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ABSTRACT

Recently the trend of automobile industry is thaBl€valuation index against a sensitivity qualitynisreasing. To reduce
rattle noise due to speaker sound at low frequentties required the advanced investigation ohekage tray panel and a door
module panel. This paper optimized the design petars of package tray panel according to the thieatdackground about
robust design and suggested the design guidelinereffonance avoidance and the reduction of vibratigensitivity
considering the excitation frequency of woofer gealn addition, it is suggested the design gumgedf a door module panel
through the sensitivity analysis in case of theakpe excitation. Finally, the design factor anaysi the quality deviation of a
mother-car will make it possible to guarantee thabls characteristics of vehicle vibration in tharlg stage of vehicle
development. These improvements can lead to shiogi¢ime time needed to develop better vehicles.
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Fig.1 The Audio System of the Passenger Car
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Fig.2 The 1st Cavity Mode of Mid-size Vehicle
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Fig.3 'V’ Flow Chart of Analysis Process
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(a) FRF Curve of Speaker
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Fig.4 The Modal Analysis of Speaker System
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(b) The condition of excitation and response

Fig.5 The detail model of package tray center panel
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Fig.6 The analysis result of panel stiffness
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Table 1 The control factors of package tray panel

Control Factor Level 1 Level 2 Level 3
A Mounting Point of Woofer 2 4 4
B | Form Height of Panel (mm) 0 5 20
C Panel Thickness (mm) 0.6 0.7 0.8
D | Reinf Thickness (mm) 0.6 0.8 1.4
E | Form Height of Reinf (mm) 0 10 20
F Height of Curved Surface (mm) 0 10 30
G Welding Pitch (mm) 60 30 15
H | Joint Condition of Rear Member Front Rear Bulk Head
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Table 2 Orthogonal array layout of ik (2'X3"] type

A B C D E F G H Inertance

He 1 2 3 4 5 3 7 8 NI N2 S/ Ratio e

1 1 1 1 1 1 1 1 1 99.599 | 106279 -40.3431 103933
2 1 1 2 2 2 2 2 2 91.048 93,304 -38.6787 96,176
3 1 1 3 3 3 3 3 3 74.266 93.016 -38.5021 83,6355
4 1 2 1 1 2 2 &) &) 93.908 105.46 -35.8871 99.684
5 1 2 2 2 3 3 1 1 82.45 98.005 -39.1389 90,2275
5] 1 2 3 3 1 1 2 2 91.622 | 1065617 -38.9433 58.0695
7 1 3 1 2 1 3 2 3 92.662 | 105,952 -39.959 99.307
g 1 3 2 3 2 1 3 1 85.455 95,379 -338.13381 90.417
q 1 3 3 1 3 2 1 2 81.043 98.143 -39.0848 89,693
10 2 1 1 3 3 2 2 1 101,416 [ 106,445 -40,3374 1039308
" 2 1 2 1 1 3 &) 2 101.32 | 107.857 -40.3333 1045885
12 2 1 3 2 2 1 1 3 97.407 | 105.979 -40.1535 101.683
13 2 2 1 2 3 1 3 2 88,52 93,783 -38.4321 84,1615
14 2 2 2 3 1 2 1 3 68.018 99,783 -39.4704 93.9005
15 2 2 3 1 2 3 2 1 94.419 96.263 -39.586 95.341
18 2 3 1 3 2 3 1 2 B8.233 74,449 -37.0753 71,3435
7 2 3 2 1 3 1 2 3 86.113 93.387 -39.0663 89,735
18 2 3 &) 2 1 2 &) 1 7112 78.935 -37.7351 77.0235
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Fig.7 The graph of analysis result
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Table 3 The level of optimization result

A B @ 8] E F G H
CURRENT 4 2 2 4 2 2 2 2
OPTIMIZATION 2 3 3 3 2 3 3 2
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Fig.8 The effect of design optimization result
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4.2 Door System
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Table 4 Lay out effect of door system

& (mm) 310 | 330 | 350 | 370 | 390
Displacement | o1 o | 594 | 562 | 52.2 | 47.7
{mm)
B (mm) 910 | 930 | %50 | 970 | 990
Displacement | 15 | e3s | 562 | 58:6 | 61.0
{mm)
C (degree) 0 1 2 3 4
Displacement | oo o | gas | 202 | 111 | 6.48
{mm}
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Fig.12 The design modification of panel
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