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Abstract : EPS(Electric Power Steering), whose merits include fuel efficiency, driver's convenience, environmental-
friendliness, and reliable maintenance, has continuously evolved to achieve high power, low friction, noise, and ripple. The
motor embedded in EPS accounts for a major portion of the required characteristics. Hence, many studies on EPS and motors
have been conducted and are ongoing. Steering systems should satisfy global regulations, especially UN R79 for type
approval prior to manufacture and sale. This paper focuses on motor failure cases, consequently resulting in braking torque.
For the theoretical explanation, mathematical models were derived, and a simulation program was developed to apply to
various expected projects. Simulation results under various operational environments in which EPS was applied were verified
through measurements and experiment results. Based on this study, the developing system can be analyzed to satisfy the UN
regulation in terms of braking torque at the early stage of development, and may choose a dual wound motor to lower the
braking torque, if required.
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Nomenclature L.LME

L : inductance of motor, H (Henry) EPS(Electric Power Steering) A|2~81-& -7} #H o]A]

1 : current of motor, A (Ampere) AE, AR TS Y, A RFANA FAL 7 &

K. : B-EMF constant, Vjn i * s/rad =8 ALA 7% 3 A AIE s &Aoo

Ny umber of poles 2 QAT B3 Aok A2 AEFBA) S5} A

Ak m, AH A, A AEE, A w7 E e

Subscripts A5 % 22875 (ACSF, Automatically Commanded

d - d(direct) axis Steering Function) -3 ©] & @ 5} EPS A]2~H]-> ADAS

q : q(quadrature) axis (Advanced Driver Assistance System)2} H7| 2241017}

a : a phase of motor 3 phases H 2ol wep ko] Jeto] Fhashs tial

b : b phase of motor 3 phases AzpA|o) 2] A28 o] 7]50] FrlekaL ol wet 7]

c : ¢ phase of motor 3 phases s Astebr] flal PldHE Alagle s vl
H A
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2.1 Braking Torque
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where Tp : Braking Torque, Nm

&3t A S (Circulating Current)
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Fig. 1 Circuit for phase-to-neutral short
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Fig. 4 Normal & failure operation
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Fig. 5 Braking torque result for single wound motor
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Ph to Neutral Short (x1) Phase to Phase Short

Fig. 6 C-EPS(Column type electric power steering) system
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Fig. 7 Braking torque result for single wound motor in
C-EPS
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Fig. 10 Braking torque result for dual wound motor in
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Fig. 11 Braking torque result w.r.t contact resistance

Table 1 Contact resistance of motor leadframe

Test Condition Resistance Unit Ratio
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Table 2 Contact resistance w.r.t water immersion

Test Condition Resistance Unit Ratio
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City Water =15 kQ 187,500
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