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Abstract : BSR(Buzz, Squeak, Rattle) noise is a quantitative characteristic of automobiles caused by clearance and relative
motion of parts. It is difficult to predict beforehand since this BSR problem occurred at the completion stage of product
development, resulting in heavy cost of the design process. The aim of this study is to develop a method of predicting BSR
noise during the design process through numerical analysis. This study suggests the method of reducing noise by studying the
characteristics of relative motion among parts. Numerically, the time integration method is very effective in locating the
source of BSR noise. Likewise, this simulation, which is based on BSR analysis, can be used to analyze the mechanism of
noise production between contact parts. Hence, it can be used to improve noise performance efficiently.

Key words : BSR(Buzz, Squeak, Rattle, ©]-5), PSD(3}9] 2~ EZ1 ¥ &), FRF(F=3}~-8-2 <), Random excitation($3
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Analysis structure
and BSR test method
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Fig. 1 Procedure of numerical simulation for a BSR model
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Table 1 Material properties

Voune
. Density oung s Thickness
Module |  Part Material 5. | modulus
[kg/m’] [mm]
[GPa]
Rail | A7021-T7 | 2.58¢6 | 74.6 45
Upper rail | SPFC780Y | 7.83e6 | 200 2.3
Rail |Lower rail| SPFC780Y | 7.83¢6 | 200 23
Bearing | SPFC780Y | 7.88¢6 | 210 6.0
Roller | SPHC-P |835¢6| 200 3.0
UPPer | qprcosoy | 7.88¢6 | 200 2.0
plate
Lo
W | SPFH780-P | 7.91e6 | 200 26
plate
Rotation Retai
ctamer
ball Nylon6 | 7.40e6 24 7.5
Damper | PA6 | 8.00e6 | 2.4 152
Ring gear [SNCM22MA | 7.85¢6 | 190 4.0
Back side | SAPH590 | 6.80e6 | 200 1.0
Back top | SAPHS90 | 6.90e6 | 200 1.0
Seat hi
Cushion | o rc780DP | 7.87¢6 | 205 14
frame base
Cushi
WSO 1 opRC440 [ 4.76e6 | 200 0.6
panel

Back top

Back side

Cushion panel

Cushion base
Seat frame

Retainer ball

Upper plate

Rotation
module

N

(a) Right view

(b) Top view

Fig. 3 Boundary condition, “o0” denotes fixed point

7l Z 2912 Fig. 400 YePT 2bg =8 Fofl A8
HE ES Ao R FAske] ALgske Aol
tlo]ElE PSD= W #ksto] F=aka= Tu|Q] 3 el 2] Random

8 A 47wt oin

PSD Profiles

—— Fore-Aft
= = Lateral |
-------- Vertical

log (PSD) [¢*/Hz]
L o

0 20 40 60 80 100
Frequency [Hz]

Fig. 4 Profiles of random excitation
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Fig. 5 Mode shape of the basic model
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Fig. 6 Result of acceleration response to the basic model
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Fig. 9 Operational deflection shapes for experiment model
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Fig. 12 Mode shape of the modification model

Table 2 Max. Acceleration level according to the excitation direction

Max. VAL (dB)
Type Random excitation test
Direction of excitation X Y zZ Error
Unit dB dB dB % (mean)
| Experiment | 146.35 | 140.23 | 125.97 0.8
Analysis | 146.08 | 141.58 | 124.32
) Experiment | 141.02 | 132.94 | 123.23 L6l
Analysis | 140.89 | 138.84 | 122.85
Experiment | 121.62 | 117.77 | 122.68
Point 3 Analysis | 127.67 | 131.68 | 121.36 >9
4 Experiment | 117.64 | 117.98 | 122.44 27
Analysis | 118.06 | 125.69 | 120.89
5 Experiment | 122.83 | 123.32 | 121.51 447
Analysis | 127.41 | 130.89 | 125.82
6 Experiment | 119.07 | 120.72 | 121.32 555
Analysis | 115.39 | 124.73 | 122.82

X: Fore-Aft, Y: Lateral, Z: Vertial
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Table 3 Max. Frequency according to the excitation direction

Max. Frequency (Hz)

Type Random excitation test
Direction of excitation X Y V4 Error
Unit Hz Hz Hz | % (mean)
| Experiment | 15.00 | 13.50 | 17.00 404

Analysis | 16.00 | 14.00 | 16.70

) Experiment | 16.50 | 13.50 | 16.50 2 65
Analysis | 16.00 | 14.00 | 16.70 '

Experiment | 15.50 | 10.00 | 17.00
3 14.99
Analysis | 16.00 | 14.00 | 16.70

Point -
Experiment | 15.50 | 10.00 | 17.00
4 - 14.99
Analysis | 16.00 | 14.00 | 16.70

5 Experiment | 15.00 | 26.00 | 17.00 1819
Analysis 16.00 | 14.00 | 16.70 '

6 Experiment | 15.50 | 15.00 | 17.00 388
Analysis | 16.00 | 14.00 | 16.70 '

X: Fore-Aft, Y: Lateral, Z: Vertical
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Fig. 13 Result of acceleration response to the modification model
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A Study on Design Method for BSR Noise Reduction Based on Simulation of Vehicle Seat
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Table 4 Result of BSR analysis

Part Max. Contact force [N] | Duration time [ms]
Vertical roller 367.09 5~120
Retainer ball 16.38 5~75

Motor gear 126.77 5~35
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