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Determination of Parameters of Equivalent Circuit Taking No-Load Losses Into
Account for Single-Phase Induction Motors

= * T
#F 454

(Chong-Keun Jwa * Do—Jin Kim)

Abstract - This paper proposes a step—by-step method of determining the parameters of equivalent circuit which is
considered the no load losses for the single phase induction motor which has the starting winding. This method is
comprised of three steps, and the stator resistance which is measured by the method of voltage drop is treated as
constant and the stator and the rotor leakage reactances are assumed to be the same in every step. The test results of
no load and locked rotor test are used in the Ist and 2nd step, and the ratings of name plate of the motor are needed
in the 3rd step. In the 1st step, the traditional equivalent circuit parameters are directly calculated by no load and locked
rotor conditions. In the next step, five nonlinear simultaneous equations for five unknown parameters can be set up by
no load and locked rotor equivalent circuits. These equations are solved by using the initial parameters obtained by the
1st step parameters. In the final step, three nonlinear simultaneous equations for rotor winding resistance, leakage
reactance and no load losses component resistance can be set up by equivalent circuit under the rated operation. Three
parameters are solved by using the 2nd step parameters. Thus, equivalent circuit parameters are gradually refined step
by step. The validity of the proposed method is evaluated by comparing the computed values obtained by the equivalent
circuit parameters with the experimental values of the load test.

Key Words : Single Phase Induction Motor, Determination of Parameters, Equivalent Circuit, No-Load Losses
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Table 1 Test results for determination of equivalent circuit parameters
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Table 2 Equivalent circuit parameters determined by 1st step

procedure

1dAAAF o R A8E 573 A [Q]
Ry 3.1 Xi 3.495
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Ro - Xm 43.067
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Table 3 Equivalent circuit parameters determined by 2nd step

procedure
A AF o R A sUHEE A [Q]
Ri 3.1 Xy 3.546
R 3.311 X5 3.546
Ro 588.71 Xm 43.143
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Table 4 Equivalent circuit parameters determined by 3rd step
procedure
3gARAHoZ AAdE SR HF [Q]
R 3.1 X1 3.546
R» 3.397 Xo 3.546
Ro 573.817 Xm 43.143
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Table 5 Comparison of input current(ls), input power factor(Pf) and
input power(Pin)

48 # A gk

pml | L Pt | P | L Pt | P

[A] [pul [W] [A] [pul [W]

1770 4.38 0.34 181 4475 | 0.355 |190.529
1764 4.46 0.38 202 4.510 | 0.383 |207.104
1755 4.50 0.41 223 4574 | 0422 |231.695
1748 4.55 0.45 243 4634 | 0451 |250.576
1742 4.66 0.48 267 4690 | 0474 |266.575
1734 472 0.51 287 4774 | 0502 |287.626
1725 4.85 0.54 312 4876 | 0.531 |310.903
1718 5.00 0.57 340 4962 | 0.552 |328.695
1715 5.03 0.57 345 5.000 | 0.560 |336.234
1709 5.10 0.60 362 5079 | 0576 |351.152
1703 5.27 0.61 390 5160 | 0.591 |365.854
1690 543 0.64 415 5343 | 0.619 |396.946
1677 5.50 0.66 437 5534 | 0.643 |426.965

E 6 EZM, £8d™¥€((P,) 22l g2@m)el dlw
Table 6 Comparison of Torque(T), output power(Pr) and efficiency(n)
n A8 g A A gk
[iarf] T P n T Py, n
IN-m | [W] [pul | N'md | [W] [pul
1770 0.39 | 72.288 | 0.399 | 0.368 | 68.177 | 0.358
1764 0.49 | 90.516 | 0.448 | 0.450 | 83.051 | 0.401
1755 0.59 | 108432 | 0.486 | 0.568 | 104.393 | 0.451
1748 0.69 |126.305| 0.520 | 0.657 | 120.19% | 0.480
1742 0.79 |144.113| 0.540 | 0.730 | 133190 | 0.500
1734 0.89 |161.610| 0.563 | 0.825 |149.733 | 0.521
1725 099 178835 | 0573 | 0.926 | 167.308 | 0.538
1718 1.09 [196.100| 0577 | 1.002 | 180.222 | 0.548
1715 1.12 |201.146 | 0.583 | 1.033 | 1&559 | 0.552
1709 1.19 212970 | 0588 | 1.095 | 19H83 | 0.588
1703 1.29 230056 | 0590 | 1.154 | 20676 | 0.562
1690 1.39 245997 | 0593 | 1.275 | 225581 | 0.568
1677 1.49 |261.666| 0599 | 1.386 |2433% | 0.570
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