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Traction Motor Design and Performance Analysis for Application to
an Inboard Bogie of High Speed Train
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Abstract This paper deals with a design framework for a traction motor system for inboard bogies for
high-speed rail. Recently, there have been increasing cases of applying an inboard bogie system to newly
manufactured trains in Europe, but there have been no cases of development and application in South
Korea. Inboard bogies are a technology that can reduce vehicle weight and running resistance compared
to outboard bogies. Despite these advantages, the bearings installed on the axle are located inside the
wheel, so efficient use of the internal space of the bogie, optimized design, and improved interface
between the traction motor and driving gear are required. In this study, a design goal was selected for
the traction motor through dynamic characteristic curve design of a high-speed train (HST) for a
maximum service speed of 400 km/h. A combined structure of a traction motor and driving gear, which
are mainly used in the traction system for an HST, and a direct drive motor (DDM) are suggested for
the same design goal. In addition, design and analysis results were obtained by applying an interior
permanent magnet synchronous motor (IPMSM) structure, increasing the number of poles, and applying
a water cooling system. The output was increased by more than 40% compared to the output of the
induction motor of a domestic next-generation HST (HEMU-430X) with an outboard bogie. The designed
traction motor showed design feasibility through analysis results using JMAG (Ver. 22.1, JSOL), which is
commercial electromagnetic field analysis software that uses finite element analysis (FEA).
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Fig. 1. Comparison of bogie systems for railway vehicles
(a) Outboard bogie system (b) Inboard bogie system
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Fig. 2. Bending moment according to the position of
the axle
(a) Outboard bogie (b) Inboard bogie
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Fig. 3. Inboard bogie with traction motor
(a) Traction motor with gear
(b) Traction motor without gear(DDM)
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Table 1. Specification of the one high-speed trainset

Item Specification Remark
Organization 4MAT
Design Speed 440 km/h Maximum
Acceration 2.2 km/h/s 0.6 m/s®
Weight 342 ton 20% |
Running Resistance {70 % of HEMU-430X TBD
Wheel Dia. 820 mm
Traction Force 220 kN Maximum
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Fig. 4. Dynamic characteristics of traction motor
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Where, 7' denotes P

denotes output power of motor( W), V denote

motor torque(/Nm),

motor rotate speed(rpm).
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Table 2. Specification of the one traction motor

Item Specification Remark

Motor Type IPMSM

Rated Power 577 kW

Motor Speed 5,693 rpm Maximum
Rated Voltage 2,339 Vdc

Rated Current 172 A

Motor Torque 2,875 Nm Gear ratio 2:1

Weight 600 kg TBD

Cooling System Water cooling
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Fig. 5. Design concept of the traction motor with gear
(a) 2D Structure (b) Magnetic flux density
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Fig. 6. Simulation results
(a) Efficiency map (b) T-N curve
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Fig. 7. Design concept of the traction motor without gear
(a) 2D Structure (b) Magnetic flux density
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Fig. 8. Simulation results
(a) Efficiency map (b) T-N curve
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Where, R denotes Thermal resistance value (deg C/W),

Cyr denotes correction factor, h denote Heat
transfer coefficient, A denote area of the cooling

target per single thermal resistor component(mm?).
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Where, W denotes rectangular tube width, N

denotes number of turns of rectangular tube, 7
denotes distance from the center of the rotating
machine to the tube.
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Fig. 11. Thermal analysis results
(a) Without water jacket (b) With water jacket
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