ISSN 1229-800X

The Transactions of the Korean Institute of Electrical Engineers Vol. 66P, No. 4, pp. 163~168, 2017

http://doi.org/10.5370/KIEEP.2017.66.4.163

Evaluation of Efficiency Uncertainty for Three—phase
Induction Motor using Finite Element Analysis
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Abstract — This paper presented an evaluation method for the efficiency uncertainty of a three-phase induction motor
using finite element analysis. The motor efficiency in the finite element analysis is calculated by the loss separation
method as in the actual test. In the process of evaluating the efficiency uncertainty, the difference between the finite
element analysis and the actual test is the method of calculating the type-A /B standard uncertainty of the input
quantity to estimate the efficiency and each losses. For the input quantities which can confirm the instantaneous values
with respect to time, the type-A standard uncertainty in the finite element analysis is calculated from the RMS values or
average values having separate periods in the steady state. And, the type-B standard uncertainty in the finite element
analysis is assumed to be zero. Also, this paper compared and analyzed the efficiency uncertainty evaluated by the
proposed method and the efficiency uncertainty through the actual test.
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Fig. 5 2-D section of induction motor
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Table 1 The spec. of an induction motor

Category[Unit] Rating
Output Power[kW] 0.86
Voltagel[ V] 460
Poles 4
frequency[Hz] 60
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Table 2 The calculation of efficiency using FEA

Category Symbol [Unit] Value
Input Power P [W] 1018.56
Stator Copper Loss P, [W] 66.00
Iron Loss P [W] 36.76
Rotor Copper Loss P, [W] 43.71
Friction and Windage Loss P, W] 7.84
Stary Load Loss P, [W] 447
Efficiency n[%] 84.41




for input quantity X;

Calculate a type-B standard uncertainty
(Non-statistical method
based on information, experience, etc)
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LX) = Eq. @ ~ (6)

for efficiency and each losses
f(Xlﬂ XZr

for efficiency and each losses
(applying a sensitivity coefficient)

Y
Calculate a combined standard uncertainty

Establish a measurement model equation
: Voltage, Current, Torque, Speed, Resistance, Temperature

Calculate a expanded uncertainty for efficiency

Identify a uncertainty factors for input quantity X;

(applying confidence level, coverage factor)

(measurement environment, quantity, instrument, method, etc)
H X,

for input quantity X;

(Statistical method

by repeated measurement)

Calculate a type-A standard uncertainty
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Fig. 2 The evaluation procedure of efficiency uncertainty
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Table 3 Calculation of type-A standard uncertainty in FEA
Symbol ! 2 3 4 ° Average Standard :preiA Degree of
[Unit] Value Deviation Standard Freedom
6 7 3 9 10 Uncertainty
1) Analysis under Full-Load Condition
1016.7502 1019.3585 1018.0146 1018.6245 1016.4724
P,[W] 1017.8740 0.8997 0.5194 9
1017.7355 1017.3320 1018.7499 1017.1445 1018.5576
459.9990 459.9919 459.9919 459.9919 459.8919
Vi[V] 459.9826 2.5954 1.4984 9
459.9919 459.9919 459.9919 459.9919 459.9919
1.7696 1.7686 1.7701 1.7680 1.7688
I[A] 1.7689 0.0011 0.0006 9
1.7688 1.7681 1.7694 1.7669 1.7707
1715.1954 1715.1545 1714.9983 1715.1286 1715.2246
N [rpm] 1715.1341 0.1006 0.0581 9
1715.1385 1715.3018 1714.9969 1715.2044 1714.9981
47885 4.7887 47891 4.7887 4.7885
T [Nm] 47887 0.0003 0.0002 9
4.7887 4.7883 47891 4.7885 4.7891
2) Analysis under No-Load Condition
77.3930 77.8060 77.8318 76.7406 77.7048
P[W] 77.6109 0.3930 0.2269 9
77.7542 78.1907 77.6438 77.1544 77.8897
459.9990 459.9919 459.9919 459.9919 459.9919
V,[V1 459.9926 2.5551 1.4752 9
459.9919 459.9919 459.9919 459.9919 459.9919
1.2271 1.2265 1.2262 1.2271 1.2272
I,[A] 1.2268 0.0003 0.0002 9
1.2267 1.2265 1.2265 1.2272 1.2268

3) Resistor and temperature are considered as constants.
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Table 4 The uncertainty table for the efficiency
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