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Multi-attribute balance design of vehicle cowl
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Abstract: This paper proposes a composite body solution (CBS) bracket method to balance the interior rumbling
noise caused by the cowl with the adult head score for pedestrian protection. This method not only improves the
interior noise level but also enhances the head score for pedestrian protection. Firstly, a comparison of the basic
parameters and mechanical properties of CBS scaffold material and common metal materials reveals that CBS
scaffold material has the advantages of low Young’s modulus and low yield strength. The sensitivity of adult head
score for pedestrian protection to linear and nonlinear segments was distinguished according to the material’s
mechanical property curve, indicating that the yield section has a higher impact on head injury. Secondly, the

topology optimization method is used to obtain the initial CBS contour structure based on the main noise transfer
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function (NTF) contribution path of the vehicle roar noise, and the specific structure of the contour is refined.
Finally, noise and pedestrian protection are verified for specific CBS structures. The results show that compared to
the basic state, the roar noise from the Z-direction excitation of the right suspension to the driver’s external ear in
the car is improved by 2 dB in 70 Hz to 80 Hz frequency band and about 3 dB in 150 Hz to 170 Hz frequency
band, and the score for pedestrian protection is 1 points higher than the basic state. This method achieves a
balance between noise reduction and pedestrian protection, verifying the feasibility of this method to resolve the
conflict between noise and pedestrian safety.
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Table 1 Evaluation rules of head score for pedestrian protection
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Fig.1 Elastic-plastic stress-strain relationship
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Table 2 Basic parameters of materials

M ¥ G /GPa FHRHE B /(tm™) HER /= Ji£i Ml 56 S5 /M Pa
PAG6+GF35 11.52 1.41 0.4 71.0
DCO1 210.00 7.85 0.3 192.2
B280VK 210.00 7.85 0.3 3193
B170P1 210.00 7.85 0.3 192.0
HC18Y 210.00 7.85 0.3 202.0
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Fig. 2 Real stress-strain curves of materials
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Fig.3 Schematic diagram of sample structure
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Fig. 4 Schematic diagram of bracket in cowl
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Fig. 6 Driver external ear NTF noise curve in basic state
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Fig.7 Head impact points of pedestrian protection cowl area
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Fig. 8 Head score for pedestrian protection cowl area
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Fig. 10 Statistics of head score for pedestrian protection cowl area in extreme state
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Fig. 11 Schematic diagram of topological variable space
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Table 3 Topology variables

AR AR ID J& JEMEID1 J& T 1D2

DTPL 1 PSOLID 14000000 14000001

E LB B BRARS T AR Z W MG 28 Z A8 22 18R BE N 2R B4R B, i3 4 TR,
B FERPIR SR B NTFAEAE #2401 HAr, W& 5 s .
4 BUHTEERER

Table 4 Design variables

At ID R WARLSEA WA R e T HAn  BRTR 0K R
DRESPI 2 749 FRVELO M-TZ MAX 902 EXTN 49 50
DRESP1 3 770 FRVELO M-TZ MAX 902 EXTN 70 71
DRESPI 4 z77 FRVELO M-TZ MAX 902 EXTN 77 78
DRESPI 5 Z144 FRVELO M-TZ MAX 902 EXTN 143 144
DRESPI 11 Z153 FRVELO M-TZ MAX 902 EXTN 153 173
DRESPI 12 776 FRVELO M-TZ MAX 104 EXTN 76 77
DRESP! 13 Z130 FRVELO M-TZ MAX 104 EXTN 130 148

DRESP1 13 7130 FRVELO M-TZ MAX 104 EXTN 153 172
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Table 5 Constraint variables

AR D A i H 45 /45 B
DCONSTR 1 6 51.0
DCONSTR 2 7 50.5
DCONSTR 3 8 52.5
DCONSTR 4 9 45.0
DCONSTR 11 20 45.0
DCONSTR 12 21 50.5
DCONSTR 13 22 48.0
DCONSTR 14 23 54.0

232 #wAPER
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Fig. 12 Schematic diagram of topology results
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Fig. 13 Schematic diagram of CBS structure after refinement
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Fig. 14 Driver external ear NTF noise curve in CBS scheme
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SLIARAT
(7T
h) Ty APr—Trr-_
(a) &R TP AR ER

Ell6 TR REE
Fig. 16 Deformation comparison



80 TR K F F IR %47 %
3 HRIE
1) 98 0E T 38 oo 285 #4535 1T O e N T R DR KR 51 R AY 45 P9 25 IR A AT NG el 2% [n) R ARG R
itk

2) B UIE T FE TR R A L I T Bk 22 T A [ ALY 5 1) R R AT
3) BT U /KR DX I R A RIS N PR AP A5 2017 1 [) R, SR T CBS &5 K A RFBEAT 1 J7 1ol 1 1) S8, e

fift e T PR Z ) B 08 & Bk 1 O 3 B O 1) VR RO, e Sk R R T v B 0 2 1) R At T A ok

VES
5 & ik
[ 1] ZRERMS, 0, T#8, 5 . T3 SUV 4 AU T 25 mS s (] 190 () fig He (7], 334 L B R, 2018(7): 25-27.

[2]

[4]

[5]

[10]

[11]

Guo J P, Tang Y, Wang C, et al. The solution to the accelerated booming noise of one SUV[J]. Automobile Applied Technology,
2018(7): 25-27.(in Chinese)
Jayanth N, Agarwal A, Chandra Sekhar S. A methodology to enhance the directional load bearing performance of cowl cover
and its effect on pedestrian head impact[C]//SAE Technical Paper Series. Warrendale, PA, United States: SAE International,
2020.
U, SPULTE, B2, . 25T 18 AR 0 H 0 25 B g P S8 (] Y A (D], P TR, 2019(11): 55-57.
LiJ F, E S G, Ge X, et al. Improvement of roar problem in cab based on transmission path analysis[J]. Auto Engineer, 2019
(11): 55-57.(in Chinese)
Sui Y K, Yang D Q. A new method for structural topological optimization based on the concept of independent continuous
variables and smooth model[J]. Acta Mechanica Sinica, 1998, 14(2): 179-185.
Mg, XVIE 24, B S . Se R S5 M M AL B 1T 19 TICM J7 vk (7], 11 3838 R4 % 4R, 1999, 33(6): 734-736.
Yang D Q, Liu Z X, Sui Y K. ICM method for topology optimization design of continuum structure[J]. Journal of Shanghai
Jiao Tong University, 1999, 33(6): 734-736.(in Chinese)
Ab Razak M S, Othman M N, Sulaiman S N, et al. Composite optimization of automotive carbon fiber strut bar using
hyperworks optistruct[J]. Journal of Physics: Conference Series, 2021, 1793(1): 012072.
Wang N, An Z L, Bai D S, et al. Structural optimization of subway aluminum alloy car body analyzed by optistruct software[J].
IOP Conference Series: Earth and Environmental Science, 2021, 791(1): 012082.
Ge D D, Zhu L R, Xuan D J. Topology optimization in electric car body frame based on optistruct[J]. MATEC Web of
Conferences, 2017, 100: 01016.
European New Car Assessment Program(Euro NCAP). Assessment protocol-overall rating, version8.2[S/OL]. Euro NCAP
Secretary, [2022-02-01].https://www.euroncap.com/en.
MR DL, F R, Sh81E, 4 50tk RE BE 55 4 4 59 9 PA10T/PAG66 & & MOBHIF SR [J]. BB Tlk, 2020, 48(5): 123-128.
Ye Z X, Wang O B, Zhong S X, et al. Research on high-performance PA10T/PA66 composites reinforced by glass fiber[J].
China Plastics Industry, 2020, 48(5): 123-128.(in Chinese)
PROUES, R HE, 0T 2R . 6 3 B 28 4 1 5 PA 66 119 2% 1] S P (RS b AR A 5 AR T 5 [J]. VR L2 5 M8, 2018(5): 50-54.
Chen H J, Yang T, Zhao X D. Research on anisotropic tensile modulus and constitutive equations of short glass fiber reinforced
PA66[J]. Automobile Technology & Material, 2018(5): 50-54.(in Chinese)

(8 ExRF)



