Chapter 2

Understanding Electrical

Drawings

PART 1 Symbols—
Abbreviations—Ladder Diagrams

MOTOR SYMBOLS
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Symbols are used to represent the
different components of a motor control
system.
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Symbols sometimes
look nothing like the
real thing, so we have
to learn what the
symbols mean.

Disconnect Switches

11 T__T_T ? 9 3

Two-pole Three-pole by I
non fused non fused ree-pole
switch switch fused switch
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Three-pole Oy Oy ©
circuit breaker o)":j“;)

Overload relay

Thermal OL relay Solid-state OL relay
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H1 H3 H2 H4

W
X2 X1
Fuse
Control
transformer

Three-phase
magnetic motor
starter

3

Yo
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Push buttons

1 olo ala

Q o o o

Normally open Normally closed . .
moment);ryp momentﬁry Combination
pushbutton pushbutton normally
open
and
normally
closed,
momentary
pushbutton
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Pilot light ;:i ﬂ'

Electrical wires are represented by lines

T+ |

Low-current High-current Wires Wires Ground
control control crossed but  connected connection
wiring wiring not connected
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Electromechanical relay

f O ¢

Normally Magnetic Normally
open contact coil closed contact

Three-phase Single-phase
motor motor

ABBREVIATIONS
FOR MOTOR TERMS
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An abbreviation is the shortened form of a word
or phase. Uppercase letters are used for most
abbreviations.

AC - alternating current DC - direct current

_—

ARM - armature FLD - field
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L1, L2, L3
line connections

M - motor starter

REV —reverse
contactor

FWD —forward
contactor

OL - overload relay
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T1, T2, T3
motor connections

GRD - ground

MTR - motor PH - phase

HP - horsepower 3 PH - three-phase
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CR - control relay

| NO - normally open

Coil Cz COM - common

NC - normally closed

MAN - manual

AUTO - automatic
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BKR - breaker

CT - current transformer
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LS —limit switch
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TRANS —transformer

PRI —

primary ¢

SEC —
secondary

1 PH—
single-phase
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SOL - solenoid

RH - rheostat

e
\\ e el
S S 5o s aEs

TD - time delay
(relay)
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SW - switch

PWR —_| AC
power PWR

<« REC - rectifier

—
a

DC
Output

NEG - negative

POS - positive
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PL - pilot light

MOTOR LADDER
DIAGRAMS

9/7/2010
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Motor control drawings provide information on
circuit operation, device and equipment location,
and wiring instructions.

o
O o o?“Cm}tact g
Bar

4‘Node ¢ .*
Points Switch Type
(Float)

Symbols used to represent switches consist of
node points (places where circuit devices attach to
each other), contact bars, and the specific symbol
that identifies that particular type of switch
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The ladder diagram focuses on the electrical
operation of a circuit, not the physical location of
a device.

L1 Stant Emergency L2
P P>
The vertical Rung 1 ._OJ—O_. ola oo @ .
lines (called -
rails) connect ' CR'L
to the power oop
¥
source and are " A Q—‘F‘ '
identified as Aun
H Rung 3 1‘—|' E—"
I!ne 1(L1)and R
line 2 (L2).
Rung 4 ¢—— | (M) ——
CR1-4 OL
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The horizontal lines (called rungs) are connected
across L1 and L2 and contain the control

circuitry. . s
START Emergency
PB1 STOP
PB2
Rung1 ¢—o0 o—4 olo O<=J0 @
LS1
| |
|
CR1-1
\STOF'/
Rung 2 | [ ®—'
CR1-2 4 N
\FIUN P
Rung 3 lb—{ I { G ) Y
CR1-3 4 N
et @4
CR1-4 oL

Ladder diagrams are designed to be read like a
book, starting at the top left and reading from left
to right and top to bottom.
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Most programmable logic
controllers (PLCs) use the
ladder-diagramming concept
as a programming language.

Ladder logic program
Input Ls1 Qutputs
TOF L2
bl TIMER OFF DELAY —(en)— oL
Timer T4 v
Time bas 0 = A/F
o-LS1 el 5—(nu)
Accum lated of oL
a1 L2 ( ) 4‘
~ -
g O30
T4.1 e b
= %( )
S
s ~
T4.1
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On diagrams that include power and control
circuit wiring, you may see both heavy and light
conductor lines. The heavy lines are used for the
higher-current power circuit and the lighter lines

for the lower-current control circuit.

Control Circuit

Temp Switch

OL
M

i

Fuse 120V

]

Transformer

Power Circuit
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Usinga
transformer allows
a lower voltage for
the control circuit
while supplying
the three-phase
motor power
circuit with a
higher voltage.

A ladder diagram gives the necessary information
for easily following the sequence of operation of

the circuit.

All switches and
relay contacts are
classified as
normally open (NO)
or normally closed
(NC). They are
drawn in the “off
the shelf” or
deenergized or
state.
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LT start Emergency L2
PB1 stop
| PBz2
Rung 1 0 © Q | [o} v
LS1
CR1-1
Stop
Rung 2 W :: R {:
CR1-2
Run
Rung 3 4 I H—Ar
CR1-3
ung 4 ¢——| ()—H—1
CR1-4 oL
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One method used to identify the relay coil and
the contacts operated by it is to place a letter or
letters in the circle that represents the coil.

L1 L2
1
“—QJ_D-_T_O o —@
Il
11 I
CR1 oL
[ JJ@HP.
—
CR2
M3 M1 oL
N | (o)— I

oL
M2
| S —(1e)—H——

LN
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Each contact
that is operated
by this coil will
have the coil
letter or letters
written next to
the symbol for
the contact.

CR - Control relay
M1 - Starter #1
M2 - Starter #2
M3 - Starter #3

Aload is a circuit component that has resistance and
consumes electric power supplied from L1 to L2. Control
coils, solenoids, and pilot lights are examples of loads.

L1 START L2
STOP
PB1
‘.__oio_'.
CR1-1
CR1-2

—AF

PS:: \/—

At least one
load device
must be
included in
each rung
(individual
circuit) of the
diagram.

Without a load device, the control devices
would be switching an open circuit to a short

circuit between L, and L.
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Contacts from control devices such as switches,
push buttons, and relays are considered to have
little or no resistance in the closed state.

L1 L2

START
STOP
PB1 PB2 Incorrect
SJ-‘. olo @ connection of
contacts in
parallel with a

cpln-z SOL1 load will result in
4* ' a short circuit
m when the contact

W closes.
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Normally loads are placed on the right side of the
ladder diagram next to L2 and contacts on the left side
next to L1. One exception to this rule is the placement
of the normally closed contacts controlled by the motor
overload protection device. These contacts are drawn
on the right side of the motor starter coil

L1 L2
Start
Stop L OL
M1
i
be)
352
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When two or more loads are required to be energized
simultaneously, they must be connected in parallel. This
will ensure that the full line voltage from L1 and L2 will
appear across each load.

L1 L2 If the loads
< 120 VAC > are connected
Start in ?t?]rles’ '”
0 O—t 0 (R) receive the
M1 entire line
| | voltage
necessary for
proper
operation.

Stop
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Control devices operate loads. Devices that start a load
are usually connected in parallel, while devices that stop

a load are connected in series. _
All control devices

are identified with
the appropriate
nomenclature for
the device (e.g.,
stop, start).
Similarly, all loads
are required to
have abbreviations
| to indicate the type
of load (e.g., M for
starter coil).

L1

Starts in Parallel
Start

'_'0 [o
Stops in Series

Stop Stop Stop Sml rt
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""Rung numbering" is used to assist in reading and
understanding larger ladder diagrams. Each rung of the
ladder diagram is marked (rung 1, 2, 3, etc.), starting
with the top rung and reading down. A rung can be
defined as a complete path from L1 to L2 that contains
a load.

Cycle
1.1 start L2

1CR-1
Rung @
Numbers 1CR-2
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“Numerical cross-referencing” is used in conjunction with

the rung numbering to locate auxiliary contacts controlled

by coils in the control circuit. To locate these contacts, rung
numbers are listed to the right of L2 in parentheses on the

rung of the coil controlling their operation.

Cycle
L1 start L2

Reverse

(2:3)
Numerical
Cross
References

©

®
®

Numbers used for normally closed contacts are identified by
underlining or over scoring the number to distinguish them
from normally open contacts.

© 2010, The McGraw-Hill Companies, Inc.

9/7/2010

17



Some type of “wire
identification” is required to
correctly connect the control
circuit conductors to their
components in the circuit.
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The method used for wire identification varies for
each manufacturer. One method where each
common point in the circuit is assigned a
reference number is illustrated below.

cle
L1 sctse,nrt L2

Reverse |

@1 ll,ﬁ

All wires that connect to one of these common
points are assigned the same number.

© 2010, The McGraw-Hill Companies, Inc.
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With this alternative method all wires directly connected
to L1 are designated 1 while all those connected to L2 as
2. After all the wires with 1 and 2 are marked, the
remaining numbers are assigned in a sequential order
starting at the top left of the diagram.

T

(e y ¥
By | 1cR 1
Relay
2 Wiring
o -

L1 L2

Diagrams may contain
a series of descriptions
which are used to
document the function
of the circuit controlled

Cycle I :
Reverse start 8 by the output device.
1 9 @ 4 4 B & 2
Rungl $—0 | o—9—0 o—9—0<TB @ b (2,3 Piston FWD CR
1CR-1 T
Rung 2 3|4
B Documentation
1CR-2 SOLA
1 6 6 2
)4
Rung 3 ¢~ ZI’[ I/ 1 Piston FWD SOL

A broken line indicates a mechanical function. It is not

an electrical conductor.

l
1
F R

The vertical broken lines

on the forward and
reverse pushbuttons
indicate that their
normally closed and

are mechanically
connected.
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normally open contacts

The the Fand R
coils are
mechanically
interlocked and
cannot close
contacts
simultaneously.

9/7/2010
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When a control transformer is required to have one of its
secondary lines grounded, the ground connection must
be made so that an accidental ground in the control
circuit will not start the motor or make the stop button
or control inoperative.

The secondary of the
control transformer is
properly grounded to the L2
Fuse Heysiamer side of the circuit. When the
oRSxS circuit is operational, the

entire circuit to the left of
. I_L coil M is the ungrounded

Control

— GND circuit (it is the "hot" leQ).
i b et A fault path to ground in the
Stop 1 oL ungrounded circuit will
— o__(@—}fF create a short circuit
- condition causing the
1T m1 control transformer fuse to
© 2010, The McGraw-Hill Companies, Inc. o p en.

The fuse would not operate to open the
circuit and pressing the stop button

The same circuit . .
would not de-energize the M coil.

improperly

grounded at L1 Control
transformer

o s

S

L1 Fuse 12
— T ——

GND
1 — Fault
tart

Stop l oL
ol o o—

w

s]

L
AT M1

A short to ground fault to the
left of coil M would energize the
coil, starting the motor

© 2010, The McGraw-Hill Companies, Inc. u neXpeCted Iy -
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Reading Ladder Diagrams

L1

208V

H1  H3 H2 H4

L.

 Simplify the diagram |
by breaking it down
! into smaller pieces

FUSE H
o LTIV g e
1 2 -
STOP START M1  OLS
1 l—rgJ_. 6 ¢ = MS 1 234
M1
2 L
M1
M1 RUN
|1 Yo1
3 1 ] — 5 PO 2
M1
M1 SAFE
V4 et
e 1 Al 6 *L 2
© 2010, The McGraw-Hill Companies, Inc.
S L LI LL LTI RGLLLLLE! L1 L2
! Read the schematic 208V
:from left to right . M MO W2 He
FUSE o
3A X1 120V x
: 1 T X1 2 -
................................................................. >
: sToP START M1 OLS
:
SR 1 el s — —1 234
:Read the : : M1
: schematic : : '
ifromtop : ©: 3 '\ 4
:to bottom. : : M1
: : : M1 RUN
...................... 11 Nt
3 : 1 1 5 pO 2
M1
: M1 SAFE
4 L Ye%-
v 1 Al 6 ~ 2
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12 i Remember that on the
i schematic diagram all
: devices are shown in their

de-energized state

L 208V

Hi  H3 H2 H4
L.

FUSE
3A x1 120V x2 ..‘.:.:'
1 X1 :o' s H

1 "—HJ_. by
1 3 3
M1 ','. .
2 =
M1
M1 RUN ;
5 I 5 ey
T = 5 Oy z
Mi1:
M1 ¥ sarg
. 5t
Al ] 2
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L 208V

H1  H3 HZ H4

Remember that when the

coil that controls a set of
i contacts is energized the
: contacts switch to their

i energized state

FUSE
3A x1 120V x2
1 x1 2 b
STOP START M1 oLs
1 .n—;J_g_—q—a—l—:ﬁ @+—I 234
1 3 4 2
M1
-
2 3 A0 3
M1
M1 RUN
-l A
M1
M1 SAFE
| by
aly s PO 2
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208V

Hi H3 H2 H4

Frequently, relay coils
{on the line you are

: reading have contacts
ion other lines

FUSE O Srexesesssrsrsssrsrsrsrsrsrsres H
3A x1 120V x s
1 X1 2 -
STOP START M1S OLS
| 4T P
— - MS p:23.4
1 3 4 2
M1
]l
3 T4
M1
M1 RUN
| | )
r 11 5 Pt 2
M1
M1 SAFE
P Yt
1 Al 6 A 2
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