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A Study on Analysis of Inverter-fed Induction Motor’'s Bearing Current using
improved Equivalent Ciruit Parameters

2EH & W E L LR ®E BT

L

(Ji-Hoon Jun - Byung-Taek Kim - Dae-Hyun Koo * Jung-Pyo Hong - Byung-Il Kwon)

Abstract — An inverter driven induction motor has more superior dynamic characteristic than sine wave driven induction
motor. But it has a problem with shaft voltage and bearing current in drive-motor system. This paper presents the
analysis of bearing current in inverter-fed induction motor. The proposed method is based on using numerical method
(FEM) to derive parasitic parameters in motor. Using the electric field analysis with FEM, the stored energy in dielectric
materials of the motor can be calculated and the parasitic capacitances are obtained. Then we compared the proposed
method with a conventional method in variable frequency and load conditions. From the comparision of simulation and
experiment result, we confirmed that the proposed method is valid.
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Fig. 1 Structure of motor's parasitic capacitances
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Fig. 3 The equivalent model of noncirculating type bearing
current
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Fig. 4 A drawing of analysis model
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Table 1 The specifications of motor model
A& 1[MW]
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F549] 3[mm]
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2}o|E{ gt
Table 2 Calculated bearing current  equivalent  circuit
parameters using electromagnetic equations.
Cst 118[nF}
Cor 690[pF]
Ci 1.68[nF]
Ga19(E 1471 1) 719.2[pF]
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Table 3 Calculated capacitance using FEM

Cs 202.3[nF]
Csr 0 429 [HF]
Cut 2.054[nF]
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Fig. 7 A drawing of bearing and specification
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Table 4 Capacitance per roller

Cu (8 1% WEAL) 107.8[pF]
Cro (28] 17 S FAF]) 43.4(pF]
Cio (W& 2 FEALO]) 0.004[pF]
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Table 5 The specifications of inverter model

ARR7E - 3300[V]
£84% 2IMVA]
2313 F 95 2[kHz]
28327 ' : IGBT
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Fig. 9 Simulation waveform of bearing current and shaft
voltage in 30[Hz] No-load condition (a) Using
conventional method (b) Using proposed method
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Fig. 11 Simulation waveform of bearing current and shaft
voltage in 60[MHz] no-load condition (a) Using
conventional method (b) Using proposed method
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Fig. 12 Simulation waveform of bearing current and shaft
voltage in 30[Hz] 50% load condition (a) Using
conventional method (b) Using proposed method
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Fig. 13 Simulation waveform of bearing current and shaft
voltage in 45[Hz] 50% load condition (a): Using
conventional method (b) Using proposed method
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Fig. 14 Simulation waveform .of bearing current and shaft
voltage in 60[Hz] 50% load condition. (a)  Using

conventional method (b) Using proposed method
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Fig. 15 Simulation waveform of bearing current and shaft
voltage in 30[Hz] 100% load condition (a) Using
conventional method (b) Using proposed method
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Fig. 16 Simulation waveform of bearing current. and. shaft
voltage in 45[Hz] 100% load condition (a) Using

conventional method (b) Using proposed method
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Table 6 Simulation result of analysis model’s bearing current

.. ESTE E¥TE

BERFAT | T | pear @) |Peak Actd )
30[Hz] 0% 100[mA] 70[mA]
30[Hz]} 50% 145[mAl 90[mA]
30[Hz] 100% 155[mA] 100(mA]
45[Hz] 0% 150[mA] 100[mA]
45[Hz] 50% 190[mA] 120[mA]
45[Hz] 100% 250[mA] 150[mA]
60[Hz} 0% 220[mAl 150[mA]
60[Hz] 50% 250[mA} 210[mA]

-3 7 siMdo HHet AgaolMd H
Table 7 Simulation result of analysis model's shaft voltage

T e E¥op

FAFAT | T | peak 12 |(Peak ATt 13)
30[Hz] 0% 3fv] 2[V]
30(Hz] 50% 3[v] 2[V]
30[Hz] 100% 3[V] 2[v]
45[Hz] 0% 4[V] 3[v]
45[Hz] 50% 4[v] 3[v]
45[Hz] 100% 4[v] 3[v]
60[Hz] 0% 55[V] 4[V]
60[Hz] 50% 55[V] 4[V]
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Fig. 17 Measurement of bearing current and shaft voltage
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Fig. 18 Experiment waveform of bearing current and shatft
voltage in no load conditions (a) 30[Hz] (b) 45[Hz]
(c) 60Hz
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Fig. 19 Experiment waveform of bearing current and shaft
voltage in 50% load condition (a) 30[Hz] (b} 45[Hz]
(c) 60[Hz]
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Fig. 20 Experiment waveform of bearing current and shaft
voltage in 100% load condition (a) 30[Hz] (b) 45[Hz}
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Table 8 Experiment resuit of bearing current and shaft

voltage
£959F -3} &4 5% (Peak) | A ¢ (Peak)
30[Hz] F-5-35 70lmA] 2[V]
30[Hz}] 50% -3} 95[mA) 2[Vl
30[Hz] 100%%-8} 110[mA] 2{v]
45[Hz] F5-3F 90[mA] 3[V1]
45[Hz] 50% -3} 120[mA] 3[V]
45[Hz) 100% %3} 150[mA] 3[V]
60[Hz] 58 145[mA] 4[V]
60[Hz] 50% -8} 210[mA] 4[V]
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