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This paper reports the design an automatic star-delta starter using electrical relays and an electronic
timer by feeding the motor with 1 / ﬁ(SS%) of the full load current to limit the starting current surges

by starting the motor at reduced voltage and then have full supply voltage reconnected when they run
up to near rotated speed. This method is commonly referred to as “Soft Starting” the motor.
Traditionally, in many regions there is a requirement that all motor connections be fitted with a
reduced voltage starter for motors greater than 4 KW5HP. This is necessary to curb the high inrush of
starting currents associated with starting induction motors. In this paper, a low cost-based circuit that
can be used to control the operation of an induction motor is designed and a delta-star starter is used
in controlling the turning on of the motor with low power loss and electrical relays deployed for
conversion of star to delta. This design reduces the high starting current of induction motor and along

Motor.
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these lines forestall the motor from overheating.
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INTRODUCTION

The induction motors have a wide characteristic and its application is
required in industries. The characteristics of the induction motor
ranges from self-starting, rugged construction, high efficiency, good
power factor and ease of control, etc. The induction motor at an idle
state looks like a short-circuited transformer at secondary side
because all its rotor bars are connected together to form a closed path.
However, when the motor is started, the stator draws the high current
which is 8-10 times that of the motor rated current and coils get
heated up, damaging the motor. Hence there is a need to control the
motor starting. One way is to reduce the applied voltage, which in
turn reduces the torque. Most of the machines used in the industries
are three phase induction motors. They have simple and rugged
construction and their robust nature make them possible to operate in
all environmental condition. Also, induction machines are cheaper in
cost and maintenance free. They have starting torque and are widely
used in domestic and industrial applications. During starting of an
induction motor, the starting current is around eight to ten times the
rated current and this persists for a few cycles. This may be very
much detrimental for the machine, causing a disturbance of voltage on
the supply lines due to large starting current surges (Suvra Gupta,
2012). To limit the starting current surges, large induction motors are
started at reduced voltage and hen have full supply voltage
reconnected when they run up to near rotated speed.

These forms of starters are known as reduced mechanical starters,
they are used to replace the direct-on-line starters. This is because of
their controlled starting capability with lower starting current during
the soft start period. According to Suvra Gupta 2012-2014, direct-on-
line is the simplest form of motor starter for induction motors. It
consists of a MCCB or circuit breaker, contactor and an overload
relay for protection. It can be used if the high inrush current of the
motor does not cause excessive voltage drop on the supply current
(Suvra Gupta, 2012). Voltage reduction during star-delta starting is
achieved by physically reconfiguring the motor winding. During
starting, the motor windings are connected in star configuration and
this reduces the voltage across each winding. This also reduces the
voltage by a factor of three. After a period of time the winding are
reconfigured as delta and the motor runs normally. The star-delta
starter is generally obtained from three contactors; electromechanical
timer and a thermal overload relay for operating a 3-phase motor at
440 volts at ac mains supply of 50Hz. The current through the

windings are 1/ 3 (58%) of the current in the line. The star-delta

starter is simple and rugged, relatively cheap compared to other
reduced voltage methods with good torque and current performance.

The widely application of the three-phase induction motor in
industries is a subject of interest and requires every possible
perspective. It has a number of significant advantages compared to
their single and even DC counterparts. Some of these advantages
include: high level versatility, minimum attention requirement,
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ruggedness, durability, ability to start from rest with no extra starting
motor or external initial force required and they require reasonably
simple starting arrangement without need for synchronization unlike
synchronous types. Nevertheless, they experience a couple of
limitations such as speed variation at expense of efficiency, speed
decrease as load increases and an inferior torque to a DC shunt motor
etc. Alternating current technology was rooted in Michael Faraday’s
and Joseph Henry’s 1830-31 discovery that a changing magnetic
field can induce an electric current in a circuit. Faraday is usually
given credit for this discovery since he published his findings first
(Thompson, 2017). In 1888, Ferraris published his research to the
Royal Academy of Sciences in Turin, where he detailed the
foundations of motor operation; Tesla, in the same year, was granted a
United States patent for his own motor. Working from Ferraris’
experiments, Mikhail Dolivo-Dobrovolsky introduced the first three-
phase induction motor in 1890, a much more capable design that
became the prototype used in Europe and the U.S (Ferraris, 1888).

He also invented the first three-phase generator and transformer and
combined them into the first complete AC three-phase system in
1891. The three-phase motor design was also worked on by the Swiss
engineer Charles Eugene Lancelot Brown, and other three-phase AC
systems were developed by German technician Friedrich August
Haselwander and Swedish engineer Jonas Wenstrom (Babbage,
2017). However, some techniques different modalities have been put
in place to provide overload no voltage protection to aid safe starting
of three phase induction motor by avoiding the high initial inrush
currents from overheating the windings leading to burning out of the
windings and hence damaging the motor. These techniques include:
Direct On-Line (DOL) Starter, Primary (stator) resistance starter,
Autotransformer starters and Star-Delta starters. Each starter
arrangement has associated with it a number of advantages and
disadvantages and most importantly the complexity (a figure of
interest) of each circuit varies from one method to the other (Review
and general assessment of star-delta starter). This chapter intends to
briefly examine some of the starter circuits mentioned and dwelling
more on the star-delta starter in an in-depth treatment. Terrel and
Wiltord Summers asserted that direct-on-line starter may be limited
by the supply utility requiring rural customers to use reduced voltage
starters for motors not larger than 10 KW (Terrel Croft, 1987). The
motor used with direct-on-line will reach its full speed provided the
torque developed by the motor exceeds the load torque at all speeds
during the start cycle. Also, the motor will cease accelerating if the
torque delivered by the motor is less than the torque of the load at any
speed during the start cycle. According to J. Nevelsteen and H.
Aragon, direct-on-line starting may create problems when the ac
supply is weak because it may cause low voltage at the starting which
is a constraint as during starting too much reduction in voltage is
detrimental (Nevelsteen, 1989).

METHODOLOGY

Hardware Components:

e Transformer (230 - 12V AC)
e Voltage Regulator (LM 7805)
Rectifier

Filter

Relay

Induction Motor

555 Timer

BC 547 Transistor

BC 558

IN4007 Rectifier Diode

LED

Resistor

Capacitor

Design Analysis

. The control of an automatic Star-Delta Using Relays and
Adjustable Electronic Timer for Induction Motor is made up of
the following stages;

Power Supply

The three phases of an AC source
Transformers

Input stage: the input stage comprises
The star and delta configuration relays
Control stage

Electronic adjustable timers

. Output stage

. Motor system
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Figure 1. Block Diagram of Automatic Star-Delta Starter with
Adjustable Electronic Timer and Relays

The Power Supply Unit: This makes use of three phase system
connected to the motor and the transformers. The 3 step-down
transformers, the primary of which are connected in star mode while
their secondary develop filtered dc after passing through respective
bridge rectifiers and filtered capacitors. The main contactor connects
the reference source voltage R, Y, B to the primary terminal of the
motor Ul, V1, W1. In operation, the main contactor and the star
contactor are closed initially, and then after a period of time, the star
contactor is opened, and the delta contactor is closed.

The Input Unit: These relays are the star connected relays which is
used to switch on the motor, using low voltage. This voltage is
reduced by a factor of root three. Two of the rectified dc voltages are
connected to the relay to serve as input to it. The R, Y, B are the three
phase line voltages which are given to the primary electrical relay.
The main motor coils are U, V and W in the star mode of the motor
windings, the primary electrical relay connects the mains to the Ul,
V1, and W1. The star connected relay shorts the U2, V2 and W2.
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Figure 2. Control Circuit Diagram Of The Automatic Star/Delta
Starter

Control Unit: The control unit is the adjustable electronic timer
which is used to switch operation from Star to Delta connections. The
electronic timer is the 555 timer connected in the monostable
configuration. The timing or delay is achieved from the RC oscillator
connected to the 555 timer. The RC oscillator comprised of resistor
1k, 10k pot and the 470uf capacitor.
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When the circuit is turned on, the timer allows the star connected
relay to turn on. The output of the 555 timer (pin 3) is connected to
the NPN transistor (BC547), this is used to switch on the output relays
connected in Star configuration for a particular timing. After the time
delay elapsed, the BC547 transistor will switch off and the PNP
transistor (BC558) will switch on. The conversion from Star to Delta
enables the motor running on the Star mode with a decreased voltage
and current to produce less torqueto the Delta mode. Thus, enabling
the motor run on its full power, utilizing high voltage and current to
transform a high torque.

Output Unit: Proper supply together with the efficient working and
control of the input and control unit helps the induction motor from
overheating.
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Figure 3. Circuit Diagram of Automatic Star-Delta Starter Using
Relays and Adjustable Timer

Manual for Operation: Star — delta starter generally comprises of
contactors and an adjustable timer to enable starting of the induction
motor in star mode and switchover to delta mode after the preset time
prompted by the 555 Timer. Here, we report the use of 3 step-down
transformers, the primary transformers are connected in star mode
while the secondary develop filtered dc after passing through
respective bridge rectifiers & filter capacitors out of the three such dc
derived, one dc is used for a timer circuit built around a 555 Timer
wired in astable mode but operating in monostable mode. Two other
dc supplies operate relay — 1 and relay — 2 the contacts of which are
connected in series with relay -3 coil, to the first de supply. Relay — 3
switches ON only if relay 1 & 2 are ON meaning supply at R,Y and B
are available. The output contacts of relay — 3 are fed to relay — 4 Q;
NC contacts both of which are 3 — CO relays. Thus, the R, Y, B fed to
relay — 3 each NO contacts of relay — 4.

All the NO contacts of relay — 4 are joined together to develop a star-
mode configuration to the motor connection coil U;-U,, V|-V,, W-
W,. While relay 4 is switched ON by the timer IC; after main supply
switch ON taking a time delay, the contacts of relay 4 bring the motor
connections to delta mode by the NC contacts duly wired. Single
phasing means any one or two phases Y & B missing will trigger
either relay — 1 or relay - 2 to off condition that results in relay — 3 to
switch Off. Also, when phase R is not available the relay -3 is also
switched off since the coil gets supply from this phase. Thus, relay — 3
switch off and prevents the input 3-phase to reach the motor supply to
protect the same for single phasing. At the time of switch ON,
monostable 555 Timer delivers high at PIN3 that switches ON BC547
to switch ON the relay — 4 that enables star mode operation. The star
LED connected across the relay — 4 coil indicates that the motor is
running in star mode. After the time over by the RC time constant
formed out of 470k potentiometer in series with 68k resistor and the
capacitor of 470MF, and connected to PIN 2 and 6 of the 555 Timer,
it helps to form monostable like operation. PIN3 goes low to switch
ON BC558, a PNP transistor that switch ON an LED named as delta
to indicate the motor running in delta operation and the relay 4 is
switched off enabling the motor to run in delta mode.

RESULTS AND DISCUSSION

Testing: Testing is one of the most important stages in the
development of any new product or repair of existing ones due to the
fact that it is difficult to trace a fault in a finished work, especially
when the work to be tested is too complex. Hence the test carried out
in this work are discussed below.

Continuity Test: The continuity test was performed by placing a
small voltage (wired in series with a LED or noise-producing
component such as a piezoelectric speaker) across the chosen path. If
electron flow is inhibited by broken conductors, damaged
components, or excessive resistance, the circuit is "open". The devices
that was used to perform this test include multi meters which measure
current and specialized continuity testers which are cheaper, more
basic devices, generally with a simple light bulb that lights up when
current flows. This test was performed just after the hardware
soldering and configuration has been completed. This test aims at
finding any electrical open paths in the circuit after the soldering.
Many a times, the electrical continuity in the circuit is lost due to
improper soldering, wrong and rough handling of the PCB, improper
usage of the soldering iron, component failures and presence of bugs
in the circuit diagram. A multimeter was used to perform this test. It
was kept in a buzzer mode and then connected to the ground terminal
of the multimeter to the ground, both terminals across the path that
needs to be checked was connected together. If there is continuation
then you will hear the beep sound.

Power on Test: This test was performed to check whether the voltage
at different terminals meets design requirement or not. The
multimeter was kept in voltage mode and the test performed without
ICs. Firstly, the transformer was checked if the required 12V AC
output voltage was obtained (depending on the transformer used in for
the circuit). If a battery were to be used, it will be checked if it is fully
charged or not according to the specified voltage of the battery by
using a multimeter. The voltage gotten was applied to the power
supply circuit. This test was done without ICs because if there is any
excessive voltage, this may lead to damaging the ICs. If a circuit
consists of voltage regulator, then the input to the voltage regulator
will be checked for all ICs. For instance, if the required input is 12V
and the output voltage will be obtained depending on the regulator
used in the circuit. IC 7805 will bring an output of 5V while IC 7809
will produce 9V at output PIN and so on. The output from the voltage
regulator is given to the power supply PIN of specific ICs. Hence, the
voltage level at those PINS were checked if the required voltage was
obtained. Similarly, checks for the required voltageson other
terminals was carried out. Lastly, we were able to verify that the
voltages at all the terminals met the design requirement.

CONCLUSION

The starting current of an induction motor is around eight to ten times
the motor rated current. The high current persists for a few cycles.
Since the windings of the motor are designed to carry maximum of
rated current, this high current during starting can be hazardous. This
approach was able to limit the starting current of the induction motor
with the use of reduced voltage electromechanical starter. Automatic
Star/Delta starter using relays and adjustable electronic timer is used
and the starting current and torque is limited to one-third as compared
to nine times in open loop.It provides only 33% starting torque and if
the load connected to the subject motor requires higher starting torque
at the time of starting than very heavy transients and stresses are
produced while changing from star to delta connections, and because
of these transients and stresses many electrical and mechanical break-
down occurs. In this method, the motor is initially connected in star
and after change over the motor is connected in delta. When starting
up pumps and fans for example, the load torque is low at the
beginning of the start and increases with the square of the speed.
When reaching approx. 80-85 % of the motor rated speed the load
torque is equal to the motor torque and the acceleration ceases.
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To reach the rated speed, a switch over to delta position is necessary,
and this will very often result in high transmission and current peaks.
In some cases, the current peak can reach a value that is even bigger
than for a D.O.L start. Applications with a load torque higher than 50
% of the motor rated torque will not be able to start using the start-
delta starter.
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