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Efficiency Improvement Design of Concentrated Flux Type Synchronous
Motor for Brake Considering Stiffness

Jae-Ung Lee © Young-Hoon Jung - Jung-Pyo Hong

Department of Automotive Engineering, Hanyang University, 222, Wangsimni-ro, Seongdong-gu, Seoul 133-791, Korea

Abstract : Recently, as electrification of vehicle components is done by vehicle companies, motors of automotive have
become more important. Currently, electric motors used in automotive parts use rare earth magnets because of their
limited power density and size. Non-rare earth magnet motors should be studied since the price of rare earth magnets can
change rapidly in accordance with international circumstances. This paper presents the process of efficiency
improvement considering stiffness stability of the rotor structure for Concentrated Flux type Synchronous
Motor(CFSM).
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Table 1 A5 TE AE7] 712 L ALY

Parameter Unit Value
Pole/Slot 10/12
Airgap mm Over 0.5
Base Speed rpm 3,300
Target Torque @3,300rpm Nm 15
Maximum Speed rpm 7,000
Efficiency @3,300rpm % 92.8
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Table 3 Orthogonal array table-4 variables, 3 levels

X1 X2 X3 X4
CASE1 0 0 0 0
CASE2 1 1 1 1
CASE3 2 2 2 2
CASF4 0 0 1 2
CASE5 1 1 2 0
CASE6 2 2 0 1
CASE7 0 1 0 2
CASES 1 2 1 0
CASE9 2 0 2 1
CASE10 0 2 2 0
CASEl11 1 0 0 1
CASE12 2 1 1 2
CASEI13 0 1 2 1
CASE14 1 2 0 2
CASE15 2 0 1 0
CASEl6 0 2 1 1
CASE17 1 0 2 2
CASEI18 2 1 0 0
Table 4 Design range for DOE
A7 W 0 1 2
LB 7 (X1)[mm] 01 | 02 | 03
tip 2 ©] (X2)[mm] 0.1 0.2 0.3

PM 77| (X3)[mm] 5.5 6 6.5
2.3 FA (X4)[mm)] 1 2 3
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Table 5.1 p-value of Efficiency thorough design parameters

AA W p-value
LB F7I(X1) 0.0928
tip 4 °] (X2) 0.1718
PM 77 (X3) 0.0019

23 A (X4) 0.9196
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Table 5.2 p-value of Maximum stress on rotor of CFSM
thorough design parameters

AA WA p-value
LB F7I(X1) 0.0001
tip 4 °] (X2) 0.0430
PM 77| (X3) 0.4520

2.3 FA (X4) 0.9530

N

Maximum stress on rotor of CFSM
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Table6 7|2 2dl W yjH vl £ 2 Hof) &4 vl

Efficiency(%) | tip -5 = (MPa) Leikage bypass
= @3,300rpm | (@7,000rpm S HMPa)
’ ’ @7,000rpm
7|2 wd 92.8 54.546 32.962
7N B 93.45 82.265 132.75
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