o

2AZAUSFEG] 19979 T EHESENSE=FE, pp. 336 ~ 342.

e L I DI EE
A7 A B A7

.

3 AR x® A3

gkt o] 9] SR ¥ Pk

?
*»
ul
oy

L=}
e

A

A study on the vibration analysis of automobile steering

system and improvement of ride comfort

Kim Chan-Mook, Yim Hong—]ae,OKim Do-Youn, Lim Seung-Man
Lee Wea—Soon, Cho Hang-Won

ABSTRACT

In this paper, in order to analyze dynamic characteristics of automobile steering system consisting
of many components, natural frequencies and transfer functions of each component and total
system are found on FFT by experiments. Then, the data are transmitted to commercial package
program, CADA-PC. By analyzing the data, the mode shape of each natural frequency and dampin
g values are obtained. Also, the function of rubber coupling in column and telescoping effects
on system are considered. C.A.E commercial programs are used to compare with the results of experime
nts. For finite element modeling, I-DEAS is used. Data processing and post processing are oper
ated on NASTRAN and XL, respectively. The ball-bearing and the linkage of shaft with co
lumn 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.2. photo of steering system
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Fig.3. block diagram of experiment set-up

(a)33.1 Hz (b)63.5 Hz

(c)121.4 Hz (d)149.6 Hz
Fig.5. mode shape of steering wheel by
CADA-PC

|

(a)215.2 Hz (b) 314.8 Hz
Fig.6. rubber coupling effects
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(a) 34.8 Hz (b)215.2 Hz

(c)314.8 Hz (d)438.9 Hz
Fig.7. mode shape of steering column

by CADA-PC

(a)23.3 Hz

(c)108.6 Hz (d)181.8 Hz
Fig.8.mode shape of total steering system
by CADA-PC.
table.l. frequency comparison by length

4ol :
P longest | middle | shortest

1 35 33 31
2 216 235 253
3 317 336 381

IC.AE
377

test
1 331 | y& 49 12 v ER
2 642 | 635 x%F F49 14 w3
3 1123.7,121.4 x%F F49 224 ¥%
4 1154.2}151.1 v 549 33 #3

| SRS G J—

mode shape

table.2. analysis and test results of wheel.

(a)37.7 Hz (b)64.2 Hz
Fig 9.mode shape of wheel by analysis.

table.3. analysis and test results of column

C.AE| test mode-shape '
1349 | 348 z% W3 1A 73§
2 122452152 z% W3 22 73]
3 1299.2|314.8 z5 W 33 99
4 | 410 | 438.9 x%F T4 1A 954
T
-// o
L e P
’ i
Fex
(a)34.9 Hz (b)299.2 Hz

Fig.10.mode shape of column by analysis.

table.4. analysis and test results of total system

C.AE| test mode-shape
11245 | 233 |£x 43 wheel HALE
2| 65 | 601 |89 1AFY & F4)
31109 | 1086 |82 1AM EE F 4
4 117481818 | &€ 9 12 ¥ EF ¥HF)

A

i, L.,

(a)65 Hz (b)174.8 Hz
Fig.11.mode shape of total system by analysis.
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