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Abstract

In order to improve the noise, vibration and harshness (NVH) performance of SUVs, the acoustic-
structure interaction model of the SUV vehicle structure was established through Solidworks, and
the modal analysis of the noise response in the vehicle was carried out by combining finite element
simulation and experiment, and the plates with large contributions were optimized. From the cal-
culation results, it is found that the vibration and noise contribution of the plate in the rear triangle
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window and C-pillar area, the middle plate of the left rear side and the top cover plate is very large,
and the optimization area and optimization scheme are determined accordingly. Compared with
the original model, the maximum optimization ratio of the comfort evaluation index of the im-
proved vehicle under various speed conditions reached 21.11%, and the maximum optimization
ratio of the decibel value of the noise sound pressure level reduction at the driver’s right ear was
8.9%, indicating that the optimization had a good suppression effect on the noise sound pressure
level in the car.
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Figure 1. Finite element model
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Table 1. Description of body-in-white vibration modes

1 BESREHEL

(V%4 IR Hz i BB Hz PRBLH A REI%
1 16.73 17.52 RTNRA B 2 i 4.72
2 23.49 22.17 NN EE il 5.61
3 30.02 31.41 TR 4.83
4 35.53 37.18 TR — B I e A 4.64
5 40.91 43.55 T RS 6.45
6 44.15 46.41 =M 5.11
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Figure 2. Comparison of body-in-white modal shapes
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Figure 3. Acoustic cavity mesh model
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Table 2. Sixth-order acoustic cavity modal frequency and vibration shape
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Table 3. Frequency and error before and after acoustic-solid coupling
3. FEBERIEMERIRE

e M RS A4 Hz M3 e S A3 IHz WRE%

4ty 7 I 4ty Il 4ty 7 I
1 16.71 21.43 17.34 24.14 0.63 271
2 33.89 37.24 35.41 39.13 152 1.89
3 42.97 63.49 44.46 68.55 1.49 5.06
4 55.78 74.82 56.67 78.23 0.89 341
5 60.13 88.37 60.96 91.18 0.83 2.81
6 63.54 102.15 64.00 106.57 0.53 4.42
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Figure 4. Plate location
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Figure 5. Sector contribution at different vehicle speeds. (a) Contribution of panels at 40km/h; (b) Panel contribution at 60
km/h; (c) Panel contribution at 80 km/h
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Figure 6. Modal cloud diagram of five major body panels

E 6. ARESMHESEE

DOI: 10.12677/jsta.2024.126094 867 AR IRERHAR 5 8%


https://doi.org/10.12677/jsta.2024.126094

Wit

4.3. EEGH

T AR TR AN TR RS AR, FIWT S TG R A PR R R R T R AR RS LK,
NFEBRANIBAL, IR . A FAESIRIEUN, IR &Nl =M %38 55 ik
MARTE B LLACK, BRI INARME . FEURIEAl b, A4 B AR A 10 ] A A0 R 75 fls ) B[] A AR 4 B, A
T2 B AR e () 160 E 4T 2% B8 12tk b, ASCRE ZE B A IR T R VYR et €, Wl 7 fios:

1) A FE B PIRIAR -

2) IR AR AR 5

3) MR G5 5V C MR BERAL AN SR 5, Iss A 5 cm.

4) B Je 0 A SRR R T R T R, S O v SRR A A i e A AN AR

7 11

(a) A FEHIHR (b) TREAER
(c) C HENN3RER (d) R ERINRATANRIE

Figure 7. Structural optimization
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Table 4. Comparison of comfort evaluation before and after improvement
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Figure 8. Comparison before and after ear noise optimization
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