Electrical Symbols and Line
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Chapter 3

Material taken from Chapter 3 of Electric Motor Controls, G. Rockis, 2001

One-Line Diagrams

= One-line diagram — a diagram that uses
single lines and graphic symbols to
indicate the path and components of an
electrical circuit.

» One-line diagrams are used when
information about a circuit is required
but detail of the actual wire connections
and operation of the circuit are not.




Li

ne Diagrams

= A line (ladder) diagram is a diagram that
shows the logic of an electrical circuit or

system using standard symbols.
= A line diagram is used to show the

relationship between circuits and their
components but not the actual location

of the components.
= Line diagrams provide a fast, easy

understanding of the connections and

use of components.
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ONE-LINE DIAGRAMS
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Figure 3-1. A one-line diagram uses single lines and

graphic symbols to indicate the path and components of
an electrical circuit.
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Figure 3-2. A line (ladder) diagram consists of a series of symbols interconnected by lines to indicate
through the various components.
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Wiring Diagrams

= Wiring (connection) diagram — a
diagram that shows the connection of
an installation or its component devices
or parts.

= Wiring diagrams show, as closely as
possible, the actual location of each
component in a circuit, including the
control circuit and the power circuit.




WIRING DIAGRAMS
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Figure 3-3. Wiring diagrams show as closely as possible,
the actual location of each component in a circuit.
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Manual Control Circuits

= Manual control circuit — any circuit that
requires a person to initiate an action for the
circuit to operate.

= A line diagram may be used to illustrate a
manual control circuit of a pushbutton
controlling a pilot light.

= A line diagram may be used to illustrate the
control and protection of a 1¢ motor using a
manual starter with overload protection.
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Figure 3-4. A line diagram may be used to illustrate a manual
control circuit of a pushbutton controlling a pilot light.
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Figure 3-5. A line diagram may be used to illustrate the
control and protection of a 1¢ motor using a manual starter
with overload protection.
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Automatic Control Circuits

» Automatically-controlled devices have

replaced many jobs that were once
performed manually.

» As a part of automation, control circuits
are designed to replace manual devices.

NORMALLY CLOSED (NC
OVFRI NAN CONTACTS

NORMALLY CPEN (NQ)
SWITCH CONTACTS

£
L

CIRCUIT APPLICATION

Figure 3-6. An electric motor on a sump pump can be
turned ON and OFF by using an automatic control device Electric Motor Controls,
such as a float switch.

G. Rockis, 2001




Magnetic Control Circuits

= Although manual controls are compact
and sometimes less expensive than
magnetic controls, industrial and
commercial installations often require
that electrical control equipment be
located in one area while the load
device is located in another.

= Solenoids, contactors, and magnetic
motor starters are used for remote
control of devices.

Solenoids
I

. SOLENOIDS
= A solenoid is an

electrical device /- PLUNGER
that converts
electrical energy
Into a linear
mechanical force.

COIL -
Guardian Electric Mfg. Co.

figure 3-8. A solenoid is an electric output device that
converts glectrical energy into a linear mechanical force.

Electric Motor Controls,
G. Rockis, 2001
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CIRCUIT APPLICATION

Figure 3-9. A solenoid may be used to control a door lock
which is opened only when a pushbutton is pressed.
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Contactors

» Contactor — a control device that uses a
small control current to energize or de-
energize the load connected to it.

= A contactor does not include overload
protection.

= A contactor has a frame, plunger, and
coil like a solenoid.




Contactors

= The action of the plunger, however, is
directed to close (or open) sets of
contacts.

» The closing of the contacts allows
electrical devices to be controlled from
remote locations.

CONTACTORS
~STATIONARY CONTACTS

CONTACTS
POWER
TERMINALS

Figure 3-10. A contactor is a control device that uses a

small control current to energize or de-energize the load
connected to it.
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Figure 3-12. Auxiliary contacts may be added to a contactor to form an electrical holding circuit.
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Magnetic Motor Starters

= A magnetic motor starter is an
electrically-operated switch (contactor)
that includes motor overload protection.

= Magnetic motor starters are identical to
contactors except that they have
overloads attached to them.

10



Magnetic Motor Starters

= The overloads have heaters or
electronic overloads (located in the
power circuit) which sense excessive
current flow to the motor.

= The heaters open the NC overload
contacts (located in the control circuit)
when the overload becomes dangerous
to the motor.
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Figure 3-14. A line diagram may be used to illustrate the use of a magnetic starter with overloads.
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Logic Applied to Line

Q%Diag rams

T

Chapter 4

Material taken from Chapter 4 of Electric Motor Controls,
G. Rockis, 2001

Basic Rules

» The electrical industry has established a
universal set of symbols and rules on
how line diagrams (circuits) are laid
out.
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One Load Per Line

» No more than one load should be

placed in any one circuit line between
L1 and L2.

= A pilot light can be connected into a
circuit with single-pole switch.

— 120 VAC
_—SINGLE-POLE ~ONE LOAD
-~ SWITCH /' PER LINE
Y '
d»—o/:: /:g
=z, /‘}_/\ PL1
120v /
PILOT LIGHT -
CORRECT
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~—SINGLE-POLE

~ SWITCH 7, 1%0\#
g O, /' SOLENOID
/’_\I
: ; e

81 ” ; \
120v / ~LLOADS .
PILOT LIGHT -~/ CONNECTED
IN SERIES
INCORRECT

Figure 4-1. No more than one load should be placed
in any one circuit line between L1 and L2.

Electric Motor Controls, G. Rockis, 2001




One Load Per Line

s Two loads must not be connected in series on
one line of a line diagram.

s If the two loads are connected in series, then
the voltage between L1 and L2 must divide
across both loads when S1 is closed.

= The result is that neither device receives the
entire 120 V necessary for proper operation.

One Load Per Line

I
s Loads must be

connected in
parallel when more
than one load must
be connected in the
line diagram.

= This circuit has two
lines, one for the
pilot light and one
for the solenoid.

© ©

120V
WUN_J_ "/'{ PILOT LIGHT,
—3 o

L
PBi \PL

120V
j SOLENOID

LOADS CONNECTED
IN PARALLEL

Figure 4-2, Loads must be connected in parallel when
more than one load must be connected in the line diagram.

Electric Motor Controls, G. Rockis, 2001
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Load Connections

= A load is the electrical device in the line
diagram that uses the electrical power
from L1 to L2.

= Control relay coils, solenoids, and pilot
lights are loads that are connected
directly or indirectly to L2.

_—~SWITCH 0

_~CONTROL RELAY

7 ~SOLENOID

T —~¢PILOTLIGHT

e
ANArL !

Figure 4-3. Control relays, solenoids, and pilot lights
are loads that are connected directly or indirectly to L2.

Electric Motor Controls, G. Rockis, 2001
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Load Connections

= “Magnetic motor starter coils are
connected to L2 indirectly through
normally closed overload contacts.

= Anywhere from 1 to 3 NC overload
contacts are shown between the
starter and L2 in all line diagrams.

= To avoid confusion, it is common
practice to draw one set of NC
overload contacts and mark these
contacts all overloads (OLS).

(i/ _~SWITCH
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®

N
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OF INDICATING ALL
OVERLOAD DEVICES ~
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® vl

f/r

ALL OLs

Figure 4-4. Magnetic motor starter coils are connected
to L2 indirectly through NC overload contacts.

Electric Motor Controls, G. Rockis, 2001
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Control Device Connections

s Control devices are connected between
L1 and the operating coil (or load).

» Operating coils of contactors and
starters are activated by control devices
such as pushbuttons, limit switches,
and pressure switches.

& O
PUSHBUTTON

@ CONTROL DEVICES @
CONNECTED BETWEEN
; L1 AND OPERATING COIL

LIMIT
SWITCH OPERATING COILS

@ 0}0
PRESSURE
SWITCH

6o

Electric Motor Controls, G. Rockis, 2001

Figure 4-5. Control devices are connected between L1 and
the operating coil.
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Control Device Connections

m Each line includes at least one control
device.

» The operating coil is ON all the time if
no control device is included in a line.

= A circuit may contain as many control
devices as is required to make the
operating coil function as specified.

— CONTROL SWITCHES
@ | CONNECTED IN SERIES  aLL @
OLs
e
TEMPERATURE MAGNETIC
MOTOR
FLOW ATon STARTER COIL
SWITCH

CONTROL SWITCHES
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St /f 0 j/ll'—
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5W|TC? MAGMNETIC
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STARTER COIL

‘ I
PRESSURE
SWITCH

Figure 4-6. Two control devices may be connected
in series or parallel to control a coil in a magnetic
m010f Stal'ter. Electric Motor Controls, G. Rockis, 2001
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Line Number Reference

|
s Each line in a line O
L1

diagram should be B smswc>|o®
H 1 O_I_C /\/—c
numbered starting o
with the top line PRESSURE
and reading down. | % RONET _
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3 g O

Figure 4-7. Each line in a line diagram should be
numbered starting with the top line and reading down,

Electric Motor Controls, G. Rockis, 2001

Numerical Cross-Reference

Systems

» Numerical cross-reference systems are
required to trace the action of a circuit

in complex line diagrams.

» Common rules help to quickly simplify

the operation of complex circuits.
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NO Contacts

Relays, contactors, and magnetic motor
starters normally have more than one set of
auxiliary contacts.

These contacts may appear at several
different locations in the line diagram.

Numerical cross-reference systems quickly
identify the location and type of contacts
controlled by a given device.

A numerical cross-reference system consists
of numbers in parenthesis to the right of the
line diagram.
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5 [,
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ALL
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: 11 @+
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CR2 /\J\ PL2
I R
I -

0
N
7

PL3

Figure 4-8. The location of NO contacts controlled
by a device is determined by the numbers on the

N N N " Electric Motor Controls,
right side of the line diagram.

G. Rockis, 2001
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NC Contacts

» In addition to NO contacts, there are
also NC contacts in a circuit.

» To differentiate between NO and NC,
NC contacts are indicated as a number
which is underlined.
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~ s
ey
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Figure 4-9. NC contacts are indicated by numbers which | Electric Motor Controls,
are underlined to distinguish them from NO contacts. G. Rockis, 2001
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Wire-Reference Numbers

- Each wire in a control circuit is

assigned a reference point (number)
on a line diagram to keep track of the

different wires that connect the
components in the circuit.

» Each reference point is assigned a

reference number.

= Reference numbers are normally
assigned from the top left to the

bottom right.

~CONDUIT RUN
.~ WIRE-REFERENCE / TO CONTROL
1| NUMBERS / BOX
A J/
'

L1 L2
PUSHBUTTON |
@ ENCLOSURE— [l
o o \ I
\
=}

@ ®
1 @ (2, 5,6)

2

: WIRE
~WIRE WRAP (WITH

i @ @ @ OLs @

5 »——,H'CTQ—H’—q- REFERENCE NUMBER)
MAY BE ADDED TO

EACH WIRE TO KEEP

1D, ®Oa@ B G TRACK OF WIRES
e @—H——1

Figure 4-10. Each wire in a control circuit is assigned
a reference point on a line diagram to keep track of the
different wires that connect the components in the circuit.

Electric Motor Controls,
G. Rockis, 2001
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Manufacturer’'s Terminal
Numbers

» ‘Manufacturers of electrical relays, timers,
counters, etc., include numbers on the terminal
connection points.

» These terminal numbers are used to identify
and separate the different component parts
(coil, NC contacts, etc) included on the
individual pieces of equipment.

= Manufacturer’s terminal numbers are often
added to a line diagram after the specific
equipment to be used in the control circuit is
identified.
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c g 2 10
O M o common s

Figure 4-11. Manufacturers include terminal numberg
to identify and separate the different component partg

included on individual pieces of equipment. Electric Motor Controls,

G. Rockis, 2001
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Signals, Decisions, and Action

= A circuit must respond as designed,
without any changes.

» To accomplish this consistency, all
control circuits are composed of three
basic sections: the signals, the
decisions, and the action sections.

SIGNAL DECISION ACTION

SECTION SECTION - SECTION
MANUAL, AND, OR, NOT, DIRECT,
MECHANICAL, MEMORY, NOR, INDIRECT
AUTOMATIC NAND

Figure 4-13. All control circuits are composed of sig-
nals, decisions, and action sections.

Electric Motor Controls, G. Rockis, 2001
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‘ Signals

- A signal starts or stops the flow of
current by closing or opening the
control device’s contacts.

= Current is allowed to flow through the
control device if the contacts are
closed.

= Current is not allowed to flow through
the control device if the contacts are
opened.

Signals

|
s Pushbuttons, limit switches, flow

switches, foot switches, temperature
switches, and pressure switches may be
used as the signal section of a control
circuit.

25



Signals

= All signals depend on some condition
that must take place. This condition can
be manual, mechanical, or automatic.

= A manual condition is any input into the
circuit by a person. Foot switches and
pushbuttons are control devices that
respond to a manual condition.

Signals

» A mechanical condition is any input into
the circuit by a mechanically moving
part.

= A limit switch is a control device that
responds to a mechanical condition.
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Signals

= An automatic condition is any input
which responds automatically to
changes in a system.

= Flow switches, temperature switches,
and pressure switches respond to
automatic conditions.

Decisions

m The decision section of a circuit
determines what work is to be done

and in what order the work is to occur.

m The decision section of a circuit adds,
subtracts, sorts, selects, and redirects

the signals from the control devices to
the load.
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Decisions
Li:tlmu.hﬁ_wntrol devices are
onnected into the circuit gives the

circuit logic.
= The basic logic functions are AND, OR,
NOT, NOR, and NAND logic.

» The decision section of the circuit
accepts informational input (signals),
makes logical decisions based on the
way the control devices are connected
into the circuit, and provides the
output signal that controls the load.

Action

= Once a signal is generated and the
decision has been made within a circuit,
some action (work) should result.

= In most cases it is the operating coil in
the circuit which is responsible for
initiating the action.




Action

= This action is direct when devices such
as motors, lights, and heating elements
are turned ON as a direct result of the
signal and the decision.

= This action is indirect when the coils in
solenoids, magnetic starters, and relays
are energized.

‘ Logic Functions

= Control devices such as pushbuttons,
limit switches, and pressure switches
are connected into a circuit so that the
circuit can function in a predetermined
manner.

= All control circuits are basic logic
functions.

» Logic functions are common to all
areas of industry.
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AND Logic

= AND logic is used in industry when two
pushbuttons are connected in series to
control a solenoid.

__~BOTH MUST BE PRESSED
J r TO ENERGIZE SOLENQID
1 SOLENOID
1 o) 5 o —/\/
FB1 PBZ T

Figure 4-14. In AND logic, the load is ON if both of
the control signal’s contacts are closed.

Electric Motor Controls, G. Rockis, 2001

‘ OR Logic
= "OR logic is used in industry when a

pushbutton and a temperature switch are
connected in parallel.

EITHER MAY BE ACTIVATED =
TO ENERGIZE HEATING
ELEMENT

1e——oO (o] NSNS\ —08—————

Fe1 RESISTIVE
HEATIMNG
= 'ﬂ ELEMENT

TEMPERATURE
SWITCH

Figure 4-15. In OR logic, the load is ON if any one
of the control signal’s contacts is closed.

Electric Motor Controls, G. Rockis, 2001
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‘ AND/OR Logic Combination

= “Fhe decision section of any circuit may
contain one or more logic functions.

MAGMNETIC
PRESSURE FLOW ST.E\“F;'E?gFlD%OIL oS
OLs
SWITCH SWITCH E i | v
1 Q- O\EC /,o & .
2 FB1
L 5
2 ‘\ ——o; O
A FOOT SWITCH

\“AND/OR LOGIC PRODUCED BY TWO OR
MORE NO SWITCHES CONNECTED IN
SERIES AND TWO OR MORE NO SWITCHES
CONNEGTED IN PARALLEL

Figure 4-16. The decision section of any circuit may
contain one or more logic functions.

Electric Motor Controls, G. Rockis, 2001

| NOT Logic

= NOT logic has an output if the control signal

is OFF.
/~NC PUSHBUTTON
/ PRODUCES NOT LOGIC
1 o
NG PB1 PILOT S\ PLI

LIGHT

2 /\\S/OLENDID

Figure 4-17. In NOT logic, the load is ON only if the

control signal contacts are closed.

Electric Motor Controls, G. Rockis, 2001
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NOR Logic

= NOR logic is an extension of NOT logic in that two
F-more NC contacts in series are used to control a
fpad:
= In this circuit, additional operator safety is provided
by adding several emergency stop pushbuttons
(NOT logic) to the control circuit.

i
EMEAGENCY EMERGENCY EMERGENCY START ALL
STOP 1 STOP 2 STOF 3 STARTER COIL &

2}

TS NOR LOGIC PRODUCED BY

TWO OR MORE NC SWITCHES
COMMNECTED IN SERIES

Figure 4-18. NOR logic is an extension of NOT logic
in that two or more NC contacts in series are used
to control a load.

Electric Motor Controls, G. Rockis, 2001

NAND Logic

= “NAND logic Is an extension of NOT logic in
which two or more NC contacts are
connected in parallel to control a load.

MAGHNETIC

FLOAT EMERGEMNCY EMERGENGCY MOTOR
] STeaot S SIARTE oy e e e

SWITCHES STOP 1

NAND LOGIC PRODUCED BY TWO OR
MORE NC SWITCHES CONNECTED IN
PARALLEL WITH TWO OR MORE NC
SWITCHES COMMNECTED IN SERIES

_Figure 4-19. NAND logic is an extension of NOT logic
in which two or more NC contacts are connected in
parallel to control a load.

Electric Motor Controls, G. Rockis, 2001
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Memory

= l[n_industrial control circuits, it is more common
i ith-return spring contacts
momentary contacts) than those with
mechanically stay held in one position
(maintained contacts).

= Auxiliary contacts are added to give circuits
with pushbuttons memory.

MAGMNETIC
L R
STARTER COIL

= b
@
PB1

|
=
i —— AUXILIARY CONTACTS
ADD MEMORY TO
START PUSHBUTTON

STOP START
PUSHBUTTOMN PUSHBUTTOMN

Figure 4-20. Auxiliary contacts are added to give cir-
cuits with pushbuttons memory.  Electric Motor Controls, G. Rockis, 2001

Start/Stop Stations Controlling Magnetic
Starters

(1)

are used to control a motor from two locations.

MAGNETIC
MOTOR e
STOP STOP START STARTER COIL oy
1 5 () —3
PB3
PB1 PB2 START
2
SEETR
5 | |
[ M1

Figure 4-22. Two stop pushbuttons connected in se-
ries and two start pushbuttons connected in parallel

Electric Motor Controls, G. Rockis, 2001




Two Magnetic Starters Operated by Two
Start/Stop Stations with Common
Emeiergency Stop

(Ez) MAGNETIC (EE)
EMERGENCY START MEILCR

; ALL
STOP STOP STARTER COIL g

e 0" ;
1¢9—alo-wealan 5 O {II' }{__q.m1
PB2 PB3 ’

PE1

ALL
TP START ol

3 Lo o O ‘I'} %/F——anm
PB4 PBS

Figure 4-23. Two start/stop stations are used to control
two separate magnetic motor starter coils with a com-
mon emergency stop protecting the entire system.

Electric Motor Controls, G. Rockis, 2001

Start/Stop Station Controlling Two or
Morle Magnetic Starters

© ©
MAGNETIC -

START

pUSHBUTTON | oo TN STARTER COL oLs
e 1 :
) TR e i ey b 2,3
Pt PB2
2
| M1 ALL
OLs
g I L
T RIYE . '

Figure 4-24. Two motors can be started almost
multaneously from one location to prevent prodt

separation or stretching.

Electric Motor Controls, G. Rockis, 2001
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Pressure Switch with Pilot Light
Indicating Activation

= Pilot lights are manufactured in a

variety of colors, shapes, and sizes to

meet the needs of industry.

= The illumination of these lights signals
an operator that any one of a sequence

of events may be taking place.

MAGMETIC @
MOTOR

PRESSURE STARTER COIL L_A\‘|'5

SWITCH
o ®
S Tsp
S L
2 — L}
A PLI

Figure 4-25. A pilot light is used with a pressure
switch to indicate when a device is activated.

() wASNETIC (2)
MOTO r

START ALL
T STARTERCOIL ALt
1 —0 O o /H’__“" )
PE1 FPB2 r
' il
2 ! e
1 M1 }\-._./;\ PL1

Figure 4-26. A pilot light is used with a start/stop
station to indicate when a device is activated.
El ric Motor Control . Rockis, 2001
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Start/Stop Station with Pilot Light
InElca.Llng_ND_Device Activation

» Pilot lights may be used to show when an
operation is stopped as well as when it is

started.
@ MIchEE TG @
L i
e START STARTERCOIL ALl
1 s ey Sy
PE1 PE2 :

Sl

s | | e
I i1 /‘\.,_,/‘r\ FL1

Figure 4-26. A pilot light is used with a start/stop
station to indicate when a device is activated.

Electric Motor Controls, G. Rockis, 2001

Pushbutton Sequence Control

= “Conveyor systems often require one
conveyor system to feed boxes or other
materials onto another conveyor system.

m A circuit is needed to prevent the pileup
of material on the second conveyor if the
second conveyor is stopped.

= A sequence control circuit does not let
the first conveyor operate unless the
second conveyor has started and is
running.
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EMERGEMCY START CONVEYOR 2 MOTOR ALL

MAGNETIC ::L2)

STARTERCOIL q(s

STOP

B S Bl COIL\. el
PB1

CONVEYOR 1
STARTER COIL

ALL

START OLs

4)

Figure 4-28. A sequence control circuit does not let
the first conveyor operate unless the second conveyor

has started and is running.

Electric Motor Controls, G. Rockis, 2001
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