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A3STRACT

(/1

world tKnown as star / Delta starters in the 60Hz USA world). ™
tart current applied to the motor during start as a Means of rec

on the electrical supply.

The StarDelta starter is generally manufactured from three co:
a thermal overload for operating a 3 phase motor at 440 volts at -
arrangement of all the contactor coils is traditionally wired in
have taken up the same to operate a 3 phase motor at 440 volt ac
DC relays, electronically adjustable timer and a set of mini:

arrangement of the relay coils and the electronic timer are all w+.

an inbuilt dc power supply for safe handling of the starter durin::

for a 3 phase motor starting with single phasing prevention.

27 Delta starters are probably the most common reduced volt: ¢

r¢ starters in the 50Hz industrial motor

aey are used in an attempt to reduce the

.cing the disturbances and interference

actors; an electromechanical timer and
> mains supply 50 Hz. The interlocking
0 volts ac. However in this project we

nains supply 50 Hz with a set of 12 volt

ure circuit breakers. The interlocking

:d in low voeltage dc of 12 volt fed from

the studys, still retaining its application
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CHAPTER ONE

1.0 Introduction

Three phase induction motors are widely used due to thei: low cost, rugged construction, fast
pickup, low maintenance and high efficiency. The direct or.ine starters don’t provide sufficient
protections against voltage fluctuation and single phasing while induction motors are highly
sensitive to these. Induction motors if not switched to delta m  de of operation within a few seconds
then motor can draw heavy current and burn out itself so  sensitive protection and switching
device are needed to avoid such conditions and protect ' ¢ motor. For this purpose we use
automatic star delta starters with relays and electronic timer - ith the help of which we can switch
the mode of operation of the motor from star mode drawing {~w current to delta mode drawing the
tull load current. This will used for best protection of motor . rainst high current. This method also
having single phasing protection. Starting current having hi¢ value of current hen after to reduce

this high current.

1.1 Background of the project

A motor controller is a device or group of devices that ser s to govern in some predetermined
manner in the performance of an electric motor. A motor controller might include a manual or
automatic means for starting and stopping the motor, sc octing forward or reverse rotation,
selecting and regulating the speed, regulating or limiting the torque, and protecting against

overloads and faults.

There are many types of starters:
Direct On Line (DOL)

Star delta starter

Auto transformer starter

Every electric motor has to have some sort of controller. Th- motor controller will have differing
teatures and complexity depending on the task that the motor will be performing. Direct- on -Line

(DOL) Starter is an easiest method for starting up three pl:-ise induction motor in which stator



windings of the motor are connected directly to the main supply. When an induction motor is
connected to the three phase supply, a very large current typi-ally 6 to 7 times the full load current
flows through the motor. This heavy current reduces as the motor accelerates to its rated speed. If
induction motor is connected directly to the supply, the starting current will not damage the motor
unless it is started and stopped repeatedly over a short span of time. If large rating induction motors
are connected directly to the supply, a heavy starting current -an damage the motor and also cause
disturbance of voltage, 1.e., voltage dip on mains supply. Ttis can lead malfunctioning of other
equipment connected to the same supply. This is the reason = hy DOL starters are limited to small
rating motors where distribution system {mains supply) cin withstand high starting currents
without excessive voltage dips. The main purpose of any <! rter is to reduce the requirement of
high starting current. If one consumer has an induction motc- with a DOL starter, drawing a high
current from the line, which is higher than the current for v hich this line is designed. This will
cause a drop (dip) in the voltage, all along the line, both for t e consumers between the substation
and this consumer, and those, who are in the line after this conisumer. This is the reason for careful
selection of which starter to use. Due to this limitation and (3¢ need to reduce the heavy starting
current Star-Delta starter was introduced, In a (squirrel) cage induction motor, Star-Delta starter is
used only to decrease the input voltage to the motor so as o decrease the starting current. It is
T.P.D.T(Triple Pole Double Throw) switch used to first start ' 'ie motor with the winding connected
in star and then switch for delta connection in running positi-:n. The starting current is reduced to
approximately two-thirds. Since starting current is reduced. he voltage drops during the starting

of motor 1n systems are reduced.

1.2 Statement of the problem

At the time of starting the motor, rotor is at standstill and the slip (between stator's magnetic field
and rotor) is large which causes the large inrush of armature current (which is 6-7 times the rated

value). This large current can damage the stator windings an-- burn the motor.

To avoid this situation, we use star delta starter. At the tin:: of start, motor connections (stator

connections) are made in star mode so impressed voltage 1s voduced by 123 (Phase voltage = Line
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voltage/n3) which reduces the starting current. Once the re-or is at 80-90% speed, centrifugal

switch operates changing the connections from star to delta riode (full line voltage is impressed).

1.3 Motivation

Direct on line starter is the most commonly used three phasc induction motor starter but due to
its inability to limit starting current and as a result of that it ¢ 'n’t be used for motor with rating
higher than Shp, these limitations induced an interest in me * - design an automatic star delta

starter which 1s capable of reducing starting current and bein .. operated in backward direction.

A regular automatic star delta starter is designed only to b2 operated in forward direction this
triggered my interest to improve it by designing and constricting an automatic star delta starter
that can be operated i both directions forward and backwar-.. this will widen it area of operations

and this will in turn improve it efficiency.

1.4 Significance of the study
Star delta starter is necessary to limit this high starting curre: - of three phase induction motor.

It could also be used as a substitute for ac drive (Variable frc 1uency drive) in some cases.

It will improve the efficiency of star delta starter and its app’ cation will be extended to a wide
range of operations e.g conveyor where forward and backws d operations are required.

1.5 Project aim and objectives

Aim of this project is to design a prototype of an automat: - star delta starter which during the
starting pertod when the motor is connected in star at times ~ takes 1/3 line current and produces
1 3 of the torque when the winding is connected with sup ly delta at that time motor gets the
enough voltage and so it runs fast. and It limits the starti»g current. To achieve this aim the

objectives are.

1. To do Rating Calculations of the devices/compon: ats used, [ used national electric code
430-52 in order to determine the appropriate rat; :g of the components. ¢.g contactor,

thermal overload relay, miniature circuit breaker.

1. To Design circuit diagram
1il. To Configure the circuit in star mode in forward 1d reverse directions
v, To Configure the circuit in delta mode in forwarc <irection

[WEY
o



To Assemble the constructed units i.e component .

To subject 1t to test continually until the desired » sult is achieved.

12



CHAPTER TWO
2.0 LITERATURE REVIEW

Induction motor starting poses many challenging problems ‘o the machine, in the form of wear
2nd tear. and to maintaining a stable supply of power. Engirzers and technicians must take these
casiderations into account when deciding on a starting meth -dology. The dynamic characteristics
Zesired during the starting process are often conflicting, ar i tradeoffs must be made based on
svstem characteristics. These characteristics include the syst. m robustness, efficiency. equipment
cost. and machine lifetime, Many different methods have ' >en developed to address particular
induction motor starting problems associated with motor s1: 2 and the stability of the connected
network. Induction motors makeup a large part of the loac in power systems and in industrial
applications in particular. The three-phase AC squirrel cag. induction motors are the preferred
motor type due to their economical cost and robusiess (Kjellberg & Kling, 2003),
(Trzynadlowski, 2001), (Gobbi, Sa'diah, & Siang, 2003). (Chapman, 2005). They make up
approximately 85% of industrial motors (Gobbi, Sa'diah, & Siang, 2003). Wound-rotor motors
have an advantage during startup; because of their slip ring: resistance can be added to the rotor
circuit. However, wound-rotor motors are more expensive : 1d more difficult to maintain. Many
reports have been published discussing the parameters that r.ced to be taken into account during
startup that can be used to judge the characteristic features of starting methods for a particular
apphcation(Kay, Paes, Seggewiss, & Ellis, 1999), (Larabee, ' cllegrino. & Flick, 2005). (IEEE Std
399-1997, 1998), (Pillay, Nour, Yang, Datu Harun, 12 & “raw, 2009), and (McElveen. Toney,
Autom. & Mountain, 2001). The common factors when cons <lering the choice of starting method
are: Inrush Current — This is the initial current seen by the wotor during the starting operations.
The inrush current directly relates to mechanical stress of the bearings and belts or the motor load
(Cohen, 1995). The resistive or copper losses are proportior  fo the square of current. I 2 R and
therefore affect the efficiency. The power lost is dissipated = : hcat. causing thermal stress to the
machine and affecting its upkeep cost and overall lifetime.  oliage Din — The allowable amount
of voltage dip is usually dependent on the size of the netwo  and the 1ud torgue charactenistics.
The latter is due to the fact that the torque is approximat » propertional to the square of the
voltage. According to (IEEE Std 399- 1997, 1998). the « wwable voltage dip range can vary

between 80% and 95% of the rated value. The minimum ve :ge dip for NEMA tvpe B motors is

13



approximately 80%, given a static prime mover torque, so as to achieve the 150% of rated torque
required to accelerate the rotor during starting (NEMA, 2007).Tables describing general use and
the locked-rotor starting kVA are given Appendix C. In power systems a common voltage dip limit
1s 94% of rated voltage. Shunt capacitors and other reactive ; »wer compensators are often used to

improve voltage response.

Frequency Dip —

To maintain system stability it is important to retain as close to the fundamental frequency of the

system as possible. The frequency dip is usually not considered as important as the voltage dip.
Acceleration Time

The time it takes to approximately reach the rated speed of tl:~» motor. It is often indicative of other
parameters such as torque and current. Faster acceleration (' me is desired, but often means that
high-rated current and other undesirable affects occur. How:ver, a longer acceleration can mean
that the applied torque is too low and that a still significant ~urrent is applied over a longer span

of time resulting in a still too high amount of thermal stress * : the motor.
Torque

The speed-torque curve is used to represent the required torgues of the motor for different speeds.
During startup the initial locked rotor starting torque must be :net to overcome the potential energy
at stand still, and the accelerating torque must be exceeded . » maintain acceleration or the motor
will stall (JEEE Std 399-1997, 1998), (Larabee, Pellegrin. & Flick, 2005), and (Kay, Paes,
Seggewiss, & Ellis, 1999). Figure 1 shows a generic speed-to-que characteristic of a motor; at zero
speed 1s the locked rotor torque, the acceleration torque is the torque required at any time up to the
maximum torque. The starting torque is inversely propor onal to the square of the terminal
voltage, while the inrush current is inversely proportional t- the terminal voltage. Care must be

taken to balance the reduction of the inrush current and the s:arting torque.
Reactive Power and Starting Power Factor

It 1s important to take into account the high reactive power ¢ 1sumed by the motor. In such a case,

the rating of the upstream equipment may need to be rated ! igher than the steady-state condition

14



‘Naw. Paes. Seggewiss, & Ellis, 1999). The reactive power ¢ wring startup is closely related to the

voltage dip. Typical values of the power factor are about 0.
Std 399-1997, 1998). The locked rotor kVA per HP is defi
Appendix C, which can help determine the expected startin

the starting power factor (Chapman, 2005).

Robustness

The ability of the starting method to perform consistently, ti:

Cost

The expense of the starting equipment and installation proces

consideration.

Many of these considerations are related, and tradeoffs be

starting method and size the generator-set. Sizing the ger
problem that boasts a particular expertise and special soft
impact of the startup process dynamics on the fatigue of ti
less than the impact on the motor’s mechanical ioad (Kjeli:
(McElveen, Toney, Autom, & Mountain, 2001). The

consideration when determining induction 15 motor rotor b

(Cabanas. et al., 2003). This work focuses on the system dyn:

analvsis.

20 for motors under 1000 HP (IEEE
red for each NEMA code letter, see

¢ reactive power corresponding with

“1e after time or upon emergency.

Interoperability is also an important

wveen them are made to choose the
ator set 1s a practical engineering
ce tools. It should be noted that the
induction motor is generally much

~rg & Kling, 2003), (Cohen. 1995).

cermal stress must be taken into

fatigue and motor expected lifetime

nics and 1s not a long-term reliability
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Fig. 2.1: Generic Speed-Torque of a Motor and Associated Load

Taking into consideration the technology of the starting equ:ipment, the starting methods can be
divided into electronic drives and those that are not, i.e. conveitional electrical network equipment.
Other categorizations focus on the voltage manipulation as ajplied to the terminals. It is typical to
separate the methods into the variations of the following cate zories: full voltage, reduced voltage,
incremental voltage, soft-starter, and variable frequency driwes (Patil & Porate, 2009), (Larabee.
Pellegrino. & Flick, 2005), (McElveen, Toney, Autom, & M »untain, 2001), (Pillay, Nour, Yang,
Datu Harun. & Haw, 2009), (Kjellberg & Kling, 2003), ¢ad (Bellarmine, Suri, Robinette, &
Dreadin. 1994). In this thesis the methods have been divided into the following functional
categories based on their physical characteristics and funciion: full voltage. electromechanical
reduced voltage. and soft-starters. Variable Frequency Driv.s (VFD) are considered beyond the
scope of this thesis because they completely decouple the electrical system. Another starting
technique (not included in this thesis) is to control the applied torque of the attached prime mover,
such as the fluid coupling method. Other methods not di.cussed below include single-phase
starting of a three-phase motor that can be found in work by (Badr, Alolah. & Abdel-Halim, 1995).
The reader is also referred to (Ansari & Deshpande, 2009) .or a review the problems associated

with unbalanced voltage starting.
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2.1. Full Voltage Techniques
These methods include the direct-on-line method and corventional circuit introductions that

connect the full terminal voltage to the motor stator.

2.1.1. Direct-On-Line (DOL)

DOL is the traditional and simplest method of motor sturting, and most other methods are
baselined against it. It is also often called across the line start. This method is the direct connection
of the terminal voltage to the motor stator with no additional components, and also for this reason
1s most economical in terms of installation cost and ease of use. It is also one of most reliable and
robust methods. Of all the starting methods it produces the “ighest inrush current, usually six to
eight times the rated current, and the highest starting torque: and due to the high starting torque it
has the shortest acceleration time (apart from the shunt caj icitor start) (Larabee, Pellegrino, &
Flick, 2005) and (Pillay, Nour, Yang, Datu Harun, & Hav.. 2009). The DOL method is most
commonly usec for small motors relative to the size of the goneration and system, due to the fact
that the startup of a small motor will only have a low impac' on the system, and in particular the
voltage drop (Cohen, 1995), (Kay, Paes, Seggewiss, & Ellis. "999), and (Pillay, Nour, Yang, Datu
Harun, & Haw, 2009). Other drawbacks include the mechan cal stress put on 17 the motor’s load
and the low startup efficiency due to the high reactive power consumed at startup. This approach

is tvpically not suitable for large motors.

2.1.2. Shunt Capacitors
Connecting a capacitor in parallel to the motor can help com;-ensate the reactive demand from the

motor during startup by supplying a leading current and thu: improve the power factor while still
achieving high starting torque because of the full voltage. Ti s provides some relief to the supply
source. The shunt capacitance may be left connected if the: are properly rated so as to provide
power factor correction; or removed as the motor approach. : rated speed. In reference (Larabee,
Pellegrino, & Flick, 2005) the authors state that the shunt cap acitance that is left connected should
never be sized larger than the motor’s magnetizing curren' Capacitor starting may be used in
conjunction with other starting methods. Work done by (Li, . hao, Yang, & Zhang, 2009) presents
a method with a startup capacitor array using a dynamic c¢: atroller, which allows for capacitor
switching so that the reactive support power can be varied. Shunt capacitor starting is analyzed

and compared to other starting methods in references (Patil -z Porate, 2009), (Li, Zhao, Yang, &
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Zhang. 2009, (Lewis & Woodbury, 1978), (Stout, 1978), (V/illiams & Griffith, 1978), and (Liu,

Jlang. Hu. & Zhou, 1997). In general, capacitor starting is

need fast starting or improved efficiency during startup. In

was found that capacitor starting could reduce up to half the :
the DOL start and still maintain other adequate starting cf

reiiable and robust method for motor starting on weak electr

Ellis, 1999).

2.1.3. Electromechanical Reduced Voltage Techniques

The electromechanical reduced voltage methods can be

circuitry, such as resistors and transformers. During these -

thermal capability due to the increased time to reach rated s

Transient current surges are produced from open circuit

transitions these switching transients are avoided. 1.2.1. ¢

starting method controls whether the lead connections from

delta electrical connection. The initial connection should b

reduction of the line voltage by a factor of 1/33 (57.7%) to 1+

1

I 3 of the current at full voltage, but the starting torque is

starting torque (Kjellberg & Kling, 2003). The motor must b+
transition from star to delta transition usually occurs on-

semeumes performed as low as 50% of nominal speed (Mc”

2001). The star-delta method is usually only applied to low

Pellegrino. & Flick. 2005) and (McElveen, Toney, Autom. . .

the star-delta method is simple and rugged, and is relative
voltage methods with only additional contactors added to the
& Haw, 2009). However. the system cannot be modified

rework. Closed-circuit transitions can be performed to avoic

rsed for relatively large motors that
e system tested by (Stout, 1978) it

1aximum voltage dip as compared to

rracteristics. Capacitor starting is a

al system (Kay, Paes, Seggewiss, &

'mplemented through conventional

'duced voltage startup methods, the

‘ed must be taken into consideration.

cransitions, but with closed circuit

ar-Delta The star-delta (wye-delta)

he motor are configured in a star or
- in the star pattern that results in a

> motor and the current is reduced to

1iso reduced 1/3 to 1/5 of the DOL

“elta connected at rated voltage. The
nominal speed is reached, but is
veen, Toney, Autem, & Mountain,
~» medium voltage motors (Larabee,
Mountain, 2001). The operation of
- cheap compared to other reduced
ost (Pillay, Nour, Yang, Datu Harun,
nce 1nstalled without considerable

pen-circuit current surges.
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2.1.4. Autotransformer

An autotransformer uses tap changes to reduce the low voltag: as needed on the low side connected
to the motor terminal. Therefore, the current can be reduced iuring startup, however the torque is
also reduced as the square of the voltage and needs to be take . into consideration to ensure enough
torque is supplied during acceleration. The authors in (Larat.ce, Pellegrino, & Flick. 2005) claim
that 10% of the full load torque margin should be suppli:d at all points on the speed-torque
characteristic curve. As the motor speeds up, the line is switc ied to the full voltage. Common taps
range from 50- 80% of the rated voltége (Williams & Grift.“h, 1978), (Pillay. Nour. Yang. Datu
Harun, & Haw, 2009), (Larabee, Pellegrino, & Flick, 2005), and (IEEE Std 399-1997. 1998). IEEE
Standard 399-1997 provides a table describing the currents ¢ the typical 50%, 65%, and 80% of
full voltage as 25%, 42%, and 64% of the current real.zed at full voltage during startup,
respectively. A practical advantage of the autotransformer : the ability to provide different tap
changes so that a wide range of applications, which vary in - cir starting torque and inrush current
needs, can be performed. The star-delta starter is electrica.iy equivalent to an autotransformer
tapped at 57.7%. However, autotransformers have a h. her cost than other conventional
electromechanical starting methods (Pillay, Nour, Yar.: Datu Harun, & Haw, 2009).

Autotransformer starting is simulated and compared to other nethods in (Patil & Porate, 2009).

2.1.5. Primary Resistor or Reactor

A switchable primary series resistor or reactor bank can bc  dded at the motor terminals to limit
the current or limit change in the current, respectively. Thc resistor bank will cause a drop in
voltage across it reducing the current. The heat dissipated frc m the resistor also needs to be taken
into consideration. Series resistor starting is usually only porformed for small motors (Larabee,
Pellegrino. & Flick. 2005). When using a series reactor ba' k, it will oppose the inrush current
initially and reduce the terminal voltage proportionally. The most advantageous characteristic of
the series reactor starting 1s that the voltage increases over tire as a function of the rate of change
of the current without additional control. The added reactance will also further increase the starting
reactive power and thus lower the starting efficicncy. Switc™ ing transients will also occur if it is

connected in an open-circuit.
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. =-3tzm2r Techniques

T7 711 Jomnectng to the motor terminals. Many different

&

5]

of them are presented in the literature (Charles
Meratzal, & Demerdash, 2006), (Li & Liu, 2009), (Rajaji, K-
Zezhong. Yalan, Peigang, & Wanquan. 2007). The standar¢

SCRs that manipulate the source signal via control of the thy

The soft-starter can be based on controlling different start
torque. and voltage, and can be easily adjusted based on the «
soft-starters are the voltage ramping and current limiting typ
able to gradually increase the voltage from a presct level, o
result being a very smooth startup. The current profile gen
voltage ramping soft-starters. One of the drawbacks of t
harmonics, which produce extra heating (McElveen, Tone
current limiting soft-starter senses the current at the motor s
in a manner that the voltage is regulated to maintain the desi:
lower current equating to lower torque still applies. Typica'

10 500% of the rated current of the motor (Larabee, Pellegrir

The soft-starter adds significant flexibility in operation (e.g.
and interoperability, due to the fact that it is more sensitive

(Kjellberg & Kling. 2003). This also results in lower maint:

the mechanical load, and can result in improved energy eff.

increased operational complexity, and soft-starters are gene
Toney, Autom, & Mountain, 2001). Limitations include ha
and the installation distance from the motor. They are comt
to their operation flexibility and improved lifetime of equi;
example of a more recent soft-starter control designs, (v

“Wanquan, 2007) simulate a voltage ramping soft-starter usir

T-:zmer s any solid-state electronic circuit based devic: that manipulates the supply voltage

pologies for soft-starters exist, and
Bhuvameswari, 2009), (Solveson,
mar, & Vasudevan, 2008), (Youxin,
soft-starter consists of thyristors or

stor firing angles (Chapman, 2005).

< characteristics, including current,
“iferent loadings. Two basic types of
. The voltage ramping soft-starter is
0w as OV, to the rated voltage; the
aily follows the voltage profile for

o~
“

ramping soft-starter is increased
. Autom, & Mountain, 2001). The
that the fire angle can be controlled
>d current. Of course, the tradeoff of
-alues of the current limit are 175%

. & Flick, 2005).

acceleration time and winding heat)
the mechanical load characteristics
iance cost and increased lifetime of
iency. However, the tradeoff is the

-ally expensive devices (McElveen,

~monics produced by the electronics

»n 1n higher power applications due
ment (Patil & Porate, 2009). As an
uxin, Zezhong, Yalan, Peigang, &

1 fuzzy logic to control a controller
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tzzitit o Mlzmzo Simulink. The results are compared to the I'OL method. The research performed
T Tii Numarn & Vasudevan, 2008) implements an ariificial neural network trained fuzzy
20 mizTence soft-starter in Matlab/Simulink. It combines ¢ ie speed and torque to determine the
Tmrng amgiz 10 maintain steady ramping of the motor speed. (Li & Liu, 2009) built a fuzzy logic
sed sofi-starter that controls the motor current based on t* = sensed current magnitude and rate
o7 change. (Solveson, Mirafzal, & Demerdash, 2006) use Matlab to simulate dynamic modeling
of different soft-starting firing angle mappings and compare ne starting time, torque profiles. and
thermal stress. The method is verified against the DOL starting method. The authors in reference
(Charles & Bhuvameswari, 2009) apply a shunt reactor with a soft-starter using Matlab/Simulink

to simulate. The shunt reactor helps protect the connected sy-tem from the voltage dip.

2.2 REVIEW OF RELATED LITERATURE
INTRODUCTION

Star Delta starter is probably the most common 1 ~duced voltage starter where 50Hz
dominates. (Known as Wye/Delta starters in the 60Hz worl."). It is used in an attempt to reduce
the start current applied to the motor during start as a me- s of reducing the disturbances and
Interference on the electrical supply. Component: The Star/Dc ta starter is manufactured from three
contactors. a umer and a thermal overload. The contactors “re smaller than the single contactor
used 1n a Direct on Line starter as they are controlling windin ; currents only. The currents through
the winding are 13 = 0.58 (58%) of the current in th: line. this connection amounts to
approximately 30% of the delta values. The starting currer” is reduced to one third of the direct
starting current.

Mc Granaghan et al(2002) published that Direct-( 1-Line starter is the most common
starting method available in the market. The components ¢ nsist of only a main contractor and
thermal or electronic overload relay. The disadvantage with '11is method is that it gives the highest
possible starting current. A normal value is between 6 to 7 tin:es the rated motor current but values
of up to 9 or 10 times the rated current exist. During a dire ‘t-on-line start, the starting torque is
also very high, and is usually higher than required for mst applications. Autotransformer is
another starting method known auto starter or compensators. (n this type of starter reduced supply
voltage is given to the motor with the help of autotransforrer at the time of starting. Jun-ichi et
al(2013) When motor gathers speed the autotransformer is dis-onnected and the full supply voltage
1s given to the motor. This type starter is used in star conn:cted or delta connected. the cost of
obtaining this starter is high due to the requirement of autc transformer and It is rarely used in
industry. O. Despe and J. Wang (2005)Star Delta starter cou'd also be achieved using Gate turn
thyristor (GTO) instead of electromechanical relay, The Gi = turn off thyristor (GTO) is a four
layer PNPN power semiconductor switching device that car »e turned on by a short pulse of gate
current and can be turned off by a reverse gate pulse.

21



K. Sundareswaran and B.M. Jos(2005) It has high blocking vol:::ge capabilities and high over current
capabilities but On state voltage drop and the associated loss 1s more.

Shittu et al (2014)Automatic star delta connection can as well be achieved by using relays and
microcontroller as timer device is a standalone system that is capable of switching the motor from
star to delta mode of operation to keeping the system function 'ng properly, this method also having
single phasing protection. Starting current having high valu: of current hen after to reduce this
high current, it is one of the cheapest ways to reduce the starting current for three phase induction
motors as it 1s in the order of three to four times that in case f direct online starter.

2.2.1 Working Principle of Star-Delta Starter

According to Jiguparmar ( 2012) This is the reduced voltage starting method, Voltage reduction
during star-delta starting is achieved by physically reconfigu-ing the motor windings as
illustrated in the figure 2.2 below. During starting the motor ‘vindings are connected in star
configuration and this reduces the voltage across each windi g 3. This also reduces the torque by
a factor of three.

3 Phase suppiy

wlozh 9
;P ;? -3
Yy S,
1 s~
Statoer -
RS ate Hals] 1
o>
2
Y4 246 24 Run

O
O
J®,
Squrret

cageo roles

Fig.2.2 Scheme — Working Principle of Star-Delta “tarter

After a period of time the winding are reconfigured as delta »nd the motor runs normally.
Star/Delta starters are probably the most common reduced v»Itage starters. They are used in an
attempt to reduce the start current applied to the motor durin - start as a means of reducing the
disturbances and interference on the electrical supply.

The Star/Delta starter is manufactured from three contactors. a timer and a thermal overload. The
contactors are smaller than the single contactor used in a Dir.ct on Line starter as they are
controlling winding currents only. The currents through the <~ inding are 1/root 3 (58%) of the
current in the line.
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Trere are two contactors that are close during run, often refe,red to as the main contractor and

1~z Jelta contactor. These are AC3 rated at 58% of the currert rating of the motor. The third
contactor 1s the star contactor and that only carries star curre::t while the motor is connected in

SIar,

The current in star is one third of the current in delta, so this :ontactor can be AC3 rated at one
third (33%) of the motor rating.

Star-delta Starter Consists following units

1.

B

wn

Contactors (Main, star and delta contactors) 3 No’s “or Open State Starter) or 4 No’s
(Close Transient Starter).

Time relay (pull-in delayed) 1 No.

Three-pole thermal overcurrent release 1 No.

Fuse elements or automatic cut-outs for the main circ :it 2 Nos.

Fuse element or automatic cut-out for the control cire 11t I No.

EQUATION OF STAR-DELTA CONNECTION
A) STAR CONNECTION

Phase Voltage Vs = 3 Phase Voltage
=V1x 143

Phase Current IS1 = Phase Voltage Vs /Z
=\V3x V1/3Z

Line Current = Phase Current IS1
=3xV1/3Z

B) DELTA CONNECTION

Per Phase Voltage Vs = 3 Phase Voltage V1
Phase Current IS2 = Phase Voltage Vs / z
=\l Z

Line Current = V3 x Phase Current IS2

=33xV1/3Z

COMPARISON BETWEEN CONVENTIONAL AND PR« "OSED STAR DELTA STARTER

Conventional star delta starter

This method is used in case of motors which are butit to run + maily with a delta-connected stator
w:nding. the six terminals as shown in fig.2.3 below from = three phases of the stator must be
z~a:lable on motor terminal box. The starting of inductior. -oter with the help of conventional
zutomatic star delta starter is done. The time delay in this = -ter. before changing over from the
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star 1o delta connection should be sufficient to allow the mote - peak up to its normal running speed.
lightly loaded motor and greater for

This pericd may be taken as 10 second, but could be less for
a slow starting heavily loaded motor. In an automatic star-¢clta starter, this delay is obtained by

[+

using a timer as shown in fig.2.4 below. During starting pc:od motor should start in star mode,
applied voltage is reduced by rated operated voltage. Since !¢ starting current of motor will have
reduced 1/3rd of the current with compared to the delta conncction. Since the torque developed by
induction motor 1s proportional to the square of applied voltage. Therefore, star delta starting
reduce the starting torque by 1/3rd that of the direct online s. .rting.

i

3
)

=
i r\v:“‘.
~ t“:‘""“(-‘
y
{

* F
-
e g
H

Fig.2.3 power circuit diagram star delta starter

Fig.2.4 control circuit diagram

Existing Electromechanical Star-Delta Starter Consists I »llowing Units:
- Contactors (Marn. star and deltz contactorsi,

e « gy oswen o5 5l s :
Timearelaviipullein Gelaved:
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31 Three-pole thermal over current release.

Disadvantages of conventional star delta starter
Its runs in forward direction only
Its application is limited due to the above listed limitation

Proposed star delta starter

Its operation is similar to the conventional star delta startc: only that is distinguished with its
special capability of forth and back operation, this can be ach >ved by using four contactors, Timer
relay, thermal overload relay, miniature circuit breaker (onc !e and three pole).

Advantages of the proposed star delta starter

1. Tt limits the starting current.

2. The protection against the over load.

3. The protection against the over voltage.

4, The equipment connected with same line is protected.

5. It 1s cheaper than auto transformer starter.
6. Reverse ¢
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CHAPTER THREE

5.0 Methodology

This chapter will explain about the methods used to complet. the project and the steps taken to
design the project.

The design steps for the completion of the project are stated “clow

Determining the appropriate ratings of the componer s/materials
Design of the circuit diagram

Assembling of the units and implementation

Testing of the design

Cost analysis.

WA BN

Fig.3.0 below shows the fundamental block diagram of an a. :omatic star delta starter

L Reverse
L contactor

H

Main | O }‘ I . Star o

contactor i _ contactor | ~ 3-phase

=

- induiction
Fapseey S o
0] R - Delta ~
.~ ‘contactor

F12.3.0 Fundamental block diagram of s'nr delta starter
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: motors have been used in industries for quite a lonz period of time to convert electrical

€%

erergy 1nte mechanical energy. Three phase induction motce-s, also called asynchronous motors,
zre most extensively used motors in industries because of ~crtain advantages like self starting,
rotust design. simple construction, less maintenance, efficient and comparatively low cost, though
there 1s a problem of neak starting current associated with these motors. Peak starting current can
ce up to 5 to 7 times of full load current (fIc) and sometimes 't may become as high as 10 times of
fic. However, the problem of peak starting current remains only for few seconds till the motor
attains its speed, this problem may become severe especial v with the motors above 10 HP. To
deal with the problem of peak starting current or inrush ‘urrent associated with three phase
induction motors, many different starters having different n >chanism and principle of operation
are used. These Star-delta starters are used for motors ranges rom 5 hp or 3.5 kW above. Star delta
starters first configure windings of 3 phase motors in star ‘hereby reduce voltage across each

winding and then after few seconds these starters configure + indings in delta and motors start run

at full load voltage without any difficulty.

The magnitude of voltage induced in rotor conductors dep-nds upon the magnetic flux linking
with the rotor conductors and the Slip. Slip is the difference *ctween the synchronous speed of the
rotating magnetic flux produced from voltage applied to stator windings and the actual rotational
speed of the rotor. At the moment of starting, Slip is maxini.m and decreases as the motor gains
speed. Emf, therefore, induced in rotor conductors is high =t starting as it is proportional to the
Slip. Also magnitude of e.m.f. induced in rotor conductors will become high at the moment of
starting, if full rated voltage i.e., line voltage is applied direc iy to the motor as the strength of the

magnetic flux linking with rotor depends upon the voltage a; »lied to the motor.

Because the impedance of rotor windings being short circuit d is very low and voltage induced is
very high across windings, the motor current becomes many : mes of full load current or flc during
starting. This high current drawn by the motor may burn 1otor windings and / or may cause
unwanted disturbances in the voltage supply regulation anc hence affects other loads adversely

connected to the same supply.

~nree phase induction motors are, therefore, started through - »propriate star-delta starters because
s1ar-delta starters reduce voltage or start motors at reduced - Hitage by first configuring windings
.Tat27 connections 1o overcome problem of high current sur. - at starting.
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3.1 Requirement Specification

Star-delta Starter Consists following units

Contactors (Main, Reverse, star and delta contactors) 3 No's {For Open State Starter) or 4 No’s
(Close Transient Starter).

Time relay (pull-in delayed) 1 No.

Three-pole thermal overcurrent release 1 No.

Fuse elements or automatic cut-outs for the main circuit 3 N s.

Fuse element or automatic cut-out for the control circuit 1N+

CALCULATE SIZE OF CONTACTOR, FUSE, C.B, O/L C~ STAR/DELTA STARTER
Implementation of this project involved strategical calculaticis of the electrical devices using
national electricai codes (NEC) table, This helped in determiing the appropriate values of time

delay fuse. circurt breaker. thermal overload relay. main coninctor, star contactor and delta

contactor.
Caloulate Size of each Pamr of star delta starter for The Sysie Voltage 220V ,SHP Three Phase
House nold Applvanon Induction Motor, Code AL Motor ¢ siency 80%, Motor RPM 750,

.
rl

Power Facwer oo, Oy

(4%

]

ac Relayv of Starter 1s Put before M or.

CALCULATION OF MOTOR TORQUE AND CU* RENT

Fig.3.1 an induction motor
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=2 . Jzoozizuon of Motor Torque & Current of star /delta - otor is as:

WomorZzmel Torque (Full Load Torque) =5252xHP/RPM

“fo7:0 Rztec Torque (Full Load Torque) =5252x5/750=35 I'--ft.

Loonor Rzted Torque (Full Load Torque) =9500xKW/RPM

« Mictor Rated Torque (Full Load Torque) =9500x (5%0.7<7)/750 =47 Nm
o I7Motor Capacity is less than 30 KW than Motor Startir: - Torque is 3xMotor Full Load

< arrent or 2X Mortor Full Load Current.
o Moo Staring Torgue=3xMoter Full Load Current.

X

Corgue==3x4"=142Nm.

é ol S-;v—--«

5

o WUtrm Lok Aotz Current =1000xHPx figure from beiow Chart/1.732x415

2 rotor current (in the rotor or stator. can be used to find the equivalent

stio T lomronenis of an induction motor.

~2:x2ac Rotor Current

Code Min Max
Y 1 3.14
= 3.15 3.54
9 Hedd 3.99
D 4 4.49
E 4.5 4.99
F 5 2.59
G 2.6 6.29
H 6.3 7.09
I 7.1 7.99
K 8 8.99
L 9 9.99
M 10 11.19
N 11.2 12.49
I 123 13.99
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R 14 15.99

16 17.99
T 18 19.99
L 20 22.39
V 22.4
. As per above chart Minimum Locked Rotor Current -<1000x5x1/1.732x415=7 Amp

e Maximum Locked Rotor Current =1000x5x3.14/1.722x415=22 Amp.

o Motor Full Load Current (Line) =KWx1000/1.732x¢ 15

» Motor Full Load Current (Line) = (5x0.746) x1000/1 732x415=6 Amp.
» Motor Full Load Current (Phase)=Motor Full Load C:irrent (Line)/1.732
+ Motor Full Load Current (Phase)==6/1.732=4Amp

« Motor Starting Current =6 to 7xFull Load Current.

¢ Motor Starting Current (Line)=7x6=45 Amp

SIZE OF FUSE

Table.3.1 Fuse as per NEC

Fuse as per NEC 430-52
Type of Motor Time Delay Fuse Non-Time Delay Fusc

S:ngie Phase 300% 175%
* Phase 300% 175%
SLTOLTON0US 300% 175%
woond Rotor 150% 150%
Jerass et 150% 150%
o Maximum Size or Time Delay Fuse =300% x Full Load | ine Current.
o Maximum S:zz of Time Delay Fuse =300%x6= 19 Amp.
« Maxamum Size of Non Time Delay Fuse =175% x Full i_oad Line Current.

o Maximum S:z2 o Non Time Delay Fuse=175%x6=11 A~p



SIZE OF CIRCUIT BREAKER

A circuit breaker is an automatically operated clectrical switch that is designed to protect an

electrical circuit from damage caused by excess current from an overload or short circuit.

Fig.3.2 shows a typical miniature circuit breaker. Its basically function to interrupt current

flow after a fault is detected.

e e

Fig 3.2 Miniature Circuit breaker

Tabl2 3.2 Circuit breaker as per NEC 430-52

Circuit Breaker as per NEC 430-52

D e T

e ANawvimuim

-

o  MNavimom

« MNoaximum

¢ MNaximum

Y RV Y]
N Nk

S

Type of Motor Instantaneous Trip

300%
800%
800%
&00%
200%

N
oy
=,

>
-~

®

)

Inverse Time
250%
250%

f Instantaneous Trip Circuit Breake

1ze of Inverse Trip Circuit Breaker =25¢"

of Instantaneous Trip Circuit Breake: =800% x Full Load Line Current.

=800%x6= 52 Amp.

o x Full Load Line Current.

:ze ot Inverse Trip Circuit Breaker =250" )x6= 16 Amp.
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THERMAL OVER LOAD RELAY

-

Thermal overload relays are electromechanical protection devices for the main circuit, Fig.3.3
shows a typical overload relay. They provide reliable protection for motors in the event
of overload or phase failure. The thermal overload relay can make up a compact starting solution

together with contactors.

Fig.3.3 Thermal overload r "ay

» Thermal over Load Relay (Phase):

» Min Thermal Over Load Relay setting =70%xFull L« ~d Current(Phase)

» Min Thermal Over Load Relay setting =70%x4=3 A np

» Max Thermal Over Load Relay setting =120%xFull ' .0ad Current(Phase)
¢ Max Thermal Over Load Relay setting =120%x4= 4 \mp

» Thermal over Load Relay (Phase):

» Thermal over Load Relay setting =100%xFull Load ' ‘urrent (Line).

e Thermal over Load Relay setting =100%x6= 6 Amp
{4) Size and Type of Contactor:
-« ontactor s an electrically-controlled switch used for switching an electrical power

-t big 34 shows a contactor. A contactor is typically controlled by a circuit, which has a
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much lower power level than the switched circuit. such as a 24-volt coil electromagnet

contrelling a 230-volt motor switch.

Fig.3.4 Contactor

Application
Non-Inductive or Slightly Inductive ,Resistive Load
Slip Ring Motor
Squirrel Cage Motor
Rapid Start / Stop
Switching of Electrical Discharge Lamp
Switching of Electrical Incandescent Lamp
Switching of Transformer
Switching of Capacitor Bank
Stightly Inductive Load in Household or same tvpe load
Motor Load 1n Household Application
Hermetic refrigerant Compressor Motor with Manual
O/L Reset
Hermetic refrigerant Compressor Motor with Auto O/L
Reset
Control of Restive & Solid State Load with opto coupler
Isolation
Control of Restive Load and Solid State with T/C

[solation

ntactor
ACH
AC2
AC3
AC4
ACSa
ACS5b
AC6a
AC6b
AC7a
ACTb

ACRa

AC8b

ACI12

Making Cap

f—
‘N

)

A
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_ oo smail Electro Magnetic Load ( <72VA) ACl4 6
Zommol o7 Small Electro Magnetic Load ( >72VA) ACI15 10

« 23 perabove Chart

o Tumeof Contacter= AC7b

o Size of Main Contactor = 100%X Full Load Current . Line).
« Size of Main Contactor =100%x6 = 6 Amp.

o Making/Breaking Capacity of Contactor= Value abo- ¢ Chart x Full Load Current (Line).

Making/Breaking Capacity of Contactor=8x6= 52 Amp.
3.2 Design

Circuit diagram

The star contactor serves to initially short the secondary tern:inal of the motor U2, V2, W2 for the
start sequence during the initial run of the motor from stand:tll. This provides one third of DOL
current to the motor, thus reducing the high inrush current i- herent with large capacity motors at

STarup.

T -miolling the interchanging star connection and delta connection of an AC induction motor is
=om:2w 22 v means of a star delta or wye delta control circui:. The control circuit consists of push

ST ywoiones, auxiliary contacts and a timer. The system nas two different circuits: the power

.. ~ooznl control cireuits as shown in fig.3.5 and 3.6 below
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CONTROL WIRING OF STAR DELTA STARTER (OPEN TRANSITION)

PrASE
- . THERMIAL OVER LOAD RELAY
sToP
L J srAIN 2
= START aux
J CONTACT
T HKIA3
I
3 4 1 AN STAR AUX.
Ea e S COMNTACT
Z‘L:‘:(E R b ";ER ?:g’:a TAC 2 Kt
au
CONTACT S eTAET Kres 1
KT o=
5
DELTA
CONTACT STAR
K2 conTACT
w1
STAR GELT
} coiL coi. MAIN GO
Ket PPy :

THIER
COILKT

PHASE
o

FIG. 3.5 Control Circuit of Star-Delta Starter (Open Transition)

Km4.
" Km?2
Km1
Fig 5.5 Power circutt of Star-Delta starter
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>.~» and 3.9 show the design progress till it was fully -ompleted

Fig.3.7 Design progress
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Fig.3.8 Design progress .
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Fig.3.9 Design progres. 3

CIRCUIT DESCRIPTION

Tm2 ON o Lom - _monosmarnts the circuit by initially energizin - Star Contactor Coil (KM1) of star

oo zms Tomer o2 KT etrcutt. When Star Contactor Coil (KMU) energized, Star Main and

SovoooToooThzotit (mange 18 position from NO to NC.

i
i
'/‘
1
]

tzr A coime Jomizotor o1y (which s placed on Mai Contactor coil circuit ) become NO

Yol s oomrizie The Jirount of Main contactor Cotl (KT so Main Contactor Coil energized
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and Main Contactor’s Main and Auxiliary Contactor Chan. 2 its Position from NO to NC. This

sequence happens in a friction of time.

After pushing the ON push button switch, the auxiliary contac: of the main contactor coil (2) which
is connected in parallel across the ON push button will become NO to NC, thereby providing a
latch to hold the main contactor coil activated which eventua' y maintains the control circuit active

even after releasing the ON push button switch.

When Star Main Contactor (KM1) closes Motor connects o STAR and it’s connected in STAR
until Time Delay Auxiliary contact KT (3) become NC to N ¢,

Once the time delay is reached its specified Time, the time: : auxiliary contacts (KT) (3) in Star
Coil circuit will change its position from NC to NO and at .he Same Time Auxiliary contactor
(KT) in Delta Coil Circuit(4) change its Position from >~ To NC so Delta coil energized
and Delta Main Contactor becomes NO To NC. Now Motor :rminal connection change from star

to delta connection.

A normally close auxiliary contact from both star and de.'a contactors (5&6) are also placed
opposite of both star and delta contactor coils. these interlock contacts serves as safety switches to
prevent simultaneous activation of both star and delta cortactor coils, so that one cannot be
activated without the other deactivated first. Thus, the delta ~ontactor coil cannot be active when
the star contactor coil is active, and similarly, the star conta.tor coil cannot also be active while

the delta contactor coil is active.

The control circuit above also provides two interrupting cont: :ts to shut down the motor. The OFF
push button switch break the control circuit and the motor v 2r necessary. The thermal overload
contact is a protective device which automatically opens th: STOP Control circuit in case when
motor overload current is detected by the thermal sverload = ay, this is to prevent burning of the
motor 1n case of excessive load beyond the rated capacity ¢© he motor is detected by the thermal

overload relay.
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At some point during starting it 1s necessary to change fron: a star connected winding to a delta
connected winding. Power and control circuits can be arrang :d to this in one of two ways — open

ransiion or closed transition.

SIZE OF EACH PART OF STAR-DELTA STARTI R

Size of Over Load Relay

For a star-delta starter there is a possibility to place the overl-ad protection in two positions, in the

line or in the windings.

Overload Relay in Line:

In the line is the same as just putting the overload before the motor as with a DOL starter.

The rating of Overload (In Line) = FLC of Motor.

Disadvantage: If the overload is set to FLC, then it is not pr ~tecting the motor while it is in delta

isetting 1s X1.732 too high).
Orericad Relay in Winding:

.7 the windings means that the overload is placed after the pc nt where the wiring to the contactors

zr¢ srootine main and delta. The overload then always measiires the current inside the windings.
T sziimg of Overload Relay (In Winding) =0.58 X FLC (1 e current).
Disalnzmizge e must use separate short circuit and overlo-d protections.

2 Sizz2 o7 Mzimoand Delta Contractor

Trere zreval omtactors that are close during run, often referred to as the main contractor and the

Size of Main Contactor=1FL x 0.58
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~:z2 of Star Contractor

-2 tnind contactor is the star contactor and that only caries star current while the motor is

Lo eaad ~

-:mnectad in star. The current in star is 1/ V3= (58%) of the ~urrent in delta, so this contactor can

PSR N 8

_ 2 rated at one third (33%) of the motor rating.

—.—_‘\4.

Size of Star Contactor=IFL x 0.33
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CHAPTER FOUR

4.0 Testing. Analysis of Result and Discussion

in implementing any electronics circuit, a circuit diagra is first obtained after which all
components and materials needed for the circuit project arc made available. The components are
then assembled to construct a circuit and make sure that the - rcuit is operational as desired.

The electrical schematic diagram fig.4.1 is an illustration of 1 power circuit for a star delta motor
controller used in every electrical industry involving inc 1strial process automation control
technology.

R Y | =3 STAR-OELTA STARTER

i, L |

Lo
e
THERMAL OVER LOAD RELAY

iE sSTAR

OELTA &,O"P:T.QCTOR
COMTACTOR

2 B —sz 11

I 17 L: XL e
S O B D

PAAIN
CONTACTOR
e

[or Tvs Twa] Ywalva fuz]

Fig.4.1 power circuit diagram

There are four magnetic contactors shown on the diagram ab..ve. The initial operating stage of the
circuit 1s to firstly activate the main contactor together with “he star contactor. The star contactor
's a common starting device which provides the shorting ¢! the motor's secondary terminal U2,

" 2. W2 during the startup run of the motor for both the forward and reverse function.
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~..Zimg mertia. the star contactor is released and the comn-

<ztz, zouvatng the forward delta contactor.

" m2m the forward function is selected to run the motor, the

Jintactor are activated, once the elapsed time is reached, th-

zoravard contactor is activated while maintaining the main fo-

¢nuire operation of the motor.

Conversely. when the reverse function is selected to run the -

the star contactor are activated.

The power circuit diagram above illustrates the correspondii--
orderly wiring configuration conforming to a correct pat”
achieving a reduced high transient current spikes during ¢
connection 1s transferred from the star mode to the delta moc

the AC induction motor.

The forward (clockwise) and the reverse (counter-clockwise
with appropriate motor connections that produces a minimal
~oltage sequence and the transition voltage developed during

Jeita configuration.

2 =Z>CRIPTION OF OPEN TRANSITION SWITCHING
soern ransition switching because there is an open state betv

[n open transition the power is disconnected from the motor

12 external switching.

When a motor 1s driven by the supply, either at full speed
magnetic field in the stator. This field is rotating at line frec:

:ncuces a current in the rotor and this in turn results in a rotc

and transfers to the final motor run

main forward contactor and the star
star contactor releases and the delta

ward contactor energized during the

‘otor, the main reverse contactor and

motor connection which follows an
of phase sequence appropriate for

> transition period when the motor

2. this applies to forward function of

 motor rotation are both configured
‘oltage difference between the phase

the changeover duration from star to

cen the star state and the delta state.

while the winding are reconfigured

or at part speed, there is a rotating

rency. The flux from the stator field

“magnetic field.
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When the motor is disconnected from the supply (open trans “ion) there is a spinning rotor within
the stator and the rotor has a magnetic field. Due to the low impedance of the rotor circuit, the time
constant is quite long and the action of the spinning rotor field vithin the stator is that of a generator

which generates voltage at a frequency determined by the sp.ed of the rotor

Open transition starting is the easiest to implement in terms « r cost and circuitry and if the timing
of the changeover is good, this method can work well. In prctice though it is difficult to set the
necessary timing to operate correctly and disconnection/re ‘onnection of the supply can cause

significant voltage/current transients.
In open transition there are four states:

1. OFF State: All Contactors are open.
2. Star State: The Main [KM3] and the Star [KM1] conta. tors are closed and the delta [KM2]
contactor is open. The motor is connected in star and wi! produce one third of DOL torque at

one third of DOL current.

I

Open State: This type of operation is called open transit: \n switching because there is an open
state between the star state and the delta state. The Main ontractor is closed and the Delta and
Star contactors are open. There is voltage on one end of : 1¢ motor windings, but the other end

1s open so no current can flow. The motor has a spinning rotor and behaves like a generator.

Delta State: The Main and the Delta contactors are closed. The Star contactor is open. The motor

:s connected to full line voltage and full power and torque are available

4.1 Testing
This project was tested at a saw mill where 3-phase power s':pply and an induction motor were

available, It worked has designed when tested with three pha-e power supply.
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O Shot on 510 lite

Fig. 4.2 Testing the starter with an ir Juction metor
4.2 Design
Interesting features of my design are discussed below

After carefully selecting the values needed the auton-utic star delta starter with reverse

runction was designed and implemented using the sciematic diagrams fig.4.6.
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Fig. 4.3 Control circuit

An automatic star delta starter with reverse capability was implemented thereby improving
on the conventional automatic star delta starter thou ‘h iterative approach was applied in
arriving at the desired result, however reverse functio:. was added thereby widening its area

of use or application

4.3 project management

This section of the project explained how the project was accomplished within the period of

November 2018 to January 2019, as illustrated by using the - antt chart in figure
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LITERATURE
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TASK 1

TASK 2

TASK 3

TASK 4

TASK 5

Table 4.1 Gantt chart

TASK 1 — Gathering of materials for the project

TASK 2 — Design of project circuit

TASK 3 — Acquisition of components

TASK 4 — Construction and implementation of the project

TASK 5 — Testing and casing of the project.



CHAPTER FIVE

5.0 Conclusion and Recommendation

The delta configuration for the forward or clockwise motor
the motor configuration Ul-V2-L1, V1-W2-L2, W1-U2-L:
high inrush transient current during the transition period upor

from star (wye) to delta motor connection.

Similarly. the delta configuration for the reverse or counter-
1s achieved with the motor configuration V1-U2-L1, U1-W2-
appropriate configuration for the purpose of providing a suite’
current during the transition period when the magnetic co

connection from star mode to delta mode.

The mterchanging control for the star to delta and the coms
forward or reverse run for the power circuit illustrated

corresponding forward reverse star delta control circuit.

v

I recommend that star delta starter, the motor connection
and ¢ terminals at induction motor. Star delta starter only
.oaded during the start. If the motor is too heavily loaded.

accelerate the motor up to speed before switching over to the

2.1 Contribution to knowledge

This project has broadened my knowledge on the use of ele.

~uttressing my theoretical knowledge and this makes me to

~tational direction is achieved with
which provides a relativelv reduced

switching of the magnetic contactors

Jlockwise motor rotational direction
2, W1-V2-L3 which is also the most
»le reduction of high inrush transient

.actors transfers the motor's wiring

and selection for choosing between

tbove 1s achieved by means of a

st have 6 cables from control panel
~orks when the application is light
there will not be enough torque to

clelta position.

rical devices/components, also

»preciate the theoretical knowledge

imparted to us in the class room more. [ was able to intimatc nyself with the tools used in the

electrical workshop.
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8.2 Limitations

The limitation of this project is that it can only be applied to r

“tors where the six leads or terminals

can be accessed. Also the supply voltage must be the same s the rated motor voitage for delta

connection.

5.3 Future works

The possibie future enhancement is to make it applicable to -

accessible.

when the starting current is reduced ‘o approximately one +*
torque 1s also reduced, an improvement can be made by lettir

at the start without recucing.

5.4 Critical appraisal

In the course of this project there were series of challer

executed smoothiy during the project developmen:.

I was not able to get all the components and the devices on
even after obtaining the required devices one of the it we.
replaced, After the completion of the project T decided to te:
as 1t ought to, the fault was traced and fixed but it cost me ¢

from ekiti state to lagos state for the correction.

mne

ctors where the six terminals are not

wd of the rated current, the starting

- {he motor maintain its torque speed

s encountered. not all plans were

o

nd this caused a little delay and
vad =0 T had to return it and get it
1t but to my surprise it didn’t work

ot of money becruse I had to travel
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Appendix A
BILL OF ENGINEERING MATERIALS AND EVALUAT DN

SN COMPONENTS | QUANTITY " NIT PRICE

1 MCB 3POL3 ! #4000 #4000

2 MCB IPOLE ] o #2500 #2500

3 CONTACTOR 3 } #4000 12000
12AMP ‘ |

4 CONTACTOR ! T Tmme #3000
9AMP 3 :

5 TIMER RELAY i T #1500

6 THERMAL ! ‘ TEsm L #s00

OVERLOAD i

RELAY ‘

7 CABLE 1 - T E00 #1200




o

P

8 START PUSH 1 4500
BUTTON
9 "STOP  PUSH 1 #500 ‘
BUTTON |
10 LAMP 1 #500
11 "ENCLOSURE 1 #9000
TOTAL #41200
P i {.\;’:\\,‘ ‘:Y‘t‘\‘ A %
O ooaat e /)
‘&‘ ‘.:\,’/“ ’ j; ¥e: ; s
- e
\
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