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Abstract : As enforced by the regulation on the improving fuel efficiency and increased the demand on green
technology, many interests are focused on electric vehicles and hybrid vehicles. Thus the technology development in
electrification of vehicle operation system, including steering and braking field, is actively progressive. Especially
electric power steering substitutes for hydraulic power steering rapidly in the market, which is more complex and bigger
in packaging volume compared with electric power steering system. The core component in electric power steering
system is a motor, which is required to be silent and powerful to guarantee required system performance. Brushless
synchronous motors are widely used and many variations of the motors are introduced in the market, while the
performance of each type is not well defined or studied for electric power steering system. In this paper, recent
developments in brushless synchronous motor are reviewed and compared applying finite element analysis in
electromagnetic field. As results, each characteristic of different types of brushless synchronous motors is compared
and summarized for optimized selection in electric power steering system.
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Nomenclature p : current angle, deg
Lo T, : magnetic torque, Nm
iq : winding current, A s " & q
T, : reluctant torque, Nm

ias, iy :d, q axis winding current, Apms
va, Vg d, q axis winding voltage, Vims

¥, : flux linkage of permanent magnet, Wb LMZ

7, : flux linkage of winding, Wb H AH] TFA7F AslE 1 X134 22k o) sk
Ly, Ly :d, qaxis inductance, H Q7 FA8 gFEEA A7) A5 D slo] B
R, : winding resistance, & = Ex} kel B #Alo] AET 1 9t} o]F
) : angular velocity, rad/sec 3k Z=A0 wel a7 AL o] L5l L5 A
Pn - :no. of pole pair A S Rt 2GR, YA, ASGA Sl A

A8h 74:5] o) o)A 3 gt
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Characteristic Comparison of Brushless Motor Type for EPS System
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Table 1 Basic design specifications for EPS PMSM

Table 2 Analysis conditions for simulation

Item Type 1 ‘ Type 2 ‘ Type 3 ‘ Type 4

Input current (Arms) 100
Input current pattern Sinusoidal wave
Input voltage (Vdc) 12
Modulation ratio 0.95
Control mode With/Without field weakening control
Current angle (3) range 0°~90°
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No. of pole/slot 10/12 o} Type 29} 22 AwbHQl WAy REE
Magnet material Nd-Fe-B (Br:1.27T) L/Ls2 E=07) A whebA 2] 2)ol| A < 2ol L,
0.0 phase > 1,8 Apelel w2 WelRs wast Soketel o @
Winding connection Y connection
Steel material S60 . . L

Table 3 Simulation result of characteristic parameter

Slot open (mm) 2
Tooth width (mm) 6.8 Item Type 1 | Type2 | Type 3 | Type 4
Stator dia. (mm) 86 Cogging torque (mNm) 11.6 277.8 438 432
Rotor dia. (mm) 494 50 Torque ripple (%) 25 59 19 24
Phase resistance (m<) 9.4 10.5 (@ Max. Torque)
Length (mm) 52 60 Back EMF constant 318 334 310 304
Magnet width (mm) 13 12 (Vrms/krpm)
Pole Surface offset (mm)| 10 o [ 10 | 10 Saliency ratio (Lq/Ld) 1.0 14 13 1.1
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