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Composite Load Equivalent Modeling of Traction Power Supply System 
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ABSTRACT:  In recent years, China's high-speed railway from zero to one, from weak to strong, has achieved a leapfrog 

development. However, the access of a large number of electrified railways is a further challenge for the safety, stability and 

economy of the power grid, but the current research on the composite load characteristics of traction substations is relatively 

weak. In this paper, a detailed simulation model of CRH2 emu is built firstly. Based on the analysis of the operation 

characteristics and load composition of the traction power supply system, a composite load equivalent model of high-speed 

railway traction power supply system -- the mechanism load model of "constant impedance parallel induction motor" is proposed. 

Finally, the Matlab/ Simulink was used to compare the simulation results of the detailed simulation model with those of the 

equivalent model, and the results showed that the obtained power curve was highly consistent, which verified the accuracy and 

practicability of the equivalent load model. 
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Fig.2 Overall block diagram of CRH2 load simulation 
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aЄ ᶽ  

aЄGrid side voltage and current in steady state 

 

bЄ ֢ ᶽ ┼  

bЄAC side modulation voltage in steady state 
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cЄ DC side voltage in steady state 

 

dЄ֢ ᶽ  

dЄAC side harmonic current content 
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eЄDC side voltage when traction condition changes to 

regenerative braking condition 
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fЄVoltage of capacitor C1 and C2 on the DC link 
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Fig.3 Simulation curve in ideal state 
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a) The variation of current on the AC side 

 

bЄ ᶽ ‟ 

bЄThe variation of voltage on the DC side 
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Fig.4 Simulation curve when the load power increases 
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a) The variation of voltage and current on the AC side 
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b) Electromagnetic torque and velocity curves of 

traction motor  
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c) ᶽ ‟ 

cЄThe variation of voltage on the DC side 
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Fig.5 Simulation curve of grid voltage change 
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a) The variation of voltage and current on the AC side 

 

b) ꜠  

b) Speed curve of Electric Multiple Units (EMU) 

 

c)  

c) Electromagnetic torque curve of traction motor 
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d) Voltage of capacitors C1 and C2 
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Fig.6 Simulation curve of the transition from traction 

to regenerative braking 
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Fig.7 The load structure of CRH2 EMU 
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aЄ ꜗꜗ (ɏV=15%) 

aЄTotal active power of the traction system 

(ɏV=15%) 

 

bЄ ꜗꜗ (ɏV=15%) 

bЄTotal reactive power of the traction system 

(ɏV=15%) 

 

cЄ ᴶ꜠ ꜗꜗ (ɏV=15%) 

cЄActive power of traction drive system(ɏV=15%) 
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dЄ ᴶ꜠ ꜗꜗ (ɏV=15%) 

dЄReactive power of traction drive system(ɏV=15%) 

 

eЄ ꜡ᶱ ꜠ P(ɏV=15%) 

eЄDynamic load P of auxiliary power supply system  

(ɏV=15%) 

 

fЄ ꜡ᶱ ꜠ Q(ɏV=15%) 

fЄDynamic load Q of auxiliary power supply system  

(ɏV=15%) 

 

gЄ ꜡ᶱ P(ɏV=15%) 

gЄStatic load P of auxiliary power supply system  

(ɏV=15%) 

 

hЄ ꜡ᶱ Q(ɏV=15%) 

hЄStatic load Q of auxiliary power supply system  

(ɏV=15%) 

9 15%Ѓ ꜠ 0.15sЄ ᶱ

ꜗ ꜗ  

Fig.9 The curve of active and reactive power of 

traction power supply system when the grid voltage 

drop is 15% ( The disturbance lasts 0.15 seconds) 
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aЄ ꜗꜗ (ɏV=50%) 

aЄTotal active power of the traction system(ɏV=50%) 

 

bЄ ꜗꜗ (ɏV=50%Є 

bЄTotal reactive power of the traction system 

(ɏV=50%) 

 

cЄ ᴶ꜠ ꜗꜗ (ɏV=50%)   

cЄActive power of traction drive system 

(ɏV=50%) 

 

dЄ ᴶ꜠ ꜗꜗ (ɏV=50%) 

dЄReactive power of traction drive system  

(ɏV=50%) 

 

eЄ ꜡ᶱ ꜠ P(ɏV=50%) 

eЄDynamic load P of auxiliary power supply system  

(ɏV=50%)  

 

fЄ ꜡ᶱ ꜠ Q(ɏV=50%) 

fЄDynamic load Q of auxiliary power supply system  

(ɏV=50%)  
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gЄ ꜡ᶱ P(ɏV=50%) 

gЄStatic load P of auxiliary power supply system  

(ɏV=50%)  

 

hЄ ꜡ᶱ Q(ɏV=50%) 

hЄStatic load Q of auxiliary power supply system  

(ɏV=50%)  

10 50%Ѓ ꜠ 0.15sЄ ᶱ

ꜗ ꜗ  

Fig.10 The curve of active and reactive power of 

traction power supply system when the grid voltage 

drop is 50% ( The disturbance lasts 0.15 seconds) 
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Fig.11 Physical structure of composite load equivalent 

model of high-speed railway traction power supply 

system 
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aЄ ꜗꜗ (ɏV=15%) 

aЄTotal active power of the traction system(ɏV=15%) 
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bЄ ꜗꜗ (ɏV=15%Є 

bЄTotal reactive power of the traction system 

(ɏV=15%) 

12 ᶽ 15% ꜗꜗ ꜗꜗ  

Fig.12 The comparison of active and reactive power 

when the grid voltage drop is 15%  

 

aЄ ꜗꜗ (ǶV=50%) 

aЄTotal active power of the traction system 

(ɏV=50%) 

  

bЄ ꜗꜗ (ǶV=50%Є 

bЄTotal reactive power of the traction system 
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13 ᶽ 50% ꜗꜗ ꜗꜗ  

Fig.13 The comparison of active and reactive power 

when the grid voltage drop is 50%  
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