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Design of railway signal equipment circuit virtual simulation
platform based on virtual digital
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Co. , Lid. , Beijing 100071, China; 3. Chengdu Elephant Technology Co. , Ltd. , Chengdu 610095, Sichuan, China )

Abstract: In response to the widespread impact on railway operations, the difficulty in troubleshooting, and the extended duration for
resolving issues related to traditional signal equipment circuit faults, a virtual digital simulation method for railway signal equipment circuits
is proposed. This platform involves setting up a complete signal equipment system within a virtual station environment, mapping the model
wiring points of the signal equipment in the virtual environment to the contact points in the circuit on a one-to-one basis, and creating a
contact connection table based on the interconnection relationships within the signal equipment circuit. An adjacency matrix is derived from
this contact connection table. By segmenting the circuit, the complex calculations of series and parallel circuits are simplified to serial
circuits, enabling the computation of the electric potential at each contact point. Ultimately, the voltage between any two points is
determined by calculating the potential difference, thereby achieving circuit simulation within the virtual setting. To validate this method, a
ZY]7 type switch machine circuit virtual simulation and maintenance system is developed, using the ZYJ7 type switch machine as the
simulation subject. Simulation results show that this method can accurately and effectively simulate the electrical parameters of the ZYJ7
type switch machine under normal, open-circuit, and equipment fault operating conditions. It effectively resolves the pain points of
traditional training, expands the simulation methods for virtual circuit maintenance, and provides technical support for improving the
emergency fault handling skills of railway maintenance personnel.

Keywords : virtual reality; digital; signal equipment; circuit simulation; virtual maintenance training; fault repair training
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Fig. 1 The overall system development process
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Tab.1 Timing sequence table of relay action

D SR ARHRERAR RHRIPRE AR
1 23 1-S] 1 0

2 B4R 1-FCJ 1 0

3 g 1-1QD)J 1 0

4 I 45 1-FCJ 0 1

5 g 1-8J 0 1

6 g 1-1QDJ 0 4.5
7 FERE 1-8J 1 0

8 TE 1-DCJ 1 0

9 TE 1-1QD] 1 0
10 JE f5 1-DCJ 0 1
11 TE 1-8J 0 1
12 FEHR 1-1QD] 0 4.5
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Fig 2 The timing animation module flowchart
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Fig 3  Circuit diagram of the reverse operation excitation of the ZYJ7 type switch machine
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Tab.2 Relationship table of circuit junction
D GG
1 1-KZ-0_1-S]J-22
2 1-SJ-22_1-S]-21
3 1-SJ-21_1-02-1
4 1-02-1_2-01-4
5 2-01-4_2-1D0J-3
6 2-1D0J-3_2-1DQJ-4
7 2-1DQJ-4_2-2DQJ- 141
8 2-2DQJ-141_2-2DQJ- 142
9 2-2DQJ-142_2-01-2
10 2-01-2_1-02-3
11 1-02-3_1-FCJ-21
12 1-FCJ-21_1-FCJ-22
13 1-FCJ-22_1-KF-0
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Tab.3 List of circuit junction

D fgEE

1 1-KZ-0

2 1-8J-22

3 1-8J-21

4 1-02-1

5 2-01-4

6 2-1D0J-3
7 2-1DQJ-4
8 2-2DQJ-141
9 2-2DQJ-142
10 2-01-2
11 1-02-3
12 1-FCJ-2
13 1-FCJ-22
14 1-KF-0

13 1-FCJ-22_1-KF-0
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Tab.4  Adjacency matrix
1D 1 2 3 4 5 6 7 8 9 10 11 12
1 1 1 0 0 0 0 0 0 0 0 0 0
2 1 1 1 0 0 0 0 0 0 0 0 0
3 0 1 1 1 0 0 0 0 0 0 0 0
4 0 0 1 1 1 0 0 0 0 0 0 0
5 0 0 0 1 1 1 0 0 0 0 0 0
6 0 0 0 0 1 1 1 0 0 0 0 0
7 0 0 0 0 0 1 1 1 0 0 0 0
8 0 0 0 0 0 0 1 1 1 0 0 0
9 0 0 0 0 0 0 0 1 1 1 0 0
10 0 0 0 0 0 0 0 0 1 1 1 0
11 0 0 0 0 0 0 0 0 0 1 1 1
12 0 0 0 0 0 0 0 0 0 0 1 1
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Fig 4 Flowchart of voltage calculation module
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Fig.5 TIllustration of the equivalent point calculation method
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Fig. 7 Screenshot of the software interface for measuring the

voltage value at any two contact positions of
the combined part using the virtual multimeter
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Tab.5 The test values of voltage in analog circuit systems

D TR B A a5 [ aIRE BRE L B fEL/ V
1 2] S5 0 ¥ 1DQJ-3 1DQJ-4 0
2 Yk AR S A 0 ¥ F-05-4 F-05-1 64
3 Yk LA & 0 T F-05-5 F-05-1 0
4 9| S H: 0.1 J 1DQJ-3 1DQJ-4 24
5 Yk g S H 0.1 x F-05-4 F-05-1 380
6 R 57 & 0.1 T 1DQJ-4 2DQJ-142 0
7 F4k & 0.1 ¥ 1DQJ-3 2DQJ-142 24
8 T4k S H: 0.1 J 1DQJF-1 1DQJ-4 24
9 TR S A 0.1 T FCJ-21 1DQJF-31 -24
10 24 & 0.1 2DQJ 141-142 1DQJ-3 1DQJ-4 0
11 F4k E: 0.1 2DQJ 141-142 1DQJ-4 2DQJ-142 0
12 T S 0.1 2DQJ 141-142 1DQJ-3 2DQJ-142 24
13 R 857 JLHE 2 2DQJ 121-122 F-05-3 F-05-1 0
14 F-2k St 2 2DQJ 121-122 F-05-4 F-05-1 380
15 L S H: 2 2DQJ 121-122 F-05-4 F-05-3 0
16 2] S H: 5 ¥ 1DQJ-3 1DQJ-4 0
17 Yk A% &id 5 T F-05-4 F-05-1 0
18 4 HL A St 5 T F-05-5 F-05-1 64
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