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The voltage distribution waveform in coil 6

4000

3000 -

2000 -

1000

-1000 -

Amplitude (volt)
=

-2000

-3000

-4000 - - . - . l
1] 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Time (second)

& el 95 e 90 5l oad o 5Ly ma588 zoe SIS anslie (VYY) USS
30,8 (golpiin Jo :@—I) RLC S5 Joe g golprinn Jow S5
RLC oS Jow

200 The current waveform in coil 6
2 i ] i

150

100

Amplitude (amps)
3 o 3

1=}
S

-150

=200

-250

0 0.003 0.01 0.015 0.02 0.023 0.03 0.035 0.04 0.043 0.05
Time (second)

i S5 & ot s Sl el e S alie <0A) S
Joe 1308 (golpiion Jow :GJ) RLC &S Jow 5 golgion
(RLC s

%107 Comparison of power losses in coil 6
T T T T

Amplitude (watt)

2 . . . .
(] 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Time (second)

5 6olptng Joo S 4y i s o ol olals anglae (V) Yo

S35 Az A
Slal 4 Sbass jelaie 4 Sbo s aSis Jaw 2ol 4 allis oyl jo
B S e 2D Ay g a3 )0 e SRl
S8 gileanct by siledse olein Joo S @ 2l tle
blas jo ol Sl (rzren 5 hle Sl o s me zse
3 o ol S canlllas (ol 5o o 00ls Ui g e cilie
2535k Joe ol @ bgye (5l bl ales 5 S5 RLC Jow
g gl oo S 5y @598 moe S5 iged lp aalsl y3 0l
RLC bl Jao 90 by oy il g b bisS' 59, 55 o asS

oY

VEY Sl —Jsl o)leds —p05l90 Jlu =35 )0 (gl Oladss caass - cole alxe

10000 Comparison of voltage distribution waveform between coils 2-3
T T

8000

6000

4000

Amplitude (volt)

2000

0 L . . . . .
0 0.0035 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.0435 0.03
I'ime (second)

oo SeS A VT S o 5y g slagge JS8 anlie :(VF) S0
Joe 308 wgleing Joe 2D RLC bl Jow 5 oleiiy
(RLC s

L0000 Comparison of voltage distribution waveform between coils 6-7

BOOO 1
6000

4000 1

Amplitude (volt)

2000 1

0

-2000 - - - - - - - - '
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Time (second)

e SeS 4 PV S G Wy @95 slazge JSb amlie :(10) 5B
Joe 30,8 (eolpaing Joo :GJ) RLC SedS Jow 5 solpiny
(RLC s

10000 Comparison of vollage distribulion waveform between coils 10-11

8000

6000

Amplitude (volt)
.
s
=)
=

2000 -

-2000

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Time (second)

S8 1)) s e 55 58 slose S5 dmlie <05) S
Je 150,8 (soloiing Jow :LSJ) RLC S Jo g golgiion Jow
(RLC s

g 3l 02y (i bz RC a3 ls da oo jo aSil 4 a2 b
U sl @Y aBb o yiion 5 ool Joe sl (85 Ol
K50 Ly 05l g b paised Al jsb 4 LisS o slagl >
Wiges 5lp09d dnlone g5 52 50 SUE Oles o gS 52 51y il
9 Some Ol goe S8 Gl e gee JSH DL OV JSs
ol 45 el aseie amd e lid wid hsS sl |, s lils

asls SSE o a4 eoleiin Jaw 50 s o lp oy olals
g wolgs gline RLC (el Jow b LysS 5l gsle RC


https://dor.isc.ac/dor/20.1001.1.23222468.1402.12.1.5.4
https://jeps.dezful.iau.ir/article-1-463-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-24 ]

[ DOR: 20.1001.1.23222468.1402.12.1.5.4 ]

Journal of Novel Researches on Electrical Power - Vol. 12-No. 1- Spring 2023

[12] Mousavi, A., & Rahimpour, E. (2009, October).
Determining the traveling wave coefficients in power
transformers using detailed model. In 2009 IEEE
Symposium on Industrial Electronics &
Applications (Vol. 1, pp. 349-354). IEEE.

[13] Nafar, M., Niknam, T., & Gheisari, A. (2011). Using
correlation coefficients for locating partial discharge in
power transformer. International Journal of Electrical
Power & Energy Systems, 33(3), 493-499.

[14] Zupan, T., Trkulja, B., Obrist, R., Franz, T.,
Cranganu-Cretu, B., & Smajic, J. (2015). Transformer
windings’$ RLC $ parameters calculation and lightning
impulse voltage distribution simulation. IEEE
Transactions on Magnetics, 52(3), 1-4.

[15] Ahour, J. N., Seyedtabaie, S., & Gharehpetian, G. B.
(2017). Modified transformer winding ladder network
model to assess non-dominant frequencies. IET Electric
Power Applications, 11(4), 578-585.

[16] Chaouche, M. S., Houassine, H., Moulahoum, S., &
Colak, I. (2017, November). Finite element method to
construct a lumped parameter ladder network of the
transformer winding. In 2017 IEEE 6th International
Conference on Renewable Energy Research and
Applications (ICRERA) (pp. 1092-1096). IEEE.

[17] Ren, F., Xiao, Y., Zhan, C,, Liu, Y., Yang, F., Ji, S.,
& Zhu, L. (2018). Ladder network parameters
identification of an isolated winding by combining the
intelligent optimisation algorithm and GNIA. IET
Generation, Transmission & Distribution, 13(2), 296-304.
[18] Ren, F., Ji, S., Zhu, L., Zhang, F., & Liu, Y. (2019).
Generic algorithm to calculate Jacobian matrix used for
ladder network parameters identification and winding
fault diagnosis. IET  Generation, Transmission &
Distribution, 13(15), 3370-3377.

[19] Yalenti¢, V., Grzinié, S., & Dobrec, D. (2017, July).
Testing the electrical insulation system of power
transformer based on mesuring factor of dielectric losses.
In IEEE EUROCON 2017-17th International Conference
on Smart Technologies (pp. 423-427). IEEE.

[20] Ahour, J. N., Seyedtabaii, S., & Gharehpetian, G. B.
(2016, May). Valuable tips for transformer ladder
network parameters estimation. In 2016 24th Iranian
Conference on Electrical Engineering (ICEE) (pp. 632-
637). IEEE.

[21] Gamage, C. M., Nupehewa, J. M., Kodikara, K. K.
C. S., Chathuranga, S. A. D., Samarasinghe, R., & Lucas,
J. R. (2016, April). Capacitance and tan & measuring
equipment for high voltage insulation modelling and
simulation. In 2016 Moratuwa Engineering Research
Conference (MERCon) (pp. 248-253). IEEE.

[22] Phloymuk, N., Nimsanong, P., Phumipunepon, N.,
Potivejkul, S., Wiangtong, T., & Pattanadech, N. (2018,
September). The Dissipation Factor (tan 6) Monitoring of
A Stator Winding Insulation of A Synchronous Machine.
In 2018 Condition Monitoring and Diagnosis (CMD) (pp.
1-4). IEEE.

[23] Morsalin, S., & Phung, B. T. (2019). Modeling of
dielectric dissipation factor measurement for XLPE cable
based on Davidson-Cole model. IEEE Transactions on
Dielectrics and Electrical Insulation, 26(3), 1018-1026.

oY

\FeY )LQ% —J5| o)Lo..iB —m,ma)‘lja JL.; BT Sl Lb‘M’”_ts"'Lc e

9 &bt ol dglio b ol aLBlSS anslie 4y golgidy Jao s
9 &y LA 10 e Slal l aile Sl SIS 4 4z g b
@ O sbie & Wlgiee eoleriny e Yl la S8 o
090 Sz el Jio gy LIS slaonsy S35 slaguly

2,5 1,8 oolaswl

&l

2 ke Joe S ALl (YA L e olitws et (gl g ol [V]
$5e S Sso 1P 2 Sy b sl lS B glpil oz bl
YEY VYN asmio N ojlods DY 0,90 ¢ i ;0 (55l e ¢yg,50m
[2] Ferreira, R. S., & Ferreira, A. C. (2019, May). End-
Windings Influence in the Transient Voltage Distribution
in Electrical Machine Windings Using Finite Elements
Method. In 2019 IEEE International Electric Machines &
Drives Conference (IEMDC) (pp. 468-475). IEEE.
[3] Gupta, A. D., & Faiyaz, A. F. (2019, March). Study
and Analysis of Switching Transients in High Voltage
Transmission Line from Barapukuria to Bibiyana of
Bangladesh. In 2019 International Conference on Energy
and Power Engineering (ICEPE) (pp. 1-5). IEEE.
5 b3yl (VYA o (6,37 5Ls el 5 o Sl coppallay b ¢ olaw [¥]
ooty &5 SaSed (55, p alislo 5l LA lajlly Lol I ST (o i

TOA JIYEY azio N8 o lods DY 0,50 ¢ cwdigeo 10 3l b
[5] Zhu, L., Mo, W., Wang, Y., Fan, W., Li, G., & Huang,
B. (2019, November). Investigation of Wide Band Voltage
Measurement Technology for Switching Transient
Overvoltage Induced by the Operation of the Vacuum
Circuit Breaker. In 2019 IEEE Sustainable Power and
Energy Conference (iSPEC) (pp. 2793-2796). IEEE.
[6] Bizzarri, F., Ghezzi, L., Maglio, M., Rigamonti, F., &
Brambilla, A. (2019). Simulations of Three-Phase Current
Interruptions Through a Black-Box Model of Miniature
Circuit  Breakers. IEEE  Transactions on  Power
Delivery, 35(2), 937-945.
[7] Hosseini, S. H., Vakilian, M., & Gharehpetian, G. B.
(2008). Comparison of transformer detailed models for
fast and very fast transient studies. IEEE Transactions on
Power Delivery, 23(2), 733-741.
[8] Shabestary, M. M., Ghanizadeh, A. J., Gharehpetian,
G. B., & Agha-Mirsalim, M. (2013). Ladder network
parameters determination considering nondominant
resonances of the transformer winding. IEEE transactions
on power delivery, 29(1), 108-117.
[9] Ahour, J. N., Seyedtabaii, S., & Gharehpetian, G. B.
(2016, May). Valuable tips for transformer ladder network
parameters estimation. In 2016 24th Iranian Conference
on Electrical Engineering (ICEE) (pp. 632-637). IEEE.
[10] Hosseinibafqi, S., Akbari, H., & Saied, S. (2020). An
improved model of cage induction machines for fast
transients studies. International Transactions on Electrical
Energy Systems, 30(4), €12273.
[11] Shibuya, Y., Matsumoto, T., & Teranishi, T. (2005,
June). Modelling and analysis of transformer winding at
high frequencies. In International Conference on Power
Systems Transients (IPST'05).


https://dor.isc.ac/dor/20.1001.1.23222468.1402.12.1.5.4
https://jeps.dezful.iau.ir/article-1-463-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-24 ]

[ DOR: 20.1001.1.23222468.1402.12.1.5.4 ]

Journal of Novel Researches on Electrical Power - Vol. 12-No. 1- Spring 2023

295 2iils O ass duxaw yaolduww
GFSS 5 wbleelin)lS alade 0,
e axleS olSiils 5l 0jad Gy (pwies
YAV I VYAD (sl b yo sl ol
5 oidgh lbadld ol oo, A5

Jae ol ainy o olial sasesddle

p2 6y ol (SoSI Glagnile slayal )y e g g5l
ol 3 axly oDl ol3T olKiils [Loliwl yg:ST

L)

L RLC Ladder Network (RLC)
2 Ansys Maxwell
3 partial Discharge (PD)

4 Ansys simplorer

Of

VEY Sl —Jsl o)leds —p05l90 Jlu =35 )0 (gl Oladss caass - cole alxe

[24] Morsalin, S., Phung, B. T., & Danikas, M. G. (2018,
September). Influence of partial discharge on dissipation
factor measurement at very low frequency. In 2018
Condition Monitoring and Diagnosis (CMD) (pp. 1-5).
IEEE.

[25] Madonna, V., Giangrande, P., & Galea, M. (2019).
Evaluation of strand-to-strand capacitance and dissipation
factor in thermally aged enamelled coils for low-voltage
electrical machines. IET Science, Measurement &
Technology, 13(8), 1170-1177.

[26] Faria, G., Pereira, M., Lopes, G., Villibor, J., Tavares,
P., & Faria, 1. (2018, June). Evaluation of capacitance and
dielectric dissipation factor of distribution Transformers-
Experimental Results. In 2018 IEEE Electrical Insulation
Conference (EIC) (pp. 336-339). IEEE.

[27] Silva, V. C., Meunier, G., & Foggia, A. (1996). A 3D
finite-element computation of eddy currents and losses in
the stator end laminations of large synchronous machines.
IEEE Transactions on Magnetics, 32(3), 1569-1572.

[28] Arshad, W. M., Lendenmann, H., & Persson, H.
(2008). End-winding inductances of MVA machines

through FEM  computations and  IEC-specified
measurements. IEEE  Transactions on  Industry
Applications, 44(6), 1693-1700

409))

LSS ke 3 1) sg5 aladls
ol Sl3T olRiils jo & jad- 5, gwdige
- Wil OYAY)  Giee a2y
\ Shl sladls jo 1) by (qwiige

"
‘ G55 s (VYA giz o)l axly oodll

OYA) o5 axly (oDl olﬂ oBzils ;o 1) &yud-5 0 cwaige

-“' o 7;'

5o OL‘L{‘ (e ddde 9 (R sleddls el oo)f S o
2 gl s 5 aygige da,gile)sanil s (61,35 (g5luJae aie;
Al o 2SI 38

Pl Heazs (78| LS e
)l g (ol )5 ghade o 1) 055
oBiils jo Djad-3 (wiige OB
G e S 3 S el (Saro
axly ool ol5l oKisle jo 1) @jad

005 e 10 Sl
Db e 03wy ol ST olBiils JLoliwl 55T o0 (5

GL“’C):?::‘L‘ A O OLZ,{‘ Lg&u.oda)k- 9 Ry ‘_ng;;,le.'é

el iz sl g (S Sl


https://dor.isc.ac/dor/20.1001.1.23222468.1402.12.1.5.4
https://jeps.dezful.iau.ir/article-1-463-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-10-24 ]

Journal of Novel Researches on Electrical Power - Vol. 12-No. 1- Spring 2023

[ DOR: 20.1001.1.23222468.1402.12.1.5.4 ]

\FeY )Le‘g —J5| a)Lo..i} —m,ma)‘lja JL.; BT Sl b.a.a;u—kso.l.c PIE

Modification of RLC Ladder Network Model For Winding
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Abstract: This deals with the separation of the insulation model from the coil ladder network model in
order to obtain the insulation losses of the coil in fast transients. Ladder network model or RLC Ladder
Network (RLC) is introduced as a coil fast transient model for studying fast transient phenomena at high
frequencies. In this study, the coil insulation model is separated from the RLC model and all circuit
relationships related to this model are rewritten. The electrical parameters of the insulation are calculated by
the substitution method in the resonant circuit. The single-phase windings of the 6KV induction machine are
modeled with the help of the proposed model and by simulation in the Ansys Maxwell software; the voltage
distribution waveform, the insulation loss coefficient, and the insulation loss at different points of the wire are
shown. In the following, the voltage distribution waveform of the nodes, the current passing through the coils,
the voltage on the coils and the power losses in the coils are compared by two classical RLC models and the
proposed model. In this study, according to the separation of insulation losses from winding losses in fast
transients and at high frequencies, the proposed model can be used as a suitable tool to achieve more accurate
responses of fast transient phenomena.

Keywords: power coils, insulation loss coefficient, fast transient, insulation model.
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