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Abstract : This paper proposes the influences of harmonic current on electrical characteristics of an induction motor.
Recently, a power system gets more worse as nonlinear load makes harmonics to affect energy lose of system and
shorten life of machines. In this paper, the electrical effect and THD(Total Harmonic Distortion) of harmonic current
to an induction motor which is of great use in the industrial fields are measured and analyzed. A power conversion
equipment(inverter) is installed to produce harmonics and variable reactors are installed to reduce the harmonics
having an effect on the input terminal. Then the effects of the reactors are measured and analyzed. Also average
voltage, current, power and THD by harmonics are analyzed. The results show that THD is increased by increasing
load of the induction motor and installing reactors. And the harmonics affecting the input terminal are decreased by
increasing reactor 3[mH] to 6[mH], however, average power of the induction motor is decreased. Therefore, it is very
important that reactors should be carefully installed considering the merits and demerits resulting from the installation

of reactors.
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Fig. 1. A harmonic waveform

(nonlinear load)
(@) One-line diagram of the study system

(current source)
(b) Equivalence circuit
Fig. 2. Current source analysis for the study system with a
noniinear load
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Fig. 3. Schematic diagram of the experimental setup
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Table 1. Measurement of electrical characteristics of the
induction motor

Load Factor[%]
Division Item
5 30 50 70 90
30 Voltage[V] | 371.4 | 3504 | 348.5 | 345.8 | 331.3
Average | Current[A) | 3.12 | 363 | 403 | 521 | 627
Voltage[%] | 0.5 0.6 0.7 0.7 09
Unbalance
Current[%] | 74 | 63 | 51 | 47 | 44
30 power[kW] | 0.210 | 1.392 | 1.756 | 2.683 | 3.405
Average PF 051 1057 | 062 | 076 | 0.84
VTHD[%) | 08 | 09 | 10 | 11 | 13
THD
ITHD[%] 1.0 1.4 1.5 1.8 2.1
380
360 4
EGSGJ
g
340
330 4
320 . .
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Motor load rate[%)

Fig. 4. Plots of motor load rate versus voltage
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Fig. 5. Plots of motor load rate versus current
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Fig. 6. Plots of motor load rate versus three phase power
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Fig. 7. Plots of motor load rate versus total harmonic distortion
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Table 2. Measurement of electrical characteristics of the
induction motor with the power conversion equipment

. 5[%] Heater Load[kW]
Division item d
Load | 25 | 35 | 45 | 55 | 65
3@ | Voltage[V]}371.4 | 368.6 | 367.9 | 367.2 | 366.7 |365.8
Average Current[A] | 3.12 | 3.08 | 3.08 | 3.06 | 3.06 | 3.04
Voltage{%]| 0.5 | 04 | 04 0.4 04 | 03
Unbalance
Current{%] | 74 | 52 | 52 53 54 | 54
3@  |Power[kW]|0.210 0207 } 0.198 | 0.196 | 0.193 }0.189
Average PF 051 | 0.1 0.1 0.1 0.1 | 0.09
VTHD[%] | 0.8 | 33 | 3.1 39 47 | 5.8
THD
ITHD(%] | 1.0 | 58 | 76 8.1 86 | 9.8
2
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Fig. 8. Plots of total harmonic distortion versus heater load of
power conversion equipment

43. M{HstER| e} 2| Mx|F HEI|
EM

T2 frdE FEAEI A71H S4E
at7] Sjste dHAELA o} AHE
3% A7} Table 37 2t} AAS €
VeI E 3[mH]} 6[mH]E 2+ A3 RAE o) Ak
ZHES 189[%oNA 232[%], ARZHEL
31.0[%)°1AM 382[%)2 F71elsleS WERL 8l
th olst & AEAFHE HAS FAH HAA
AEAGA oA B nzart BES A
712 FUERES vehd Zojt) 3 nxs 5
7hel wt BEFAET 0210kW]olA ZAE &
of wa} 0.189, 0.158[kW]=2 zt2t Z4stgit. ©
e dug EYE £43d BE 19% 1
FEFo] Ay AR Qe 13 f &
712 ol E3AETE & F 33, ATIH9
FUF F7H= Aste]l FEAY 2o w
o #A27t dSE ¢ Uk

\=]
24

—_

kvl

W
B o o

il Ly
e PN PN

=

Journal of the KOSQOS, Vol. 20, No. 2, 2005



FENST12| WIIN S4of olxle nxT MFe 9

Table 3. Measurement of electrical characteristics of induction motor with power conversion equipment and variable reactor

5% Reactor 3[mH] 20[A] Reactor 6]mH] 20[A]

Division Item Load | 25 3.5 45 55 6.5 25 35 45 5.5 6.5
kW] kW] [kW] [kW] (kW] (kW] (kW] [kW] kW [kW]
30 Voltage[V] | 3714 | 3623 | 3546 | 343.1 | 3358 | 3312 | 3382 | 3300 | 3243 | 3125 | 3021
Average | CumentfA] | 312 | 289 | 28 | 2.83 275 270 | 27 264 260 2.56 2.45
Voltage[%] | 0.5 0.8 0.9 1.0 10 11 0.7 09 12 12 13

Unbalance
Current[%) | 7.4 65 7.1 7.9 83 9.1 52 74 8.8 10.7 12.2
30 Power(kW] | 0210 | 0205 | 0201 | 0196 | 0.189 | 0.83 | 0.91 | 0184 | 0178 | 0162 | 0.158
Average PF 051 0.11 0.11 0.1 0.12 0.12 012 | 012 0.12 0.12 0.12
D VTHD[%] | 0.8 9.2 12.5 142 16.5 189 11.1 139 17.6 19.8 232
ITHD[%] 10 152 196 | 242 | 287 310 194 | 238 285 27 382
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Fig. 9. Plots of voltage versus heater load according to reac—
tor capacity
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Fig. 10. Piots of current versus heater load according to
reactor capacity
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Fig. 11. Plots of three phase power versus hearter load accor-
ding to reactor capacity
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