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Robust Optimization of the Automobile Rearview Mirror for Vibration Reduction
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ABSTRACT

An auntomobile ouside rearview mirror system has been analyzed and designed to reduce
vibration with a finite element model. Modal analysis is conducted for the calculation of
natural frequencies. Harmonic analysis is utilized (o estimate the displacements of the glass
surface under dynamic loads. The model is verificd with the vibration experiment for the parts
and the assembled body.

The structure of the mirror sysiem is optimized for the robustness defined by the Taguchi
concept. At first, many potential design variables are defined. Final design variables are
selected based on the amount of confribution on the objective function. That is, sensitive
variables arc chosen. The SN ratio in the Taguchi method is replaced by an objective function
with the mean and the standard deviation of the quality characteristic. The defined objective
function 1s appropriate in the structural design in that the vibration displacements are minimized
while the robustness is improved.

Fa7]w-89 : Rearview Mirror (%A}7), Robust Design (77 4 A)), Taguchi method (T332

A1), Analysis of variance (&4kF41), Additivity (7}AFA)
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Fig.1 Rearview mirror for passenger side
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Table 1 Levels of design variables

Design variable (107 m®)
Level
A B C
1 5.806 1.935 4516
5.161 1.290 3.871
3 4516 0.645 3.226

Table 2 Levels of variations of design variables

Design variable (10™ m®)
Level
A B C
1 A +6452 | B+6452 | C + 6452
2 A B C
3 A-6452 | B-6452 | C ~ 6.4524J
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Table 3 Optimal levels and values for each case

C Optimal Freq. Dev.

se

& levels (Hz) (Hz)

0 |Current | A2B2.C2 | 2520.98 751

1 Freq. | A3,B3,Cl1 | 2641.51 624
Dev, A3B1,Cl | 25623.02 493

2 Freq. A3C1 2580.23 510
Dev. A3C1" | 2580.23 5.10

Table 4 ANOVA Table for the first frequency

Factor |D.O.F Sum of Mean Square
Squares

A 2 14759.73 7379.87

B 2 3428.66 1714.33

C 2 36450.82 18225.41
Error 0 0 -
Total 6 54639.21 9061.5
Error | (2) (3428.66) (1714.33)
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Table 5 Vanable definition of rearview mirror

e
<

Parts Definition

Young's modulus and density
Neck thickness

Bottom plate thickness

Rib effect

Plate thickness

Spring stiffness between

Frame

Shaft | frame and shaft

Radius of the spring

Young's modulus and density

Housing material density

Housing| Frame and housing
connection

Glass material density
Glass &| Glass plate thickness
holder

[=[=] < |- m|o| = | olo|wl»

Spring between frame and

2

glass
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Table6 Factors and levels of rearview mirror

Level/ Level 1 Level 2 Level 3
Factor
A E-=1 E = 8312 | E = 36.209
p =1 o = 1626 | p = 2598
B 1 3 5
C 1 5 9
Horizontal . .
D ] No change | Vertical rib
rib
E 1 3 5
F E =1 E = 2 E-=3
G 1 1.28 1.55
H E =1 E =282 | E = 4652
e =1 p =243 | p = 3871
1 1 2675 435
Expand up Expand up,
J No change down,
and down .
outside
K 1 1.25 15
L 1 3 5
1 { right )| No change | 2 ( Both )
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Table 7 ANOVA Table for displacements (10%)

Factor | D.OF. Sum of Mean Square
squares
Ax 2 9.053 4526
B 2 1.484 0.742
C 2 2.273 1.136
D 2 3.099 1.549
Ex 2 1551 7.759
F 2 6.465 3.232
G 2 5.404 2.702
H= 2 9.213 4.606
1 2 0.771 0.385
I* 2 13.80 6.904
K 2 4.047 2.023
L 2 2.385 1.192
M 2 4.072 2.036
Error - 0 0
Total 26 77.597 2.985
(Error)| (18) (30.004) (1.667)
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