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(Analysis on the Etfect of LCR Filter to Mitigate Transient Overvoitage on the High
Voltage Induction Motor Fed by Multi Level Inverter)
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Abstract

In this paper, we analyze on the effect of LCR filter to mitigate transient overvoltage on the high voltage
induction motor fed by H-bridge cascaded 7-level inverter. The switching surge voltage that it was occurred in
inverter appears transient overvoltage at the motor input terminal. the transient overvoltage becomes the major
cause to occur the insulation failure by serious voltage stress in the stator winding of high voltage induction
motor. The effect of transient overvoltage appears more serious in high voltage induction motor than low
voltage induction motor. We selected LCR filter for reduction of the transient overvoltage. Consequently, we
demonstrated that the LCR filter connected to the invertor output terminals greatly reduces the transient
voltage stress and ringing. The results of simulation show the suppression of transient overvoltage at the motor
end of a long cable. using EMTP
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Table 1. Parameter of high voltage induction

motor
. 1500[kW1, 3300[V], 6P, 60[Hz]
Rating .
Y-connected, squirrel cage
Stator resistance | 0.341368[R]
Rotor resistance | 0.112588[R]
leak

Stator leakage 0.001543[H]

Parameter Inductance
Rotor leakage 0.001543[H]

Inductance
Mutual Inductance | 0.029871[H]

Moment of Inertia 78.5(kg - m']
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Table 2. Parameter of filter by variation of cutoff
frequency

AeF %
[kHz]
R,[Q.] 16.482116.482 | 16.482 | 16.482 | 16.482
L,{mH] 3272 |1 3.272 | 0.327 | 0.033 | 0.003

CA/1 |1637.9(163.79| 16.38 | 1.638 | 0.164

0.1 1 10 100 | 1000

3. AErolM
3.1 LCREHS| il MZE A 24

AAE LCRYEEY IA=aAgt Adans B4
3}7] $8te] EMTP Al E&o]d Hzfol] <8t Mts}
g & u1xu ~HE-S AT

AlEH ol Z72 H-Bridge cascaded 7-level
AHES] 29% FogFE 1250[Hz), AolEe
33kV] CV #AolE 100[mr] 100[m], HE7]12] &A
Fakre S0[Hz], ] &4 XHe 1y 5 Ao
S Aol EAIE UHE &8 gl AXH™a A

Journal of KIEE, Vol .20, No.3, March 2006



$7] YAVAQ BARIA S3stck

N

v L PN 33IkVI
R’ cv Holiw
ey
1.
T 1 T
LCR Filter

a2l 5. Mool EEX|E
Fig. 5. Measure point of voltage

33kV] CV @4 Aol & 100[mr] 100[m]H o] E-<]

Voltage of invepter
AU outrut -terminal..

2338 2318 2320 v 24 220
€. 100U NOFATER gl mr ) 16 & 0,9 oA W5 B

38 6. LCR TH N8 ™ ME7[ BAL neapHet
Fig. 6. Transient overvoltage of motor terminal
without LCR filter

it R [ Volrage ot WOLOT mput """
/ termlnal wu;n LCR fnter

Voltage of inverter
_output. .Lex:mmal .....

a8 8. LCR ZE N2 & MEJ| gxt zaidgt
Fig. 8. Transient overvoltage of motor terminal
with LCR filter

- TNEHIYRI =T 207 32, 2006H 3™

ARE - 498

&3k LCRYEH sHEHIEHZ R ~20[Q] L=
003mH], 283 C = 120419 g& zheth

Y 67 19 82 LCREH A4 4 - 59 HF
7] dEdate] AggPos A8 A AYY I7|e
612[VIelA LCREEE A& ¥ Ay 2ie
55%6[V]Z 506[VI7F ZAstgich. 283 HE 3 &
A nzxu 2HERS S 29 79 A& F 1F
o 28EYRS Fuld 7Y 98§ W LCRIUEE
£ F 52 25y nxa) FA4ske g B 4 3
ot A 500[Hz]ol Al 3 500[kHz}7HA) Wrebd 1
ZIREA A Agsardl 40kHIE UEE
B00[Hz] ¢} 2802kroll A 37t Zashe 2E &
Atk

Voltage{V]

a8 7. LCR e X H 5|
AHER

Fig. 7. Harmonic spectrum of motor terminal
without LCR filter

EA gnkS

g

Voltage{V]

g

g

=

......

1 101 200 30T 8 9 1000

Harmonic order

JE 9. LCR Tg Ng % ¥3J| oXidgt nxh
ABER

Fig. 9. Harmonic spectrum of motor terminal with
LCR filter

@



TEAE AHE A5 DYRTUS NN EYO= Y=Y MU A LCRYEY 2uRY

3.2 3ol Ol H|ERol Oigr EHY

ey

LCREH ] H = AZasol J3s &
AE AelEe] AolE 20{m], 50[m], 100{m], 200[m],
400(ml2 W3E A7IHA EMTPZ Al Eo]A3}
Aok ol Wel= 72t Aol g Holo 33 U
stepolEl 2 AAsIA T o] HE HAeuEe 4%
JE Aol A A= REThHgto] ABE FHo)
S84 5%] o= A ES 3t ZHzte]
el 57k oo H-g=rt

3.2.1 B HOIZ ZO| 2oy CHEF LCR
ZE DaEs

29 5ol Aol B BAACIER Fs A8

Hlold siginh. Mk A eAt A MY A

W57) e AH BE SAsA

E 3. &4 #Ho[g Holoff wE LCREE matule]
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Table 4. Line to line voltage of induction motor

terminal by length of single core cable
with LCR filter(B/A)

able length| 20{m] | 50[m] |100{m]}200[m]|400{m]
LCR ZE$ B/A | B/A | B/A | B/A | B/A
YE Mx A |1.131]1.138]1.146|1.387 | 1.656
20(m]4 4844 | 1.032]1.125|1.130 | 1.153 | 1.280
50[m}4 FE44 | 0.9991.038|1.076|1.123 | 1.167
100[m}4 2E1AX)!0.997 | 0.993 | 1.037 | 1.098 | 1.102
200im]4 e 0.991 | 0.986 | 0.992 | 1.048 | 1.065
400(m}4 YE144|0.9830.978 | 0.969 | 0.992 | 1.025
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Fig. 10. Variation of line to line voltage of
induction motor terminal as a function of
length of single core cable
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Table 5. Parameter of filter for length of three
core cable

Aol € Z o] |20[m]|50{m]|100[m]|200[m]|400(m]
R,[Q] 45 45 45 45 45
L, [mH] |0.013| 003 | 0045 | 0075 | 0.10
C; [uF] 01 {025} 035 | 060 | 080
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Table 6. Line to line voltage of induction motor
terminal by length of three core cable
with RC filter(B/A)

cable length| 20[m] | 50(m] | 100(mI | 200{m] | 400{m]

LCR 2E %+ B/A | B/A | B/A | B/A | BA

P AA A 1113111451151 | 1.144 | 1.273

0[m}& 2g44 |1.050{1.117]1.123 | 1.147{ 1.250

50im)& EE|4x | 1.006 | 1.047 | 1.074 | 1.116 | 1.147
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400lm]¢ 9E42 10.980 | 0.9780.993 | 1.022 | 1.048
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