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ABSTRACT

A straight forward solution for operation of three-phase motors from single phase sources is to produce a
DC from AC source, and convert the DC back into a balanced AC source. The use of single phase supply to
operate the three phase induction motor has a wide range of applications in rural areas and also in industries
where three phase motors are forced to be operated from single phase supply. Electric motors operating from
single-phase power supply are widely used to provide the mechanical power for many domestic and light
industrial types of equipments (Boldea and Nassar, 2005; Bakshi and Bakshi, 2007; Fitzgerald, 2003).
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Intrduction

The first method to operate the three-phase induction motor from a single-phase supply is to connect two
terminals of the induction motor to the single-phase lines. The motor will run as a single-phase motor, which
has no starting torque, and this is used for low power applications supplying any manner to push for the motor
to start. A balanced operation of the motor will be achieved when adding a capacitor through the third terminal.
The capacitance achieving balanced operation depends mainly on the power rating of the motor rather than the
load torque characteristics. For balanced operation over the whole range of speed, the capacitance must be
varied simultaneously, which is very difficult. The motor is permitted to operate under unbalanced operation for
all points except the rated operating one (William and Yeadon, 2001; Gieras, 2008).

Smith Connection:

Although three-phase motors will run on single phase when one phase is opened, the currents are severely
unbalanced, and the motor performance is degraded. Capacitors are usually connected with these motors to
achieve a degree of phase balancing at starting and running conditions. However, this is complicated and
expensive, costing almost as much as the motor itself, it is possible to supply the open motor phase from a
capacitor bridge as shown in figure 1, which is known by Smith Connection. The shown impedances are
capacitors inserted in the three phases in order to make the motor operate at balanced condition. Capacitors
values are calculated as will seen in a order to have a balanced three phase supply as shown in figure 2 (Gross,
2007; Shaban and David, 1993).

Fig. 1: Operation of the three phase motor from a capacitor bridge.

Corresponding Author: Hamdy A. M. Shatla, Electrical Engineering Dept., Faculty of Engineering, Al-azhar University,
Cairo, Egypt
E-mail: Hamdyams2006@yahoo.com



J. Appl. Sci. Res., 9(6): 3992-4000, 2013

Fig. 2: Phasor diagram of the Smith connection.
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For any loading condition, the capacitor currents Tm, I_czand the corresponding values of capacitors are
calculated to have a balanced supply applied to the motor terminals. The capacitor impedances from the phasor

diagram are:
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The values of capacitances depends mainly on the operating power factor, which means symmetrical
operation is not attained at all operating points. The equations give real values of capacitances in the operating

range of the power factor 0.5 < pf < 0.866 which is clear from simple calculation values shown in figure 3.

Somewhat, a need for additional element to give an amount of a controlled reactive power is urgent. The new
arrangement will contain an autotransformer in additional to a single series capacitor.
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Fig. 3: Smith connection variation of capacitances with motor speed.

600

LL
S 500

.

in

N
o
<]

\

w
o
(=]

N
o
(=]

Capacitance C2

0.2 0.4 0.6 0.8

'PU Motor Speed'



3994
J. Appl. Sci. Res., 9(6): 3992-4000, 2013

Series Capacitor And Autotransformer:

An alternative solution is to use only one capacitor in addition to an autotransformer. The balanced
condition is obtained by adjusting the values of both capacitor and added voltage via the autotransformer as
shown in figure 4.

The more complex issue here is the limitation to low power motors. The added part from the transformer
will affect on the motor power factor rather than adding extra cost and consequently decreases the motor
efficiency (Wai, 2004; Laughton, and Warne, 2003; Bhattacharya, 2006).

When using only a single capacitor, the operation is more complicated, allowing the motor to operate at
unbalanced case. The use of one capacitor in one phase only is permitted for small motors to achieve cost
saving. Our task is to study the change in motor performance when using only one capacitor in series with one
phase. At first the motor performance when using a capacitor and an auto-transformer is discussed. The phase
voltages across the motor terminals are analyzed using symmetrical components. The motor operation at the
different values of the capacitance and added voltage is discussed (Agrawal, 2001; Shaban and David 1993).

o » 0

v Vadd 0 »0

—

Fig. 4: Three-phase motor fed from single phase supply via a capacitor and an autotransformer.

Considering the phase sequence in the form RST, the line voltages are:

Vs =KV + X I (4)

\TST =V ®)

Vig ==(K+1)V — jX ¢ (6)
Where

\Y Line to line voltage single phase supply

k Ratio of the added voltage via the autotransformer w.r.t. line voltage

Calculating the symmetrical components of the phase voltages \TR, \7S \TT , the positive, negative, and

zero sequence components V,,, V,,V,, are given from:

A 1 1 1]|V,
Vs |=|a® a 1|V (7)
VA a a* 1|V,

pi120

Where; the conversion vector @ is a = , which gives:
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A 1 a a*||V

Vi =31 a® a||V; ®
YA 1 1 1|V
Th_e line voltages in terms of the sequence phase voltages components are:

Vs | [@-a%) (@-a) 0]V,

Vs [=](@°~2a) (a-a®) 0]V, ©)
Vie | | (@-D) (@°-1) 0]V,

Omitting the zero sequence component for the three wires-system, any two equations could be solved to
find the positive and negative sequence components

\TP — VST — aVzRS (10)
(a-1)

Substituting by this expression into the negative sequence component, we got:

v = — L+ a)Vgr —aVg

11)
" (@a-1?
Or
_ i _
V, L 1 e 3 || Vgs
=7 (12)
13 -
VN 1 e 3 VST
Similarly, the phase currents passing through the motor phases are given by:
L] [1 1 11,
I, |=]a® a 1|1, (13)
I a a’ 1|1,
Where:
I_P Positive sequence phase current
I_N Negative sequence phase current
I_o Zero sequence phase current

The positive and negative sequences currents knowing the symmetrical voltages components are
respectively:

-V,

I, =— 14
=7, (14)
YA

Iy =2 (15)

Zy
Where:
Z, Positive sequence impedance

Z, Negative sequence impedance
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The current passing in phase R is given by:
-V, V,
I R = —P + N (16)
Z, Z,

Motor performance with additional voltage and capacitor:

Motor performance at different values of the capacitor and added voltage is discussed. Choosing the value
of the capacitance and the amount of the added voltage will keep the motor running in a balanced condition,
which requires simultaneous change of the capacitance and the amount of the added voltage.

The motor performance with a series capacitor and full value of rated voltage added to the motor with two
different values of capacitances is shown in figure 5. Increasing the amount of the added voltage retards the
occurrence of the maximum torque developed by the motor. The response of the motor with half value of the
added voltage and different capacitances is also shown in figure 6.

It is clear that increasing the capacitance value increases the motor efficiency which is already increases
with the motor speed. The rise in the capacitance increases the power factor but keeping in bad status as shown
in figures 5,6. Motor phase currents increase with the increase of the capacitance, and clearly drop with the
increase of the motor speed. The negative air gap power component is very small compared with the positive
component. The motor efficiency is also decreased due to the increase of the added voltage via the auto
transformer which is expected due to extra losses.

A conclusion for these results is that the motor will operate any way, but the performance will merely
affected by the value of the added voltage from the auto-transformer and the value of the capacitance. To avoid
the great drop in the power factor, our next calculations will discuss only the effect of capacitance variation
neglecting the existence of the added voltage. The motor performance with different values of capacitances
without any additional voltage is shown in figure 7. When no additional voltage is used, the efficiency curves at
the two values of capacitances coincide
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Fig. 5: Motor Performance with variation of capacitance at full added voltage.
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Fig. 6: Motor Performance with variation of capacitance at half added voltage.

0.25

0.2

0.15

0.1

0.05

Motor Power Factor

0 0.2 0.4 0.6 0.8 1

"PU Motor Speed '

Motor Phase Current

T —

0.2 0.8 1

0.4 076
PU Motor Speed

Nagative Air Gap Power

0 0.2 0.4 0.6 0.8 1

PU Motor Speed



3998
J. Appl. Sci. Res., 9(6): 3992-4000, 2013

08 . - 0.35
—C1=10uF| j -
—C1=10uF
O e & N C2=50uF / IR X SRS SRS S——. cz:sozF
O ,
> s
e 06 j % 0.25
Qo5 L
O 502 :
i (D) H
= 04 =
LE j O o15
O 03 a
o j S o1 1
= 02 7 o l
f s 008
01 > 05 NWMN”_//
% 0.2 04 0.6 0.8 1 % 0.2 0.4 0.6 0.8 1
PU Motor Speed PU Motor Speed
0.35 0.3
— C1=10uF
O C2=50uF |5~ < 0.25 —C1=10uF|
o= co=s0uF| %
% 0.25] S "2
o @)
o 02 o %?
0
Co 2
g o / i 015
o S
S o1 o
j =
S O o1
0.05 > =
—-M
% 0.2 0.4 0.6 0.8 1 0'050 0.2 0.4 0.6 0.8 1
PU Motor Speed PU Motor Speed
3
0.2 . 10522 —_—
—C1=10uF . —C1=10uF
& 018 co2=50ue|§+1 o | C2=50uF
% 0.16 % ° \\
Q 014 o . %
a Q 8
@ 0.12 ©
O O
o 01 = 7
< 0.08 ] i \
o) -,
> 0.06 ’J =8
5 4 =
= j © ‘“\
0 0.04 o
(@] M o 5 “2\
QO 002 it Z
0 : 4
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
PU Motor Speed PU Motor Speed

Fig. 7: Motor Performance with variation of capacitance with no added voltage.
Motor performance with variation of capacitor:

Up next, the effect of the series connected capacitor on the performance is discussed. The curves show that
at certain value of capacitance, the efficiency, power factor, and all other performance measures are improved.
This case the capacitor value is actually performs balanced operation for the motor. The curves are at rated
speed and half synchronous speed. The motor performance is shown in figure 7. The motor delivers its power
with good measuring parameters at certain capacitances. At half rated speed the motor performance is shown in
figure 8.
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It is clear that the balanced operation case is more difficult to obtain and the value of the capacitance
required for more symmetrical operation depends mainly on the motor power rating. An accurate relation for
the value of capacitance and added voltage required to achieve balanced operation is shown in figure 9.
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Fig. 9: Capacitance and additional voltage to achieve symmetrical operation.
Conclusions:
Three phase induction motor operation from a single phase supply is associated with deterioration in motor

performance. the series connected capacitance will approach the motor performance to balanced case at certain
value. It is not available to have balanced operation at all points so, concerning the rated point only and ignoring
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that at other points. The value of the capacitance controls the balanced operation state of the motor, which is
verified for low power motors only.
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