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2-stage 3-order diagonally implicit Runge-Kutta method for electromagnetic transient calculation

YANG Meng, WANG Fangzong
(College of Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China)

Abstract: In power system electromagnetic transient calculation, because of various kinds of sudden changes, there will be
numerical oscillation in numerical calculation. In order to avoid the numerical oscillation in power system electromagnetic
transient calculation effectively, the 2-stage 3-order diagonally implicit Runge-Kutta method is proposed for electromagnetic
transient calculation. Through theoretic analysis, the proposed numerical integration method is of nonlinear B-stability, which
also means that the method is of energy dissipation characteristic or nonlinear damping characteristic. From example results,
this paper confirms that the proposed method can be free of numerical oscillation effectively though sudden change happens.
Besides, compared with the present methods, using the proposed method to implement electromagnetic transient calculation
will not add any extra computation load.
This work is supported by National Natural Science Foundation of China (No. 51377098).
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Fig. 1 Test circuit 1 and the current source waveform
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Fig. 7 Test circuit 3 and the voltage source waveform
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200
150
100
50
0
=50

2R A i B R kY

-100

-150

0 0.01 0.02 y 0.03 0.04 0.05
/s

10 2 2% 3 Bt SDIRK 77 7A T BB R iR REMER
Fig. 10 Terminal voltage of transmission line calculated
by 2-stage 3-order SDIRK method

200
150
Z 100
=
= 50
®
ﬁ O
~100 Y L
asob— o L
0 001 002 003 004 005

t/s
11 2 4% 2 [y SDIRK J53% it BBk R im R R R
Fig. 11 Terminal voltage of transmission line calculated
by 2-stage 2-order SDIRK method

=50 \\/ \/
-100
0 0.01 0.02 0.03 0.04
t/s

-150 .
0.05

200
150
100

50

(=]

2 s Aty L R RV

12 CDA Tt BB Rin I ERILER
Fig. 12 Terminal voltage of transmission line calculated
by CDA method

3 g

ASCKE—Fh 2 g4 3 B M BE X Runge-Kutta
Jiikia B s v S . Ok AT L-RUEE
DA S ARZeth B-Aare 1, PRI mT LA 2508E S v 55 o )
RGNS . ST 2 P A-RE T
T AR B KW AT 2 OBER 5
BRI, ZIVERAT 3 B vk SR, WO T 2
A 25258, FREAE U B AP A TSR AR 2B K
SRS, AR SO AT F e S B K
REMGLEAIG IS5 AT 3R T, A 30k e B ek 5
S 30Hk
(1] MM, 5K/, ZRHE. XA HLALE it i R i 07 324

Mr[J]. L LHARZAR, 2015, 30(24): 237-244.

XIAO Xiang, ZHANG Xiaoqing, LI Cong. Simulation

analysis on overvoltage in wind turbines by lightning

stroke[J]. Transactions of China Electrotechnical Society,

2015, 30(24): 237-244.

(2] &A%, K4, R0, % 264 A2 8E W R
WS H A T R ITI]. W O R R S
2015, 43(1): 28-33.

FU Wei, ZHAO Lihua, LIANG Yong, et al. Study on

no-load closing inrush current of transformer group and

suppression measures[J]. Power System Protection and

Control, 2015, 43(1): 28-33.

(31 HlE, EBUME, X, & LT HE X
VSC-HVDC HLH - G T ETTE[]. T HR AR,
2015, 30(16): 168-174.

ZHENG Chao, WANG Henan, LIU Hongtao, et al. Study

of the electromechanical and electromagnetic hybrid

simulation for VSC-HVDC based on PSASP/UPI[J].

Transactions of China Electrotechnical Society, 2015,

30(16): 168-174.

(4]  Epal, 208, £ B REUUE ST ZHE
WFFTHERELT]. B RS A Bhik, 2009, 33(7): 97-103.
WANG Chengshan, LI Peng, WANG Liwei. Progress on
algorithm of electromagnetic transient simulation for electric
power system[J]. Automation of Electric Power Systems,
2009, 33(7): 97-103.

(6] few &, whICHR, Bh&E 7%, YOI 2 b 2 H AR
SEMEAE R 40 4 X S BUR BT [T]. W LR R ZE 3,
2015, 30(16): 203-212.

XIONG Lingfei, HAN Minxiao, YAO Shujun. Influence

of PLL on the stability analysis of VSC-MTDC and

parameter  selection[J].

Electrotechnical Society, 2015, 30(16): 203-212.

(6] [HYL, sk, AT, & SRR RGESERY

Transactions of  China



*ﬁﬁ)ﬁy%

FT 2 2% 3 Bt A Ba X Runge-Kutta 75 1) FL GRS TR 77k

- 73 -

(7]

(8]

(9]

[10]

[11]

SEAH[T). W RGP S, 2015, 43(1): 1-8.

YAN Kai, ZHANG Baohui, QU Jiping, et al. Photovoltaic
power system transient modeling and equivalents[J]. Power
System Protection and Control, 2015, 43(1): 1-8.

TVE, AharE, S, AE SR E R L A R
ST REN]. B RSGRYS5ES, 2015, 43Q2):
148-154.

YU Yang, SUN Xuefeng, GAO Peng, et al. Analysis and
prospect on transient protection for HVDC transmission
lines[J]. Power System Protection and Control, 2015,
43(2): 148-154.

P25, TEW, 40RT, & P2t s &0 50
B B 3 9 (0 SO T VA DT]. ) R GRS A,
2011, 39(7): 142-146.

SHANG Ying, YU Yuming, ZOU Zhenyu, et al. An
advanced method of non-linear circuit eliminating numerical
oscillation in electromagnetic transient simulation[J]. Power
System Protection and Control, 2011, 39(7): 142-146.
ALVARADO F L, LASSETER H R, SANCHEZ J J.
Testing of trapezoidal integration with damping for the
solution of power transient problems[J]. IEEE Transactions
on Power Apparatus & System, 1983, PAS-102(12):
3783-3790.

M T, MROEIE. LU RO g 1 e B TEI5 5%
ZE M S IE] AL TR 24, 2003, 23(7):
57-61.

LIU Yiqing,

correction of damping trapezoidal integration for eliminating

CHEN Chaoying. Errors analysis and

numerical oscillations[J]. Proceedings of the CSEE, 2003,
23(7): 57-61.

LIN Jingming, MARTI J R. Implementation of the CDA
procedure in the EMTP[J]. IEEE Transactions on Power

[12]

[13]

[14]

[15]

[16]

Systems, 1990, 5(2): 394-402.

NODA T, TAKENAKA K, INOUE T. Numerical integration
by the 2-Stage diagonally implicit Runge-Kutta method
electromagnetic simulations[J]. IEEE
Transactions on Power Delivery, 2009, 24(1): 390-399.
TSR, KU ) R B8 AR Tk UM v B
[M]. dbst: Rhe e, 2013.

A7, WIEROS Ty PR IR M), Kb Wi R
PR A, 1997.

MREARE, /b8, FE K. 3ET Bergeron MK £L
B T RESRARTE). RS A S, 2005, 29(9):
31-34, 81.

CHEN Zhaohui, HUANG Shaofeng, TAO Huiliang.

Research on the application of the Bergeron model to the

for transient

differential equation algorithm for long transmission
line[J]. Automation of Electric Power Systems, 2005,
29(9): 31-34, 81.

#A=K, KEVIN K W C, LAURENCE A, %&. DTS 1K
PV PR e Y LR T A O LT]. R EOR, 2002,
26(7): 7-10.

DAI Renchang, KEVIN K W C, LAURENCE A, et al.
Electromagnetic transient stability simulation of long
distance transmission line in DTS[J]. Power System
Technology, 2002, 26(7): 7-10.

ks HER: 2016-03-29;
TEZEN:

{&E HEF: 2016-05-26

B 19910, *, BEEE, MEARE, RF

© A0S R G A A, E-mail: 510538296@qq.com

EHFE (1966-), F, tHE, L, HEAFR, MR

e A S Bk B BRI RIRIKE

(4h# # )



	DOI: 10.7667/PSPC160440 
	基于2级3阶单对角隐式Runge-Kutta法的 
	电磁暂态计算方法 
	2-stage 3-order diagonally implicit Runge-Kutta method for electromagnetic transient calculation 
	DAI Renchang, KEVIN K W C, LAURENCE A, et al. Electromagnetic transient stability simulation of long distance transmission line in DTS[J]. Power System Technology, 2002, 26(7): 7-10. 



