
World Applied Sciences Journal 29 (10): 1228-1233, 2014
ISSN 1818-4952
© IDOSI Publications, 2014
DOI: 10.5829/idosi.wasj.2014.29.10.1405

Corresponding Author: S. Subha, Department of EEE, Bharath University, Chennai, India.

1228

Starting Inrush Current Control of Three-Phase Induction
Motors for Dispersed Generating Systems

S. Subha

Department of EEE, Bharath University, Chennai, India

Abstract: Distributed generating (DG) system consists of a group of different small non-conventional power
generating sources. In case of a power failure from utilities, these alternative energy sources would supply the
power. However when a transformer or induction motor is switched-on it draws enormously high current and
power (VA). As a consequence a weak DG system fails to serve its purpose and a wide gap exists between the
normal and peak load condition. This increases the cost of installation and underutilization of the system.
Therefore it is important to reduce the inrush current at the time of starting without the loss of sufficient torque
generation. It will enhance the VA capability of the system and improve the overall performance of the complete
system. In the present work, passive energy storing elements are used to control the starting inrush current of
an induction motor to keep the stress on non-conventional energy source low. There is no any power loss at
the starting period. 
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INRODUCTION utility system it is not a serious problem. However for

Distributed or Dispersed Generating Systems are serious limitation [1-6]. 
small non-conventional power  generating  sources. More  than  85%  of  industrial  motors   in    use
These may consist of wind turbines, solar photovoltaic today  are  in fact induction motors. Out of these
(pv), fuel cells reciprocating diesel or natural gas engines induction motors the majority are of squirrel cage type.
and micro-turbines etc.Various applications of distributed The reason of using the squirrel cage construction
generation are distributed generation is used as standby frequently is that it is more rugged, almost maintenance
or emergency power to backup grid based power, free and having several other advantages as explained in
generating a portion of electricity to reduce the amount of section 1.2. Since a cage motor is electrically inaccessible
electricity purchased during periods, allowing the from its rotor, therefore no alternation can be made in its
installation to continuously generate its own electricity, characteristics by means of any connection to its rotor.
with or without grid backup, improving installation Any technique can only be applied from its stator
reliability, allowing installations to sell excess generation terminals.
back onto the grid when their own demand is low,
especially during peak pricing periods etc. Since the Proposed Method for Starting Inrush 
inrush current in an induction motor at the time of starting Current Control: The torque-speed characteristic of the
is very large, therefore it draws enormously high power induction  motor for direct-on-line starting is shown in
(VA) at the time of starting. It causes Voltage dip in the Fig. 1. 
vicinity of the load. The voltage dip affects the The starting torque is very high. [7] The load torque
performance of other loads connected to the system. is assumed of constant magnitude equal to rated full-load
Therefore supply authorities generally don’t allow for torque of the motor. The accelerating torque is much
such peaks of current or power. For the conventional large.  Generally  very  fast acceleration is not  desirable.

weak dispersed generating systems (DG System) it is a
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Fig. 1: scheme.

Fig. 2: reactive power is generated locally then only real current

Fig. 3:

Fig. 4: Discussion on simulated characteristics 

The motor starts with jerk and hence there is risk of
damage of the  motor  shaft  and  bearing.  Therefore
direct-on-line starting is usually not used. 

Starting  torque  of  magnitude equal to that of the
full-load torque will be sufficient to start and accelerate
the motor. It can be achieved by reducing the voltage
across the motor; which will lead to moderate acceleration
and therefore smooth start of the motor. The reduction in
voltage across the motor can be achieved by dropping
some potential in series impedance. For this purpose here
inductance is used. The reason of using inductance is
that there will be no any power loss. Fig. 2 shows the

Fig. 3(a) shows the starting current for direct-on-line
starting. Fig. 3(b) shows the starting current for the case
of starting with external series inductance. 

With series inductance Fig 3(b) both real and reactive
component of supply current is reduced consequently
total current is reduced.

Now if reactive component, I  of the total’
st_reactive

current in Fig 3(b) is compensated by shunt capacitor i.e.

or real power will be drawn from the supply and therefore
total current drawn from the supply will further reduce.

The complete scheme with associated phasor
diagram is shown in figure is shown in Fig.4.

From the Fig (4) it may be seen that at the time of
starting although the current entering the motor terminal
is having larger magnitude, but the supply current
magnitude is much smaller.

With increase in speed the motor impedance changes
and hence motor current changes [8]. But the capacitor
current will remain constant. Complete starting and
running performance has been studied by simulation. 

RESULTS

With the help of computer simulation the values of
series inductor and shunt capacitor is found 

Series inductor, L=34 mH
Shunt capacitor, C=117µF (star connected)
If capacitances are connected in delta they are used
more effectively. Hence for delta connection C = 39
µF  (delta connected)

Different Characteristics Obtained for the Scheme Are:



World Appl. Sci. J., 29 (10): 1228-1233, 2014

1230

Fig. 5: Simulated Characteristics

Torque vs. Speed [Fig 5(a)]: Starting torque is motor  increases  continuously  and  finally at
reduced from 2.5pu to 1.0pu. The motor will steady state it reaches nearly 90 % of the rated
successfully start with constant load torque equal to voltage.
1.0pu. The steady operating point is at 1365 rpm, less
than the rated speed. As the speed increases, the capacitor current
Real supply current vs. Speed [Fig 5(b)]: Real supply becomes dominant over the reactive component of motor
current at starting is reduced from 4.5pu to 1.9pu. At current and series inductor. Therefore the increase in
steady state it is slightly more than the rated and supply current at steady state from rated is due to the
equal to 1.006pu overcompensation caused by the shunt capacitor.
Reactive supply current vs. Speed [Fig.5(c)]: The
reactive supply current at starting is reduced from Running Performance Improvement: At the running or
4.2p.u. to 0. At steady state it is -2.3. steady state condition the current increases from rated
Total Supply Current vs. Speed [Fig. 5(d)]: The total due to overcompensation caused by the shunt capacitor.
current is reduced to only 1.2p.u, which is only a little If a capacitance of somewhat lower value is selected then
more than the rated current as compared to the reactive supply current at starting is no longer zero [9].
direct-on-line starting current of 4.4p.u. But at steady However at steady state due to lesser overcompensation
state it becomes more than the rated value which is the supply current will not as large as in this situation.
1.83pu. Shunt capacitance may be selected for different
Motor current vs. Speed [Fig.5 (e)]: The current combination of starting and running current. Two cases
entering the motor at steady state is slightly more are mentioned here separately.
than the rated equal to 1.02pu.
Power factor vs. Speed [Fig.5 (f)]: The power factor Equal Starting Current and Steady State Current: With
is unity at starting and at steady state it is poorer and the help of computer simulation the shunt capacitor is
leading. Due to poor power factor the supply current selected such that the current at starting and current at
increases. steady state are of equal in magnitude.
Mechanical power output vs. Speed [Fig.5 (g)]: The value of shunt capacitor found is C=27 µF (delta
Mechanical power output is reduced slightly a connected). The simulation results are: 
steady state and becomes equal to 0.975pu. Since shunt capacitor has no effect on real
Voltage  across  motor  vs.  speed    [Fig.5 (h)]: component of current hence the plot for real supply
Initially the voltage across the motor is less than current will be same as before [Fig. 5(d)]. The reactive
rated due to drop in the series inductor. As speed current is shown in Fig 6(a). Comparing Fig 5(c) and Fig
increases current decreases, thus drop in the series 6(a) it  is  seen  that  at  starting  reactive  current  is  not
inductor decreases. Therefore voltage across the fully
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steady state will just become equal to rated current of the

Fig. 6: The reactive current is shown in Fig 7(a). Comparing

Fig. 7: of the induction motor is considered. To visualize the

compensated here but at steady state current is reduced final scheme is shown in Fig. 8.
from the previous. Decrease in reactive leading current at
steady state causes total current to decrease. The total Experimental Results: The experimental study is
supply current from Fig 6(b) is found to be almost uniform conducted on the motor taken for analysis. The motor is
(1.3pu) throughout the starting period and at steady state. loaded  with  constant  frictional load provided by a belt

Fig. 8:

Steady State Current Equal to Rated Full-Load
Current:With the help of computer simulation a shunt
capacitor is selected such that the supply current at

motor. The value of shunt capacitance for this case is
found to be C=23.8 µf (delta connected).The simulation
results are: 

Fig 5(c) and Fig 7(a) it is seen that at starting reactive
current compensated is much lesser here but at steady
state it is reduced from the previous [Fig 5(c)]. Decrease
in reactive leading current at steady state causes total
current to decrease. The total supply current from Fig 7(b)
is found to be just equal to rated current of the motor.

Form the simulation results it is found that with
proper choice of series inductance and shunt capacitance,
a suitable starting as well as running current can be
obtained [10]. There is no compulsory need of
disconnecting the external elements because the steady
power output is only 2 to 3 % less than rated power
output. The voltage across the motor is remains less than
the rated voltage hence no problem of saturation and
motor current is close to rated current hence no extra
heating. Therefore the external elements can be allowed to
remain connected in the running condition.

Three-Phase Circuit Diagram for the Scheme: For
simplicity in all the analysis the single-phase equivalent

actual situation the three-phase circuit diagram for the
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Fig. 9.1: Direct-on-line Starting

Fig. 9.2: Series Inductance (34 mH) Shunt Capacitance
(30µf)

Fig 9.3: Series Inductance (34 mH) and Shunt
Capacitance (27 µf) Starting

Fig 9.4: Series Inductance (34 mH) and Shunt
Capacitance (22 µf) Starting

Fig. 10:

pulley arrangement. The transient current signal is stored
on a Tektronics digital storage oscilloscope and is
photographed using a camera

Various transient starting current records for direct-
on-line starting and for the proposed schemes and three
different values of shunt capacitances are shown in
Fig.9.1 to Fig.9.4. 

Fig 9.1 shows the starting transient current for direct-
on-line starting. The current at starting is almost 4.5 times
that of rated current. There is very short starting period
i.e. the motor attains full speed and rated current quickly.

For three different values of shunt capacitance the
experimental results obtained are shown on Fig 9.2, 9.3and
9.4. The value of series inductance is same in all cases.

The starting current is decreased in very large extent.
With decrease in shunt capacitance the steady state
current becomes closer to rated current with increased
staring current. This is in agreement with the simulation
results obtained for the proposed scheme. Hence the
simulation results are verified. Proper choice of series
inductance and shunt capacitance will give acceptable
result.

Proposed    Circuit  to  Disconnect  External  Elements:
To operate the motor at rated power output or rated speed
and drawing rated supply current, the series inductance
must be bypassed and the shunt capacitor must be
disconnected at steady state. For this purpose the
suggested circuit is shown in Fig.10 which will operate
automatically.

Before starting, the motor is disconnected from the
supply. Since the motor circuit and the control circuit are
operated by a simultaneous switching arrangement, the
control circuit is also disconnected from its supply. The
output of time delay circuit is low causing AND gate
output to become low, the flip-flop resets. Hence Q will be
low and Q’ will be high. Q is connected to the gate signal
of triac T1 and Q’ with triac T2. Since Q is low and Q’ is
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high, as a result triac T1 will not conduct and T2 will 3. Natrajan, R. and V.K Misra, Time domain analysis of
conduct causing the inductor and shunt capacitor to Induction motor starting transients Conference
remain active in the circuit. Paper.

Now to start the motor supply is switched-on. The 4. Dubey, G.K., 1989. Power semiconductor controlled
motor starts with external series inductance and shunt drives, Prentice Hall International.
capacitance connected in the circuit. At the same time the 5. Nagrath and Kothari, 1997. Electric machines, TMH.
simultaneous switching arrangement switch-on the time 6. Say, M.G., 1986. Alternating current machines, 5
delay circuit. The time delay should be kept more than the edition, ELBS Longman London. 
start-up time of the motor. After some delay the output of 7. Vijayaragavan, S.P., B. Karthik, T.V.U. Kiran Kumar
time delay circuit becomes high causing the flip-flop to set and M. Sundar Raj, 2013. Analysis of Chaotic DC-DC
and the output of flip flop becomes as Q high and Q’ low. Converter Using Wavelet Transform, Middle-East
Since Q is high triac T1 conducts causing the series Journal of Scientific Research, ISSN:1990-9233,
inductor to bypass and Q’ is low triac T2 opens causing 16(12): 1813-1819.
the shunt capacitor to disconnect. Thus, both series 8. Vijayaragavan, S.P., B. Karthik, T.V.U. Kiran Kumar
inductor and shunt capacitor are not active and thus the and M. Sundar Raj, 2013. Robotic Surveillance For
motor operates normally. BDC is the buffer and driver Patient Care In Hospitals, Middle-East Journal of
circuit. Scientific Research, ISSN:1990-9233,6(12): 1820-1824.

CONCLUSION M. Sundar Raj, 2013. Study of effect of MAI and its

A new method for starting inrush current control of Journal of Scientific Research, ISSN:1990-9233,
a three-phase induction motor is proposed. The method 16(12): 1807-1812.
is cheap, simple and free from any power loss at starting 10. Vijayaragavan,     S.P.T.,   V.U.   Kiran   kumar    and
period. Compared to conventional method the proposed M. Sundar Raj, 2013. Study of Effect of Mai and its
method provides minimum current at starting without loss reduction in an OCDMA System, Middle-East
of sufficient torque generation. The method is more useful Journal of Scientific Research, ISSN:1990-9233,
for weak distributed generating systems. It will improve 15(12): 1803-1808.
the VA capability and complete performance of the 11. Nahed, M.A. Hassanein, Roba M. Talaat and
system. For conventional utility system it is also useful. Mohamed  R.  Hamed,  2008. Roles of Interleukin-1

All results obtained by simulation are experimentally (Il-1) and Nitric Oxide (No) in the Anti-Inflammatory
verified. It is found that experimental results are in close Dynamics of Acetylsalicylic Acid Against
agreement with simulation results [11-15]. Carrageenan Induced Paw Oedema in Mice, Global

A motor designed for higher running efficiency has Journal of Pharmacology, 2(1): 11-19. 
poor starting performance [2]. The improvement in 12. Panda, B.B., Kalpesh Gaur, M.L. Kori, L.K. Tyagi,
efficiency is obtained at the cost of increase in the R.K.  Nema,  C.S.  Sharma  and  A.K.  Jain,   2009.
starting current. Such motors may be suitably used by Anti-Inflammatory and Analgesic Activity of
reducing its starting current in a large extent by the Jatropha gossypifolia in Experimental Animal
proposed method. After starting the external elements can Models, Global Journal of Pharmacology, 3(1): 01-05.
be removed from the motor circuit with the help of the 13. Parmar Namita, Rawat Mukesh and J. Kumar, 2012.
circuit. Vijay Camellia Sinensis Green Tea. A Review Global
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