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Analysis and optimization of vibration problem of plastic rest pedal of an off-road vehicle
TU Qing,DENG Lei, SHEN Yifang
(Jiangling Motors Corporation Limited Company, Nanchang 330200, China)

Abstract : Aiming at the problem that the moderate volume of the speaker of an off-road vehicle will cause the vibration and
numbness of the driver’s left foot plastic rest pedal, the analysis and optimization research were carried out. Firstly, vibration accel-
eration sensors were placed on the plastic pedal to obtain vibration test curves. The primary problem frequencies of 250 Hz and 320
Hz were identified. The vibration transmission paths of the pedal were analyzed, and both the exterior panel beneath the A-pillar and
the vehicle floor were inspected. The analysis results show that neither of these are the main vibration transmission paths. Next,
modal testing and analysis were conducted on the plastic rest pedal. The modal frequency response curve revealed significant peaks
at 251.6 Hz and 319.1 Hz, which coincided with the problem frequencies. The comprehensive test analysis results indicate that the
primary cause of the issue is the pedal's weak structure and high vibration sensitivity. Then the finite element model of the interior
body was established and the modal analysis is carried out. The error between the analysis results and the test results is within 5%.
At the same time, the vibration transfer function from the speaker to the plastic pedal was established to analyze the working condi-
tions. The simulation results are consistent with the test results. Finally, topological optimization was performed with the pedal's
vibration transfer function as the target. The optimized pedal vibration showed the significant reduction in vibration transfer sensitivi-
ty. Prototype parts were fabricated for real vehicle testing, and the results demonstrate that reducing the sensitivity of the pedal vibra-
tion transfer function significantly improves the vibration issue. This research method provides reference for optimizing similar
issues in other vehicles.

Keywords : plastic rest pedal ; vibration optimization ; vibration transfer function ; modal analysis ; topology optimization
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Tab.1 Subjective evaluation table of vehicle performance

Mark Evaluate Category Evaluator
1 Extremely poor
2 Poor All user complaints
. Unacceptable
3 Relatively poor
4 Slightly inferior .
— Complaints from
Reluctantly Conditional .
5 ordinary users
accept Acceptance
6 Accept Complaints from
7 Relatively good picky users
8 Good Acceptable Complaints from
9 Fine evaluators

—_
(=}

Perfect No complaints
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Fig. 1 Vibration curve of plastic rest pedal

P AR AR B i 26 R 7E 250 Hz #1320 Hz 35 3h 4 i 4%
Ko L& PPN FZ IR , B T Sk s
M 5 2 SRR IA) AU R 3 28 250 Hz F1320 Hzo
2 ERESHT

SRR I M 3 1o PR MR S AR 4 4
M32138 13 6 4415 AR AMiGE £ | 1147 75 2%
TS AR S AR A | 450 s e R an 1 2 e
o PR Ay TAERS 375 25 0 nh E 28l AR
AR RN 47 By HAR 1% 326 25 W RHA B A . NVH [7]
R R R Sk - 3 B AR - M N 1 0 BT B
W AR s B4 1% 336 AR N 8] 3 7 o o S48 s dR AR
B B TTERN 7, FEF AR R sh A% 2 B AR A T HE AT

W,

) j| .
. O Bolt connection
> Snap connection

1-Plastic rest pedal
2-Exterior panel
Back 3-Speaker cover plate

[P 3 e 7y
Fig. 2 Pedal structure diagram



VRIS, 45 SURRET A RO B B R Sl LU 3 By R AR 71

Exterior panel under the
A-pillar

Plastic rest pedal
—>{ Floor

3 BR
Fig. 3 Pedal vibration transmission path

2.1 ABETIMRARIT SIS 69 R

P 4 AR 4 A KE R AN B A 350 3 A, 414 4
FioR R Bk G 32 WLEAZ AR 3h ok 3% , & 0L i
B AE 200~400 Hz 5 B 4R shid (e A7 52 0% Ak, an
P S PRI RTG PR SIEAE IR o B I A A M A A3
M 5 A AN 2 12 ) A ) 32 A B AR

Vehicle body floor
acceleration sensor

Plastic rest pedal
acceleration sensor

Speaker

Plastic rest pedal

. =]
P4 BRSNS e B
Fig. 4 Remove exterior trim and audio cover

—— Base
—— Remove exterior trim and audio cover

g

)

(=}
T

0.20 -

Vibration acceleration/g
o
O

0.00 ! ! !
200 250 300 350 400

Frequency/Hz
IS PRERATIE BSIR 09R S0 %
Fig. 5 Vibration frequency of pedals before and after removal

2.2 HMRBREIRF)

TEHIAR P 4 A B — 1) R iR sl A B, n
] 4 B A VA 4 o i B A B A B R .
RECHE 7R |, 7E 200~400 Hz 5 BE PN |, B b ik 5 9 1
Ll MR H 4 4 B0 O, AR T 6 B Al 5 b e B 4 PR 3
X HLZS SR, AR G B MRS 2% ) ) 3 AL
AR
2.3 BAEEHAL SN XS AT

I FH LMS Test. Lab 44w i) 45 25 I 30 e Xt
PR A TR, 56 T ) Bl R A A AR B
F14) B~ el o B 00 35 4[] B ] A JE gt 0 i 235 A e
N, 383X A5 R R AR S A T M AR U S 2

030 —— Base
—— Vehicle body floor

025+

0.20 -

o
=
o

Vibration acceleration/g
IS)
o

o
=)
Wi

0.00 ; !
200 250 300 350 400

Frequency/Hz
6 WIS HBEREIRT I
Fig. 6 Comparison of vibration between pedal and floor
B, B A BB RS 25 A A i a1 7 R
SEIL R, 7E 200~400 Hz 57 BE N, S3RH S A7 76 7
AL A 58 251.6 Hz #1319.1 Hz, 5 B IR
B [ R % — 50, ARSI G ] 8 T 7 o

20 )

~ N

z 15} Y

3

5}

=

2 10}

a

£

< 05t
00 L L L L L |
50 100 150 200 250 300 350 400

Frequency/Hz

F7  BARECSLR SR AS

Fig. 7 Combined frequency response results of modal for pedal

251.6 Hz 319.1 Hz
18 ML AY S R
Fig.8 Modal test formation results

LR LR B T 45 SR a0, 47 7 S LB o
ST EURMAR B AR, T AR B A LA 5 iR
Bl R K 5 A U 1 22 B AR S O A ™ AR R
BRI
3 RUFRHAR

X B B A Bk sh [l R A T AL, S N 2
(TB)A FRITAC RS LA £k 4 5 A Hypermesh i &b
FRERAFO R HEAT RS BRI, X6 25 SR TS e 1Y) S
25 b AT A Y T A U O BR o RE R
PSHELL 5150, JE ¥ BE % HI PSOLID #L0C . mif#
FIE 43 591 K FH acm 1 adhesive B TR U, 844 1% 4%



72 AR

2025 4E, %5 53 4,45 4 1)

K Bar BLou 4 . 5 75 4% T i 0.77 ke, SR H
CONM2 LT R4, Rbe3 %4 , ¥RHA B AR Fl A
FETF SN AR b L 5 35 A B TR s, L S P A iy
925 MPa, JHFA LR 0.4, % B4 0.91 g/em’s B AR
i 08 5 MR A R4S AR S AR %
2, ST e U N A S A BRIT AN 9 B o

Exterior panel under Speaker Plastic rest pedal

A-pillar

(b) Plastic rest pedal
9 PGB A BT T
Fig. 9 Interior body finite element model

3.1 AREESHALS AW

X ST R PN A 2 B AR TR 3 T Optistruct K fif
el MBCE BT T, SO FURZY AR T A AR
10 5 & 0~400 Hz, #E47 A BB, S
200~400 Hz BEH REIIAR K [ AL, 735314 257.8 Hz
F1311.2 Hz, PR ) 25 B 75 3 0 S 1 T ™ e, A6
SO = FIE 10 s .

Contour plot « .

Eigen mode(Mag) ‘

Analysis system
2.039E+02

I 1.813E+02
1.587E+02

i 1.361E+02

1.135E+02
9.096E+01
6.837E+01
4.579E+01
£ 2.320E+01
= 6.184E-01
I No Result

z
1,

Contour plot

Eigen mode(Mag)

Analysis system
7.467E+01

I 6.643E+01
5.819E+01

= 4.995E+01
4.171E+01
3.347E+01
2.522E+01
1.698E+01

£ 8.742E+00

= 5.012E-01
No Result

- ]
x} —Y; _E;:f&,,\,;:; 7 -

(b) 311.2 Hz mode formation
10 B AU RE Y
Fig. 10 Pedal mode formation
W RS L5 MRS, SR AT X LS e AR A iy
FEIREE 6T L2 SR L3R 2, 1R 253497 5% LAY IR 25 7E
SR T AR ARVE N

R2 MELARSMKERILL

Tab.2 Comparison between simulation results and test results

Order Simulation Test Gap/%
First order formation/Hz 257.8 251.6 2.46%
Second order formation/Hz 311.2 319.1 —2.47%
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