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A Design Method of Three-phase IPMSM and Clamping Force Control
of EMB for High-speed Train
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Abstract This paper proposes a design method for a 3-phase interior permanent magnet synchronous motor (IPMSM)
and clamping force control method for an electro-mechanical brake (EMB) using co-simulation for a high-speed train
(HST). A traditional pneumatic brake system needs much space for the compressor, brake reservoir, and air pipe.
However, an EMB system uses up to 50% less space due to the use of a motor and electric wires for controlling
the brake caliper. In addition, it can reduce the latency time for brake control because of the fast response and precise
control. A train that has many brakes is advantageous for safety because of the control by sharing the braking force.
In this paper, a driving method for a cam-shaft-type EMB is modeled. It is different from the ball-screw-type brakes
that are widely used in automobiles. In addition, a co-simulation method is proposed using JMAG and
Matlab/Simulink. The IPMSM was designed and analyzed with the JMAG tool, and the control system was simulated
using Matlab/Simulink. The effectiveness of the co-simulation results of the mechanical clamping force and braking
force was verified by comparison with the clamping force specifications of a HEMU-430X HST.
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Fig. 1. (a) Caliper unit appearance of HEMU-430X, (b)
Dynamic Mechanism of Caliper
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Table 1. IPMSM Mechanical Specification

Motor Specification

Output Power 600 W
Rated Speed 3000 rpm
Inductance Ld 3.194¢-3 H
Lq 6.946¢-3 H
Torque Constant 0.2514 Nm/A
Torque 2,025 Nm
Number of Poles 4
Number of Slots 15
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Fig. 2. Appearance of IPMSM
(a) Appearance, (b) Winding Method
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Fig. 3. (a) Motor and Inverter Block for EMB, (b)
Reduction Gear and Mechanical Brake Block
for EMB
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