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Abstract. Demand for CRH (China Railways High-Speed) trains, both in quantity and types, is
increasing because of the rapid development of high-speed railway in China. To support the
improvement and development the AC transmission system of these trains, a study platform is
proposed in this paper. Target of the platform is supporting the study which contains design,
verification, display etc. in detail. Platform framework is described in this paper. And the results of
study on transmission system temperature rise and energy-saving operation strategy of high-speed
train based on the platform are displayed. Availability of the study platform is verified.

Induction

The China High-speed Railway is developing rapidly. According to the statistics from UIC
(International Union of Railways), high-speed lines with length of 13539km will be opened up in
China by the end of 2012 [1].With continueing development of high-speed railway in China,
18000km high-speed lines will be opened up by 2020 according to Mid/Long-Term Development
Planning of China Railway [2]. The rapid development of high-speed railway in China leads to
increasing demand for CRH trains, both in quantity and types. Different performances of
high-speed trains are required due to the variety of line conditions and operation environment.
Therefore, improving and redesigning the transmission system of existing CRH trains are
inevitable.

It’s hard and complicated to study the high-speed transmission system. The study costs a lot of
time, materials and money including the simulation, real train experiment and practical operation.
Some unreasonable design of transformers’ and motors’ allowance and performance hasn’t usually
been discovered until testing the real train. In this way, it wastes a lot of time and increase the costs.
Furthermore, it’s really hard for the real train experiment to change operation conditions.

Therefore, a study platform for AC transmission system of high-speed train is developed. It
contains the software platform and experiment platform which are connected by CAN
communication. Software platform is used to model a train and simulate the train in diversiform line
conditions and operation environment. Results of the operation simulation are provided to control
the experiment platform. Control algorithms, temperature-rise effect of the transmission system,
energy-saving operation of the train etc. can be study by the platform.

Platform framework

In this paper, the study platform for transmission system of high-speed train will go through the
entire design and develop process. The platform integrates design, validation and display platform
as a whole.

Based on function analysis and design, the study platform includes the host computer, hardware
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experiment platform, analog driver console and three-dimensional visual projection equipment. The
optimization supporting software and 3D visual simulation software is built-in host computer.
Focusing on the platform target, a specific structure, which is shown in Fig.1, of the study platform
has been set up. Data interaction between software platform and experiment platform is also shown
in Fig.1.
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Fig. 1 Specific structure of the study platform has been set up.

Software platform. Completing the model building and system design, providing virtual operation
environment for the hardware experiment platform, and providing a background control for the 3D
visual simulation, the software for optimization and design is a key module of the study platform.
Simulation software consists of five main parts. They are basic data setting, internal subsystems of
the train modeling, comprehensive simulation, interfaces and results analysis. References describe
the software platform in detail [3].

Experiment platform. The experiment platform mainly consists of the traction motor load torque
simulation platform. The traction motor load torque simulation system is built in order to study the
operation characteristics of high-speed train traction motor and control method of AC transmission
system in laboratory condition. It is the key part of the study platform.

This experiment platform includes two connected induction motors. One is used as traction motor;
the other is used as load motor. According to the simulation of changing load in different operation
situations, the change of some important physical quantities of the drive system can be calculated
correspondingly. The simulation platform is composed by two parts. One is the traction motor
system controlled by MYWAY and the other is the load motor system controlled by DSPACE.
Vector control method is adopted to control the two inverters. The toque command and speed
command are provided for the traction motor and the load motor respectively. References provide
the control method of the load toque simulation platform in detail [4]. A block diagram of the
system control algorithm is given in Fig. 2.
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Fig. 2 The block diagram of the experiment platform control algorithm.

A

Application of the study platform

Study on transmission system temperature rise. On transmission study platform, the temperature
rise of converters and inverters is measured by some temperature measuring devices as thermal
imager. The thermal simulation of converters and inverters is done by FLOTHERM [5] and
compared with the experiment results. Fig.3 shows the results compare of converter. The highest
temperature is 44.6°Cof simulation on the left. The experimental temperature is 45.2°C on the
right .They are close. Fig.4 shows the comparison results of inverter. The left one shows the result
of the thermal simulation in which the highest temperature on the surface of radiator is 89.2°C. The
right one shows the result in experiment in which the highest temperature is 84.6°C. From the
contrast diagram, both the temperature distribution on the surface of radiator and the highest
temperature of radiator are close to a degree. The research on the thermal and electric properties of
traction drive system is done with this platform.
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Fig.4 Compare of inverter temperature rise in experiment and simulation
The study on energy-saving operation strategy of high-speed train. Train operation on the line
from Xuzhou to Bengbu which is a part of Beijing-Shanghai line is simulated on this platform. The
line is 155.698km long. The fixed running time is 3014 s. The torque scaling coefficient is 0.002631
and the rotational speed scaling coefficient is2.6683.

At first, distributing time equally operation strategy is applied. Fig. 5 shows the result. The result
shows that the motor rotational speed follows the speed instruction value well. The output torque is
positive in traction conditions, zero in coasting conditions and negative in braking conditions. It is
verified that the motor operation in a certain line can be simulated with this platform well. In
addition, the starting speed of braking is high because of the operation strategy. The difference of
the power scale readings is 90WH in this operation simulation.
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Fig.5 The speed and torque waveform in the average distribution strategy
Secondly, dynamic programming fixed time operation strategy is applied in the operation
simulation [6]. Fig. 6 shows the result. In Fig. 6, the work of the motor is on the average. The
difference of the power scale readings is 85WH in this operation strategy. It means that the energy
consumption of a single motor is 85WH simulated by the continuous line load simulation platform.
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Fig. 6 The speed and torque waveform in the dynamic programming operation strategy

It is shown that the dynamic programming operation strategy is more power frugal than the
distributing time equally operation strategy. This platform can support the study on energy-saving
operation strategy of high-speed train in experiment.

Summary

The study platform which contains software and experiment has been built up elementary aiming at
the original intention. Availability of the study platform is verified according to some experiment
and simulation results. With sustained development of the platform, co-simulation and experiment
based on it will be more multifunctional.
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