Modeling and Simulation E#L515 K, 2023, 12(3), 1719-1725 Hans i
Published Online May 2023 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2023.123159

NBGREENEENERESSH

NBR, FERK, A, KOF
PERH R U SR AR AR, TP A
SRR S BR EEATF R AR A, Wi K
SRR ENI S B8 TR, WiE K

Weks H . 202342100 FHER: 2023F4H7H; KAAEHM: 20234F4H13H

R

EXFAZ SRR UGE M T AR B EEITRSR, £HERLHK 4 HypermeshXt = 4EE R #4TH
ROTEEAE, XEMREETH BRSO NESRIESEE. HRSERERETEH ARSI
—BriRBEAEEFEEN, EENRNEERERE. 2R8I AR G 5 S0l 5 I 8% FRK
11.4%, &THIME, HE T RIHER,

XK ia
ENRG, AR, HESY, EERE

Simulation and Analysis of Vertical Stiffness
of Minivan Door

Zhaolong Liu?, Huijun Yin}, Rijin Lu?, Tao Chen3

'School of Mechanical and Automotive Engineering, Guangxi University of Science and Technology, Liuzhou
Guangxi

’Hunan Huda Aisn Automobile Technology Development Co. Ltd., Changsha Hunan

3College of Mechanical and Vehicle Engineering, Hunan University, Changsha Hunan

Received: Feb. 10‘“, 2023; accepted: Apr. 7th, 2023; published: Apr. 13th, 2023

Abstract

In this paper, the door system of a minivan is established by using the 3D design software UG. The
3D model is modeled by using the finite element software Hypermesh, and the free mode analysis
and static stiffness simulation of the door system are carried out. The simulation results show that

NESIH: XIH T, FER, BHE, G RO TEENEZ RS U] RS R, 2023, 12(3):
1719-1725. DOI: 10.12677/mo0s.2023.123159


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2023.123159
https://doi.org/10.12677/mos.2023.123159
https://www.hanspub.org/

PURER A

the first mode shape of the door is within the normal range, but the vertical stiffness of the door is
low. The load displacement is reduced by 11.4%, which is lower than the target value, and meets
the design requirements.
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AL VLI R ERT R LT R R, B MR B NG . B BRE A R
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Figure 1. Finite element model of door assembly

B 1. FI2RERTER

PR AL BRGT o, 75 2O B BRI T 0 LA AR P, ZET TR RER AR S AN, fEREAT 7
W —24, FMEREDN 210 MPa, JAFAEN 0.3, B 7.83¢-9, EMEHR A TPIRE S IMEHERES
B TR E AR i, W& 1 s,

Table 1. List of door materials

1. EMRIER

PR S BN AR HERERR

R B180H1 BUSD BLC BLD

J  fmm 0.65 0.65 12 2.0

JE 58 /M Pa 180 145 165 155

3. FTEHRESS

T S T2 AE S L R TE A 1) HARES R HEAT 5] S 04T TP RE R3S RHE,
FERXFRENES T, RERI R E HERFWISHFE REEATHIERE A, 32852 BB U Sk
FINLBR, ZERATATERh, AR —RAE 1~30 Hz Z 18], #4871 mit, &% 50K, ™4
L3l K e ma S R0 NVH RRPER R, SERZE R R R, BRI ] — P s 2 Y RE 2R, —
MRER — I RS AT 30 Hze

LIRS 5 e i SPC = 123456, ANJBOTHIZ A HEE, I H8tA M .04 SPC = 123456, 1)
FO R RS 100 Hzo 221 TR GHE . TR — B 2S 73 il 2 /2 32.36 Hz. 35.09 Hz. 50.54 Hz,
- H 100 HZ AN R AEES, SH— MBS LY M iR AN 32, ARETTEE — B i ge s 2 2K,
— RS = B 2 B
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Figure 2. Cloud chart of door free mode
E 2. FIEHARSEE
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MIKIE AR, R mRBCERIRIEAE, M4 Ia AT, R MR IR L R 2], 1. 1R ENIEA
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N 251 VAT T BRI B BRIC A FORS, 6 1B f g8 o b e n A EL TR R Bk, RZNA 800 N,
HA N SON, IHHEAETHE, BS54 11235 SPC = 123456, #ifkfmBEd.0y SPC =2, BIZHE
RdE Y FIFshE B, E1TF4T9F 200 mm. 25015 BN = B 3 .

Figure 3. Cloud chart of vertical stiffness of door in the original scheme

B3 BEARFNTEENEZ=E

M HTEE AT, AR SR TSR Z N AR BN 8.22 mm, FIFKAIFEEN 0.93 mm,
KT BHIMEINEAR 7.60 mm. EIFALFE 0.85 mm, AN BETHER, #RR B 4 1 3 B W1 30 AT ek
itk .

PSR H DU SO T & 38N BCRE Inom AR AR REAROE S, BRREMR — e v, HORERRAR T B 0, o
HERAEAR o B B I o ) 5 B H R SR G 1.2 mm BN E 1.4 mm, S2EEHEE 2.0 mm BN ZE 2.5 mm,
& 4 s

Figure 4. Increase the thickness of hinge reinforcing plate and nut plate
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Figure 5. Add solder joint and structural adhesive
5. BN S FEEHIAR

LA EAR R 6 M 2 BTy R BN L.

[Value =7.28
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Figure 6. Cloud chart of vertical stiffness comparison between the improved scheme and the original
scheme. (a) Original scheme; (b) Improvement scheme
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Table 2. Comparison of vertical stiffness between the original scheme and the improved scheme

=2 RARSKHAREERERL

FA7 (mm) HArE wES ok %
fn#ER AR <7.60 8.22 7.28
A <0.85 0.93 0.73

HI D FLEE KT R, B 7 SR T TINALAS L B FMEAIG 4.2%, LIRS SRR 11.4%;  EIEAAS H H AR(E
1% 14.1%, R SRAK 21.5%. St 7Gxt b7 S48 5 1 0.12 kgo B0 T7 RAEINSRIRE BRI 5 B EE N 55
A2 TA] BB B3 1 [ IS 5 B o 55 B 5 R B AR Y J52 P2 e AT 80 v 251 D 0 3 ELIIBE

5. &t

TEZET TR A THBY B, AT ZE 13T CAE 4 AL AT DL # H ZE T TR NI FEPERE R B AP G BTk . &
SCH I 2T TEAT B S A FER SR 8T, PR AT T B RS IRB R S ER, (R TEENI
FERUG,  RIMAE SR B s A RR BERR , R 7E PR AR 2 [ 3G I S5 R SRR o, IS 7 8, ot
7 RETTINEAI A L A FRMEAR 4.2%, LR T RAK 11.4%; EERAIRE L HARMEAR 14.1%, HJR T R 21.5%.
SO FX R T I E T 0.12 kg, (ERUEE TR EANFRN WA 83 S 72T EERIE, NERE
UTRT TR B B TR BRI R T 2

e HE

T EE A O 48 0 8 5 TS BT H (2019XK22104); MM T BRI H (2021AAA0103); #1741
B AT THAE 55 T H (2020GK4010) .
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