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Abstract

The design process of the motor driven tilt/telescopic steering column is established by axiomatic
design approach in conceptual design stage. By selecting independent design variables for improving
performance of the steering system, each detailed design can be carried out independently. In the
detailed design, the safety in crash environment and vibration reduction are considered. An occupant
analysis code SAFE(Safety Analysis For occupant crash Environment) is utilized to simulate the body
block test. Segments, contact ellipsoids and spring-damper elements are used to model the steering
column in SAFE. The model is verified by the result of the body block test. After the model is
validated, the energy absorbing components are designed using an orthogonal array. Occupant analyses
are performed for the cases of the orthogonal array. Final design is determined for the minimum
occupant injury. For vibrational analysis, a finite element model of the steering column is defined for
the modal analysis. The model is validated by the vibration experiment. Size and shape variables are
selected for the optimization process. An optimization is conducted to minimize the weight subjected to

various constraints
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Table 1 Design variables and levels

Level
2 3 4 5
D.V.
S3 0.93 1.00 1.07 1.15
S6 0.93 1.00 1.07 1.15
S1i 0.93 1.00 1.07 1.15
S12 0.93 1.00 1.07 1.15

Table 2 The orthogonal array for the minimization
of chest injury

No Design variable Impact load
" | s3 | s6 | s11 | si2 | (Normalized)
2 1 2 2 2 0.9789
3 1 3 3 3 0.9948
) 1 4 4 4 1.0112
5 1 5 5 5 1.0210
6 2 1 2 3 0.9689
7 2 2 3 4 1.0048
8 2 3 4 5 1.0229
9 2 4 5 1 0.9592
10 2 5 1 2 0.9857
11 3 1 3 5 1.0282
12 3 2 4 1 0.9630
13 3 3 5 2 0.9988
14 3 4 1 3 0.9934
15 3 5 2 4 1.0104
16 4 1 4 2 1.0008
17 4 2 5 3 0.9891
18 4 3 ] 4 1.0024
19 4 4 2 5 1.0169
20 4 5 3 1 0.9877
21 5 1 5 4 1.0248
2 5 2 1 5 1.0153
3 5 3 2 1 0.9859
24 5 4 3 2 1.0110
25 5 5 4 3 1.0140

Table 3 Analysis of body block loads

evel
1 2 3 4 5
D.V.
S3 4.9938 | 4.9969 | 5.0510
S6 5.0048 | 49917 | 5.0188
Si1 5.0265 | 5.0119 | 4.9929
S12 49602 | 5.0536 | 5.1043
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Table 4 Design variables and levels in large range
of scale factor

evel

D.V.
S3
S6

1

Table 5 The orthogonal array for the minimization

of chest injury

No Design variable Impact .load
) S3 S6 si1 | s12 |(Normalized)
1 1 1 1 1 0.9697
2 1 2 2 2 0.8968
3 1 3 3 3 0.8770
4 1 4 4 4 0.9543
5 1 5 5 S 0.9963
6 2 1 2 3 0.8669
7 2 2 3 4 0.9350
8 2 3 4 5 0.9884
9 2 4 5 1 0.002
11 3 1 3 5 0.9708
12 3 2 4 1 0.8983
13 3 3 5 2 0.9126
14 3 4 1 3 0.8862
15 3 5 2 4 0.9618
16 4 1 4 2 0.9074
17 4 2 5 3 0.9267
18 4 3 1 4 0.9539
19 4 4 2 5 1.0123
20 4 5 3 1 0.8929
21 5 1 5 4 1.0177
22 S 2 1 5 1.0079
23 5 3 2 1 0.8839
24 5 4 3 2 0.9056
25 5 5 4 3 0.9969
Table 6 One-way table for impact load in large
range of scale factor
1 4 5
S3 4.6941 4.6932 | 4.8120
S6 4.7325 4.6586 | 4.6978
S11 | 4.6676 4.7453 | 4.7535
S12 | 4.5450 4.8227 | 4.9757

Impact Load

0 1023 40 392 & 0D

Tire(rrsec)

Fig. 5 Comparison of impact load in orthogonal

array with one in initial design
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Table 7 Results of the modal testing and the
modal analysis

Modal testing | Modal analysis
1st natural .
frequency 25 Hz 25 Hz
2nd natural
frequency 90 Hz 110 Hz
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Table 8 Design variables for the optimization
process

Design variable

size .
imizati tilt-tube, tilt-bracket, main-bracket,
optimization
P . base-bracket, housing,
SN (thickness
R &t}:;‘ £ plate) motor-bracket, column-out
o, of plate
‘Q“’g&i‘ p
{{;, 7 shape housing, main-bracket,

L5
5
-~
pZ

optimization | spline shaft male

/ LS
24)
/, / XF
S /’
/\‘t &
0.
S
SR
%
ZH

Table 9 Results of the optimization process for
objective and constraints

Fig. 6 Finite element model of the motor driven .
. . . . Test Optimization
tilt/telescopic ~ steering  column  using -
FEMB/GENESIS Weight 10 Kg 11.1 Kg
1st natural freq. 31.0 Hz 30.0 Hz

Table 10 Results of the optimization process for

design variables (Unit : mm)

D.V. Analysis |Optimization| Remark
tilt-tube 2.00 4.00 increase
tilt-bracket 5.50 7.50 decrease
main-bracket

(part 1) 10.0 12.5 increase

(part 2) 6.00 8.00 increase

(part 3) 7.50 7.00 decrease

(part 4) 6.00 9.50 increase
base-bracket 4.50 4.50 no change
housing

(part 1) 6.00 6.50 increase

(part 2) 9.00 10.0 increase

(part 3) 6.00 10.0 increase

(part 4) 8.00 16.1 increase
column-out 2.25 2.50 increase
motor-bracket 8.00 10.0 increase
steering shaft

(part 1) 2.00 2.50 increase

Fig. 7 Results of the shape optimization (part 2)}  3.50 4.00 increase
(part 3) 5.15 5.00 decrease
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Fig. 8 Results of the harmonic analysis
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Fig. 9 Prototype of the motor driven tilt/telescopic
steering column
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