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(Analysis on the Effect of Filter to Mitigate Transient Overvoltage on the High Voltage
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Abstract

In this paper, filters are designed to reduce transients overvoltage in inverter fed high-voltage large-capacity
induction motor drive system Design issues for a LCR filter at the inverter output terminals to reduce the
dv/dt of the inverter output pulse and a RC filter at the induction motor input terminals to match the
characteristic impedance between cable and induction motor are examined in detail. These filters are modeled to
be suitable to high-voltage large-capacity induction motor. The performance of the filter is evaluated through
simulation using EMTP (ElectroMagnetic Transients Program). We presented filters that used high voltage
large-capacity induction Motor on the basis of this. Effect of the filter is analyzed for variation of the cable
length. Characteristics of filters are analyzed to reduce harmonic in voltage waveform of induction motor input
terminal. The switching surge voltage became the major cause to occur the insulation failure by serious voltage
stress in the stator winding of induction motor. Filter for to mitigate transients overvoltage presents a required
component in drive system of high-voltage large-capacity induction motor. Also, proposed filters are proved
through simulation using EMTP.
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Table 1. Parameter of high voltage induction

motor
. 1500[k W], 3300{V], 6P, 60[Hz]
Rating .
Y-connected, squirrel cage
Stator resistance | 0.341363[Q]
Rotor resistance | 0.112588[2]
Stator leakage 0.001543(H]
Parameter Inductance
Rotor leakage 0.001543[H]
Inductance
Mutual Inductance | 0.029871[H]
Moment of Inertia l 78.50kg - m']
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Table 2. Parameter of filter by variation of cutoff
frequency

b A R
[kHz]
R,[Q] 16.482116.482|16.482 | 16.482 | 16.482
L,[mH] 3272 | 3.272 | 0.327 { 0.033 | 0.003

C AuF] |1637.9|163.79| 16.38 | 1.638 | 0.164
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AelE Zollm]l| 20 | 50 | 100 | 200 | 400
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CluF] 0.05] 010|014 | 018 | 0.20
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Table 8. Parameter of LCR filter by length of
three core cable

AolE deol[m]| 20 | 50 | 100 | 200 | 400
RAQ] 45 45 45 45 45
L {mH] 0.013] 0.03 | 0.045|0.075| 0.10
C 1uF] 01 025|035 | 060 | 080

3 9= 33kV] 34 CV #Alo] &l LCR ¥EE &
B4 AW EHAG] A DE7) dHSA Ay
o] =712 AXAHS) OHE Ho 231U 54000V]
ZIEo2 BAMY A7) dHEA A el
FEIAFE v

rir

k3 9. LCREH X % 34 3[olE Zo|of chst
HSI| CIRp MZHESHB/A)

Table 9. Line to line voltage of induction motor
terminal by length of three core cable
with RC filter(B/A)

cable Ho AH(B/A)
length
20 | 50 | 100 | 200 | 400
LR [m] | Im] | ] | [m] | [m]
- m] | [m] | [m] | [m] | [m

98 AX d  |1.113]1.145[1.151{1.144|1.273
20{m]& HE{Adx] {1.050|1.117| 1.123 }1.147 | 1.250
50[m]& BEAH A [1.006]1.047|1.074}1.116 | 1.147
100[m]}-8 ¥ &4 X} ]0.995{1.020( 1.052 | 1.090 | 1.099
200(m}-& PEI 4 X |0.986{0.991|1.013|1.0481.072
400[m}-& PB4 ] |0.980{0.978]| 0.993 | 1.022 | 1.048

28 202 33kV1 34 CV Ale] &l LCR ¥ &
S FEAAY BEE YERITE 34 CV Alols
oAM= LCR WE{E2 #Aloleo] AojAH =t
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Fig. 20. Variation of line to line voltage of
induction motor terminal as a function of
length of theree core cable with LCR
filter
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Fig. 21. Configuration of system with RC filter
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Tahle 10. Parameter of RC filter by length of
single core cable

AolE Zellm] | 20 | 50 | 100 | 200 | 400
RIQ] 20 [ 20 | 20 | 20 | 20
C lu] 005010014018 020

k4 11. RCEE Mg % tiA Fo[& Zlojoj cyst
S| EHAL MZHEEHB/A)

Table 11. Line to line volitage of induction motor
terminal by length of single core cable
with RC filter(B/A)

cable v Ak (B/A)
length

20 { 50 | 100 | 200 | 400
[m] | Im} | [m) | [m] | Im)

LCR
LE T H
gdE Hx " |1.13141.138]1.147{1.388 | 1.823
20[m]-& FE M A |1.043{1.066] 1.080 | 1.112 | 1.107
50[m]€ FE A [1.025/1.045]1.053|1.076(1.073
100[m]-& ¥E{ 4 %] |1.019|1.034| 1.039 | 1.057 | 1.063
200[m]& HE M ] [1.014]1.026| 1.031 | 1.043 | 1.050
400{m]4 el 4 X]11.013{1.023{ 1.029 | 1.036 | 1.042

-20m& WE| +-50mB WE -~ 100m&B Y&

1.500 l’
T 200mE WE = 400mB WEY
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1300 | e e
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Fig. 22. variation of line to line voltage of
induction motor terminal as a function of
length of theree core cable with RC filer
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Table 12. Parameter of RC filter by length of
three core cable

AolE Aolm]| 20 | 50 | 100 | 200 | 400

R Q] 45 45 45 45 45

C AuF] 0.025] 0.05 | 0.06 | 009 | 0.12

£ 13& 33kV] CV AlelEol RCHEE #8A4]
UHE FHAG] iRt AE7) dHEA Age] 2
712 AR " Hdf 281 5400[VIE 7]
€22 B A%7] dEdAelM vehte 3%
E3dshe Hlasksi

E: 13. RCHE|{ HE % 34 #Ho|g Zojof chst
HSI| SR MZHH(B/A)

Table 13. Line to line voltage of induction motor
terminal by length of three core cable
with RC filter(B/A)

cable Ao A4 (B/A)

length
20 | 50 | 100 | 200 { 400

LCR (o | | ol | 1] | )

LHEF

gE M A (1113|1145 1.151 1 1.144|1.273

20(m]-& "H 4 =] |1.044]1.1171.081 | 1.111|1.130

50[m]& "E4H A {1.033]1.047| 1.053 | 1.078 | 1.086

100[m]-& YEIA X [1.032]1.020; 1.047 | 1.069 | 1.079

200[m]-& HE{4%}{1.029/0.991|1.037 | 1.051 | 1.060

400(m]-€& FE4HX](1.027(0.978{1.032 | 1.041 | 1.047

15
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- 200m@ WE —a0OMB WE
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Fig. 23. Variation of line to line voltage of
induction motor terminal as a function of
length of theree core cable with RC
filter
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