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The Effects of the Front Resistor that Affect

Overshoot of 1.2/50 ps Impulse Voltage Waveform
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ABSTRACT

This paper presents the method to solve the overshoot of 1.2/50 us impulse voltage waveform
of the impulse voltage generator. The main cause is due to oscillation of impulse voltage generator
circuit.  The main variable for causing the oscillation is the inductance of the front resistor (R).
Therefore, to reduce this inductance, this paper designs the new front resistor by wiring the
resistance wire each size in opposite way then connecting two of the new resistor in parallel to get the
front resistor with the value of 18 Q, 21 Q, and 25 Q. These resistors have the value of inductance in
the range of 1.8-7.0 yH. The existing impulse voltage generator uses the front resistor which has R =
18 Q, L = 4 pH. And, it has the overshoot of 10.4%. This paper changes the value of this front resistor
and finds that the front resistor with the value of R = 25 Q, L =2.5 yH. The overshoot also reduces to
0.3%. Finally, it can concludes that the new front resistor design can reduce the overshoot of impulse

voltage waveform in the impulse voltage generator.
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Figure 1 effect overshoot of impulse voltage wave form

o A= o , Ao = o v o A Ay ' o 4 a
AILILNFI U qquﬁiﬂﬂﬂ’]?q@ﬂ ANHIHNANTENLUD mmwmuﬂ‘mgﬂ AAUNAINA ABLINALNILNUUR]

Q a
| 1

sUmauLIIAUBNAE 1.2/50 ps iNeazlAufiTToyuusssunaiuinifintulugleau lngazinnisdnsuas
whlaransznuaasniafiaAussiunafinluszuuATasiliaus AU Aa N A AIMTEATIN 895U

d o oa ZFA yye s o y “ o N G »
wizeanlin Matiiveas lindeyasanatonn ldlunisdful jauasimun lunsaireasesiniiauseiu

a

ANNAL N2 ANBA NN TN

o a
AUnslUALITNS

1439LAFAA AL IAUBNANA AR Y
wraeniiausssudnNaduuuuanadu Tnaliisasa3ausesiuduiad Auuannis18999as
W1End (Marx's  circuit) (19981, 2549) 9317 2 AMMNNBUIATYANHATlWNAs Aznilauiungas
&91 dl o/ [~3 i o VYo o o dl 1 o % o y
fuguluaeasgti 1 dafiudsya C ynsdvazléifunisdndseqludnmmusire fuuwuuauiufioausady U,
Wadsdtyyrniadiinulnadad sinlialrfnundeesduusnineuneu adinunddusie llfiazifinaing
nenuanay Wunalfidaiulseq C vanussanuuuueynsy wazlfusssugaiunigamesaiuoudu
Wagiinunliiaatsnunenyng C. avsafuilueynsn aziu C, arlifulszqenuponufinuniumiog
R, seaiuuuueynsd uarlungaia C. way C, siwfazhasnialaestlszaniiu R waz R, sall An
I3 J Y a P Y @ oi/I al [ 3 d” Yo o d”
avAlsznavusine drAnmauliidusasiuines Amsasiuguazlfpnmudsil

v o & o o ¥ Y o I~
mﬁmuwuﬁm@wmmLLNmuwmmmmwimmmumm (1)

UO - nUOI (1

562



N9UIEgNNIATINIVEINNAINLNALINHAIANGRAS ATIN 54 211140 RENITHANARTUAYAAINIINAERS

¥ 1
pNANRuSIesAnfiulssaBuiadiaduiannii (2)

CSI
= ?
v s e Y v o 4 v 4o o
ANANAUTVRIANANNAMUNULTLUIN AR UUASUAIARUATANNITN (3) LAz (4)
!
Rd = an (3)
— 4
R, = nR, (4)
Wa U, Aa ANusNAUERLlsvAnITIARsy U, A Ausausalszqnszuansesiadu
v
C, Ao AAuLsvqaniad c,  feAnfudszaduiadriadi
A o :: I ' @
n A ANUIUTU C, e AnALlszqluan
2 o o 3y A , = Y o o A
R, A ANANWNNKLTLINARY R, A ANNANUNULTLTIARUAe U
2 o o = , = Y o =
R, A ANNANENNLLFLINARY R, A ANANUNIULTLINIAAY
1 R 2
5 $%%%
é Rd'4
0
1 )S 2 ;
SG4 §
Re'4
Cs4
1 .2 1
2 " 2
§ RL4 §
0 Rd'3
1 1 >y 2 1
SG3 §2 Re'3
e
Cs3
= ; 2 1
2
§ RL3 § Rd'2 § Re “2 °
0 1
1 1 )s 2 1
SG2 §2
Re'2
Cs2
1 .2 1
2 i 2
§ RL2 § Rd'1
0
1 1 >y 2 1
SG1 §2 ;
Re'
Cs1
1 .2 1
2 1
RL1
% V1
: Al
DC —

o

Figure 2 circuit impulse voltage generator 4 step by OrCAD program
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Table 1 resistance and inductance of resistance wire

Size resistance wire Resistance inductance
(No.) (Q/m) (uH/m)
24 5.1 2.4
27 114 2.4
32 36.2 4.0

Taeldin1reanuuu R LAIANA U ULLNaanTll 3 Anmueall
1. M aaLUas 24 WUANAMNATUNIUN 36 Q, 42 Q LAT50 Q
2. Wanmwas 27 WUANANNAIUNILA 36 Q, 42 Q UaY50 Q

3. Manalas 32 WUANIANNAIUNIWA 36 Q, 42 Q LAZ50 Q
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Figure 3 structure wiring of resistance wire
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Table 2 resistance and inductance from wiring of resistance wire

Size resistance wire Resistance of Inductance of Parallel Parallel inductance
(No.) resistor resistor resistance
24 36Q 8 pH 18 Q 4 uH
42 Q 11 pH 210 5.5 pyH
50 Q 14 pH 250 7 pH
27 36Q 6 pH 18 Q 3 pH
42 Q 7 pH 210 3.5 uH
50 Q 8 pH 250 4 uH
32 36Q 3.5 uH 18 Q 1.8 pH
42Q 4 pH 210 2 uH
50 Q 5 uH 25Q 2.5 pH
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Figure 5 impulse voltage waveform without oscillations or overshoots calculate by equation
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Figure 6 impulse waveform of resistance 18Q L=4uH, L=3pH, L=1.8uH
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Figure 7 impulse waveform of resistance 21Q L=5.5uH, L=3.5pH, L=2uH
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Figure 8 impulse waveform of resistance 25Q L=7uH, L=4uH, L=2.5uH
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R=18Q,L=4uH R=18Q,L=3pH
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Table 3 Comparison ratio overshoot with base curve by OrCAD program

Size resistance resistance inductance U, (kV) T./T,(us) Overshoot ratio
wire (No.)

18 Q 4 uH 346 0.8/48.8 10.4%**

24 21Q 5.5 uH 334 0.8/56.2 7.2%
25Q 7 uH 323 1.0/54.6 4.0%
18 Q 3uH 330 0.8/48.4 6.1%

27 21Q 3.5 uH 321 0.8/56.2 3.4%
25Q 4 pH 313 1.1/54.4 1.0%
18 Q 1.8 uH 323 0.8/48.4 4.0%

32 21Q 2 uH 316 0.8/56.4 1.9%
25Q 2.5 uH 311 1.1/54.6 0.3%

** parameter of impulse waveform recorded R=18 Q, L =4 yH

a5

qQ

1. arnuani1?anaadfqaldsunsudanndadlidluidantanardiuiiennly 14luagasiAsag

NAANNARAT

Do

1

2. FfunIuneanuULIUNN IHANNI0anS RN AL AUNIALAIN 10.4%1A8 0.3%

3. UUIAUARIALALANHULANTNUFIF I UNURNATE AAAN NI TN TR AT 1A

569




a1 IRnNITNANARTUATAAINITUANARS NMIUsEgUNIRTINNTLDINUANANBATANARNT AFIN 54

LANAITAND
IEEE Std4 2013. Standard Techniques for High Voltage Testing.
A998 Kedazenn 2535, NISNAILIDANWULASILATRINLEALSIAUBNNAR 400KV 1 kJ.
AAANsTNANTIENT 4 Wi 80-87
d19e Aedazenn. 2549, FAanssnluiusege. nadaddnssulnin angdranssumans
I AINTUNMIN LAY
M. Hinow. 2010. Lightning Impulse Voltage and Overshoot Evaluation Proposed in Drafts of IEC

60060-1 and Future UHV Testing. IEEE Transactions on Dielectrics and Electrical Insulation

Vol. 17, No. 5

570





