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On-Service Three-Phase Induction Motor Efficiency Estimation Using Power Output

Regression Analysis From Current and Slip Ratios
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Abstract

This research paper presents the relation analysis of current
and slip to induction motor power output using regression for three-
phase induction motor efficiency estimation, without interrupting the
motor operation. The method is benefit to the energy conservation

program related to the motor efficiency analysis, due to the efficiency

of motor can be estimated without transporting motor to the laboratory.
In this research, the test laboratory test result of nine motors is used as
reference. The relation between current and power output and between
slip and power output had been investigated. The accuracy of the
proposed method was compared to the conventional on-service three-
phase induction motor efficiency estimations. The results shown that
the proposed method provides the lower error in three-phase induction
motor efficiency estimation than those of estimated by conventional
methods, without interrupting motor operation.

Keywords:Three-phase induction motor, efficiency, current method,

slip method, regression
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Abstract

This research paper present the study of three-phase induction motor efficiency evaluation during on-
site condition induction motor efficiency evaluation. Both methods require only basic electrical measuring
equipments, which are, voltage, current, power, and speed. In the study 1.5kW, 11kW and 30kW motors were
tested in the laboratory by shaft-torque method for reference. The study shown that both method are suitable for
different motor operating condition
Key words: Three-phase induction motor, slip method, current method, on-site condition efficiency

evaluation
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A1319 1 foyanmdany Mz vaNIADs N lsmATouvIA 1.5 kW

Information Value Unit

Rated Voltage 380 \Y%

Rated Current 3.4 A

Rated Power Output 1.5 kW

Power Factor 0.82 | Lagging

Speed at Rated 1430 Rpm

Number of pole 4 Pole Maximum Torque
Efficiency 81.74 Yo 10.02 N-m

[ ¢ a
M314 2 nanadeyanmanynzv IR Sl FNATELINA 11 kKW

Information Value Unit

Rated Voltage 380 v

Rated Current 21.73 A

Rated Power Output 11 kW

Power Factor - Lagging

Speed at Rated 1460 Rpm

Number of pole 4 Pole Maximum Torque
Efficiency NA % 72 N-m

o ¢ o
M99 3 HanIveNanNNANYHZYDINIAD TNTNATOUVIIA 30 KW

Information Value Unit Name plate fi
Rated Voltage 400 vV w e
Rated Current 56 A ﬁﬁ? 2
Rated Power Output 30 kW i
Power Factor 0.85 | Lagging

Speed at Rated 1470 RPM

Number of pole 4 Pole Maximum Torque
Efficiency 90.97 % 195 N-m
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M3 4 uama’fagamsﬂszsﬁuﬂﬁzﬁn%mwiﬂu“lﬁ‘ﬁmsﬁﬂnmmz&hnszuauama%mﬁmﬁwum 1.5 kW

Actual Loading Eff. Test Slip Method Current Method Modified Current
Load Point | Conditions | gymsfi (1) uaz(2) | aumsii (3)uaz(2) Method
(% % % o
0) (%) (%) aumsfi (4) uag(2)
Eff. Error Eff. Error Eff. Error
(%) (%) (%) (%) (%) (%)
4.20 1 36.90 25.21 11.69 487.89 -450.99 504.58 -467.68
15.60 2 71.00 51.95 19.05 255.35 -184.35 264.76 -193.76
20.80 3 78.00 53.57 24.43 213.97 -135.97 221.85 -143.85
29.07 4 79.20 54.55 24.65 162.83 -83.63 169.26 -90.06
44.40 5 83.20 56.25 26.95 123.53 -40.33 127.43 -44.23
48.40 6 85.50 60.50 25.00 117.82 -32.32 121.85 -36.35
61.60 7 86.30 60.08 26.22 103.90 -17.60 107.46 -21.16
71.47 8 85.80 63.43 22.37 95.29 -9.49 98.80 -13.00
79.53 9 85.80 61.66 24.14 91.09 -5.29 94.69 -8.89
92.40 10 87.10 61.99 25.11 86.57 0.53 90.22 -3.12
101.00 11 85.60 64.16 21.44 84.00 1.60 87.76 -2.16

M519 5 umvﬁagamsﬂs::u“mﬂsz"&ﬂ%mwiﬂu%"%%msfh"loaua:fhnszuﬂuamaémﬁmﬁwum 11 kW

Actual | Loading | Eff. Test Slip Method Current Method Modified Current
Load | point | Conditions | @ums# (1)uaz(2) AuMsh (3) uaz(2) Method
%) | (%) (%) aumsii (4) uaz(2)
Eff. Error Eff. Error Eff. Error
(%) (%) (%) (%) (%) (%)
3.27 1 26.32 40.15 -13.83 380.58 -354.26 391.60 -365.28
9.64 2 54.53 56.41 -1.88 269.98 -215.45 277.08 -222.55
20.45 3 71.10 69.62 1.48 171.41 -100.31 175.02 -103.92
33.45 4 78.61 70.51 8.10 131.96 -53.35 134.39 -55.78
42.27 5 82.88 83.19 -0.31 118.90 -36.02 120.15 -37.27
51.82 6 85.32 78.10 7.22 110.47 -25.15 111.35 -26.03
62.91 7 88.44 80.78 7.66 104.73 -16.29 105.01 -16.57
70.00 8 89.15 92.41 -3.26 101.48 -12.33 101.21 -12.06
82.55 9 91.29 85.68 5.61 99.21 -7.92 98.69 -7.40
85.82 10 91.38 85.11 6.27 98.89 -7.51 97.85 -6.47
101.36 11 91.45 81.15 10.30 96.68 -5.23 95.66 -4.21
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Actual | Loading | Eff. Test Slip Method Current Method Modified Current
Load | point | Conditions | @umM3# (1)uas(2) FUMTN (3) 1az(2) Method
(%) (%) (%) quUN15N (4) Laz(2)
Eff. Error Eff. Error Eff. Error
(%) (%) (%) (%) (%) (%)
1.47 1 20.57 0.00 20.57 543.99 -523.42 531.75 -511.18
10.23 2 63.13 61.66 1.47 249.96 -186.83 242.46 -179.33
20.60 3 86.87 56.19 30.68 182.11 -95.24 174.82 -87.95
30.30 4 87.11 67.05 20.06 140.09 -52.98 133.08 -45.97
40.70 5 87.83 57.54 30.29 123.68 -35.85 117.50 -29.67
47.80 6 89.37 68.56 20.81 116.53 -27.16 110.71 -21.34
55.97 7 90.10 80.52 9.58 113.30 -23.20 107.63 -17.53
71.87 8 90.27 75.36 14.91 104.52 -14.25 97.99 -1.72
78.53 9 90.18 72.72 17.46 97.81 -7.63 91.69 -1.51
88.30 10 90.38 68.24 22.14 93.95 -3.57 88.08 2.30
98.63 11 90.56 61.21 29.35 93.13 -2.57 §7.08 3.48
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Motor Testing 1.5kW
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