Dynamical Systems and Control /7% %t 53, 2026, 15(2), 119-132 Hans X
Published Online April 2026 in Hans. https://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2026.152013

BT iR E B8 AN SRS ZEZH Sk
EE ey SRy N O

KT A, #HE4Z
TN K2 S 5 T TR SRR, T R

&

Woks H . 20264F3H5H: FHEM: 202643250 & HM: 20264F4H8H

R

RESIFR Y SHEENIE ML —, EELRBTE, 5 MARGKIEREE MR TR AL,
FBRRREANME BWHIIERNZETRET. ATTARMME 285 RS, DB SHENES
AN R, AR R EE AN 1 = R B R TSI R 5B E S /R, BT MATLABY;
HEMERAANARE, Bt 5 MRS, 2SR A EEGA) TR SHT SR, iR
W5 G IER Tt BRI EShEH A EXT b, KRG RRM . UIL/E KRR T7 T e sz,
BEWI R JI AR Z 38 T 94.11%, A ELARMI 23032, RE T 69.00%, HREMH T BEM K77 B30,
R T SMZRRE, BTk B8 &M M et

XA
SMRG, b, SukRERED:, MATLABHE, FEMES

Research on Fuzzy Control Method

for Pantograph-Catenary Following
Contact Force in High-Speed Trains
Based on an Improved

Genetic Algorithm

Along Zhang, Congxin Han

College of Electrical and Electronic Engineering, Wenzhou University, Wenzhou Zhejiang

Received: March 5, 2026; accepted: March 25, 2026; published: April 8, 2026

SCESI A KBTI, BRIAE. BT OOk HA I R 5 2 52 L B O ) B R ) TR 0] B R G
2026, 15(2): 119-132. DOI: 10.12677/dsc.2026.152013


https://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2026.152013
https://doi.org/10.12677/dsc.2026.152013
https://www.hanspub.org/

KB, FhEEE

Abstract

High-speed trains are one of the most important transportation facilities in modern society. However,
during actual operation, the tracking performance of the pantograph-catenary system deteriorates
with varying operating conditions, leading to poor current collection quality and affecting the safe and
reliable operation of trains. To investigate the tracking performance between the overhead contactline
and pantograph, a coupled dynamics model was constructed using pantograph-catenary following con-
tact force as the entry point, with a simple chain-type overhead contact line and a three-mass-block
pantograph as research subjects. The corresponding model was built using MATLAB simulation soft-
ware, and a fuzzy pantograph-overhead contact line controller was designed. An improved genetic al-
gorithm (IGA) was employed for controller parameter optimization. The proposed optimization
method was compared with traditional control methods and fuzzy active control methods. Experi-
mental results demonstrate that the optimized control method achieves a 94.11% improvement in the
standard deviation of pantograph-catenary following contact force compared to passive control and a
69.00% improvement compared to fuzzy active control. It effectively suppresses fluctuations in panto-
graph-catenary following contact force, enhances pantograph-catenary current collection quality, and
exhibits excellent adaptability and robustness.
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Figure 1. Dynamic model diagram of simple chain catenary system
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Table 1. Meanings of symbols for simple chain-type suspension contact network
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Sa 7K J1R 5K J1(N)

Se e 25Kk 71 (N)

Kra TE V45 SR B (N/m)
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Table 2. Parameters of overhead contact system
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Figure 2. Simulation model of the stiffness of the overhead contact system
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Figure 4. Three-mass-block model of pantograph
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Figure 5. Simulation model of pantograph-catenary coupling system
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Table 3. Structural parameters of SSS400+ type pantograph
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Figure 6. Simulation diagram of rungang system according to network pressure
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Figure 7. Displacement of the pantograph head
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Table 4. Fuzzy control rule table
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Figure 9. Visual representation of fuzzy control rule table
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Figure 10. Curve of absolute error integral change

10. REMIMER S Tthzk

B AL FE(1GA) I =AM OB R
1) EERGEFS T SIS IEOR B SEME, Ke RA RN i BB HEAL BT 10% M0/ MA B B AL 2 1K,
AR R, PRI M PaRIR R, frbs 30005 K& 2.

DOI: 10.12677/dsc.2026.152013 127 1RG5


https://doi.org/10.12677/dsc.2026.152013

KB, FhEEE

2) HIENAZXHE T PrFEE 2 XM, BT PG N 7 Z Al A A SO MM A
R IS 38 K8 SO AR DLAR THRE R 2R, A 3 N /N A8 MR DARS e I R R A
3) HIENALFH T RS EANA 750, DA S5 R IR 3E D T L S)
R ME. BARTE, SeA k[0, 1IX RN BT £[-0.5,05] X 8], K H 528 TR ZHEMRSE
SMBME, BIAT1S BT B A A R S8 L AT R R R R R AR A b T S S S HUE X ),
TR S, RN 0 BRI S IR 2 RE v S R AR AR e 1, A RR T FVEALE T M R G i 20
HZHAA B2 R R AR R AR
Pop = P + (P — Puin ) *(rand —0.5) (14)

HCHER AR FE AR A 11 R

A 4
; RRNESS
% > :
. b bl LR
v t
RARIENE il

4

FJB R HA
BRI TG

| SRR |

Figure 11. Flowchart of improved genetic algorithm
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Figure 12. Fuzzy control simulation model of the pantograph-rod system
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Figure 13. Simulation diagram of network pressure at 250 km/h
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Table 5. Relevant parameters dependent on network pressure under different control modes
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Figure 14. Simulation diagram of network pressure under different speeds
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Table 6. Data of IGA optimization control results for ten consecutive sessions
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Table 7. Comparison data of IGA and GA results
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Figure 15. Comparison chart of convergence speed between IGA and GA
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