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Power                                                       Related Theory  for Exercise 2.8.167 - 169
Electrician - Control panel wiring

Control elements, accessories - layout of control cabinet
Objectives: At the end of this lesson you shall be able to
• explain the layout marking methods and necessity
• state the methods of marking, cutting, drilling, fixing of accessories and components
• explain the methods of mounting and wiring the accessories
• state the various control elements used for control panel board
• list the different wiring accessories used in control panel wiring.

Introduction

Preparation of layout drawing and marking on control
cabinet is very much essential, we must have a clear
vision of mounting components and their location on panel
board/ control cabinet.

There is no such important method inpratice to make the
layout on control cabinet. However a neat layout on control
cabinet is very much required.

The display and indicating instruments should be selected
on the top position of the cabinet. Heavy and rare operated
devices such as fuse breaker etc; are to be fixed on the
bottom of the cabinet.

The components and fixtures should have sufficient space
in between to carryout future repair (or) replace
requirements. But too much space should not be provided,
that will increase the size of the cabinet unnecessarily.
While finalising the layout plan the relevant IE rulers to be
followed for better result.

Layout marking

Wiring diagrams for power and control circuit should be
developed for sequence of operation of automatic star -
delta starter with forward and reverse. Types of protection,
control, indication and measuring accessories needed
should be finalized.

To wire up the above starter in a control panel the well
designed and easily understandable  layout should be
finalized. Layout of the finalized wiring diagram should
developed keeping important features of the control panel
in mind. While designing the control panel the outside
dimensions, the swing area of cabinet doors and area
required for maintenance and tools kit have to be
considered.

Control panel may be often used near the process area
with high temperature, humidity and dust hence the
arrangement for cooling fan and dehumidifier along with
filters and intake and exhaust vents should be  needed.

Suitable size of control panel which can accommodate
all the controlling, protective, measuring, indicating and
wiring accessories required for said wiring should be
obtained or fabricated.

While selecting the control and protective accessories of
the control panel the full load current of the individual load,
total load and duty cycle, simultaneous operation of the

load and 25% additional load capacity of the motors have
to be considered.

The over load and short circuit protection may be given
either ahead of the control panel by calculating the highest
rating of the branch circuit or individual motors depends
on space available, cost factor and sensitiveness of the
operation.

The finalized layout may vary depends the individual design
and mind application. However a sample layout marking
for the above starter is given in the Fig 1.

Once the panel layout is designed we must find out where
and how to fit the accessories.

The finalized layout of accessories can be marked in the
control panel using suitable marking device.

Cutting and drilling

The mounting or fixing holes along with necessary tap or
die in suitable size (if any) can be prepared in the front
door and inside of the control panel as in Fig 2.

Din rail is a metal rail made from cold rolled carbon steel
sheet with zinc plated or chromate bright surface finish
used to mount the circuit breakers and control accessories
without using screws as in Fig 2. DIN rail being fixed to
the chassis before fitted the contactors and other
accessories as in Fig 3.



191

The standard specification of widely available DIN rail is
top hat rail EN 50022 which dimension is 35 mm width
and a 15 mm or 7.5 mm depth. They can be cut in to the
required length and then screwed or bolted inside the panel
before mounting any accessories and wiring begins as
in Fig 4.

Race way is one form of cable ducting used to carry the
wiring between components and keeping the wires neat.
The leads wires and cables are laid inside the raceways
brought out through the holes / slots in the sides and can
be inspected by removing the cover of the raceways.

The minimum spacing between components and raceways
should be 100 mm for 415V systems and 50 to 75 mm for
less than 415V system.  The next stage is to clip the
accessories to the rail and wire them.

Mounting and wiring the accessories in control panel

The accessories can be mounted on the DIN rails allowing
sufficient space for easy maintenance, wiring and
troubleshooting. The mounting should not move or lean in
the DIN rail due to vibration or strain due to cables.

Contactor can be either flush mounted to the chassis or
DIN  rail - mounted . Contactor mounting type over load
relay which have three pin connectors engage  into the
contactor terminals may be used to reduce the mounting
and wiring time and labour.

To mount the contactor on rail first place the back top
groove on the top of rail and turn it downwards against the
lower rail which will cause the spring of the contactor to
retract and snap into place behind the rail. There is a slot
in the spring clip of the contactor so that the clip can be
retracted using small screw driver or connector to remove
the contactor if required. To avoid fouling the underneath
of the accessories use screws with low profile heads.

The contactor arrangements and terminals are usually
labeled which conforms to BS 5583. For example 1 and 2
for NC contacts, 3 and 4 for NO contacts, odd numbers
like 1, 3 and 5 for incoming terminals and even numbers
like 2, 4 and  6 for outgoing terminals of the main contacts
of contactors and OLR.

The conductor should be trimmed OFF to that the conductor
does not insert more than the half way through the
connectors. Single strand wire should be folded back to
give additional thickness. The over tightening of screw
have to be avoided otherwise this can crush the strand
and give a weak connection.

All the internal wiring should be terminated in the top and
external wiring in the bottom of the connectors to avoid
the crossover of both wirings. Flexible conduit and cables
have to be installed in such a way that the liquid or water
if any can drain away from the fitting and grommets.

An earth terminal usually green or green yellow to be
clamped to the rail and ensure the cabinet and door are
earthed properly.

An insulated separator can be used to isolate the high
voltage connections from others. End stops are used to
clamps the connectors together and close the open
terminals on one end, sometimes the earth terminal will
do the same job as in Fig 5.

The control panel should be grounded properly so that
control panel should have proper earthing bolts / nuts.  If
more ground points are used a common earth plate should
be fixed inside the cabinet as in Fig 5.

U loops of the cables as long as possible facing down
and anchored on each side of the hinged doors and panel
with screws or bolts and do not use adhesive. Place the
sleeve and spiral flexible conduits of suitable size over
the cables running between the hinged doors and panel
as in Fig 6.

The care to be given to the bundle of wires which is
mounted on the hinged doors should not restrict the
opening and closing of the door or the doors should not
damage the wires.
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Minimize the use of cable ties if the raceways are used.
They may be cut OFF during troubleshooting and rarely
replaced.

Routing and bunching

Routing : Conductors and cables should run from terminal
to terminal without any intervening joins and cross over.
Extra length should be left at connector / terminals where
assembly needs to be disconnected for maintenance and
servicing. Multi core cable terminations have to be
adequately supported to avoid undue strain on the
terminals.

Different colour may be used to aid identification of group
of controls and functions.

The associated earth and neutral conductor should be
routed close to the respective live conductors to avoid
undue loop resistance.

Select the race ways to leave some slacks or looping of
the cable inside it.  The wires inside the race way should
not more than the half fill.

Bunching and tying

Run the wires in horizontal and vertical lines avoid diagonal
runs as possible. Do not run the wire over   the other
devices or  race ways. Uses of spring cage terminals
instead of standard screw  terminals can reduce the
termination error, the wiring and maintenance time which
in turn reduce the cost and labour.

To connect the accessories, cut the individual control
wires to the proper lengths, strips the insulation, mark
wire identification, insert ferrules at the ends of wires,
use suitable lugs or thimbles.

The wires should be neatly bundled, run in the race ways
and routed with smooth radius bends.

All the terminals, wires and components should have
identification marks and labels.  A good labelling and
identification will reduce the errors in termination, testing,
maintenance and repairs. A legible and durable label in
an efficient and cost effective manner may be chosen.

To the possible extent the power and control wiring should
be run in separate race way or cable management which
will reduce the radio interference, trouble shooting time
and make the future alteration if any is easier.

By taking some extra cares like pest control, dust control,
adequate terminal pressure, selection of proper wires and
accessories, it can be ensured that the control panel has
no failure time and with moderate maintenance it will be
trouble free panel for entire life.

Where the multiple earths are used it is necessary to
use a common earth terminal or connectors as in Fig 5.

Tests

Before energizing the control panel all necessary tests
should be carried out like open, short, earth continuity
and earth soundness etc. The supply voltage and
frequency are also to be checked.

Control elements

Difference between control panel and switch board

A panel board contains a single panel or a group of
panel units as single panel that includes bus-bars,
protective devices and control switches, instruments and
more starters etc.

For wiring of control panel board the following control
elements / components and accessories are required.

They are

- Isolating switch

- Push button switch

- Indicating lamp

- MCB (Miniature Circuit Breaker)

- Contactors

- Electro mechanical relays

- Thermal over load relays

- Time delay relay (timers)

- Rectifiers

- Limit switches

- Control transformers etc.

Control elements for control panel

1 Isolating switch (Fig 7)

Isolating switch (Isolator) is a manually operated
mechanical switch which isolates/disconnects the circuit
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which are connected with it from the supply system as
and when required.  It should be normally operated at
“OFF”  load condition.

It is available in different current, voltage rating and size.

2 Push button switch (Fig 8)

Push button is a simple push switch mechanism for
making or breaking the circuit as and when required. It is
made out of hard plastic or metal. An indicating lamp is
incorporated  with the push button switch to indicate start
or stop is also  available.

3 Indicating lamp (Fig 9)

4 MCB (Fig 10)

Miniature circuit breaker (MCB) is an electro mechanical
protective device which protect an electrical circuit from
short circuit and over load . It automatically turns off, when
the current flowing through it exceeds  the maximum
allowable limit.

5 Fuses

It is a protective device which is connected is series with
the live wire to protect the circuit from short circuit and
earth fault.

6 Contactors (Fig 11)

A contactor is an electrically controlled double break
switch used for switching ON / switching OFF the electrical
circuit, similar to a relay with higher current ratings.  It is
controlled by a circuit which has a much lower power
level than the switched circuit.

7 Electro mechanical relays (Fig 12)

Electromechanical relays are electrically operated
switches used to control a high powered circuit
accessories using low power signal. When an electric
current passes through its coil it produces a magnetic
field that activates the armature to make or break a
connection.

current passes through its coil it produces a magnetic
field that activates the armature to make or break a
connection.

8 Thermal overload relays (Fig 13)

It is a thermally operated electromechanical device that
protects motors from over heating and loading.
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It is a low voltage, low wattage filament or neon or LED
lamps used to indicate the various indication like
availability  of supply or motor ON/OFF, mains/motors
fails or trip etc.

It is available in different size, colour and wattage. It should
be generally fitted  in the front side of the control panel
with suitable holder.
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9 Time delay relay (timers) (Fig 14)

Time delay relays are simply the control relays in - built
with a time delay mechanism to control the circuit based
an time delay.

In time delay relays its contact will open or close after
the pre-determined time delay either on energising or on
de-energising its no volt coil. It can be classified into two
types as ON delay timer  and OFF delay timer.

10 Rectifiers (Fig 15)

A rectifier is a static device  consists of one or more
diodes that converts alternating current (AC) to direct
current (DC). A diode is like a one -way valve that allows
an electrical current to flow in only one direction.

11 Limit switches (Fig 16)

Limit switch is a switch with an actuator which is operated
by the motion of a machine part or an object.

When an object or parts comes into contact with actuator,
it operates the contacts of the switch to make or break
an electrical connection. They are used to control the
distance or angles of movement of any machine parts or
axis or objects.

12 Control transformer

It is a transformer which is used to supply the power to
the control or auxiliary circuit or equipment which does
not intend for direct connection to the main supply.

13 Panel meter (voltmeter and ammeter)

They are the measuring instruments used to measure
the various electrical parameter of the circuits such as
voltage  and current etc.

Wiring accessories for control panel wiring

1 PVC channel / Race ways (Fig 17)

It is an inspection  type PVC enclosed channel which
provides a pathway for electrical wiring inside the control
panel. It has the opening slots on both sides to facilitate
the good ventilation and visual inspection.

It protects the wires from dust, humidity, corrosion, water
intrusion, heat, mechanical  damage and physical threats.

2 DIN rail (Fig 18)

It is a zinc - plated or chromated metal rail which is used
for mounting the control accessories like MCB, contactors
and OLR etc, with out using screws  inside the control
panel.
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3 G Channel (Fig 19)

It is a zinc - coated metal channel which is especially
used for mounting the feed through or spring load or double
deck terminal connectors  without using screw inside the
control panel.

4 Terminal connectors (Fig 20)

It is the set of insulated screw terminals at both sides
used to connect the accessories of the control panel with
external control switches, limit switches, input supply
and motor terminals etc.

Terminal connectors with barrier strips and clamping plates
provide a tight and electrically sound termination.  It is
available in various size, current and voltage ratings.

5 Wire ferrules (Fig 21) : It is a small circular ring made
up of polymer  plastics or rubber or fibre, used to easily
identify the ends of wires which are to be connected into
a particular terminals or accessories. It should be inserted
on the both ends of a wire as collar or  bracelet.

It is a cylindrical barrel along with circular rings or
cylindrical rod or U shape or flat surface made up of
aluminum or copper or brass, used to ensure the sound
electric connection of the cable / wire on to the terminals.
It prevent flare out of stripped and stranded cable, increase
the conductivity of the connection, support the cable /
wire and avoid the loose connection and sparking. Suitable
crimping tool has to be used to connects them with cables
/ wires.  It is available  in different size like 1 sq.mm, 4
sq.mm,  25 sq.mm, 70 sq.mm, 125 sq.mm and so on.

• Thimbles may also be referred as sockets.

7 Cable binding straps and button (Fig 23)

It is made up of PVC or polymer belt with a small holes at
regular intervals, used to tie up, bunching, binding and
dressing the cable / wires with  help of buttons.

It is  reusable and good insulator to the heat and electricity.
It is generally available  8mm, 10 mm and 12 mm width.

8 Nylon cable ties (Fig 24)

• It is a type of fastener used to hold or  tie or bunch the
wires / cable or group of cables.

Power : Electrician (NSQF - Revised 2022) - Related Theory for Exercise 2.8.167-169

It is available is different size like 1 sq.mm, 1.5 sq.mm
and 2.5 sq.mm etc generally in yellow colour printed with
either numerical or alphabet letters on it.

6 Lugs and thimbles (Fig 22)
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• It is made of nylon tape or belt which has teeth that
will engage with head of the pawl to form a ratchet and
tightens the wires.

• In general the tie can not be loosened, or removed or
reused. However some reusable ties are also available.

• it is available in different colour, length and width.

• Because of its low cost and easy to use, it is widely
used in general purpose application also.

9 Sleeves (Fig 25)

10 Grommets (Fig 26)

It is a type of bushing which is used to insulate and hold
the cables when they pass through a punched / drilled
holes of panels or enclosures. It is generally made of
rubber, plastic, plastic coated metal and protect the cable
from twist, tug, cut, break, strain, vibration etc and prevent
the  entry of dirt, dust, water, insects and rats  into the
panel. It may also called as glands.

11 Wire clips (Fig 27)

It is a type of fixing or fastening device which is used to
fix and hold the cables or punch of cables in a secure
manner.

Rotary type switches (Fig 28)
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• It is flexible tubular / cylindrical insulator into which
the electric wire or cable or group of cables can be
inserted.

• Apart from the electrical insulation and easy
identification of wires, it also protect the wires from
abrasion, heat, chemical, physical damage and radio
interference.

• It is available is different colour, style, materials like
carbon fibre, fabrics, Teflon, fibre glass, nylon, poly
ethylene (PET) wrap, braided metal and heat shrink
sleeves.

Rotary switches are most commonly used in lathes, milling
and drilling machines due to their exact visual position
and easiness in operation. These switches are operated
by levers or knobs which in turn operate cams inside the
switch to contact various terminals in sequence by the
internal contact blocks. These cams and blocks are made
of hard P.V.C. and are designed to withstand  many
operations. It is possible to get many circuit combinations
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by combining various cams and contact blocks.  As the
contact blocks, terminals and cams are spring-loaded,
these switches should not be opened by inexperienced
persons for repairs. Fig 28 shows 250V AC 15 Amps 2-
pole three position flush  mounting coin-slot operator.

Necessity of starter: A squirrel cage induction motor just
before starting is similar to a polyphase transformer with
a short-circuited secondary. If normal voltage is applied to
the stationary motor, then, as in the case of a transformer,
a very large initial current, to the tune of 5 to 6 times the
normal current, will be drawn by the motor from the mains.
This initial excessive current is objectionable, because it
will produce large line voltage drop, which in turn will affect
the operation of other electrical equipment and lights
connected to the same line.

The initial rush of current is controlled by applying a
reduced voltage to the stator winding during the starting
period, and then the full normal voltage is applied when the
motor has run up to speed. For motors, up to 3 Hp, full
normal voltage can be applied for starting. However, to
start and stop the motor, and to protect the motor from
overload currents and low voltages, a starter is required in
the motor circuit. In addition to this, the starter may also
reduce the applied voltage to the motor at the time of
starting.

Types of starters: Following are the different types of
starters used for starting squirrel cage induction motors.

• Direct on-line starter

• Star-delta starter - semi and fully automatic

• Step-down transformer starter

• Auto-transformer starter.

In the above starters, except for the direct on-line starter,
reduced voltage is applied to the stator winding of the
squirrel cage induction motor at the time of starting, and
regular voltage is applied once the motor picks up the rated
speed.

Selection of starter: Many factors must be considered
when selecting starting equipment. These factors include
starting current, the full load current, voltage rating of
motor, voltage (line) drop, cycle of operation, type of load,
motor protection and safety of the operator.

Contactors: The contactor forms the main part in all the
starters. A contactor is defined as a switching device
capable of making, carrying and breaking a load circuit at
a frequency of 50 cycles per second or more. It may be
operated by hand (mechanical), electromagnetic,
pneumatic or electro-pneumatic relays.

Function: This switches can do a number of functions,
depending upon the cover and contact block combinations.
According they can be used for ON/ OFF switch, manual
Forward / Reverse operation, Manual star delta switches,
Pole  changing switches, Selection switch for meaning
instrument etc..

Power and control circuits for three phase motors
Objectives: At the end of this lesson you shall be able to
• state the necessity of starters for a 3-phase induction motor to start and name the types of starters
• explain the basic contactor circuit with a single push-button station for start and stop
• state the function of DOL starter, semi and fully automatic start - delta starter
• explain the remote station control circuit
• explain the sequential control  of motors.

The contactors shown in Fig 1 consist of main contacts,
auxiliary contacts and no-volt coil. As per Fig 1, there are
three sets of normally open, main contacts between
terminals 1 and 2, 3 and 4, 5 and 6, two sets of normally
open auxiliary contacts between terminals 23 and 24, 13
and 14, and one set of normally closed auxiliary contact
between terminals 21 and 22.

Auxiliary contacts carry less current than main contacts.
Normally contactors will not have the push-button stations
and O.L. relay as an  integrated part, but will have to be
used as separate accessories along with the contactor to
form the starter function. The main parts of a magnetic
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contactor are in Fig 1, and Fig 2 shows the schematic
diagram of the contactor when used along with fused
switches (ICTP), push-button stations and OL relay for
connecting a squirrel cage motor for starting directly from
the main supply. In the same way the direct on-line starter
consists of a contactor, OL relay and push-button station
in an enclosure.

Functional description

Power circuit: As in Fig 2, when the main ICTP switch is
closed and the contactor K

1
 is operated, all the three

windings U V & W of the motor are connected to the supply
terminals R Y B via the ICTP switch, contactor and OL
relay.

switches off the control circuit. Thereby K
1
 switches ̀ OFF'

the motor circuit.

The overload current relay  (bimetallic relay) protects the
motor from overload (`motor protection'), while the fuses
F1/F2/F3 protect the motor circuit in the event of
phase-to-phase or phase-to-frame short circuits.

Control circuits

Push-button actuation from one operating location:
As shown in the complete circuit Fig 2, and the control
circuit Fig 3, when the ̀ ON' push-button S3 is pressed, the
control circuit closes, the contactor coil is energised and
the contactor K1 closes. An auxiliary, a normally open
contact 13,14 is also actuated together with the main
contacts of K1. If this normally open contact is connected
in parallel with S3, it is called a self-holding auxiliary
contact.

After S
3
 is released, the current flows via this self-holding

contact 13,14, and the contactor remains closed. In order
to open the contactor, S

2
 must be actuated. If S

3
 and S

2
 are

actuated simultaneously, the contactor is unaffected.

In the event of overloads in the power circuit, the normally
closed contact 95 and 96 of overload relay ̀ O' opens, and

Once the contact between 95 and 96, is opened due to the
activation of the overload relay ̀ O', the contacts stay open
and the motor cannot be started again by pushing the ̀ ON'
button S

3
. It has to be reset to normally closed position by

pushing the reset button. In certain starters, the reset
could be done by pushing the ̀ OFF' button which is in line
with the overload relay ̀ O'.

Push-button actuation from two operating locations
(remote control): If it is desired to switch a contactor OFF
and ON from either of the two locations, the corresponding
OFF push-buttons should be connected in series, and the
ON push-buttons in parallel, as  in the complete diagram
Fig 4 and the control diagram Fig 5.
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If either of the two ON push-buttons is actuated, K
1
 is

energised and holds itself closed with the help of
normally-open contact 13 & 14 which is closed by contactor
K

1
. If either of the two OFF push -buttons is actuated, the

contactor opens.

Tripping of starters: A starter may trip due to the
following reasons.

• Low voltage or failure of power supply

• Persistent overload on the motor

No-volt coil: A no-volt coil consists of generally more
number of turns of thin gauge of wire.

Coil voltages: Selection of coils depends on the actual
supply voltage available. A wide variety of coil voltages like
24V, 40V, 110V, 220 V 230/250 V, 380V 400/440V AC or
DC are available as standard for contactors and starters.

D.O.L. starter

A D.O.L. starter is one in which a contactor with no-volt
relay, ON and OFF buttons, and overload relay are
incorporated in an enclosure.

Construction and operation: A push-button type, direct
on-line starter, which is in common use, is in
Fig 6. It is a simple starter which is inexpensive and easy
to install and maintain.

There is no difference between the complete contactor
circuit and the D.O.L.starter, except that the D.O.L.
starter is enclosed in a metal or PVC case, and in most
cases, the no-volt coil is rated for 415V and is to be
connected across two phases as in Fig 6. Further the
overload relay can be situated between ICTP switch and
contactor or between the contactor and motor as in Fig 6,
depending upon the starter design.

Forward and reversing of 3 phase induction motors

In many machines like large milling machine, it is
essential to run the motor in both directions in forward &

reverse. In lift also the forward & reverse operation is
essential.

By changing the phase sequence of any two phases the
direction of rotation of a 3 phase motor can be changed but
it is not practically possible of interchanging any two
phases of 3 phase supply when even needed. It consumes
time and also damages the equipments.

So it is necessary to have a circuit for forward and reversing
of 3 phase induction motors. (Fig 7)

The supply terminal L
1
 is connected with motor terminal A

1

in both direction of runing (Fig 7)

Supply terminal L
2 
& L

3 
are connected with motor terminal

B
1
 & C

1
 in forward direction. While the reverse contact

energiser supply terminal L
2 
connected with motor terminal

C
1
 and L

3 
terminal connected with B

1
 thus the sequence of

phase changed the direction of rotation also changed.

The inter locking protection is in corporated by normally
closed (NC) contacts of forward and reverse contactors
(Fig 7b) By this when forward contactor is working, if
reverse push button is wrongly pressed, without any break
the motor run in same direction continuously.

The direction only can be changed by switch OFF and
press the reverse direction push button.

Automatic star-delta starter

Applications : The primary application of star-delta motors
is for driving centrifugal chillers of large central air-
conditioning units for loads such as fans, blowers, pumps
or centrifuges, and for situations where a reduced starting
torque is necessary.  A star-delta motor is also used
where a reduced starting current is required.

In star-delta motors all the winding are used and there are
no limiting devices such as resistors or auto-transformers.
Star-delta motors are widely used on loads having high
inertia and a long acceleration period.

Overload relay settings : Three overload relays are
provided on star-delta starters.  These relays are used so
that they carry the motor winding current.  This means that
the relay units must be selected on the basis of the
winding current, and not the delta connected full load
current.  The motor name-plate indicates only the delta
connected full load current, divide this value by 1.73 to
obtain the winding current.  Use this winding current as the
basis for selecting and setting the motor winding protection
relay.

Automatic star - delta starter with forward and
reverse control : It is a starter which is used to start the
three phase motor in star and after some pre-determined
time it automatically runs  in delta either in forward or
reverse direction depends upon the requirement. Like all
other starters it reduces the starting current, protects the
motor from over load and disconnects the motor from
supply during power failure.

The Fig 8 and 9 shows the power and control circuit of
the automatic star-delta starter with forward and reverse
operation.

Power : Electrician (NSQF - Revised 2022) - Related Theory for Exercise 2.8.167-169



200 Power : Electrician (NSQF - Revised 2022) - Related Theory for Exercise 2.8.167-169



201

Its main components are, five numbers of power
contactors, one ON-delay timer, three numbers of push
buttons and one thermal over load relay (OLR). The five
power  contactors are intended one each for forward
direction (C

1
), reverse direction (C

2
), main contactor (C

3
),

star contactor (C
4
) and delta contactor (C

5
).

Six numbers of indicator lamps are also used to indicate
the availability of the three supplies, availability control
voltage and to indicate whether the motor is running either
in forward or reverse direction. These neon indicators lamps
are to be mounted in the front door of the control panel
along with three push buttons.

Three push buttons are intended one each for stop push
button with one NC (Normally Closed) contact, for forward
and for reverse  operation with one NO (Normally Opened)
contact.

The choosing of control circuit voltage and power depends
on the no volt coil rating of the contactor, whether it needs
AC or DC. Here a separate 415/240V, 200 VA control
transformer is used for control circuits.

The choice of contactor depends upon the type of supply
voltage, load power, load characteristics and duty cycles.
The standed duty cycles of the contactors is given below.

Sequential control of motors

It is a kind of multiple motor's control in a specified manner
by means of timer or limit switches or sensor depend the
requirements of industries or application.

In this method generally the operation of two or more
individual  motors are controlled with respect to the
specified time lapse  or reaching of the specified level or
completion of the specified operation.  The operation of
first motor will control the operation of the second or other
motors and operation of second motor will control the
operation of other motors and so on.

This type of the control system reduce the error due to
human and man power, increase the accuracy of the
operation cycle, minimize the ideal time of the machines
and increase the efficiency and production of the
industries.

The example of such sequential control system might be
found in some of the industrial agitator system which
explained in details below.

Industrial agitator

It is the machine consists of an electric motor along with
impeller in its long shaft and fitted in the agitator tank
which used in the chemical, food and pharmaceutical
process industries to

• Mix the different type of l iquid or chemical
homogeneously.

• Improve the chemical properties of the liquid or
substance.

• Keep and stir the stored liquid in the specified heat
and properties.

Fig 10 show a typical industrial agitator used to remove
the sludge and improve the chemical properties of the
liquid or chemical before feeding to the process reactor. It
has the feeding pump, agitator and discharge pump. The
liquid to be treated is fed into the agitator tank through
the feed pump which is started manually.

After some time lapse the agitator motor starts by means
of timer and stir the liquid continuously till the level of the
liquid reaches the minimum level. When the liquid level in
agitator reaches the maximum level, the sensor or limit
switch installed in the tank is switched off the feed pump.

After specified time lapse of starting  the agitator motor
the discharge motor is started by means of one more
timer and discharge the liquid to further process. When
the liquid level in agitator reaches the minimum level, the
sensor or limit switch installed in the tank is switched
OFF the discharge pump.

The agitator also have the  submerged aerator through
which the air is fed, a sludge discharge line with valve to
discharge unwanted sludge, minimum and maximum level
sensor  or limit switches to maintain the liquid level in the
tank.
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A control panel with necessary wiring and protection are
designed and installed to control the sequential control of
all the three motors.  The Fig 11 and 12 show the power
and control circuit of the sequential control of the typical
agitator  system with three motors.

All the three motors have individual power circuit of DOL
starter with over load  and short circuit protection. The
total control panel has an isolation switch to ON and OFF
the supply. It has indicator lamps to indicate the availability
of the power supply and control supply and also indicates
the running status of feed pump, agitator motor and
discharge pump.

Sequence of operations of the sequential control of
the agitator system having three motors

When the start push button is pressed the NVC of the
feed pump motor contactor (C

1
) and timer 1 (T

1
) is getting

the control voltage through the stop push button, OLTC of
OLR1 and NC contact of the maximum level limit switch.

Now the C
1
 and T

1
 energized and get self holding through

the NO contact C
1
. So even after releasing the 'start' push

button the C
1
 and T

1
 will continuously be in energized

condition.

After some pre-determined time lapse the NO contact of
the timer 1 closes and the NVC of the agitator motor
contactor (C

2
) and timer 2 (T

2
) get control voltage through

the minimum level limit switch and OLTC of OLR 2. Now
the C

2
 energized and get self holding through its own NO

contact. So even if the C
1
 if get de-energized due to

maximum level limit switch, the C
2
 will continuously be in

energized condition.

After the some time lapse  the NO contact of the timer 2
closes and the NVC of the discharge pump motor
contactor (C

3
) is getting the control voltage and get

energized.

If the liquid level of the agitator reduces to the minimum,
the NO contact of the minimum level limit switch open
causes C

2
 and C

3
 get de-energized.

When the all the three motors are working, in case if the
OLTC of OLR1 opens the C

1
 will only get de-energized

and C2 and C3 continuously in energized condition through
the self holding contact of C

2
.

In case if the OLTC of OLR 2 opens due to over load the
C

2
 will only get de-energized if the C

1
 is in energized

condition.  In other hand if the C
1
 is already of OFF condition

due to activation of maximum level limit switch, the C
3

also will get de-energized.

In case if the OLTC of the OLR3 opens due to over load
the C

3
 alone will get de-energized.
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Power                                                     Related Theory  for Exercise 2.8.170 & 171
Electrician - Control panel wiring

Installation of instruments and sensors in control panel and its performance
testing
Objectives: At the end of this lesson you shall be able to
• state the sensor  main specification, application necessity and types
• state the specification and types of sensors required in panel board
• explain the performance testing of panel control board.

Instruments in panel board

Industrial operation for any process requires many
machines, apparatus for usual supply and maintain
continuous production. Some machines requires operator
always to operate many control on process for example a
lathe machine is required always its operator assistance
to do different job, turning, shaping etc, but in some cases
the machine not required continuous manual operator for
single job operations.

In a workshop AC motor or DC motor is to operate for many
of its intended job. Once the machine starts it will continue
to work for its assigned  job and requires only ON and OFF
operation. This operation may need many job completion
in different places located in the work shop. This operation
has to be controlled and monitored in time intervals and a
constant watch also may require.

The instruments are used to measure the electrical
quantities, which in turn  gives the feed back of load
conditions and performance. A motor draws a constant
current, which can monitor by a ammeter connected to
them similarly the rated voltage, frequency, power factor
etc, are also to be checked through the meters.  If number
of machines and meters are more it is difficult to watch the
parameters individual places. A panel board having this
meters are installed helps to collect the data at one place
where different  machines are working.

Selection of meters are in accordance with the machine
ratings and working voltage limits. A low range meter
cannot be connected in a heavy load machine for its
readings it may damage the meter and its wiring.

Sensors types, classification and its application

Sensors is a device that detects/measures a physical
quantity. A motor is running with its rated rpm but some
cases load variations on motor affects the rpm. The quality
of the product may depend on the machine accuracy, then
it is very important to run the motor at its rated rpm.
Automatic rpm correction is possible with relevant circuits
but a sensor has to feed back the working rpm to the
control circuit. In this case a Tacho generator is the device
to produce the feed back of rpm of motor. Tacho generator
can be fixed on the shaft of the motor and the resultant feed
back quantity(V or I) can be brought to the control panel
board.

Similarly, the temperature measurement also can be done
by suitable sensors. Since the temperature is the big
problem for all electrical applications, a constant watch on

the temperature helps to increase the life of the machine
and a uniform production with specified quality. In this way
temperature can be controlled by installing suitable sensor
preferably with a thermistor-PTC or NTC will help to control
the temperature within safe limits. The sensor element will
kept in the winding and the cable is brought up in the
control panel, to connect the temperature indicating unit
for indication.

A sensor is a special kind of transducer which is used to
generate an input single to a measurement,
instrumentation or control system. The signal produced
by a sensor in an electrical analogy of a physical quantity,
like acceleration, temperature, pressure, distance,
velocity, light, level etc.

Types of sensors: There are two types of sensors

a Passive sensor

b Active sensor.

a Active sensor: Self generating sensor is that one can
generate a signal without any external power source.
Eg. photovoltaic cell, thermo couple, piezoelectric
device .

b Passive sensor: It requires external power supply to
generate the signal. Eg. Diaphragm used to convert
pressure or velocity, oscillations, or sound wave's into
movements of a solid sheet.

Classification of sensors: It is classified into many
categories according to the output, application etc. It is
mainly divided into two groups, they are; a) Digital sensor
and b) Analog sensor.

Digital sensor: The resolution of this sensor is most
accurate and maximum speed. Its ability to detect a
change in the sensed quantity is excellent. The output is
always taken as 180, high and low, or yes or no.

Analog sensor: The resolution of this sensor in less
accurate corporate to digital and it records very small
changes or variations resulting more error. It is usually
used to record very small changes, or variations.

Further, the sensors are mainly used to measure
temperature and RPM in the electrical circuits. The
following sensors are used to measure temperature. They
are;

a Thermo couple

b RTD (Resistance Temperature Detector)
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c Thermistor

d IR sensors (Infra Red)

e Semi conductor sensors - VDR, LDR, Photo diode
etc.,

The sensors used to measure RPM of motor; are in
different types; they are

a Shaft encoders (rotary type) 1-5000 pulses

b Photoelectric (optical type)

c Magnetic rotational speed (proximity type) - medium
or low RPM.

d Photo sensor reflection target- Tachometer - 20-20,000
range

Sensor assembly and measurements

Temperature measurement using resistance temperature

detector (RTD) and   1  assembly with position adjustment,

tachometer sensor assembly and a AC tachometer
generator is in Fig 1. The AC is rectified by a bridge circuit.
The amplitude and frequency of the induced emf are
equivalent to the speed of the shaft. Thus either amplitude
or frequency is used for measuring the angular velocity.

Performance testing of panel board

It is important to see that the panel board is to install
carefully as it carries  a  number of connection and
controls. Any loose connection or wrong connection to
any device will affect the performance and it may cost
more.

While testing the performance make sure that all
connections and wiring are correct and as per IE rules.
Wrong connection and substandard materials will cause
heavy damage to the panel board. The continuity of cable,
earth resistance values are to be kept in the safe level as
per IE rule normal.

The panel board should be earthed properly and all metal
parts have to be connected to earth. If the current in the
panel board is heavy; a separate earthing has to be
provided and maintained within the standard.

Connection to machine from panel board has to be made
on short as possible. If the machine draws less current,
line drop will be minimum and resultant power is low hence
in cable is also low and even negligible. If the connecting
cable length is much more than line loss will be too high
and it will turn shorten the life of machine and cables
connected. Running of cable can be made as per the
situation and facilities. Keep away from direct sun light wet
condition, and near fire or any other polluted areas.

A simple model panel board to the load power is given for
your guidance in Fig 2.
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