1 closes both contactors B and A, decreasing the re-
sistance of the srmature shunt and causing the motor to slow down




o

?—i‘tﬂ"‘lﬂ:
COTHERMAL Lk
OVERLOAD iR

1
3 0y =y 2
W a
o
RELAY @ B \\
i '
L e @
4
® wne LiEHTE

___E;»

HAYIGATUIN
LIGMTS

O
!

FAR PIER

L SR 1
hau
LT il

PN ERGe LD
e

=
ookt

u—]:-} S
LA

i
Lo

Ar]

QREMN

SIREN x|

X

- '._":
Ls.cSE ;E;;ﬂ :
el

-
oprn
FLASHER] § ] _,_j“
1 -.-'-\um
L SwWITCH

U

d=! POLE CON-
TACTOR

} POLE CARBON CIACUIT BRAKER CONTROL SWTCH
{INVERSE THME LitiT OVER LEAD £

AND LOWVOLTAGE TRIP) H — Q-;-:_
\ 1 -

_...__rf-._c@.@ J

RAATH LINE HMIFE BWITOH ] . :

Ci OVEf-
3 LOAD

A
2 poLe RELAY
CONTACTOR L

4
i
]
W
Jd
&
g
<]
z

D VORT S+ 34V IRE
LIGHTING LING

T

£
{ j_— cLos Al

WVOLTHMETER frisitin)

‘EWITCP\é
o
{ O FLOAT SWITCH 4 -
t
ﬁl’“”“
THERMAL
CYERLOAD

£ = SINGLE POLE CONTACTOR
RELAY WARNING, GO " - Iy g NANHGATION

St

CLOBED -

o

A BUS

l CLOSED O
| ergw

T

CLOBRLD OFEN,

C = RELAY
LIGHTS

e rve-

i

L N

'

ROMADWWMNY ROADWAY ROADVAY HANNEA TSN

B MR PG
s0MP P ¥ MING (HE WIARNING GATED BARRIERS SIGRALS

84500°  {Faces page 97) Frsrng 63 —Typieal wiving far vertlenl-lift bridge, diveet-curvent, |




HOLIAAS AFwIT .
1w oAFIN
ATna

i
“azton

Quse5w somvan
1 Onzan ~uwan
™

imao

dk
=1

HMAETER
owWITEH

=

)

i sl o |
. ad N ol
- *_#k___.r}_ 1

1|
et S g ———

£

X

r————-'-"""————'—‘“— — 1 F

?

I
-

BRITDZSE

—-

o

i

ﬁ

CONTACTORS

CONTACTOR

BARRIER |
LiktlT
oITCR
LW DL TASE

ERAKC

g = RESMSTOR
CoHTACTOR

h = REVERLING

LEAFR-LIMIT BWITCH

[__ __ .
1\-.__ .

____ﬂ_ll;__,‘“w -

BRAME A,

[

2 POLE
LONTACTOR

— !

e e
. " E,E._ Y

I EWERATING
LoNTALTDARY

A
EMERBEMNCY
BRAKES

0

R F_ﬂ-__-____.“:‘f]:

e

S l|||||\o.“.;.‘|nrnra.;.i_
o et — .Iinf.._..;.».‘_m....r__ ey

_.
VU [ S

1

3

I

b

EM2 LDCHRS

~MAOTOR
b POLE DL REL
Lhk I TRIG REGE

L 1TING

3r

-
bl
T LewMIHATION
W

)

.(E? .

i t
)
O b
E s —pd—

-

vrpens, DPnlomagnetic conteol

biiede, dirved e

- AIEEITS




ELECTRICAL EQUIPMENT ON MOVARLE BRIDGES 87

stitl further. These last two points provide for two * ereeping ” or
very low speeds, and as the nioter is made to slow down the moving
muss quickly overhauls it. und ax soon as it does, dynamic braking
takes place.

The second master-switch point provides armature shunt for me-
diimn slow-down torque while the first master-switch point provides
heavy slow-down torque. This method of ieceleration {by means
of armature shunt) is considered by some engineers to be a better
method for dynamiv deceleration than the method of dynamic brak-
ing deseribed on page GL

Figure 63 shows the wiring diagram for the complete installution.

[ad

CONCLUSION

The wiring diagrams discussed ave only a few of many possible
arrangements. and the treatment given them can not, in the limited
avatlable spuee, include many of the points which are thorovghly
covered in standavd fexts and deseriptive technical bulletins issued
by the lurger clectrical manufacturing companies. A careful study
of these dingrams, however, should serve to give to the bridge engi-
neer an understanding of tundumental principles sufliciently thor-
ough to enable him to: Disews his problems intelligently with the
electrical manuafacturer and contractor: formulate his requirements,
in the form of u gencral layout plan and specifications, in a clear-cut
and definite manner, and in sufficient cetail to enable the electrical
rontractor to submit an intelligent bid on the proposed work; check
the shop drawings and wiving diagrams submitted; intelligently

supervise the installation of the assembly; and maintain the assembly
in service with & mininium of repairs and service interruptions.

MAINTENANCE OF INTERLOCKING

Tt is important that electrieal interlocking be frequently inspected
and cavefully maintained.  The existence of electrical interlocks af-
fords a sense of seeurity that may lead to carelessness in operation.
Adlinteriocks shonld be earefully rested out at least once each month
in the presenee of the chiel bridge operator and the engineer in
charge of bridge maintenance.

The following blaak form, prepared for reporting interlock tests
on the single-toad bascule bridge described on pages 82 to 85, illus-
trates one wethod of tabulating and reporting these data.

Report blankes shoulil be designed to fit the puarticular type of
interlocking nsed, amd in general, no two forms will be exactly the
sae unless the interlocking assemblies ave duplicates. IBach report
should be signed by ail present who witnessed the test, and should
be dated. This report may prove & valuable exhibit in the event of
a futire aceident involving an official inquiry or litigation.

In the sample interloek report given below, the data included in
itelies represents those items which are to be filled in during the prog-
ress of the test, the balance of the subject mutter being part of the
printed forn.
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MONTHLY HEMOBT ON INTERLOCKS AND ELECTRICAL SAFETY DEVICES FOI THE SINGLE-
LEAF BASCULE BPAN OVER THE LEWIS AND CLAKK RIVER, ARBTORLA, DREG.

1. Roadway gate cireuir:
Barrier et against traffie— Barrier cleared to trathc—
North gute____deud North gate.___operates
Houth gateo.__dewd__... South gnte____operates____.
. Buarrler circeuit (gate laterlock):

Both gutes up (cledred te traffic), barrier____desd__._, North gate down.
barrier____drad South gate down, Dbarrier_ __dead____. Both
gates down, barrier____operdies

. Jack circult release:
Burrier set saguinst trafiic operates____  DBuarrier cleared._.__dewd—___.
Inek cirenft drive,
Leaf down_.___gperdafes. Lenf parvtly up.___deud.___.
. Main lesf ¢irenit:

Both gates down, barrler set sgainst traflic und rear jack driven, nisin
jeaf ___dead

Both pates down, burrier set nguinst {riffic and rear jack released, main
lenf____operdtes

Both gutes down, barrler elear, rear jack released, muin lonf___dead

Both gates down, barrler clear {(but shorted) renr jack relensed, maln
fenf . _operates. .__,

North gate up {by hund), barrier raised, resr jack released, main leaf..
deeid

South gate up (by hand}, barrier raised, rear jack released, muin leaf____
dogid___. .

. Muin leaf lunit switches:

Unper____operates (. K____, Tower.__._operates O. K____.

hoMaln leaf it switeh short cirewits:

Upper____operates 0. K Lower._.opertutes O, K

. Stort push butten station: 0. A,
- Stop push button stution: 0. K., texted both yoing up and going doten.
. Indicntor lamps:

For navigutlon lights, 0. K.

For position of lesf, 0, K.

Forr barrier motor, 0. K.

Above inspection muale April 25, 1030, By S —

The following are a few simple rules with reference to the installa-
tion of electrical-contrel apparatus, its maintenance and the renewal
of purts:

All parts shoull Le ingpected at reguiar intervals, and should be kept free
from {lirt, oil, or grease,

Centact tips should be curefully inspected and repluced when worn. An
ample supply of spure coils and contuet tips should Le kept on hund at all
times.

Special attention shouid be pald to the maintenance of ciean contucts, Ol
should not be used o the mnin copper contacts as it tends to shorten thetr
life. If they become pitfed or rough, they shounld be cleaned with an emery
cloth ar very fine fle

All connections, binding posts, ete, should be frequently inspected for loose
confuects.

Grid resistor units should be kept tightly clamped togetier.

A eomplete wiring dingraw of the electrical-contrel system shenld be farn-
ished the operator. {One cupy of this wiring dingram should preferably be
moented under ginss in the operator’s lhouse for perinanent record.) This
wiring dlagram should be complete enough to cnable the operator to trace out
all connections,

Contacts with mechanicnl Interloeks should he kept in such adjustinent as to
provide n very slight play. 'This play, however, most nof he great enoluigh fo
permit a clrendt fo he nmde through hoth coutacters at the same time.

Auxillgry contuctors for cleetrical interlocking sre generally udjusted at the
fuctory, but thelr sdjustmant should be esrefully wutched, In geoeral, aux-
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itary econtacts will be nuavde aned broken gsimuleaneously with the main contacts,
o current Jlt protection aml other dses it omay e necessary to cdjust these
anxilianey vontaers ra ke eiveoits slightly before or <dightly after the wminin
confacks.

The Jine voliage shotubl e earelnlly watehed, and contactors shoulid not be
allowwl 1o opeeale o oo veltage more than 10 per cont greater than chat Tor
whicht they nre designed, as tiils results in g Jdeterieration of the insulatinmn,
tnerease i the pounding effect when the armature 8 atteacted, o ooisfer
aperution, nmd agreater lkelihood of bhreaking rontact tps.

Where panel replilvements are nuule, care should he exercisal that the panels
are mounletl inow true vertical plane so that the contnetors will rendily open
by xravity.  This alse applivs as a consteuetlon precautlon.

Thiz cutire apparitus should be properly grouvndsl.  Groumding  terminais
are penceally provided, oxcept when conduit connections ave used, o which
rase the comduils nllaed suilicient geouul peotection.,

Reskstors shonlkl be mounted with the grids in o vertleal pDlaoe and so
locatesl ns to permit of adenquete ventilation,  One roanufuetuering company
recotnmgids fhat G-ineh spaces be used hetween resistor boxes, stacked ver-
thew iy, smd rhat the staeks he 12 ineles g,

Thie et Feeno resistors i 11Kely to cotse damage if the prids are placed
sullcivntly close (o gy mstecinl or surfree which will be dnmuaged  from
heat, I this conoeetion it may be woll to poiot out the necessity for wwple
resistor engareity i the originnl instalation, snd o cureful inspection of the
resisiors to fnsare thanf They are funetinning properly.

RECENT DEVELOPMENTS IN ELECTRICAL BRIDGE
CONTROL-

Among the more important modern developments of electrical
apparatis for movable bridges have been the following:

(1) The adaptation snd u[)])hultlou of the variable voltage sys-
tem for driving the moving span of all types of large bridges;
(2) a pmtmtn{' and speed- matchm'r indicator system ‘that mukes
possible the suceessful performance of a simplified type of vertical-
lift bridue, nsing independent hoisting machines for each end of the
s and B3] llll‘ht sengitive wlzws, which have lately become a
comnereial |nmlutt and which foreshudow greater refinement in
hridue protective devices and control schemes.

VARIABLE-VOLTAGE CONTROL

(‘ownparison of the variable-voltage system (from the standpoint
of upparatus involved) with the rheostatic types deseribed clsewhere
in this bulletin, indicates nll items about equal, except that the for-
mer employs a direct-vurrent generator with a driving motor or
enging, where the latter uses n mmrnetlc control hoard and resistor.
‘Fhe varinble- voltage system offers the advuntages of absence of com-
plieated switehing “and control devices, an absolute gunrantee against
exeessive torques or overload conditions which are hazardous to
hoisting nichinery or the eleetrieal appuaratos itself, and a system
which s immune to abuse by careless operation. T he motor of the
motor-generator set may be arranged to operate from any com-
mercial source of pmver, ‘either divect current or alternating current,
high or low voltage, This system is also particularly adaptable to
the use of an internal combustion engine as n prime mover for the
generator.  Choice of variable-voltage drive for a bridge is therefore
not limited by the available power service, and opportumty is of-

Tty W R Wickerhaw, oloeivleal engineer,
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A, B, and C, identical in construction and in method of connection to
the turning or lifting motors and each controlled by the variable-
voltage master controller.

Generator A is driven by 2 direct-current motor. The diagram
shows this motor connected to a single wire with a ground connec-
tion to complete the circuit.

(Generator 3 is driven by a gusoline engiue and generator ' is
driven by an alternating-current motor.

If for any reason all three generators should become inoperative
the turning or lifting motors may be driven with direct current
(from outsude .».-nui'c-eT by means of the deum controller shown on
the left.

The diagram shows a pair of shunt motors connected to the gon-
erators and also an ulternate arrangement using compound motors.

Attention 1s called to the absence of any complicated switehing
from the mmin armature c¢ircuits of the machines, particularly where
shunt-wound bridge motors are used. This is possible since the out-
put of the generator can be made to conform to the requirements of
the motor or motors for all operating conditions, both in magnitude
and polarity, depending on the type used. Contactors and vesistors
for reversal of motor rotation and for limiting the current input are
therefore unnecessury,  The output of the generator is governed by
an ordinary drum master controller through maniputation of the
shun! fields wml it is also affected by the load conditions through
the medium of a Jifferentinl series field.  Consequently all switching
lor speed control of the bridge mutors is limited to auxiliary eir-
cutts where the current does not exceed a few ainperes,

The bridge motors may be cither shunt or compound wound.
Shunt motors will be used where simplicity in contrel is of para-
mount importance, Compound motors have additional complication
in the form of magnetic reversing contactors, but offer a slight in-
crease in cfficiency as regards power consumption, when two motors
are used to drive the bridge. ‘The lower over-all efficieney of shunt
motors which should be connected in parallel, is due to the use of
resistors to insure an equal division of load between the motors,

Operation of the motors in parallel rather than series results in a
more economical desipn of generator, When two motors are used to
trive a bridge they ave wsitally of such size that one may be cut out
tn an emergency and the bridge operated by the other motor alone.
In either case, the power inpnt to the motor or motors (for equal
load) will be the same. With the parallel connection the noninal
voltage of each motor is the same as that of the generator and the
removal of one motor from the circuit in no way aflects this voltage.
r . -
The enly result, so far as the motors are concerned, is that with
single-motor operation all of the generator current must be absorbed
by one motor instead of being divided between two. The nominal
voltage of each motor when connected in series is half that of the
penerptor, hence removal of one motor from the circuit necessitates
readjustment of the generator voltage to half the normnal value.
The eurrent must then be doubled in order to maintain the same
power output. This is illustrated diggrammatically in Figure 65 and
may be shown symbolically as follows:
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Motors in parafle] Mutaors ip series
Power {watis) . ExI
Volts per motor Ef2
Amperes per motor I
Yolts per two motora
Amperes per two motors
Volis, generator
Amperes, generator

Ringle notor of Ringle mator of
purallel arrungement serirg atrapgement

Volts per motor E
Amperes per motor _____ ..o . 2 (Tf2)
Volts, gencrator E
Amperes, generator

The generator, for motors in parallel, need be capable of delivering
only % volts and / amperes, whereas the series motor connection

1t i ' ] I? EJI‘U? if

£
C ' { .
W

PARALLEL OPERATION - TWO PARALLEL OPERATION - ONE MOTOR

II | M‘ IEI

E
=z | maToR

SERIES OPERATION - TWO MOTORS SERIES OPERATION - ONE MOTOR
Figunp 65.—Motor characteristles in serles and purallet operation

requires that the generator be large enough to deliver £ volts and
2 nmperes,

Equal division of load between the two parallel-connected motors
depends upon overcoming their tendency to unload with increase in
load, Three factors determine the fiow of eurrent through the arma-
ture of any motor, namely, the line voltage, the resistance in the
armature eireuit, and the counter electromotive force.

I“‘E Hne_CEm (1)
o R

or,

E yoo=IF+ CEMT (@)

The latter equation states that the line voltage is equal to the
resistance drop and counter electromotive force of the armature. If
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an increase in current is accompanied by an appreciable increase in
either of the latter factors there will be a reaction against this
increase in current and hence the desired unloading tendency. Both
motors (designated as A and B} operate from the same impressed
voltage; therefore the following equation is true:

I_.;RA‘FCELL{F_‘; =E=IBR3+CENIF3 (3)

Equation (3) shows that for balanced conditions of load the total
counter voltages in euch motor circuit are equal,

For constant load, any increase in current through one motor
must be accompanied by a like decrease in current through the other
motor and therefore

{(Is+ia) Ry +CEMFE. = (I5—1%5) Rs+CEMF, (4)

This equation may be considered to apply to two shunt motors.
The total counter voltuages are unbalanced by an amount equal to the
difference in resistance drop, and are higher in the circuit carrying
the larger current. The unbalance, however, is very slight on ac-
count of the snall numerical value of &£, and can not be relied upon as
a means for balancing the current in the two motors. The addition
of a slight amount of resistance in series with eaxch motor, brings the
total resistance drop to u value that will produce the necessary result,
The equation then becomes

(IA + 54) (RA + 'f',.;) -+ CEJ.\’IFA = (Ig - l‘.g) (RB '{'?'3) "I‘CEMFB (5)

where »=external resistance. This external resistance will cause 1
decrease in overall efficiency not exceeding 4 per cent.

When the motors have compound windings, the quantity CEMF,
in the above equations is affected by change in current.  Counter
electromotive force is proportional to the motor speed and field flux,
and the latter is rougldy proportional to the ampere-turns producing
the lux. This may be expressed

CEMF=XNIS,

where
A'=the numerical multiplier
N =turns in series field winding
I=motor amperes
S=motor speed

Since # and § are the same for both motors, the above may be
written

CEMF =X

where K, =HNS. Equations (3) and (4) when applied to com-
pound motors may be writfen

IKR,;'FK;IA:IBRB‘I"KJB (6)
(I_4+'ir4) R,g'i'(fn'{'?tl,;) I{|=(IB—?.-3) RB“l‘(IB"T:g}K; (7)
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The unbalance in the counter voltage due to the unbalance current,
i, 1s sufficient to guarantee against a large value of this current. This
unbalance is cansed principally by the factor (I XK, in other
words, by a change in the generator CEMF.

Conclusions in regard to the use of motors with variable voltage
control may be briefly stated as follows: Shunt-wound or compound-
wound motors may be used. Both types provide approximately equal
performance as regards speed and forque. Shunt motors offer sim-
plicity and economy in wiring and apparatus, but operate at slightly
reduced efficiency when two motors are used. Compound motors offer
maximum efficiency, but involve increased complication in wiring
and appuaratus.

The generators used with this system ure arranged to operate
at constant speed, and have a special design of fleld windings.
Three separate field windings are used, two of which are of the
shunt type, and the third, a series type. One of these shunt wind-
ings, called the separately excited field, is energized from a source
of constant potential, usually supplied by an exciter directly
coupled to the generator. The other shunt winding, called the self-
excited field, obtains its energy from the terminals of the generator
itself. The sevies winding is connected directly in the main circuit
of the generater, and its polurity is such that it opposes the magneto-
motive force of the two shunt windings. The veactions of these
three field windings ave such that the terninal voltage of the gen-
erator drops slightly as the load increases from zero to normal, but
with further increase in load drops off very rapidly permitting the
motors to stall at w current which is not more than two or three
times the normal load current for bridge movement. This voltage
characteristic is illustrated by curve £5=/; in Figure 66.

The speed-torque characteristics are approximately the same as
the voltage-load characteristics, since the motor speed varies directly
as the generator voltage and the motor torque substantially as the
generator current. It is obvious from this that the system in-
herently provides a definite maximum torque which it is 1mpossible
to exceed. It is therefore impossible to subject the machinery to
strains or overloads by careless operation, and since there are no
protective relays there can be no damage due to their failure to
function. This safety in operation may result in the reduction of
safety fuctors in the strength of the hoisting machinery, since such
mnuchinery is ordinarily designed to withstand excessive torques and
shock, such as might be delivered by other types of drive under
abnormal conditions,

The magnitude of the generator voltage, and hence the speed of the
metors, is regulated by a master controller of the usual type, operating
principally in the separately excited field circuit. Figure 66 shows
three curves labeled £,-/,, E.—I., and E.~I,. These are produced,
respectively, by the first three power points on the master controller,
and are the net result of the reactions of the separately excited field
and the differential series field. When the master controller is moved
to the first power point, the generator voltage tends to rise to £,.
Current immediately flows in the main circuit and, due to the differ-
entiul action of the series field, the ampere turns of the separately
excited field ure nullified to a certain extent so that a voltage only
equal to 22/, (resistance drop of the civcuit) appears. This eircu-
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lates a current of /, amperes. The current f, may be in excess of
normal, and if so, the motors will accelerate uand, due to the accom-
panying rise in CEMT, the armatare enrrent will decrease with rise
in speed. Decrease in armature current results in decreased differ-
ential field action, with the result that the generater voltage now
rises iu proportion to increase in motor speed to u limiting value of
£, for no load. The renction for the seeond and third power points
are identical.

It will be noted that the maximmum current /;, which flows in the
armature circuits, is not affected by the last two power points of
the controller which add the self-excited shunt field. At the point
of waximum current the ampere turns of the separately excited feld
are neutralized by the ampere turns of the differential field. Curves
E{, and £/, uve produced by the self-excited {eld, governed by
the last two power points on the controller; and it will be noted that
these result i increase in genera-
tor voltage { :115(3 motor speed ) but !Nonunuaaqu: I
not in eurrent.  "The maximum am- AXIMUM TORGUE s 1.
pLre turns of the self-excited ﬁ(.’].(.l — ol POy GEHERATOR AMPERES- Liz
do not have sufficient magnitude Es Ty fVOLTAGE CURVES =
to build np or maintain the gen- — Ly S
erator  voltwre from  its  action
alone.  Initial voltage must be es- ™
tablished by the separately exelted
field before the self-excited feld ™
can become effective. Thus when
the separately execited field is nen- ™
teatized by the differential wind-
ing, the selfeexcited field also N
collapses.  The curved shape ot the GENERATOR AMPERES-MOTOR TORQUE
curves S and K=l s dve to Frecss GhoChaructoristie | ourves  for
the effects of a saturation of the
generator field poles. There is an excess of total field ampere turns
when operating on curve £y in the vegion of full load. With medium
increase in load the loss of net ampere turns in the field windings
tloes not appreciably effect the field Hux on azecount of pole satura-
tion. When the field flux reaches the point where saturation no
longer exists, there is a rapid collapse as illustrated by the sharp drop
in curve £~ for high curvent value,

The adjustment of voltage and current as the master controller is
moved from point to point never occurs abruptly, due to an inherent
time lag in the flux change in the generator fields, and also because
the differential field always tends to oppose any change in the exist-
ing load current, The result is a cushioning effect on the motor
torque. The muster controller may be jerked from the off position
to the full on position without shock to the machinery. The load
current in this case rises to maximum at a smooth rate in approx-
imately one to two seconds. The gradual rise in current permits
slack to be taken up in gears before heavy torque appears.

Decreuse in generator voltage on returning the master controller
toward the off position results in its becoming less than the motor
CEMF, which is always proportional to the bridge speed. The
motors, therefore, nct as generators, reversing the flow of main cur-
rent and supplying negative or decelerating torque provided the load

GENERATOR VOLTS -MOTOR SPEED- HORSE PORER
RESISTANCE DROP 15 MAIN CIRCUT
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is overhauling. In effect, this means thut for each point of the
master controller there is a fairly definite motor speed, regardless
of whether the load torque is positive or negative. This fenture is
of some importance on bridges which are not exactly counterbalanced
throughout full travel, since there is no tendency to “run away>
such as would be the case with certain types of rhiecstatic controllers
when the Joad is overhauling. This feature is Important on any
bridge for purposes of “slow down,” resulting in greatly reduced
duty on friction-type brakes.

A study of Figure 66 indicates that the power input into this sys-
tem varies from theoretieal zero with the motors operating at max-
imum speed and no load, to & maximum at some intermedinte value
of speed and load, and buck to zero with the motors stalled at maxi-
mum torque. Horsepower is the product of voltage, current, and a
constant. Zero hovsepower at full sl)eed and no load is due to the
absence of the current factor, and at ® stall ™ it is due to the absence
of the voltage factor. This is a most important feature where the
generator is driven by an internal-combustion engine, With an ordi-
nary type of generator and rheostatic control, the power input
would incresse directly as the generator current output. The power
of the engine for such a system would need to be based upon the
maximum emergency currents required for operation under unusual
ice or wind loads and the engine would therefore be considerably
larger than required for normal operation. The maximum power
input for the variable-voltage system on the other hand, oceurs in the
region of normal load current, and, thevefore, the engine need be
only large enough to supply this power. The engine will never be
required to deliver power in excess of this, since the heavy emer-
gency torques are handled at reduced power. The ratings of inter-
nal-combustion engines are generally such that they have little
reserve power, but since the variable-voltage system eliminates the
necessity for reserve power u closely rated engiue may be safely used.

General conclusions on the performance of the variable voltage
system us a whole may be summed up uas follows:

The machines themselves are practically immune to damage from
overload due to careless operation.

The maximum torque is definitely limited, eliminating the possi-
bility of damuging mechanical strains in machinery.

Protection is afforded against shock or jar due to careless opera-
tion and the system is almost ideal in giving smooth accelerstion.

Slow down (or retarding torque} can be obtained with an over-
hauling load.

Certain advantages may be realized in the applicatioin of engine
prime movers.

Full automatic starters, confrolled remotely by start and stop
push butfons on the operator’s board can be used for motor gener-
ator sets. Where the motor uses alternating current the starter
may be either of the line or reduced-voltage type. The line-type
starter employs a single contactor, or oil circuit breaker where the
voltage is above 600, and full-line voltage is applied directly to
the motor terminals in starting. The reduced-voltage type makes
use of two or three switching devices together with an autotrans-
former or reactor for the purpose of applying from 50 to 80 per
cent normal voltage to the motor at sturting. The current drawn
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from the line at the instant a line starter is closed may reach a
value approximately 600 per cent of nermal, but for the reduced-
voltage starter the current may be limited to only 200 or 300 per
cent of normal. The driving motor for the motor-generator set
for a large bridge may be rated as high as 500 horsepower in some
cases, and a current inrush gpproximating six times normal current
would cause objectionable surges and voltage fluctuations on a pub-
lic-service line where lighting circuits are part of the connected
load. The bridge engineer wiil probably be compelled to use the
reduced-voltage type starter in most cases, due to power-company
regulations which prohibit excessive and abrupt demands on their
lines.

Auxiliary and control circuits handling magnetic brakes, motor
field, genetutor fields, magnetic contactors and relays, electrically
opernted circuit breakers, etc., can be supplied with power at 115,
230, or 550 volts direct current by an exciter on the main generator
shaft. Another arrangement makes use of a 125-valt storage battery
for control circuits, which may also be used for emergency lighting
service, in the event of a failure of alternating-current power. This
latter arrangement, of connrse, necessitates the use of a small auxiliary
motor-generator set for charging the battery. .

PROTECTIVE AND SPEED-MATCHING INDICATORS FOR VERTICAL-
LIFT BRIDGES

The common type of vertical-lift bridge has the lifting machinery
mounted on the moving span. This has been necessary, perhaps,
since the same drum can be arranged to lift both ends of the bridge,
thos insuring that the span remains level throughout the lift,

A few bridges have been recently constructed, In which there is
no machinery on the moving span and which unse separate hoistin
machines and motors for each end of the span, these being locate
In the tops of the stalionary towers. There appears to be consider-
able mechanical economy in this design, particularly in lifting cables
and accessories, but it 1s essential that the two hoisting machines
operale in synchronism in order that the bridge be mainfained level
during the lifting operation. The maximum amount of permissible
skew on any of the completed installations has not exceeded approxi-
mately 12 inches in 150 feet. The electrical problem consists, of
course, in maintaining the average speed of the motors equal and in
permitting no transient variation in speed that will cause a skew
greater than the allowable limit.

The control system used so far has made use of a system of skew
indication conveniently arranged with a leveling master eontroller,
In addition to this an ultimate skew limit switch has been provided
und arranged to bring the bridge to a stop by cutting off power and
setting brakes whenever the skew approaches the allowable limit.
The latter device is in the nature oFa positive safety factor, and
does not depend upon the operator, as in the case of the leveling
scheme,

The motors in the towers are all controlled from a common master
controller located in the operator's house. The arrangement pro-
vides that all control functions stich as applying power, closing ac-
celerating contactors, ete., oceur simultaneously for each drive. This

045359°—81—T1
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guarantees that the speeds of the ends of the bridge will be approxi-
mately equal for normal operating conditions. There will always be
small inequalities in friction or weight between the ends of the bridge
with the result that sooner or later one end of the bridge will lead
the other during the movement of the span. The operator, guided
by the skew indicator, manipulates the leveling controller to correct
for skew as it appears, This is secomplished by slowing down the
teading end of the bridge momenturily.

Figure 67 illustrates the main items involved in the control appa-
ratus. The two transmitters, A and B, and the receiver, C, of the
skew indicator system are identical in design prineiple with ordinary
wound-rotor induction motoers. The transmitters are geared to their
respective hoisting machines so as to rotate at some low speed not
exceeding about 60 r. p. m. when the bridge is moving at full speed.
The primary winding of each transmitter is connected o a common
source of supply. Each acts in a sense as a transformer generating
equal voltages in circuits A and B. The frequency in these two clr-
cuits is variable, being equal to that of the supply when the bridge
ig at rest, but decreasing to some lower value when the bridge is
moving at full speed. Circuits A and B conform in every respect to
the rotor-circuits of wound-rotor induction motors, and the frequency
varies inversely as the speed of the roter. It is obvious that the fre-
quency in the two circnits will be equal, though variable, as long as
cuch end of the span moves at equal speed, but any difference in
speed will result in a slight difference in frequency in the circuits
A and B.

The elementavy diagram {fig. 67) indicates cireuit A connected to
the stator of the indicator veceiver and circuit B connected to the
rotor, with phase rotation such that the magnetic poles set up by
each revolve in the same direction. When the bridge is at rest the
rotor will take up a fixed position such that 2 moving north pole on
the rotor is opposite a moving south pole on the stafor, ete. The
pointer on the indicator dial is adjusted to stand at the vertical or
neutral point marked “level” when the bridge is level. It will be
understoud that, although the magnetic poles revelve at high speed,
there is no movement of the pointer while the bridge is at rest, or
while both ends move at the saine speed,

Movenent of the pointer occurs only when there is a difference
in frequeney between civenits A and B, To nnalyse the reactions, let
it be assumed thag the bridge is in motion, that end A is moving ot
a shghtly higher speed than end B and that the receiver flelds are
rotating in a clockwise divection. This will result in a frequency
of, let us sav. 30 eycles per second in circuit B and 49.9 cycles in
circuit A. The speed of the magnetic poles on the rotor will be—

Alternations per minute

R.p.m.= poles
B 50‘>5_£1>< 6 _ 1 500
For the poles on the stotor—
_90X2XN oy
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This indicates that the magnetic poles on the rotor will lead the
poles on the stator by one quurter revolution (90°) at the end of a
d-second period assuming that they were in synchronisin at the start.
Actually, however, this does not occur. The magnetic reaction be-
tween the poles on the stator and rotor are such that a north pole
on the rotor must always remain exactly opposite a south pole on the
stutor, therefore the rotor must rotate mechanically one quarter
revolution v the opposite direction to compensate for the loss in the
speed of its field. The movement takes place at a uniform rate, and
at the end of five seconds the indicator dixl hand will have rotated
90° in a counterclockwise direction and will indicate A end high.

If it had been assumed that end B traveled at the higher speed,
the magnetic poles of the rotor would have made 124.75 revolutions
while the stator poles revolved 125 turns. In this case the rotor
must rotate mechanically one guarter revilution in a clockwise diree-
tion to compensate for the higher speed of the magnetic field. At the
endl of the d-second period the dial hand will have votated 90° in a
clockwise direction, indicating B end high.

The deflection of the dial hand is of course proportienal to the
skew of the bridge.  The dinl may therefore be calibrated in inches
of skew.

Any tendency of the bridge to become skewed while in motion is
at once brought to the operator’s attention by a movement of the
indicator hand, one way or the other. An arrangement has been
worked cut that eliminates any necessity for the operator to interpret
the movements of the Indicator. This has been accomplished by
mounting the leveling controller immediately beneath the indicator,
so that the movement of the vertical handle is similar to the swing
of the indicator hand. The operator corrects for skew by moving the
controtier handle in the opposite irection to the swing of the indica-
tor hand.

Existing installations use the leveling scheme described above, with
the actual leveling depending upon a manipulation of a device by the
operator, With transmitters and receiver of increased size, there is
no reason why the indicator could not be replaced by a contact-
making device arranged to perform the same function as the leveling
controller. An arrangement of this kind would antomatically tend
lo miaintain the bridge level without attention by the operator.

The ultimate-skew switch shown in the diagram, is a posifive-
circnit interrupter, arranged to stop all motors and set all brakes
in ease the bridge skew approaches the maximum allowable limit.

The eireuit interrupter includes two units, one of which is geared
to the hoisting machinery at each end of the bridge. Each unit con-
sists of a rotating drum, or face plate, carrying six contact segments.
One of the segments on each drum makes eontact throughout 366°
of rotation and serves as a common feed for the drum. Each of
the other five semments are in contact somewhat less than 180°, and
are spaced at equal distances around the face plate. The five fingers
of unit A in contact with these latter segments are connected to the
corresponding fngers on umt B,

The action of the two units is such that they are conneefed to-
wether electrically, through one, two. or three of the five conductors
us long as they are not more than approximately 120° out of phase;

-t
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that is, as long as a point on one face plate does not lag or lead =
corresponding point on the other by more than 120°, as both rotate,
the circuit between the two is not broken. YWhen the Ing or lead
exceeds this angle, the civcuit will be breken momentarily five Hmes
for each 360° of revolution. The first momentary interruption of
the cireuit trips & cut-ofl velay, which can not be permanently reset
until the bridge skew has been corrected and all master controllers
brought to the off position.

Figure 67 shows a series of four sketches with the two face plates
supertmposed upon each other with varying degrees of displacement,
The fingers of both units will fall along the same position line in all
cases,  Unit A carries left-hand spiral shading and unit B carries
right-hand shading. Overlapping parts of the segments sre shown
it black, while puarts of the segments not overtapping carry line
shading. A eirenit from one unit to the other can only be eompleted
where the segments overlap, therefore the fingers that fall in the
black areas will complete a circuit between the two units via their
respective eireuits,

Bketeh No. 1 shows the units exactly in phase with the bridge
level, Tt will be noted that twe or three circuits are always com-
pleted between the units. At position @ cirenits 1, 4, and 5 are com-
pleted, ab b cirenits 1 and 5, at ¢ civenits 1, 2, and 3, at d cireuits 1
and 2, at g civeuits 1,2, and 3, ete.  Sketch No. 2 shows unit B Iagging
by 90°, caused by the bridge being skewed with A end high. This
sieteli shows that at least one cireuit is always completed befween the
two nunits, and part of the thme two civenits are completed. At posi-
tion e civeuit 4 iy complete, nt ¢ circuits 4 and 3, at b cirenit 4, at &
cirenit 1, ete. Sketch No. 3 shows a displacement of 120°. A, cireuit
between the two units is not always complete for this displacement.
At position ¢ cirenit 4 is complete, at ab all circuits are incomplete,
Cireuit 5 is established for positions  and e, For this displacement
there will be five momentary interruptions for every complete revo-
lution of the switches. The skew corresponding to 120° displacement
of the limit switches therefore represents the maximum amount of
skew attuinable, provided both ends of the bridge are in motion.

Sketch No. £ shows the resnlt of 180° displacement, with all cir-
cuits incomplete at all times during rotation of the switches, This
amount of displacement ean only be approximated by moving one
end of the bridge alone. It is apparent that all the cross-hatched
area shown in sketeh No. 3 will not disappear until the displacement
approaches 180°. 1t is only possible to attain this degree of dis-
placement by moving one end of the bridge with the other at a stand-
still. This will be apparent if it is assumed the fingers on position &
in sketeh No. 3, and then consider that unit B be rotated in a counter-
clockwise direction.  The overlapping full black area at position %
will not disappear untit unit B has rotated neariy 180°, and cirenit 3
will be maintained until this eccurs:

The interrupter therefore does not break the cireuit at a fixed point
of skew, but may ent out anywhere within fixed limits. These limits
ocer between 1200° nind 180° of displacement for the units, and this
may be translated into any desived amount of bridge skew by a choice
of suitable gearing.  Assuming a waximum permissible skew of 12
inches, the gearing should preﬁrnbly be such that the maximum cut-
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out occlirs with a skew of about 9 inches. The minimumn cut-out
would then oecur at 6 inches skew {both ends in motion).

LIGHT-SENSITIVE RELAYS

One of the most important problems in connection with movable
bridges has to do with the design of a reliable protective system.
The bridge and operating macTiinery must be protected ugainsk
damage due to overtravel, or incorrect operating sequence, and
provision must be made for the protection of bridge traflic. This
has been accomplished in the past by the use of mechanically op-
eratedd limit switches of various types, which are fully described
elsewhere in this bulletin.

The new light-sensitive relays which have recently appeared on
the market possess characteristics which may permit an improve-
ment in the design of these protective devices in three respecets,
namely:

{1) Elimination of complicated mechanical operating devices for
Hmnit switehes.

{2} Greater refinement in precision-type limit-switch applications.

{8) Elimination of submarine or flexible aerial cables between
moving and stationary parts of bridges.

Light-sensitive relays may be arranged either to make or break
a contact, and both of these performances may be brought about by
pither cutting off a beam of light or establishing the beam. This
ean be accomplished either by moving the source of the light with
respect to the Light receiver or by interposing a shutter between
a fixed light source and the receiver. In general, where the relay
is npplie(T for the purpose of limiting travel, a scheme which de-
pends upon an interruption of the light beam should be wsed so that
a failure of the light source will stop the machinery and prevent
damage. Those arrangements where the relay depends upon estab-
Jishing the light beans between the source and the light-sensitive
element should be restricted to the sequence interlocking system,
where a failure ean be taken core of by the ordinary interlecking
by-pass or short-cireniting switches.

The only operating device required for use with light relays will
consist of a member or shutter for the purpose of interrupting the
light beam.  This will not always be required, since the same purpose
can be accomplished by moving the source of light with respect
to the retay. This surt of opernting device can not be thrown out
of adjustmrent by dimensional chauges in the bridge due to varying
teraperature, such as may occur with certain mechanieal arrange-
ments and does not suffer from impuact when engaged by high-speed
moving parts.

There are a tew limit-switeh applications on bridges, where it is
perhaps impossible to design a mechanically operated switch that
will function with the desired precision, These generally may be
clussificd as switches operated directly by a moving member und
which must go through a complete cvele of opening and closing with
continuous movement of the actuating member. An example of
this is o switeh designed to close a contact when a double-action
swing bridge is in a fully closed (neutral) position. Any ordinary
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mechanically operated switch that might be applied for this purpose
will maintain its contacts closed for a distance of from 1 to 8 inches
of travel on either side of the neutral for the end of the bridge.
This is not w very high degree of aceuracy, and, moresver, such
accuracy may be impairved by temperature dinensional variations in
the moving spun. A light-velay system avvanged with the light
sofree on the rest pier and the relay on the moving span, and em-
ploying an aperture for the light beam in the form of a vertieal slit,
could be armiged to confine the operating range to within at least
ane-fourth inch of the cxnet Tully closed position,

For bridges of the swing and vertieal-lift types the operator’s
howse is wenerally located on the moving span. Roadway gates,
warning lights and signals, feaftic nrriers, efe., are located on the
bridge approaches.  Power for aperating und controlling these de-
vices 1s brought from the operator’s house on the moving span by
multiconductor suhmavine or weriad cabled. These cables may be
( tor the grester part at least) eliminated and the traffic gates, lights,
anel signals controlled by Light relays located on the approaches and
aetuated by Hght projecters mounted on the moving span. It will
be voted that this sehewe. besides controlling the roadway devices,
also :mtmn:l{i(rnllly provides the necegsary interlocking, inasmuch as
it will be impossible (6 inadvertently operate any of the roadway de-
vices with the span open, sinee the Hght beam from the projectors
can not engage the relays in any other than the full-closed position.

APPENDIX

In mueh of the discassion ol inany of the figures contained in this hitlletin
no ubtermpt his been made to follow e exaet standards of ferminnlogy adopied
hy the elociricnd manufuctuaving trade, nor to strictly msdbere to estnblistuod
conventionnd symdlads. This devintios feotn stundard eonvention was adopted
in the intevest of ciavity of oxpression, and beeause the sirict sonvention meth-
cils of representation appenr, in certnin instanves mther too schematie fo
elearly jliusieato the fexr.

B therelore appees advissbie to inelude, ab this peint, cortain extracts
fromw the No I M. AL ¢ Natfonul Elecrries? Manutacturery’ Assoviation) Indus-
rrinl Control Sosndaeds, 0s in effert on Jamaey 17001

DEFINITIONS

Hectric controller—An elogtrie contraller is a deviee, ov gronp of dovices,
wliely serves 1o govern, in some predetermined manner, the clectric power
ticitvered to the appsrrmtts o wiileh it s conbectod,

tull mrirgnetic ctntrotfer——A Tull magnetie controller is a controtler hav-
i nloof its basie fonciions? performed by cleclromignets.

Sentimagnetic copirofter—\ semimngnetiec sonfroller 5 a0 controfler having
part of s lasie functions pertormed by electromgnels and part by ofhwer
HIas,

YMannal centroffer--A manual contedler s o controller ferving ol of s
Pasie Funedions perforined by b,

O, confrotler, =X dras contraliee® s 0 controller which ntilizes o dyum
swheh s the nmin switehing olemesnt,

Sterter.--A starter in o eondeelior * designed  fur accetersting o wmetor to
norsitl Speed i one dlrefion of colntion.

Mufosafie storrter-—Xn aubsmntie starter 5 0 sturter designed (o antonati-
eally contrel the aceeleration of g motor,

ity basfe tanetions oasuaily smeanl peedlerntion. eetprdetion, lime elosinng rovers-
frege, el

TA drn voentroller sy vonsisis of oo deem swilel od 8 oeeslsror, .

W dovlee deslgnmt Cor staetbge n motay I olilas direction of ratatlon inclides O
atdd{tlonad functlen of reversing wanl shonl) e desigaatied 4 controller.
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Autotranaformer sterier—An autotransformer starter is a starter having
an aufetransformer to fornish o reduced voltage for sturting. The device
includes the necessary switching mechanism gnd 1s freaquently ealled & com-
pensator or autostarter,

Contact—A contact is a conducting part deslgned te be united by pressure
to another conducting part for the purpese of carrying eurvent.

Switch.—A switch is a2 device for making, breaking, or changing the con-
nections in gn electrie eireuit.

Digconnecting switeh.—A disconnecting switeh is a switech which Is intended
te epen a civeuit only afier the load has been thrown off by some other meuns,

Motor circuit ywiteh—A motor elreult switeh is n switch intended to open
nnder load and will break 100 per cent of its rated load. Buch a switeh wmay
be upsed to stop the motor under normal running conditions and also provide
menng tor disconnecting the controller and metor from the line when it is
necessary to make ropairs.

Drim gwilelt—A drum switelh is o switch baving electrical connecting parts
in the Lorm of fingers held by spring presgure agninst contact segments or sur-
faced on the periphery ol a rotating cylinder or sector.

Mitster switch—A master switch ® is 1 switch which serves to govern the
operation of contactors and anxilinry devices of an electric controller,

Conlactor—A contactor is a deviee for repeatedly esiublishing and inter-
rupting an eleetric power eircuit.

Mugnetic contecfor—A magnetic contactor is a contacior actuated by electro-
mingmetic means.

Resistance~—Ruosistanes {8 the opposition offered by a substance or body
to the passage threugh it of an electric current and converts electrie energy
into hewrt, Resistunce is the reciproeil of conductince.

Lesistor—A vesistor 18 a device used primbrily beecause it possesses the
property of cleetrienl resistance. A vesistor as used in electric cireuit for
purpeses of operation, profection, or control, commonly cehsists of an aggre-
gation of vnits.

Rheostut~—A vheostnt is a vesistor which 1s provided with means for readily
viarying ity resistunce.

Reogistive conductor.—A resistive eonductor is u conductor used primarily
because it possesses the property of eleetrical resistance,

KINDS OF PROTECTION

Lo (or wnder) voltage protection—Low (or under) voltage protectlon is
the elfect of n device aperative on the reduection or fuilure of voltage to cause
and maintain the interruption of power to the main eireuit.

Law (or wnder) vollage relense—Low {or under} voltage relegse is the
effect of a device, operative on the reduction or falluve of voltage, to cnuse
the interruption of power to the main civenit but not to prevent the reestab-
lishment of the main circuit on return of voeltage,

Phoge-fuiture protection—DPhase-fuilure protection iz the effect of a device
operative upen the failure of power in one wire of n polyphase eirecuit, to eause
and maintain the interruption of power in all of the cireuit.

Phuse-reversal protection.—Phase-reversil protection is the effect of a device
operiitive on the reversal of the phige rotatien in 2 polyphase cireult, to eause
and maintain the interruption of power In all of the clrenit.

Ovcrlond protection—QOverload profection is the effect of a device operative
on excessive current fo eruse atd maintain the intercruption of curcent flow
ta the device governed, When it is 2 funetion of a contreller for i motor,
the device employed shall provide for intervupting any operative overloads®
but shadl not be required to Interrupt short clreults,

RELAYS

Belay—A velay s a device that is operative by a variation in the conditions
of one electric eireuit to effect the operation of other devices in the saime or
another eleefric eirveuit,

A mmsfer switeh may be nutomantic, ax n foat switel or pressure regulator. It woy
be manuatly operated, as n dvam, push button, or knife switeh,

W3y eperating overlomd 18 meant a current not in excess of six times the rated current
for nlternnting-current notors, nor in cxcess of four times the rated current for direct-
current motors,
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Phage-rolation relay.—A phase-rotution velny is a relay which funetlons in
accortdunee with the direction of plhinge rotation,

Current relay—A current relay iz a relay which funeftons at n predetermined
value of enrrent. A corrent relay may be either an overeurrent relay or an
undercurrent relay.

Overiued refay~—An overlond relay is an overcuvrent relay in the elvenit of
a motor whiceh functions ot a predetermined volue of the currvent to euuse the
glgeonnection of the motor Erom the line.

Tellage reley—A voltage relay is a relay which funetions at a predetermined
value of voltage. A volinge relay may be either un overvoltige relay or an
undervaltapge relay.

Differentint relay. "—A differential veloy is a relay which funetlong by reason
of the Aifference hetween two fuantities such as cmrrent or voltage, ete.

Fregueney relay—A frequeney relay is a relay which functions at o prede-
tormined value of frequeney., A frequency rvelay may be either an overfre-
quency relay or an underfrequency relay.

Temperature refuy—A temperature relny Is o relny which functions at a pre-
determinet tempergture in the apparatns protected.

Open-phage relay—An open-phase velay is o relay which fonetions by renson
ol the ppening of one phase of a pelyphase clireuit,

Step-baecl relupP—A step-back relay is 2 relay which operates to limit the
cureent pesks of a motor when the armifure or line ¢current increnses, A step-
hack relay may, in addition, opernfe to remove the eause of the limitation to
the current pesks of a motor when the svmature or Iine current decreases.

QUALIFYING TERMS OF RELAYS

Nofehing—A qualifying fermn applied te any relay indieafing that a pre-
determined number of separate impulses are required to complete operation,

Inrerse timo—Inverse time iz a qualifyving term indieating that there is
purpnsely Introdoced a delayed action, which delay decreases as the operating
foree increases.

Definite time—A gualifyving ferm applied to any relay indicating that there
Is purpesely Introduced o delay in uction, which delay remaing substantially
constant regardless of the magnitude of the guantity that causes the relay to
function. (For quantlties slightly above the minimum operating value, the
delay may be inverse,)

Ingtantnineons~A qunlifying term applied to any velny indieating that no
delay is purposely introduced in its action.

PROPERTIES AND CHARACTERISTICS OF APPARATUS

Pick-up voltage (or eurvent) —The piek-up voltage {or eurrent) is the volt-
age (o current) nt which a mapnetic contactor starts to close under condi-
fiong Of normal operating teinperature.

Seating voltape {or current) —The seating voltage {or curvent} is the vol{-
age {or current) necessary to sent the armature of a magnetic eontactor from
the position at which the contnets fivst touch each other, under conditions of
normal operating temperafure,

Segting gap——The seating gap is the distance between the armature and the
center of the eore of 4 magnetie contactor when the contacts first touch each
ather,

Drop-enut voitage (or currenf) —The drop-out volitnge (or current) is the
voltage (or current) at which the contacts of a magnetic eontactor open under
conditiony of normal operating temperuture.

MISCELLANEQUS

Conducting porta—Conduecting parts of control apharatus are those designed
to cnory enrrent or which are conductively eonnected therewith.

rtrounded parts—CGrounded parts are those parts which ave so conneeted
that, when the Installation iy complete, thoy are in eleetrieal connection with
the earth,

13 This term Includes relnys heretofore known as ‘' ratle balaoce relays,™ * blased
relays”" and © pereentpge differential relnys.™

" When wseit with n motnr having a fiswheel, the reiay enuvses the momentary transfer
of stered energy from the fywheel to the load, bhut does not Lhinit the curvent penks 1f the
Iond s sustnined for a cousldernble interval nfter the reloy operafes.
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Magnet brukbe—A mugnet brake is o friction brake coufrolied by eleciro-
magietio menns,

Jogying service—~—Jogging or inching is the guickly repeated closure of the
¢lrenit fu start o motor from rest for thie puipose of accomplisbing small move-
menty of the driven machine.

Cuntrol circuit trunsformer—A control civeuit transformer is a voltage
transformer utilized to supply n voltage suitable for the opertstion of shunt-goll
wagnetic devices.

Candrolicr-wiring diegram——A controller-wiring diggram Is o Glagram show-
ing the electrical connections between the parts comprising the coatroller, und
indicating the external eonnections.

Hrternal controtier wiring diegrea,—An external contreller wiring diagram
is u diagram showing the elecirical connections between the controlier terminals
apd owtside points, speb as conneections from the line to the motor amd to
suxilinry devices.

Controlier-construction diggrant—A. controtler-construction diagram is a
diagram imnlicating the physical arrangement of parts such as wiring. buses,
resistor nsity, ete. Exumple: A disgram showing the arrangement of grids
qud terminnls in o grid-type resistor.

Elementaryg-controlicr diggram . —~-An elementary-controller diagram is a dii-
gram osing symbols gnd an elementary plan of connections to illustrate, in
simple form, the motor circuits and the scheme of control.

Control sequence lable—A control seguence table is a table indieuting the
connecting  devices which are closed for esch sueeessive position of the
confrotler.

Fuses—A fuse is an overcurrent protective device with a circuil opening
fusible member divectly heated and destroyved by the current passing through
it.

Thermal cut-ouf—A thernal cat-out i an overcurrent protective device
that contains o heater element ™ in addition to and affecting 5 Fusible member
which opens the eireuit.

Durrier—A barrier is o partition for the insuluticn or isclation of electrie
cirenits or efcetiie ares.

RATING, PERFORMANCE, AND TEST

Amblent temperatu-e—Ambient temperatuve iz the temperature of the
air or water which, coming into contact with the beated parts of a machine,
earries off their heat. (Se¢e A. I E. E. Rule 3,000.")

Ruating—A rating of n muchine, appuratus, or device is an arbifrary
designution of an operating Hmit.

For the purpose of this section the rating of a coniroller is based upon
the power governed, the duty. and the service reguired. Standard ratings
d¢ not provide for overload capacity.

The rating™ of contrel apparntus in peneral shail be expressed in voits,
amperes, hovsepower, or kilowatts, as may e appropriate,

Renistors shall Lbe pated In ohms nand amperes and cliss of service, The
varigus kinds of rafing recoghized ave:

Continwous ruling—The contintous rating defines the load which can be
carried for an unlimited neviod, without causing any of the limitations estab-
lished herein to bhe exceeded.

ight-howr viting—The 8-hour rating of a magnetic eontactor Is its smpere-
carrying capacity for €ight hours under conditions of free ventilation starting
with new, ¢lenn contitet surfaces and not exceeding N. E. M. A, temperature
Yimitations and with the operating coil circuit excited at full-rated voltage.

# The henter element may ba o ocoil, o rexistive eonductsr, ov any beat-prodvecing means
respronding to the cuvrent.

w ambient teoperature is commonly known as ¥ ropm temperature * jn conmnection with
nir-cpoled npparetuy oot provided with ardifcind venttlationo.

T Nationat Kleetrleal  Manusfacturers” Assocktion reles spocify fhiat the =standard
ambilent Femperabiee of reference, when the cooling wedium s abe, shall be 40° O,

B A reting is arbitvary in the sense that If omust negessarily be estaldished by definite
tixed grapdaels, amnd ean nof, therpfore, indicatr e safe operating limit under alf condi-
tlous that ey occay in seryvioe,

W For gonvenlenee in appliention sinriers ave freguently vated in horsepower.  In such
cased the atacier ratinge ix (he borsopower ruting of the lurgest motor for which the
starter is desipned to be used.
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The 8-hour rating is the recognized standurd rating, Any other time capacily
reguired should he specified in detinite terms.

¢ Nore—* Contiouous rating " with respect to contactors ig considered ag an indefinite
Brpy.

The service charaecteristics of contructors are recognized as determining
their applicability te various dnty cycles such as—

Maximum ¢ireuit closing capaeity.

Maximum intervopting capacity.

Weariny qualities under given frequency of operation.

Periodie ruting.—The periodie rating defines the load which can be carried
for the alternate periods of loardt and rest specitied in the rating, the appurates
starting col), and for the total time specified in the rating without causing
any of the limitations establislied hervein to be exceeded.

Standard perivdic retings—Standard periodic ratings are as follows:

15 seconds lond every four minutes, or che-sixteenth fime rating.
30 seconds load every four minutes, or one-eighth time riting.

45 seeonds lond every four minutes, or three-sixteenths time rating
1 minute load every four minutes, or one-feurth time rating.

11, mingtes lowtd every four minutes, or three-cighths time rating.
2 minutes load every four minutes, or one-hulf time rating,

In cach ense the alternate periods of load and rest shall be continued for
one honr,

Serviee clussificationy of motor-control resisfors—{(1) Numbers used to desig-
nate the resistors reguired for different classes of control service are given in
Tihle 4.

{2y The test on sturting and intermittent-duty resistors to meet the above
etussification shalli be continued for one bour. They are primarily designed
for use with motors requiring an initial torgue corresponding te the current
value for the class of resistors specified and requiring an average (root-mesn-
square} aceelerating current in nany case of 125 per cent of full-load ralue.

{3} The test on continunus-duty resistors shall be coutinued until maximum
temperature is reached. They shall be capable of enrrying full-toad current on
any point where the resistunce will permit that amount of current to puss.

Tanck 4. —Classification of resistors for periodic rating®

15see- | 30sec- | 45 see- ; 13 MR- o e in-

Apnrotismte pereentage of full- | onds out { onds out | ends out ioﬁitl?'n?tf utes ot 'ﬂﬁée‘%‘;’s C:ga’sn

loud enrrent on Lhe ficst poing of 4 ol 4 ol 4 minutes of 4 minputes | duty
minutes | mioates | minutes minutes

Nuuher § Numiber | Number | Number | Number | Namber | Number
11 31 41 r

L 51 o 71l 91
12 31 52 52 62 72 82

i3 33 i1 33 63 3 03

M 44 + 51 64 T 94

: 15 35 5 35 3 5 95

. i) 9%

i 3 36 a6 iH

¢

t Stacting andd intermnittent-duty tesistors lo the classification tatde pre rimarily designed for use with
motors requiring nn initial Lorgue corresponding to the current value for the piass M restsior specificd uod
runiving AR AverwEe {rooi-ruean-siuare} secelerating current not in exeess of 125 per ceat of the full-lead
value.

MANUFACTURERS’ SPECIFICATIONS

Ovrrioad proteciion—QOverload protection of miotlors abeve § horsepower at
115 volts, or lurger than 1{ horsepower at the higher voltuages, shall be provided
by o vontactor with overload relay or some sort of eireuit breuker which shall
respond to exeessive current on one side of direct-current and single-phase
aiternating-current circuits, and to excessive current in two sides of poiyphase
cirenits. Fuses may he used for the protection of smaller motors.

Law (ar wnder) voltage protection~—Where the resturting of i moter on the
restorution of voltage muy eanse dianage or injucy, fow {or under) voltage pro-
tection shmil be furnished. For all other cases either fow-voltage releuse or
low (or under) voltaige protection shull be furnished.
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Tups for autotransformerg~—(1) Standard small gufotransformer starters (50
horsepower and smaller) shall have taps at approximately 65 per cent and
approximutely 80 per cent as determined under load conditions.

(2) Btandard large autotransformer starters (larger than 50 horsepower)
shall huve taps at 30 per cent, 65 per cent, and 80 per cent as determined undsr
load conditions,

{3} Far qetermining load conditions, the average stalled-motor current soail
be assumed to be six times pormal current at full voliuge, The load {aken from
the different taps shall be hased on the relurion of the tap voltage to the
normal line voltage, and the load shali be inductive with a power factor of 50
per cent or less.

Murking of autotransformers—(1) The tans and the cofls of autotransformer
motor starters {(or compensators) shall be marked as indieasted in parn-
graph {2).

{2} The end of the winding whieh is connected 1o the Y or delta point, und
which is the sfart of the winding, shall be marked O. The intermediate tups
siall be nombered 1, 2, 3, ete, Neo 1 heing the low-voltage tap. The end
connection which poes to the line shall be murked ¥ F."

Muarking end conneetory for resistor units—Where a registor is made of two
or more unlls and it is necessary to connect these units together, the use of
the letters A to A, B to B, ete,, is recommended,

Noneorroditde sateriel—Iron, steel, or other material withk a suitable pro-
tective coating shatll be considered noncorredible muterial

Direct-girrent purnunl-sturting rhcostats—Standord starting rheostats shall
e capnble of opening the circuit on the first point with the motor at rest,

Standard 500-volt face-plute type direct-current nuinual-starting rheostats
muy be furnished for 2 maximum of 600 volts.

Theee-pole primary conteclor conncetions—It is recommended that 3-pole
primary contuctors should be so conbected that the Ewo overioad elements
are [n the leads of the motor terminsls T-1 and T-2.

When this contactor is used on a1 2-phase, 3-wire circuait, L-3 should be made
the cownmon power line, and terminuls 1-3 and T—4 should be connected to-
gether at the motor for the common lead to the motor from the terminal T-3
ot the panel. Whoen used on 0 2-phase, 4-wire cirenit, line L—4 should be run
direct to terminal T4 at the motor.

Size of lcads for wownd secondary motor.—The connecting wires between
the secondury of n wound-secondary motor and its resistor shall not be less
than the percentages of continuous rating given In the following fabulation:

Percentapge of

Duty coutimous
ruting

15 seconds out of four minuviea (light starting) - 35
30 wecomly our of four milnutes (Deavy SEartin) o o e mm————————— +5
45 geconds cut of four minutes (extra heavy starting) - biti]
1 minule cut of foor mivutes Olght intermittent) o o oo o oo e oo 63
2% mingtes eut of four minutes (medinm fnfernditent) oo -2 - rél
2 minutex out of four minvtes (heavy Inbermibent} oo o e e 85
Cunt NS o e e - 110

Nure—Sor Trble 4 for service classification of resistors.

Speed reduction—Spesdd reduction of motors as nccomplished by control
appuratus will be exinessed in percentare of full load speed.

fhciosiures for controllers— (1) I[nclosures are furnished with and form a
art of industrial ¢ontrol equipment for the purpose of uffording protection by
congtraction, These jnclosures wre of the following renerul classes:

Cluss 1,—A solid inclosure without slor or other opening.

Class 2—A sodid inclosire except for & s=lot for the operating handle or
openings for ventilation, ar both.

Closs 3—Wire mesh, perroraied sereens or grill work.

Design.

{1) Al inclosures shall e =0 desigued and assembled that they will with-
st handling during shipment and instailation.

(2) There must be suthetent space within the inclosure to permit unin-
suliuted parts of wire terminuls to be separated so as to prevent their coming
in contact with each olher. Inclosures must e sueh ng to permit proper wire
connections to Do e with adequate spacing of the terminals and ends of
conducters from gdjacent points of the inclosures,
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(3) Exposed nonareing current-carrying paris within the inclosures shail
have an sir spuce between them and the nrinsulated part of the inclosuce of
at lenst one-half inch for 60U volts or less, Ineclosures of sizes, material, or
form not securing adeqguate rigidity nust have gredter spacing,

(4} All inclosures and purts of inelosures. such as doors, vovers, tanks, ete,
must be provided with means for firmly secaring them in place. Among the
available means are locks, Interlocks, serews, and seals.

(3) Where the walls of the inclosure are not protected by barriers or by
a lining of noncombustible insuiating material, the are-rupturing parts of the
controller shall have air spaces, as per Tuble 5, between them and the walls
of the inclosure, unless # test on sny specific device demonstrates that a
smittler space is safe for that particular device.

Material —(1) Mauterinl: In the following paragraphg it is assumed that
steel (or gray iron for castings) will be the metal employed. Copper, bronze,
find brass arve sometimes used, in which case the requirements given for steel
stnll be complied with,

(2) Thickness of custings: Cast metul for inclesures, whether of iren or
other metal, shall be at least one-cighth inch thick at every point and should
be of greater thickness at tapped holes for conduit, at reinforeing ribs, nnd
at diur edges, :

(3) Sheet-metnl thickness: The minimum thickness requlred for sheet-motal
comstruerion viries with the size of the deviee. For classes 1 and 2 the
inclosures of shect metal shall be of a gage not less than that given in Table 8.

{4} All eluss 3 inclesures =hall be provided with g supporting fraome.

(5} Wire screening used for inelosures must conform to the requirements
in Table 7.

{¢) Where the opening is over pne-lialf ineh, the inclosure must not be less
than 4 inches from roy live part.

(7) The requirements of inclosures for floor-mounted controllers for voltages
not in excess of 750 volts shall be:

(¢) Wlhere the surrounding inclosure Is 6 fect or more in height and ex-
posed live parts nre not less than 6 Inches below the upper edge, no covering
is required neross the top of the inclosure.

(Exceptions:} Where erunes or other mavable apparuatus or operations of a
specinl eharacter may introduce possible hazards frony above, overhead in-
closures may he roguired,

{) Whore the surrounding inclosure is sithin 6 inches of the floor and
exposell live parts are not less than 6 inches above the lower edge, no covering
will be requirced for the hottom,

Insulativn eleartnces—The distances between nongreing, uninsulated live
mrts of control eguipment te ground or to nonarcing uninsulated live parts of
opposite polarity shall be not less than the values given in Table B,

TARLE 3.—(Teurance Lelween are rupiuring parts and inclosure*

T}istanee from con- Vertical distance ahove contracts Horizoutal distanca
tacts in direstion without blow-out Ir 3 né_sélontmg:.:
Sirect rurrent fow ‘contaets
direct current dirose rarts,
Morsepower rating and alternating ) direct curren
current Direct eurrent Alternating current current 4

300 volts } 600 volts | 400 volis

600 volts | 300 volus | 600 volts | 300 volts | 600 valts

1

Inches E Inches Inches Ineies Inches Faches Faches Inches
IO - 134 3 4 E!) 124 3 K 1
. . 2 4 5 LS z 4 33 154
wa 3 L L} &) 3 5 1 2
100 - 4 m i1 N L] ! 2 3
Above ING e eem O] i

2] | ] [e)] 0] ¢ {0 o}

! Al distances shall be mneasured from the cootact tips or ure horos.
? Darriers.
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TasLe S-—Minimum fhickness of steel metal inclosures

. With support-
Witkont suppert- ing frpme, or
Matimam] Mexloom | ypoo, o] legframe Mine ;o equivalont rein-
volumo of| arsao(any | finciey | mam United | orcoment, mint
gage Statessheet steel
ESEa

Clubie frel | Syuare inches:  Tacher Number | Inch Nuniber Ineh
L

wmwmmm———— i3 20 0. [{7 24 0.025
mvaammaamman 8 B8 S350 an JRY
____________ 360 b4 15 a2 18 . s
____________ 1, 200 48 4 078 1 062
............ Ower 1,20 |- 0 L4 18 i

Tanny T.—fleguirements of Cire scréshs

Miniogm
wiro size
Mamimum o[l.;anings ip Ameticsn | |
R steel wire
gage
Inches Number
13 16
Over ¥ and nat over 2 12
I

PABLE 8.—Cliournnee betwoen uninsuiated nondrcing perts and to ground

Ainimum clearanca dislance

Across clent: dry

Mauximtm veltago surfnces

‘Phrough ( ‘Through
pir oil
Adr 4]

freh es! Iuches aches irches

200 fand oo 503 e mmne e e - i b k1 %
2500 _ e e eiman - 1 33 2 1
7,000.. e e e e e 2 Lo 3!y 2

1 Poun clesrhaoes distaness shoubd be increased for dirty ur eoist conditions,

In Figures 68, 69, and 70 are indicated the standard convention
symbols adopted by the National Rlectrical Manufactarers’
Association,
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SCHEME OF MAIN CAONMECTIONS
NOZ STARTING RESISTOR

SERIES
FIELD

OVERLDAD
RELAY

OVERLOAD

SHUNT  ACCELERATING RELAYS
FIELD  ORSERIES SWITCH CoILS

AN AR

(¥
FIELD DISCHARGE RESISTOR — oy |

METHOD OF SHOWING CONMECTIONS
AND CROSSING GF CONDUCTORS

I B

SHUNT CQIL

—/WT

SERIES COIL

LIGHTNING CURRENT POTEMTIAL
ARREZTER TRANSFORMER TRANSFORMER

AR CIRCINT QILCIRCLLT
BREAKERS BREAKERS

BATTERY

=il

TNSTRUMENTS Rt LAYS
ANO METERS

% Qoo

SOLENDID
TYPE

scecend

INQULCTION TYPE

RELATIVE SRRANGEMEMTS OF TERMINALS FOR INSTRUMENT S, METERS
ANB RELAYS ARE INDICATED BY DOTS FOR POTENTIAL AND BY SMALL
CIRCLES FCR CURRENT FUNCTIONS. TYPE IS IMIGATED 8Y LETTERS,

Frovns G5 —8nmined convention symbols
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SIX-POINT MASTER
W

SEQUENLE oF

Ik SWITCHES
5w IFORWARD DEF REVERSE
cloicio
slojolo
(] [(=1[=][+]
(g o] {a]{x]
elelolel lolololo
(O] S (o] (o] ls]
] [#] (%]
C )
clolololo
(o] md {=] (=] (2]
BRUM TYPE
CONDENSER LHOUCTLNCE
—- s
GROUHD
REACTOR OR
] CHORE Lo
POWER AYTO
TRANSFORMER TRANSFORMER FUSES
—

§E

CONTROL FUSE
o] o]

PEWER FUSE

BELL

TESTING TERMINALS
AND LINKS

—_—
POTENTIAL

o v —
CURRENT

PUSH BUTTON
SPRING RETURN

=L
oo&

OROXO

IHRICATING

LAMFS

_._.x —_—

ARC

INCANBESCENT

Foore $9.—Stundnrd convenilon symbols
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RESISTOR
GRID TYPE
—nnn—

TUBE TYPE

USED OM SWITCRBIARD
CHARRAMS

LISED DN CONTROL
DIAGRAMS

D C MACHINE

0 C MACHINE

—AAMM—  SHUNT
—WWy— SERIES

SO

RHEDSTAT

KNIFE SWHTCH

AC.GEHERATOR AND
SYHCHROMNOUS MOTOR

1
(Y.

i

C O 0 0

MULTIROLAR
DOUBLE THROW

e

2-POLE SINGLE THROW

INDUCTION MOTOR
SQUIRREL CAGE

[]]
&6

3@ AC SQUIRREL-CAGE
MOTOR

TRUCK-TYPE
SWITCHEOARD
CONTACTS

N

MALE {OR TAUCK).

FEMALE {OR HOUSING)

IMDUCTION MOTOR
WOUND SECONDARY

L]

L.}

3P AL SLIPRING
MOTOR

SYNCHRONOUS
CONMVERTER

(H550°—31——8

Kiaues To—8tndurd convention srmbols
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