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Design of a Side Mirror for Passenger Vehicle Based
on Vibration Characteristics

& A} ¥ . & P
Sang-Uk Son and Kwon Son
(19984 129 299 H< : 19999 59 179 AAISE)

Key Words : Side Mirror(AF¢]E v &), Resonance Response(&2 24), Three-Dimensional Solid
Modeling (432 £2= 293), Modal Analysis(2%9 314]), Frequency Analysis(3= 3
&)

ABSTRACT

A side mirror is an important safety tool with which the driver can observe objects out of
sight. This paper presents an organized design technology for the side mirror of improved
vibration characteristics. Resonance response to forced vibration is crltlcal to observability through
the mirror to be designed. This study aims at the reduction of vibration level by the modification
of mirror structures and consequent effects are predicted by computer simulations. We used a
three-dimensional solid modeling and the modal and frequency analysis: Pro/Engineer is used as
a solid modeler: Pro/Mechanica for vibration analysis. The simulation results are compared with
those obtained in experiments to check the validity by the three-dimensional modeling. The
design technique of side mirror has been established and found to be effective in vibration
analysis of redesigned parts,
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Table 1 Components of side mirror

Part Density Young's Modulus Poisson Mass (g)
(kg/nd) (Pa) Ratio Measurement Modeling Error (%)

Base 1.71x10° 1.63x10% 0.30 220.16 225.25 2.26
Shaft 6.60x103 7.58%x10% 0.33 113.40 113.86 0.35
Spring 1.47%10* 2.06x10" 0.35 2762 47.00 7017
Frame 1.71x10° 1.63x10% 0.33 144.26 142.99 0.89
Actuator 9.41x 102 1.63x10% 0.30 119.56 119.56 0.00
Mirror 3.37x10°% 6.00x 107 0.23 112.60 112.03 0.01

704/82LSNEBSEX/A 9 A A 4 &, 19994



2348 Aol= w2 el 4

Fig. 2 Assembly modeling

Fig. 3 Meshes generated for FEM

Table 2 ’Summary of mesh generatiori

Edge Face Tetra Ela?HSﬁnt;me

Base 6002 8420 3617 130
Shaft 1054 1412 592 11
Spring 1794 2348 986 37

Frame 6578 9123 3897 80.9
Actuator 29 32 12 0.2
Mirror 807 1073 448 21
Assembly | 17116 24110 10433 420
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Table 3 Natural frequencies of experiment and simulation

Natural frequencies (Hz)

Condition

Experiment Simulation

Assembly 4721 | 6880 | 39.86 | 171.20

Mirror removed 55.00 82.46 | 43.89 | 199.20

1
2
3| A/T removed 59.99 | 97.11 | 4652 | 217.82
4 | Housing removed | 12652 | 174.14 | 76.37 | 410.05
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Table 4 Natural frequencies of modified frames

Natural frequencies [Hz]
Removal rib

1st 2nd 3rd 4th

None 2951 | 5694 | 9239 | 12177

1st horizontal rib | 2959 | 5424 | 8951 | 1164.8

2nd horizontal rib | 264.5 | 5074 | 887.0 | 11545

3rd horizontal rib 2658 | 5549 | 8219 1176.5

Vertical rib 2733 | 5129 | 9161 | 12116

All ribs 186.9 | 3709 | 6454 905.1
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Table 5 Values of design variables

Diameter of circle (a) 6.3054%10"* m

Coefficient (K) 0.2399 m

Coefficient (7 ) 1.6021x10™" m?%/N

Deflection (4r) 1.8065x107° m

Spring constant (k) 4.8146x10% N/m
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Table 6 Natural frequencies for various modulus

Young's modulus Natural frequencies (Hz)
(P) 1st 2nd
8.23x10" 1185 140.3
2.06%10" 1155 136.9
5.15x10° - 115.1 136.1
Experiment 118.9 152.5
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Fig. 12 Effects of frame modification
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Fig. 13 Effects of components attachment
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Table 7 Natural frequencies and responses for modified

frames

Removal frequI\eI?lt:‘i];:l(Hz) Responses (G)

1st 2nd 1st 2nd

None 1155 138.2 9.2 9.6

1st horizontal rib | 117.8 140.8 9.2 9.5
2nd horizontal rib| 115.7 138.0 9.3 9.6
Vertical rib 1171 1418 12.3 13.4
Outer line 116.8 144.1 99 10.2
Experiment 1189 |. 15625 11.3 15.3

i Ny
[ﬁﬂh |

(a) Model 1

(b) Model 2

Fig. 14 Improved models
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Table 8 Natural frequencies and responses of improved

models
Natural Responses (G)
fre i
Model q(u};ezr;cxes Horizontal Vertical
direction direction

1st 2nd 1st 2nd 1st 2nd

Original | 1155 | 1376 | 188 | 47 6.4 6.2

Improved 1| 110.6 | 1379 | 17.1 49 8.1 8.1

Improved 2| 1115 | 137.0 | 163 | 49 77 79
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