Journal of Sensor Science and Technology
Vol. 27, No. 2 (2018) pp. 126-131
http://dx.doi.org/10.5369/JSST.2018.27.2.126
pISSN 1225-5475/eISSN 2093-7563

Motor-Driven Power Steering Al

R

Analysis of Vibration Noise Spectrum in Motor-Driven Power Steering System
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Abstract

Unlike the hydraulic power steering (HPS) system, which operates by the high pressure of a fluid obtained from the engine power,
the motor-driven power steering (MDPS) system uses an electric motor to steer the wheel without consuming engine power. To steer
the wheel with an electric motor, a worm wheel and a worm gear rotating between the steering shaft and motor are required. Any imper-
fection during the construction of an MDPS system or in a composing part creates noise and vibration, which can be sensed by a driver.
To solve the noise and vibration problems, each part must be designed to not resonate with other parts. In this work, we developed the
measurement and analysis systems to obtain the noise and the vibration of an automobile MDPS system. A signal analyzer was
equipped with a 96 kHz, 24-bit ADC and a 150 MHz digital signal processor. The predetermined threshold value of the vibration in
the MDPS system was used to determine the pass/fail, and the results were displayed on the screen. Our system can be used in the fab-
rication line to swiftly determine any imperfections in the MDPS system construction.
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ADC
2ch, 24bit ICP sensor input

Filtering circuit

POWER

220V AC Input
18VDC, 5VDC, 3.3VDC

1ch 16bit sensor input output
DSP(TMS320F28335) INTERFACE
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512Kbyte Flash

Fig. 1. Hardware block diagram of the vibration noise signal ana-
lyzer.
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Fig. 2. PCB layout and the inside look of the vibration noise signal
analyzer
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Fig. 3. Main front panel displaying the frequency spectrum, real time
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Fig. 4. Picture of the MDPS showing the motor and the column.

Table 1. Combination of the test samples.

- tgfl"mn A-OKI A-OK2 ANGlI ANG2 S-OKl
OK1 1 2 3 4 5
OK2 6 7 8 9 10
OK3 1 12 13 14 15
OK4 16 17 18 19 20
OK5 21 2 23 24 25
OK6 26 27 28 29 30
NGI 31 2 33 34 35
NG2 36 37 38 39 40
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Fig. 5. Picture showing the position of the accelerometer attached to
the motor and the column. The sensor direction was toward
X-axis which is perpendicular to the gravitation and the rota-
tion axis.
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Fig. 6. Vibration signals from the acceleration sensor attached to the
good motor part of the MDPS system constructed with var-
ious columns.
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Fig. 7. FFT frequency spectrum from the acceleration sensor
attached to the good motor part of the MDPS system con-
structed with various columns.
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Fig. 8. An enlarged view of the FFT frequency spectrum of Fig. 7.
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Fig. 10. FFT frequency spectrum from the acceleration sensor
attached to the column part of the MDPS system con-
structed with various columns.
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Table 2. Results of the manual test by a trained expert. Reds are the
misjudged cases.

W A-OKI A-OK2 ANGI ANG2 S-OKI
motor

OK1 NG

OK2 OK

OK3 NG

OK NG OK

OK4 NG

OK5 NG

OK6 OK

NG1 NG NG NG NG NG

NG2 NG NG NG NG NG

Table 3. Results with our analysis system. No misjudged cases were

reported.

\w“ A-OKI A-OK2 ANGI ANG2 S-OKI
motor

OK1 NG NG

OK2 NG NG

OK3 NG NG

OK OK

OK4 NG NG

OK5 NG NG

OK6 NG NG

NG1 NG NG NG NG NG

NG2 NG NG NG NG NG
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