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Abstract

Polyphase induction motor, when started from rest with full voltage impressed, the starting current is 5 to 8 or more
times the rated current. The large line current drawn by such a motor is objectionable because of the possible sharp drop in
voltage of the supply circuit and undesired effects upon other connected |oads/devices. Accordingly it is customary to start such
motors at reduced voltage by using auto transformers, star delta starters etc. This paper deals with a new approach to start poly
phase induction motors without using any primary voltage compensators thereby limiting the inrush of starting current. The
rotor of the motor is driven at suitable speed in the specified direction of rotation by using crank driving mechanism. Then te
rated voltage is applied to the motor. This is enunciated using a case study on a 3- phase, 5hp, NGEF make motor with
oscillographic records obtained from the experimentation and is compared with the various starting techniques.
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1. Introduction

Three phase induction motors are more robust, redess maintenance and cheaper compared to other
types of motors of equal power and speed ratingssuth these motors are widely used for most ofrithestrial
applications ranging from small workshop to largdustry. When the 3-phase winding on the stataujgplied
with 3 phase balanced ac supply, a uniformly rotatmagnetic field of constant magnitude is producHake
rotating field sweeps across the rotor conductassa result, an emf is induced in these conduciidrs. rotor
conductors are equivalent to a short circuited wigdcarries current. The rotor current interactthwhe field
produced by the stator winding, so as to produogui responsible for the rotation of the moton. gtarting such
motors, invariably starters are employed to lirh#& tnrush of current which is of the order of Btor more times
the rated current of the motor. This will cause ¢fffect on the system voltage to reduce and ad\edfset on the
connected loads/ devices.

The interpretation for large starting current drawnthe motor is, due to the large relative speetivben
the field rotating at synchronous speed and ratodactors at standstill condition. According to &day’s law, the
magnitude of the induced emf is proportional to tate of change of flux linkages. Since the relatspeed is
maximum, magnitude of the rotor induced emf is gldtrge and will circulate large current in theorotvinding
having finite resistance, which is the only oppositto the flow of current. On the other hand thp being unity,
the frequency of the rotor emf equals the supmgdiency and the rotor emf induced per phase is
* Rotor induced emf E2 = 4. 4#fT )k,

» where f- frequency of the rotor induced emf.

» T,-number of turns per phase in the rotor winding
*  kyr- winding factor of the rotor winding.

» At stand still f = fthen

* Rotor induced emf at standstill

o Ex=4441T0 ky,

Hence, the magnitude of rotor induced emf at tlséaim of starting is quite large, that will circiddarge
current in the rotor winding. Thus the stator iscéd to draw high current at the instant of startinausing
considerable heating effect due to high coppee®#s the motor and might damage the insulationinfling apart
from the system voltage reduction and adverse tefiethe loads connected to the same line. Anatiterpretation
for large starting current is, since the rotor fsstandstill condition; require more energy durisigrting to

overcome the inertia to set into motion. This isaaplished by drawing large current during start@iga given
system voltage in accordance with the fundameatglie relation,

Tn—TL=0ad 1)
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where Tm and Tare the torque due to motor and to the load, ctisgdy,
a is the angular acceleration and
J is the polar moment of inertia of the entire tiatasystem.

Hence, it is customary to start such motors at cedwoltage by means of auto transformer, stagdelt
starters etc.. Such starting equipments will addhmse cost and running cost to those of the matoapproach to
start induction motor to limit the starting currevithout using starters and without affecting tlegfprmance of the
motor could be by the proposed method mentioneavbel

2. Starting of Induction M otorswithout Starter

In this method the starting equipments are not.udétken the voltage is applied to the motor at sttitd
condition, the relative speed between the rotdiglg and rotor conductors is maximum and thus aedularge emf
in the rotor circuit. If the relative speed is redd before the voltage is applied, then the emficged in the rotor
circuit is less. In this method, before applying tated voltage, the rotor is rotated by mechamiedns to suitable
speed. This is done by using crank to rotate th# sl the rotor, then the rated voltage is impeessSince the rotor
is in motion, the relative speed is considerablguced and this reduces the emf induced in the roitouit
proportionally. Thus the current circulated in tla¢or circuit is relatively less at the instantstérting. The rotor
induced emf

Ez = 4.44 {0 T Ky @)

Since the rotor is rotated in the beginning, fretuyeof the rotor emf is less and hence the mageitfd
the induced emf. It is clear that an external epé&gupplied to the motor at the time of startiigs obvious that,
to overcome the inertia and to set into motion, éhergy drawn from the supply is less. Therefooe,af given
system voltage, less energy is supplied, of coatrseduced current. The fundamental torque relation

Tm - T|_ =ad

Now the motor torque Jis

T = Tinternal + Textemal
=Ti+Te (3
ie. (T+Te)-T =ald (4)

Te is the torque provided only at the instant oftatgrby driving the rotor with crank driving arragmgent as shown
in Fig.1.

Fig.1.Experimental set up.

Once the supply is switched on motor picks up eortiied speed, then

Tw=T (4)
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Thus, the motor draws low current from the supplyirty starting. However, while rotating the rotiris
to be doubly ensured that, it is driven in the #jet direction of rotation. The result would betastrophic if
driven opposite to the specified direction. Thislgem can be solved by using a crank that willadiuhe shaft of
the motor only when it is rotated in the specifaicection and becomes free wheeling when triedotate in the
reverse direction. The magnitude of the startingeni now depends upon the speed at which the i®tiniven. It
is clear that higher the speeds of the rotor lotherrelative speed and hence reduced current. S0 of the
industrial drives are induction motors and 75% @868of them are squirrel cage induction motors abih Bf the
drives are generally starting without load. Henhis tscheme of starting is more suitable for motstesting
without/with light load. It can be used for botjugrel cage and wound rotor motors that are stgréigainst light
load. The proposed method of starting will offewfadvantages like:

* reduction in system disturbances

» reduction in time to reach steady state

» reduction in heating effect

» reduced premature failure of insulation

» increased life span of the motor

» reduced energy at the time of starting

* no complexity in employing the scheme

» improved transient behavior

» economical, since no starting equipments are needed

To justify the suitability and above listed merifsthe scheme, a case study has been carriechautaw capacity
motor.

3. Case Study

A case study has been carried out on a 3-phasé35/higW), 415 V, 50Hz, 1440 rpm, 7.3A, NGEF make
induction motor. A comparative study is done bytsig the motor with star—delta starter and theppsed scheme.
The experimental procedure and observations madasaexplained below.
* The motor is started with star delta starter #imel starting current waveform is captured usinggital scope.
When repeated for different random switching inttathe obtained waveforms are as shown is Figl2Fg.3.
The switching transient is also obtained and ishasvn in Fig.4
* The rotor is driven using crank driving mechaniatra speed of 1320 rpm, then the rated voltageptied to the
stator windings. The corresponding current wavefoaintained at different random switching instamésas shown
in Fig.5, Fig.6 and Fig.7 shows the switching tiants obtained with the proposed method of starting
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Fig.2. Starting current waveform with star deltartgr
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Fig.3. Starting current waveform with star deltartdr(at some other switching instant)
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Fig.4.. Switching transients with star delta starte

4. Inferences
Based on the experimental observations and in daooe with theory and principle of operation of

induction motor the following inferences are drawn
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Fig.5. Starting current waveform with  propds method of starting.(Initial rotor speed i2@3rpm before
applying the voltage)
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Fig.6 Starting current waveform with  propsemethod of starting.(Initial rotor speed is2Q3rpm at some
other switching instant before applying the voithg

Tek Jl.  @dcqComplete MPosibddims  AUTOSET

r A T
. Mean
: a5
e
4 o
JTNA
; . , i o hutoset
LR E R e
- - - <10Hz

Fig.7. Switching transients with the proposed mdtbbstarting

e The starting current is reduced by 50% to75% aadt @h course depends on the speed at which rotdnivien
before applying the voltage.

» The starting current will take only 2 to 2.5 cyctesattain steady state whereas it require 5 cyeldsstar delta
starting to reach steady state.

» There is considerable reduction in the magnitudh®transient current.

* Minimized system voltage disturbance and reduce@se effect on the connected loads, thus mainigitiie
quality of the supply. Owing to the above observatithe proposed method of starting can be effelgtivsed.

5. Comparision of different starting techniques
5.1 Direct-on-line starting

In this the motor is switched on directly to fullpply voltage and the initial starting current @rmally
about 5 to 7 times the rated current. The statbngue is likely to be 0.75 to 2 times the fulatbtorque and DOL
starter is typically only used for motors with déimg of less than 5kW.
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5.2 Star Delta starter

The phase voltages and the phase currents of thar iostar connection are reduced to 1/(squaré abo
3) of the direct -on -line values in delta. Theelicurrent is 1/3 of the value in delta. Most of thederate capacity
machines are started by star-delta starters anstalténg torque is reasonably good.

5.3 Rotor resistance starting
The addition of resistance in rotor circuit reduties starting current, so that a starting torquéhérange
of 2 to 2.5 times the full load torque can be aiediat a starting current of 1 to1.5 times thelbdl current.

5.4 Primary resistors/reactors
In this method, reduced voltage is applied atisigutty connecting resistors/reactors in seriess Téiluces
the current, but there will be continuous poweslos

5.5 Auto-transfor mer starting

This method also reduces the initial voltage ajppti® the motor and therefore the starting curremt a
torque The advantage of the method is that theenuiand torque can be adjusted to the requireceyaly taking
the correct tapping on the autotransformer. Thithogkis more expensive.

5. Conclusion

This method can be used to start induction motdrehvare preferably starting against light loadss|
smooth starting that result in limiting the inrushstarting current to a safe value. It will hate treduced heating
effect and there is no threat to the insulatiorre¢hg ensuring the life of the motor. The systemudiznce is
minimized to greater extent and will avoid unddslieaeffects on connected loads/devices. The meithadore
economical as it eliminates the purchase and rgnest associated with starting equipments. Then® ideviation
in the performance of the motor. Hence, the meikadore suitable for starting the induction mofbine starting
current drawn is relatively low when started witle bther starting techniques.
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