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Abstract — Scheda was a person who published a
method for operating the 3-phase induction motor on
singlephase supply in 1985. The method installs a
capacitor circuit on the terminal of the motor. So the
motor operated like a single phase induction motor.
This method only creates some formulas for
calculating the capacitor that suitable for operating
the 3-phase induction motor on single phase supply.
The formulas could not be used for predicting
characteristics of the motor in variation speed
conditions. Therefore, this research is proposed to
create a steady-state equivalent circuit includes its
formulas for analyzing the motor on varying speed
conditions, especially for power output and efficiency
of the motor. The 3-phase induction motor used in this
research was the motor of 1.5 HP, 380/220V, Y/A,
2.75/4.7A, 4 poles, 50Hz, 1400 RPM. For validating
the formulas, the motor also tested in a laboratory.
The results showed that the formulas and equivalent
circuit was given had good accuracy when they
compared with the results of experiments in the
laboratory.
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I. INTRODUCTION

The 3-phase induction motor is an electric motor
operating under normal condition by using the 3-phase
power supply. The motor is widely used today because
this motor has a robust construction and simple
control operation system. In particular condition, this
motor can operate on single phase power by using
capacitor circuits that installed on the terminal of the
motor. This method had provided several advantages
such as a large starting torque, fast response and
improving power factor of the motor %79,

There are several methods had been creating until
today. One of the methods will be discussed in this
paper is the method that published by Scheda[7]. The
formulas were given only for calculating the capacitor
used for operating the 3-pase induction motor on
single phase supply. There were no any formulas for
predicting characteristics of the motor on varying

speed condition. In this research, the Scheda’s method
will be analyzed by using a new equivalent circuit
includes its formulas that used for predicting
characteristics of the motor, especially for power
output and efficiency of the motor.

The method of operating the 3-phase induction
motor on single phase supply that created by Scheda is
shown in Fig. 1.

Cr

Fig. 1 Capacitor circuit that created by Scheda

Fig. 1 only displays the capacitor run circuit on the
terminal of the motor. The formulas are given by
Scheda completely on 7™ reference.

Il. EQUIVALENT CIRCUIT

The 3-phase induction motor usually operates
under normal condition by using the 3-phase supply
system. The windings of the 3-phase induction motors
are designed specific. The motors have three identical
coils 1200 distributed electricity[8]. The motor will
run well when the motor operated in normal operation
on 3-phase supply system. If the motor is operated on
single phase supply system, then the coil must be
created like a single phase induction motor. The motor
can work with a large torque if the capacitor circuit is
installed on the winding of the motor. Therefore, when
the 3-phase induction motor is operated on single
phase supply, the equivalent circuit of the 3-phase
induction motor must be similar to the 1-phase
capacitor motor.
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The equivalent circuit of the 3-phase induction
motor when operated on single phase system then can
be made as shown in Fig. 2 &

1

Fig. 2. Eqﬂivalent circuit of the capacitbr-run motor; a)
equivalent circuit of the main winding, b) equivalent
circuit of the auxiliary winding

According to Fig. 2 then can be made as follows™®):
Efa i ji 1)
a a
V,=1,(Z,+2Z,+a°Z, +a°Z,) + jaE,, — jaE,,(2)

Vm = Im(ZIm +Zf +Zb)_ J

V,=V, =V, =V, @O
I, =1, +1,,isthe input current (A) 4)
Where:
I, =current flowing in the auxiliary winding (A)
Im = current flowing in the main winding (A)
Vs = Viy = voltage source (line to neutral) of the
single phase supply (V)
V, = voltage source of the auxiliarly windings (V)
Vs = voltage source of the main windings (V)
Zia = Rt jX,, is the leakage impedance of the
auxiliary windings
Zim = Rt jXim, is the leakage impedance of the
main winding
Z. = - jX, is the capacitor impedance conneted in

series with the auxiliary winding
Z; = forward leakage impedance

Z, = backward leakage impedance
a  =turns ratio of the winding/phase
and:

Efa = Ia 3-2 Z; (5)

Eba = Ia 3-2 Zf (6)

Efm = Im Zf (7)

Ebm = Im Zb (8)

As we know, the 3-phase induction motors have
three windings that have the same turn ratio ‘a’ on
each coil. If the motors are operated on single phase
supply, then ‘a’ must be 1™, If we see from fig.1,
‘windings R’ is installed series to the ‘windings S’.
So, the total impedance of the windings 'ZIm’ from
fig.2 is becomes:

Zimw =ZrtZs 9)
Where:

Zr = is the leakage impedance of the windings ‘R’
from fig.1 (ohm)

is the leakage impedance of the windings ‘S’

from fig.1 (ohm)

ZS =

If we see again according to fig. 1, the capacitor
‘Cr’ is installed series to the winding ‘T’. This
winding is called auxiliary winding. The total
impedance of this windings can be made as follows:

Zin =Zr-jXc1 (10)
Where:

Xc1 = is the capacitor impedance connected in series
to the windings ‘T* (ohm)

is the leakage impedance of the windings ‘T’
from fig. 1 (ohm)

ZT =

As a matter of fact, the windings of the 3-phase
induction motor is designed to have three identical
windings 120° distributed electricity®. But, the
windings of 1-phase induction motor divided into two
parts, namely main and auxiliary windings that are
installed within 180° of electricity. When the 3-phase
induction motor is operated on single phase supply by
using the method on fig.1, there is an effect of 120° (3-
phase windings) to 180° (1-phase windings) of the
motor impedance. So, there is a factor of 180/120 or
3/2 that influence the impedance of the winding of the
motor. So, according to fig.2 and equations (1) to (8),
then can be made some new equations as follows.

V. - 32, +Z;+2,) | _3j(Zf -Z,) |

m 2 m > a (1)
3j(Z; -2 2. +Z, +2Z,+Z
v, = I(Z; b)|m+ (Z,+2, f b)la (12)
2 2
Furthermore, currents I, I, and I can be solved
from equations (11), (12) and (4). Power factor of the
motor (PF) can also be calculated as follows.
PF =cos¢ (13)
where:
¢ = the phase angle difference between V, with I,
According to fig.2, the power is developed in the
windings of the motor can be made as follows:
Py =Re(E(l, +jaEl,) (14)
P, =Re(E, 1, —jaE,l,) (15)

where:
Py = forward air gap power
Py = backward air gap power

The torque developed by the motor will become!®!:
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P

To=—"

P
==
P, —-P
T=T-T,= = (18)
a)S

where:

T; = forward torque
T, = backward torque
T  =total torque of the motor

Because of a factor of 3/2 influence, the windings
of the motor during operation on single phase supply,
the mechanical power of the motor becomes:

3, ~Py).0-9)

P, == (P,
So, the other powers and efficiency of the motor can

be given as follows.

Pout = I:)m - I:)rot (20)

P, =V,.l,.cos¢ (21)

n:@.x.loo% (22)

IN

where:
Pm = mechanical power developed in rotor of the

motor (W)
Post = power output to the shaft rotor (W)
Pt = rotational losses of the motor (W)
Pi» = power input of the motor (W)
n = efficiency of the motor (%)

1. TEST RESULT

The motor used in this research was the 3-phase
induction motor of 1.5HP, 380/220V, Y/A, 2.75/4.74
A, 4 poles, 50 Hz, 1400 RPM. Parameters of the
motor were R1 =11.4 Q, R2'=5.7913 Q, X1 =X2'=
10,9635 Q, Xm = 111,4465. The capacitor used was a
Cr = 30 pF. The capacitors used in this research had
been given less from the calculation proposed by
Scheda’s method to limit the current through the
windings of the motor. So that the current through the
windings does not exceed the limit standard when the
motor operated on single phase supply. The result of
this research is shown in Table 1. Photograph of
equipment and circuit control devices used to conduct
experiments in the laboratory are shown in Fig. 3 and
Fig. 4 respectively.

Table 1. Calculation results at 219.1V when compared
to the experimental results at the rotor speed 1366

RPM
Parameters Experimental | Calculation Error
results results (%)
Power
output 260.52 284.9418 9.37
Efficiency 52.49 51.7391 1.431

From the Table 1 can be seen that the calculation
results almost the same as the experimental results.
The error (%) in table 1 shows the percentage error of
the calculation results when compared to the
laboratory results. There is only a little difference
between the calculation results and the laboratory
results. From table 1 can be seen that the efficiency
and the output power only have error 1.431% and
9.37% respectively. So, the formulas given had the
accuracy above 90% and 98% of efficiency and output
power respectively. So the formulas are given
applicable for predicting the output and efficiency of
the motor when the motor operated on varying speed
condition.

“_'N

Fig. 3 Circuit control devices that are under
construction in the laboratory

y .

by
R

Fig. 4 Electrical measuring instruments used in the
laboratory

By using equations (1) to the equation (22) can be
calculated and simulated the forms of the performance
of the 3-phase induction motor during operation on
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single phase supply (in particular the method of
scheda). Furthermore, using Matlab program will be
shown Characteristic of the power developed
(especially Pm, Pout and Pin) and the efficiency of the
motor as shown in Figure 5 and 6 respectively.

Power developed Vs Rotor speed of the motor
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Fig. 5 Characteristic of the power developed Vs rotor
speed of the motor
Efficiency Vs Rotor speed of the motor
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Fig. 6 Characteristic of the efficiency Vs rotor speed
of the motor

From fig.5 can be seen that when the load of the
motor is increased (shown by decreasing of rotor
speed), power developed of the motor will increase.
So, characteristic of the power developed is increased
during the load is increased. But, the power output of
the motor is shown decreased after the rotor speed
decrease below 1400 RPM. This occurs because the
motor has been given a load beyond its ability so that
the motor speed drops below its standard speed.
Because the motor has been given a load beyond its
ability, then the losses power in the motor will
increase that make the efficiency of the motor will go
down as shown in Fig.6.

As the end of the result of this research can be
concluded that fig.2 can use for predicting the shape
of the characteristics of the 3-phase induction motors
when operated on single phase supply in varying
speed conditions. The adequate formulas for Scheda’s
method have created for fig.2 as given from equations

(1) to the equation (22). Especially for predicting the
output power and efficiency of the motor, equations
(20) and (22) can be used respectively.

IVV. CONCLUSIONS

From the research that has been done can be
summarized as follows.

1. The formulas and equivalent circuit for
analyzing the characteristic of Scheda’s method
have been create successfully.

2. There is only a little difference between the
calculation results and the laboratory results.
Especially for analyzing power output and
efficiency of the motor, they have only error
level of 9.37% and 1.431% for power output
and efficiency respectively.
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