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A Study on the Vibration Analysis of an Automobile Steering System
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ABSTRACT

In this paper, in order to analyze dynamic characteristics of an automobile steering
system consisting of many components, natural frequencies and transfer functions of each
component and the total system are found on a FFT analyzer by experiments. Then, the
data are transmitted to a commercial package program, CADA-PC. By analyzing the
data, the mode shape of each natural frequency and damping values are obtained. Also,
the function of a rubber coupling in column and telescoping effects on system are
considered. C.A.E commercial programs are used to compare with the results of
experiments. For the finite element modeling, I-DEAS is used. Data processing and post
processing are operated on NASTRAN and XL, respectively. The ball-bearing and the
linkage of shaft with column are modeled by spring element. Stiffness is modified from the
results of experiments. The results of those show close agreement. In the mode shape of
total system, wheel mode is dominant at lower frequency, while the column mode is main
mode at higher. The role of rubber coupling in vibration isolation is clear on mode shape.
Telescoping function makes natural frequency of column changed.
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Fig. 4 Mode shape of steering wheel by CADA-PC
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Fig. 5 Rubber coupling effects
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Fig. 6 Mode shape of steering column by CADA-PC
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(a) 233 Hz (b) 60.1 Hz

(c) 108.6 Hz (d) 181.8 Hz

Positions: 1. Bracket 2. Motor 3. Coupling
Fig. 7 Mode shape of total steering system by CADA-PC
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Table 1 Frequency comparison by length [Hz]

Length
Longest Middle Shortest
Mode
1 31 33 35
2 216 235 253
317 336 381
S 9= 23 HAFFI} o]E Yonz & IF
o glee ¢+ A
5. AxsllA mF|xlo] ofF FSHA
51 Afglojgd &

2€lolg &2 FY(ring), =¥ 3 (spoke), 3 E
(hub) 2 AAEZ #A3xn Y& FHE2R FAH
dct. Y3 YL FF ¥ 8942 2dd Y1,
2¥3e ALY FAH ¥ 842, F4AFY
FHe thle e A 24248 2474 zddy
ARl sHE AFo] g FERT 4Fs 2
B2 A AWE FAE ey 14 st 3
Z A% 2424 2ddy Yo fHEHE FES
AAHez rdy 7|7t oA S2R JF A
842 A FAF ARNS 1Y F AEFH
3t

52 ~Elo|g ZH

2% 9 ¥4E 7R 4¥e AFoy Y
PxP 2729 ¥ 84z 299 dyen, ZH
53 2o RyHo] REL IF AF 848 A
23ld Gl 2dy Gy, E &2
&% B Wy A5 AY 842 2dd 3}
dom Axy 845 AL FAHAERE FUAD.

53 AE|0|Y AIZE

€)Y AZEE F42 ® ¥ 848 A83
o d@RigYe ol 2dl . A2y=2%
WA E BEL AXE QA4F AMSSlY 1 9%

& bty ot 724 avte nesA FTh

5.4 AlAEIO] e

A3z Ye BEZ A7= Jen & Wy
PR g golFEm UwA T oddel 3R
zo] 1 e =YY FUTh YUY AZES

Table 2 Stiffness of each joint

Stiffness
Joint component (K: N/mm
R:N:mm/rad)
Kx 55E+4
Ky 55E+4
Bolt
Ry 1.0E+7
Ry 1.0E+7
Kx 745E+7
Ky 7A45E+7
Ball bearing
(KB) KZ 5.5E+7
Ry 50E+7
Ry 3.0E+7
Kx 1.0E+7
Ky 1.0E+7
Ball bearing
Ry 1.0E+7
Ry 1.0E+7
KX 1.0E+7
Rubber Ky LOE+7
coupling K, 1.0E+7
(KD Ry 5.0E+6
Ry 50E+6
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Table 3 Analysis and test results of wheel
[Hz]

C.AE| Test Mode shape

37.7 | 33.1 | 1st torsion about y axle

64.2 | 63.5 | 1st bending about x axle

123.7 | 121.4 | 2nd bending about x axle

o= lw o =

154.2 | 151.1 | 3rd bending about y axle

(a) 37.7 Hz

Table 4 Analysis and test results of column

[(Hz]
C.A.E| Test Mode shape
1| 245 | 23.3 | wheel translation to x axle
2 65 60.1 | 1st bending of wheel
3| 109 |108.6] 1st torsion of wheel
4] 174.8 | 181.8 | 1st bending of column
e
-

(b) 64.2 Hz

Fig. 8 Mode shape of wheel by analysis

(a) 245 Hz

(b) 174.8 Hz

Positions: 1. Bracket 2. Motor 3. Coupling

Fig. 9 Mode shape of column by analysis

2€l0jg ZYPI AZEE AFPA EEId
M ¢ U7 W] AVl z =73 FH
2z 2dagg o AFANE FP3Jon, 48

& HEAQ AFF S HAFo.

6.2 AEjojE AU o APZES ZF

502 /32 LSS SEHEX/A 8 A A 3 F, 1998d



&3 2Elolg 2R Al2"9 AFAHNA AT A7

(a) 65 Hz

Positions :

e

(b) 174.8 Hz

1. Bolt joint 2. Upper ball-bearing 3. Lower ball-bearing 4. Coupling

Fig. 10 Mode shape of total system by analysis

Table 5 Analysis and test results of total
system [Hz]

C.AE| Test Mode shape
1 34.9 34.8 1st bending to z axle
2 | 2245 | 2152 2nd bending to z axle
3| 299.2 | 3148 3rd bending to z axle
4 410 438.9 | 1st torsion about x axle
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