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Loss Analysis of Three Phase Induction Motor Connected to Single Phase Source
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(Do-Jin Kim - Chong-Keun Jwa)

Abstract — This paper analyzes the losses of a Steinmetz connection three-phase induction motor which is supplied by
a single-phase source. The T-type equivalent circuit which is taken no-load losses into account is used to determine
phase converter capacitive reactances at starting and rated speed by using the condition of the minimum voltage
unbalance. The starting and the operating capacitor are replaced at the slip of the same voltage unbalance factor points
which are depicted using two capacitive reactances. The operation characteristics are investigated by comparing ‘with
those of three-phase balanced operation to find the feasibility of single-phase operation. To analyze the losses of this
motor, the output power decrease factor(OPDF), the loss ratio(LR), the no load loss ratio(NLLR), the copper loss
ratio(CLR), the stator copper loss ratio(SCLR), and the rotor copper loss ratio(RCLR) are defined and simulated in the
whole slip range. The simulated results show that OPDF is maintained almost uniformly, LR is low at low speed and
high at high speed, CLR is higher than NLLR, but CLR varies concavely and NLLR varies convexly at high speed,
SCLR is low at low speed and high at high speed, but SCLR varies convexly at high speed, and RCLR is nearly

opposite to SCLR.
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Single Phase Operation, Induction Motor, T-Type Equivalent Circuit, Loss Analysis
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Fig. 1 Steinmetz connection for delta connection three—phase
induction motor connected to single-phase source
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(a) Positive equivalent circuit
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(b) Negative equivalent circuit
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Fig. 2 Per phase equivalent circuit models considered
no load loss
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Table 1 Equivalent circuit parameters
Data
Manufacturer’'s Measured
Parameter{€2
I's 125 12.07
Xs 88 10.17
I'r 149 14.82
Xr 8.8 10.59
To - 592
Xm 180 142.56
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Fig. 3 Speed-torque characteristics under three phase
balance operation

a2y 3¢4A 5o Tibst T2bel X7t 34 1.464[sync - W]
oA Hu 6583%[sync - WIZER] ®gstn glen 71FAld
33649 sync + W], AA&EoA 60.884[sync - W18} A& Ho]x
dorz &4dd g EAL AsMs FREE4dol B4
Adkel A% wdg 4 e TY SHH2E AHdste Aol
kA s},

E:3 2 HA MY BHEE =HH 2 z.o C
Table 2 z, and C computed by minimum voltage
unbalance condition

slip s=1 s=0.167

z, &C (at starting) {at rated speed)
z.18] 18.821 54.389
CluF] 141.008 48.794
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