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JElectromagnetic Control Relays

» Although the PLC has replaced much of the relay control logic,
electromagnetic relays are still used as auxiliary devices to switch 1/0
Field devices.

»The programmable controller is designed to replace the physically
small control relays that make logic decisions but are not designed to
handle heavy current or high voltage
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JElectromagnetic Control Relays

» An electrical relay is a magnetic switch. It uses electromagnetism
to switch contacts.

» A relay will usually have only one coil but may have any number of
different contacts. Figure illustrates the operation of a typical control
relay Fixed contacis
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JElectromagnetic Control Relays

v'The symbol used to represent a control relay is shown in Figure.
v'The letter M frequently indicates a motor starter, while CR is used for
control relays.

v'Normally open (NO) contacts are defined as those contacts that are
open when no current flows through the coil but that close as soon as
the coil conducts a current or is

energized.
" —
v'Normally closed (NC) contacts are ——
. . . { con \lElC 5 | contacts NG NO
closed when the coil is de-energized \ / |
e . . Stationary .
and open when the coil is energized. J (E"‘“‘ J [L et
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v'The contacts are usually rated between o b o

Coil de-energized Coil energized

5 and 10 amperes,with the most common
rating for the coil voltage being 120 VAC. 1
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(dContactors
v'A contactor is a special type of relay designed to handle heavy power

loads that are beyond the capability of control relays.
v'Figure shows a three-pole magnetic contactor.
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(dContactors
v'Programmable controllers normally have an output capacity capable
of operating a contactor coil, but not that needed to operate heavy

power loads directly. Pump
v'Figure illustrates the application of a PLC conctorpover ﬁ
used in conjunction with a contactor to DI tf[% ]

switch power on and off to a pump. R {i\ﬁ LRy [ —
v'The output module is connected in series A\}: j;:“'l‘i;\’ wing )
with the coil to form a low-current switching | |+ '

circuit. V’Dl : ( ?m! -

v'The contacts of the contactor are connecte
in series with the pump motor to form a .
high-current switching circuit. werg
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v'A motor starter is designed to provide power to motors.

v'The motor starter is made up of a contactor with an overload relay
attached physically and electrically to it as illustrated in Figure .
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(dMotor Starters
» Figure shows the diagram for a typical three-phase, magnetic motor
starter.
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(JManually Operated Switches

» Manually operated switches are controlled by hand.

»These include toggle switches, pushbutton switches, knife switches,
and selector switches.

» Pushbutton switches are the most common form of manual control.
» A pushbutton operates by opening or closing contacts when pressed.
Figure shows commonly used types of pushbutton switches, which
include:

] 1
SW 'E._ﬂ: TL/ Nl Lf? -
IEC N EMA == |EC NEMA _E NEMA symbaol E

symbol  symbol symbol  symbaol

Mormally open MNormally closed Break-make
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»The selector switch is another common manually operated switch.
»The main difference between a pushbutton and selector switch is the

operator mechanism.
» A selector switch operator is rotated (instead of pushed) to open and

close contacts of the attached contact block.
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(dManually Operated Switches

»Dual in-line package (DIP) switches are small switch assemblies

designed for mounting on printed circuit board modules
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JMechanically Operated Switches

» A mechanically operated switch is controlled automatically by factors
such as pressure, position, or temperature.

» Limit switches are designed to operate only when a predetermined
limit is reached, and they are usually actuated by contact

IEC symbaols
NEMA symbaols |
MNormally open  Normally closed
limit switch limit switch
— 0.0 O=T0

MNMormally MNormally
open closed
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» the temperature switch, or thermostat, shown in Figure is used to
sense temperature changes.

» Although there are many types available, they are all actuated by
some specific environmental temperature change.

Temperature switches open or close when a designated temperature is

reaChed NEMA symbols
Programmable thermostat NO contact NC contact

A IEC symbols

=

NO contact NC contact
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JMechanically Operated Switches
» Pressure switches, such as that shown in Figure, are used to control

the pressure of liquids and gases.
» Although many different types are available, they are all basically
designed to actuate (open or close) their contacts when a specified

pressure is reached.
» Pressure switches can be pneumatically (air) or hydraulically (liquid)

operated switches.
Symbols
aogo— NO contact .

A)gk NC contact
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JMechanically Operated Switches
» Level switches are used to sense liquid levels in vessels and provide

automatic control for motors that transfer liquids from pumps or into

tanks.
»They are also used to open or close piping solenoid valves to control

fluids.
» The float switch shown in Figure et
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(dSensors

» Proximity Sensor

v'Proximity sensors or switches, such as that shown in Figure are pilot
devices that detect the presence of an object (usually called the target)
without physical contact.

v'These solid-state electronic devices are completely encapsulated

to protect against excessive vibration, liquids, chemicals, and corrosive
agents found in the industrial environment.

Normally open (NO)
sensor symbols
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» Proximity Sensor

v'Proximity sensors are used when:

e The object being detected is too small, lightweight, or soft to operate

a mechanical switch.

e Rapid response and high switching rates are required, as in counting or
ejection control applications.

e An object has to be sensed through nonmetallic barriers such as glass,
plastic, and paper cartons.

e Hostile environments demand improved sealing properties, preventing
proper operation of mechanical switches.

e Long life and reliable service are required.

e A fast electronic control system requires a bouncefree input signal.
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(dSensors

» Proximity Sensor

v'Proximity sensors operate on different principles, depending on the
type of matter being detected.

v'The block diagram for an inductive proximity sensor is shown in Figure

and
v'"Most sensor applications operate either at 24V DC or at 120V AC
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Light Sensors

» A photoelectric sensor is an optical control device that operates by
detecting a visible or invisible beam of light and responding to a change
in the received light intensity.

» Photoelectric sensors are composed of two basic components: a
transmitter (light source) and a receiver (sensor), as shown in Figure .
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Ultrasonic Sensors

»An ultrasonic sensor operates by sending high-frequency sound waves
toward the target and measuring the time it takes for the pulses to

bounce back.
»The time taken for this echo to return to the sensor is directly
proportional to the distance or height of the object because sound has a

constant velocity. § -
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Strain/Weight Sensors

» A strain gauge converts a mechanical strain into an electric signal.

» Strain gauges are based on the principle that the resistance of a
conductor varies with length and crosssectional area. The force applied
to the gauge causes the gauge to bend.

» This bending action also distorts the physical size of the gauge, which

in turn changes its resistance
Hopper
Programmable controller

(560 Ibs. | oworr I

J control

PLC sensor
input

Crrumm

S

Load cell
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Temperature Sensors
v'The thermocouple is the most widely used temperature sensor.
v'Thermocouples operate on the principle that when two dissimilar
metals are joined, a predictable DC voltage will be generated that
relates to the difference in temperature between the hot junction and
the cold junction ( Figure). ;,a

Y

f 4

= Metal A Chromel
[ s ' HEAT o (nickel-chromium)
eads — HEAT— +
. .Metal B/ - 'Hot. 300°C < 122mV
~ Coid junction -
junction Alumel (nickel-aluminum)

type K thermocouple
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Flow Measurement

» Turbine flowmeters, like windmills, utilize their angular velocity
(rotationspeed) to indicate the flow velocity.

»The operation of a turbine flowmeter is illustrated in Figure .

Its basic construction consists of a bladed turbine rotor installed in a

flow tube.

Fieal:h_:lut —| Gallons/minute
electronics

Magnetic pickup Generated pulses
JLunrre

turbine
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(dSensors

Velocity and Position Sensors

» Tachometer generators provide a convenient means of converting
rotational speed into an analogue voltage signal that can be used for
motor speed indication and control applications.

1450 | rpm

CONTROLLER

Separate
tachometer
generator
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(JOutput Control Devices

» A variety of output control devices can be operated by the PLC output
to control traditional industrial processes.

»These devices include pilot lights, control relays, motor starters,
alarms, heaters, solenoids, solenoid valves, small motors, and horns
»Similar electrical symbols are used to represent these devices both on
relay schematics and PLC output connection diagrams.

» Figure shows common electrical symbols used

o ﬁ o Pilot light o @ < Motor starter coil
oL o (5V) 0 Solenoid valve
¥
o 0 Motor overload relay contact
o €R)) o Al d %
N
CR1-1 CR1-2 r/“\

O Maotor

1 G

o—] Relay . ALARM o Alarm
NO NC
o HTH O Heater @
S0L
o 1 o Solenoid

@  Horn
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v’ Solenoid

» An actuator, in the electrical sense, is any device that converts an
electrical sighal into mechanical movement.

» An electromechanical solenoid is an actuator that uses electrical
energy to magnetically cause mechanical control action.

» A solenoid consists of a coil, frame, and plunger (or armature, as it is
sometimes called).

» Figure shows the basic construction and operation of a solenoid.

Frame

% DC solenoid
Air | o *# A
| r—
Symbol

_— | O e

COIl Plunger
AC solenoid

I 2 K- JC € 22X
000
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> Its operation can be summarized as follows:

e The coil and frame form the fixed part.

e When the coil is energized, it produces a magnetic field that attracts
the plunger, pulling it into the frame and thus creating mechanical
motion.

e When the coil is de-energized the plunger returns to its normal
position through gravity or assistance from spring assemblies within the
solenoid.

e The frame and plunger of an AC-operated solenoid are constructed
with laminated pieces instead of a solid piece of iron to limit eddy
currents induced by the magnetic field.
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v' Solenoid Valve

»Solenoid valves are electromechanical devices that work by passing an
electrical current through a solenoid, thereby changing the state of the
valve.

»Normally, there is a mechanical element, which is often a spring, that
holds the valve in its default position.

» A solenoid valve is a combination of a solenoid coil operator and valve,
which controls the flow of liquids, gases, steam, and other media.

When electrically energized, they open, shut off, or direct the flow of
media.
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(JOutput Control Devices

» Figure illustrates the construction and principle of operation of a
typical fluid solenoid valve.

e The valve body contains an orifice in which a disk or plug is positioned
to restrict or allow flow.

 Flow through the orifice is either L
restricted or allowed depending on J'

whether the solenoid coil is B . ;
energized or de-energized. [ r E ri—

Coil
de-energized

VUUUY

Valve orifice opened

Coil

o r e
i = == =
enargized g 4"'; J

Valve

L1 Control circuit L2

Solenoid coil
energized

I —_— P I

Valwve orifice closed
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v’ Stepper Motor

» Stepper motors operate differently than standard types, which rotate
continuously when voltage is applied to their terminals.

» The shaft of a stepper motor rotates in discrete increments when
electrical command pulses are applied to it in the proper sequence.

» Every revolution is divided into a number of steps, and the motor
must be sent a voltage pulse for each step.

»The amount of rotation is directly proportional to the number of
pulses, and the speed of rotation is relative to the frequency of those
pulses.

»Stepper systems are used most often in “open-loop” control systems,
where the controller tells the motor only how many steps to move and
how fast to move, but does not have any way of knowing what position
the motor is at.
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v’ Seal-In Circuits

» Seal-in, or holding, circuits are very common in both relay logic and
PLC logic.

» Essentially, a seal-in circuit is a method of maintaining current flow
after a momentary switch has been pressed and released.

»In these types of circuits, the seal-in contact is usually in parallel with
the momentary device.

» The motor stop/start circuit shown in Figure is a typical example of a
seal-in circuit.

Inputs Ladder logic program Output
L1 Start Motor | L1 P gic prog p

I Stop  starter coil Stop Maotor
ot ||—:J_Q— starter

—O O——0 | o M . o

~— Start Stop  coil —(m
o Start T £ -
I 11 e e W Motor

il J_ starter coil

Seal-in contact —— o o—

=

Hardwired Programmed
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v’ Seal-In Circuits

»The hardwired circuit consists of a normally closed stop button in
series with a normally open start button.

» The seal-in auxiliary contact of the starter is connected in parallel with
the start button to keep the starter coil energized when the start button
is released. L A

- % e

L1L2 11 12
Inputs

I
—
cececoce

1
Motor
starter coil
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v’ Latching Relays

» Electromagnetic latching relays are designed to hold the relay closed
after power has been removed from the coil.

» Latching relays are used where it is necessary for contacts to stay open
and/or closed even though the coil is energized only momentarily.

» Figure shows a latching relay that uses two coils.

» The latch coil is momentarily energized to set the latch and hold the
relay in the latched position.

» The unlatch or release coil is momentarily energized to disengage the
mechanical latch and return the relay to the unlatched position.
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v’ Latching Relays

»shows a hardwired control circuit for an electromagnetic latching
relay.

» The operation of the circuit can be summarized as follows:

e The contact is shown with the relay in the unlatched position.

e |n this state the circuit to the pilot light is open and so the light is off.
e When the ON button is momentarily actuated, the latch coil is
energized to set the relay to its latched position.

e The contacts close, completing the circuit to the v e
pilot light, and so the light is switched on. s @—'
* The relay coil does not have to be continuously _j; o
energized to hold the contacts closed and keep P

The light on. I P

(] In unlatch position
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v’ Latching Relays

e The only way to switch the lamp off is to actuate the OFF button,
which will energize the unlatch coil and return the contacts to their
open, unlatched state.
* |n cases of power loss, the relay will remain in its original latched or
unlatched state when power is restored.

Command Mame

Symbol

Description

OTL Output latch

208

OTL sets the bit to
1" when the rung
becomes true and
retains its state when
the rung loses
continuity or a power
cycle ocours.

OTuU Output
unlatch

0

OTU resets the bit to
0" when the rung
becomes true and
retains it.

b i —
—L Latch coil

KXK e
— Unlatch coil

n ON L2
| Latch coil
OFF
___Same | Lnlatch coil
address 0o 0 { U }—m=n
Relay contact
1" b
! P

In unlatch position
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v’ Latching Relays

e The process shown in Figure is to be used to control the level of water
in a storage tank by turning a discharge pump on or off.

The modes of operation are to be programmed as follows:

OFF Position —The water pump will stop if it is running and will not

start if it is stopped. o o

Manual Mode —The pump will start ﬁg 'E/i 'ﬁ

if the water in the tank is at any level | |
ON/OFF High sensor switch

except low. 5&% -

Automatic Mode —If the level of water
in the tank reaches a high point, the water I I
pump will start so that water can be removed ©F | -
from the tank, thus lowering the level. b

Pump motor
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v’ Latching Relays

e The rung 1 Examine-on instruction addressed to the off/on switch
prevents the pump motor from starting under any condition when in the
off (open) state.

e In the MAN mode, the rung 1 Examine-on instruction addressed to the

low sensor switch allows the pump |
motor to operate only when the s i A S
low level sensor switch is closed. - r _;(
t——> o— 1t 1t 3O
e In the AUTO mode, whenever the | cewas | i o e
: : : : v I © i
high sensor switch is momentarily | === | o = | 5
M M M i % UnlathJh coil B
closed the Examine-on instruction -
of rung 1 addressed to it will I &
energize the latch coil. I
A O
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v’ Latching Relays

e The pump will begin running and continue to operate until the
unlatch coil is energized by the rung 3 Examine-off instruction addressed
to the low sensor switch.

e The pump running status light is controlled by the rung 4 Examine-on
instruction addressed to the motor

Input module Output module
R wiring conne: ctions Ladder logic program wiring connection

ks

output. L e e e
e The low level status light is controllec | .5 .. | wue o —;{ -
o . . —°° 1L 1L /.\(_3/.\ p
by the rung 5 Examine-off instruction | cewae | e e e
R I O— 2
addressed to the low sensor switch. I | s v | 35
H H H 3—] Umatﬁkoil_ B
e The high level status light is controlle -
. . . L
by the rung 6 Examine-on instruction T &
addressed to the high sensor switch. Y a—
I O
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v’ Latching Relays
. Figure shows a typical I/O module wiring diagram

Slots
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i I ) TR
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Figure shows the sequential process flow diagram which is asfollows:
1. Start button is pressed.

2. Table motor is started.

3. Package moves to the position of the limit switch and automatically
stops.

Other auxiliary features include: pilot lights
e A stop button that will stop

the table, for any reason, before :@1
the package reaches the limit

switch position :@i

Package Mator

 Ared pilot light to indicate d e
the table is stopped ‘ [l.@
e A green pilot light to indicate = e
. . Start| @ Limit
the table is running Stop|® it
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(JConverting Relay Schematics into PLC Ladder Programs
L1 s L2
;EL PB2 Limit  Control L1 Inputs 12 U Outputs L2
J_ Stop switch relay
== . e g @ I Mt}tt}rs_’ltarter
FPB1 - Start e }EE:{
‘ CHI'1— PL o © 1:3/0 I A=A
Stop F'L;;?{tﬂp
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CR-2 olo 1:31 co )\Et»{
PL2
Aun LS - Limit switch Az an
+—i Gr—t Bl v 0> (G}
CHI‘B Motor }“--}\
starter coil
I () W- _
] L A Ladder logic program
CH-4 oL 11 Intermal L2
Input module PEI P2 LS relay Output module
wiring connections 113'? 1:31 1:3/2 B3:1/0 wiring connection
1t ol 10
bB1 B3:1/0 oL
1 il ourt—(W)—H—
—o o—L30 PL1
B3:1/0 0:4/2
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= Y PL1
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v'Figure shows the sketch of a drilling process that requires the drill
press to turn on only if there is a part present and the operator has one
hand on each of the start switches. This precaution will ensure that the
operator’s hands are not in the way of the drill. The sequence of
operation requires that switches 1 and 2 and the part sensor all be
activated to make the drill motor operate.

PBE1 PB2

% )
% Switches

I |
—

Part sensor
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motor
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Figure shows the sketch of a continuous filling operation. This process requires that
boxes moving on a conveyor be automatically positioned and filled. The sequence of
operation for the continuous filling operation is as follows:

e Start the conveyor when the start button is momentarily pressed.

e Stop the conveyor when the stop button is momentarily pressed.

e Energize the run status light when the process is —

operating. Bif
e Energize the standby status light when the process is Standby
stopped.

Solenoid W Full

e Stop the conveyor when the right edge of the box is
first sensed by the photosensor.

e With the box in position and the conveyor stopped,
open the solenoid valve and allow the box to fill. Filling ) ©® ®© @ @ @
should stop when the level sensor goes true. —

e Energize the full light when the box is full. The full light e @
should remain energized until the box is moved clear

of the photosensor. E‘Z’;
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