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Abstract : For the robust design of Motor Driven Power Steering (MDPS) systems, it is important to consider energy
efficiency from every aspect such as system configuration and current flow, etc. If design optimization is not
considered, it has many problems on a vehicle. For example, when evaluating steering test, particularly the Catch-up
test which turning the steering wheel left or right quickly, steering effort should be increased rapidly. Also a vehicle
might have poor fuel efficiency. In this study, it is calculated energy consumption for each component of the steering
system and analyzed factors of energy consumption. As a result, this paper redefines a method to estimate steering input
torque using characteristics of vehicle electric components and then conducts an analysis of contribution for the Catch-up.
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Nomenclature Subscripts
P : power consumption [W] B : battery
v : voltage [V] E :ECU
I : current [A] M : motor
R : resistance [$2] BS  :ball screw
F : rack force [N] RP  :rack & pinion gear
o) : angular velocity [rad/s] BE  :battery ~ ECU
T : torque [Nm] H : handle
C : gear ratio [m/rev] tot : total
L : ball screw lead [m/rev] u : resistance per unit length
1 : wire length [m]
K : motor torque constant 1. A-I =
i sefliency Aol ] 3] 2Elole A28 € £ A7) 2
r : reduction ratio o]2) BS Wr o g0z matal 2 o EE §S
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Fig. 4 Power supply curcuit of MDPS
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Fig. 5 MDPS wiring harness
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Fig. 6 Angular velocity vs steering wheel torque
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Table 1 Influence of variables on steering torque

Battery Wire Motor Input
voltage area current torque
Base car 13.5V 10sq 95A 10.7Nm
Car A 10.0V 10sq 95A 48.3Nm
Car B 13.5V 15sq 95A 9.0Nm
CarC 13.5V 10sq 105A 3.5Nm
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S
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o
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Battery voltage (V)

Fig. 7 Battery voltage vs steering wheel torque
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Table 2 Calculating the resistance of a wire

Resistance (m&2)
NO Base | Casel | Case2
10sq | 15sq | 10sq
1 R/TML contact resistance 1 1 1
2 | Wire resistance 1.6 1.6 1.6
3 | R/TML contact resistance 1 1 1
4 | FUSE resistance 0.45 0.45 0.45
5 | R/TML contact resistance 1 1 1
6 | Wire resistance 4.2 3.0 3.8
7 | TML contact resistance 3.6 3.6 3.6
8 TML contact resistance 3.6 3.6 3.6
9 | Wire resistance 2.2 1.5 1.7
10 | TML contact resistance 1 1 1
Total resistance 19.5 17.7 18.7
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Fig. 8 Section area of wire vs steering wheel torque
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