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[ Abstract |

A study is conducted on the fatigue failure problem caused by the opening and closing of a car

door. Firstly, the transient impact load under the door closing condition is discretized, and the vibration accelera-

tion response signal and frequency response function are collected through the whole vehicle and bench tests respec-

tively. Thus, the transfer path analysis (TPA) method is used to calculate the discretized transient impact load. Sec-

ondly, the obtained transient impact load is input into the finite element model of the door, and then the stress-time

history response cloud diagram under the door closing condition is obtained, and the fatigue life under the door

opening and closing condition is further calculated based on the fatigue damage theory. Finally, the fatigue analysis

results based on load identification, the fatigue analysis results based on explicit dynamics and the fatigue test re-

sults under the door closed condition are compared and verified with each other. The conclusion shows that the three

results are consistent, which has verified the rationality of the method.

Keywords: vehicle door ;transient response; fatigue durability ; finite element method

T Iy 2 Al T e 5 foe E T A,
I 55 T AR RE AL SR O P57 T e B BEA 5%
SEAD IR, B WA P AR DL G R R T
fir e — B BT 1T TR AR RE AT i 2o 4 ] S M

LT (9 55 SIS TEAL , i SR I Rh 7 1 A 5 B
HAERT A2 LT EL 5347 W0 AT AR & T
A A IR 4 6 S 60 30 5 AR

124 M1k, FNIP R Z 52 B AR AT A 55 T
T T K& TAE . Unadkat 2558 i B S B ik
(Y A8 53 DT ARAS B 2SN ) — i 18] e, ZE AT 22 1k
TS (8 0 B 1S3 (] AR 7 WSO e, B s

* K [ ARBHEIE 4 (52175239,52305244, 5210527 1) FIZ B4 A SARH#IE 4 (2308085QE158) Wi Bl
JEARYCE] H I 2024 4502 4 07 B &kl H 912 2024 4503 J1 29 H.
WAEIER - =K #3711, E-mail : gddwww1999@163. com,



- 1530 -

oA TR

2024 4F (45 46 )45 8

I A S I UE T HMERA P . Shrivastava 5573 i 42
"1 O P AR Ze M Ik 25 0 LR 1 B S 9 1) D7 v L WIF SR
FUCEE BTN Z 18] A 2 233 0 T4 1T 2540 F 75
AT, S5 R R UM B SR A5 R — B R
ZRUIMS S5 R O A A B I i T 4T 3 B
RS TR 2 [y Wi 7 T e 5, S B 1l S U ) R
TR RO B bR, A% i T 20
SO ATV 55 F5 e s, JF A 22 B Ak 7B
LR T3 AT T R AL R 57 77 e e it .
Liu 5555 4 0 a7 55 B 42 1k 25 el g 3k ) 4
VS ALE , S5 R RV S 505 H— 2R .
Kapadnis %45 & 52 R RSB 5 L0 8 1T ik
SET TSRO O TR ST B A )
AL AR 3 A 09 H AR , 8 5 R A FROTA Y 50 31E
TR HERAYE . Song X211 G 9% 55 it A
O3 B, BT LN N T 1 R T A i IV ) R
9% 57 A5 A B SR ORAT A TR LM ) 4 7 A AE
AR 98 57 ) RBE 5 Ay A

& 326 BEAR 70 BT (transfer path analysis, TPA) J7 i
JZ TR ST BB, RS R T
BT AL 3B AR o BT O i R B 4 B B AR S iE
TR RA B IORE R . XA 5E 5 TPA J5 ik
SR B AT R A A AR BROCRE Y, gy 4
I S W 7 I B30 B T AR R T A N RS S T
WITER AT . BN ME R TPA 75 vk 43 b
L AT B [ W 2 OR JR TS I AR AR L
18 3 FE 1T 5 R G A e AP Mt 7 42 258 o 50, T4 vy
TERBCR, JEP AR I T R A R TPA B4R 3]
W 75 12 W 1, O s vl o R R A R A AR
AL T N ARSI AR AR . IRERSE T S T —Fb
ST EER B 1 A R B TPA J7 %k, IR 4 28
LT IE T B M E R, AT EE R
S R B S A S TPA F AR R RS
B AR, 1T R PSR SR AR U L W BE 288
FEEEG S 5 R 1 )7k B A Rk

224 H L WF98 N GUTE 4T ) 25 i #5000y 1o LA B
TPA T ETEIRETF A i i BT R & w5 L
YEo BRI 5F F A ORI F B A . — 2K
PSR A BRI T R AT T 0% 55 A5 e kA T A
BEMPEAL L TS5 5 55— 2 W i i % Lo ek i A
PR T 2l 285 0 LR 56 ) LS 9 45 3 1 2 57 45 51, A
MG UEIr 2 T A e . R PR IT SR 7 s
B4 BRITHR 73 B A% Gt iy AR L Ak kS 05 B A, %
TR e Al T A BRI T B AT O M 0L, e ¢

ARAGICT VI RS I g I TE] P R, 7 . X8 255
B 25 R A% i 42 1] 5 4 B 4 ik AR B
PRI 2R A B2, A BR TGPl b 42 171 BT 52 1 28 i 5 LS
T 225, 1Z07 15 AR BT — s 1Y R BR M

A SCIE ] TPA BLg HEAT 85 U 0 7 v L 2 )
FHSEB0RAE G 1) S P I 2525 1 A T 32 41 ) i) 7 11
WA 227 R AR R R, B A SR A5 U A
B LA o K HAE i AR A BRICEEL
HEAT BE S 53 B, FRE 20 B 0Ok B9 R ) I R A
nCode DesignLife "1 JE17 9% 57 73 M7 o 1% J7 MG 1 oK
T OCTT AU T By kA b 2far , A BRITHE 55 73
Pt 7SI ST IR O T R B R A TR
K

1 AR

TE T TR ANERE S0 B o, AN SCEE G 9% 55 01
Br it 55 TPA e, 5By 570 Hr 55 52 46 I 3 i) A
PLRR G o A0 T 55 Al RE 2 2 R A e 2k A
KM A R TR, S350 T 5 R A5 4 1 Y
A PR R AR BT EH]
B 32 ST SR TR 05 1% 44 SO H) S=N
B 55 5T 75 15 Miner 2tk 23T I IR HEAT 4211 K
Pt APERE S AT o TPA BERE H AR 000 1 53 A A 25
AN AT T T L A% 138 B AR B TR B e e A U
7 1A BN A e 2 ol 23T D) T AR DAy 2
TR AT P 0L BN - e . 455
24 SN J) S=N AR 4T T FL S A T 00 A4 s
{E o Miner 24 R 45140 BELIE N R 9% 57 10 10 72 2 1k
(AT IR O T TPA 8 v 2 e R O 1k
PEAT TG PAT R AERE A e He o T AT

2 BT ik

ASCHEANT - AT 42T 1% 57 40 B, BAR 0 B
Dy anE iR, BRSBTS

(1) 7E#& 2 52 90 vh R 4 255 55000 hn o FE 9 30
M) 3 5

(2)7E &3 ZR S50 v R AR Vil o5 2 555 s i 3
M 137 PRI 5

(3)383:F TPA FRIESK AUl s A RS o 2 oy

(4) #2211 BROTHRI A L ) fai fb 0 2 A
FROTHIARY ;

(5)H4 258 (3) R A5 iy gk 2 b ol 2 A fin 28 1) 2



2024(Vol.46) No.8 XU, 55 ZEARTT AR 57 P RE S AT 5 56 0E

- 1531 -

‘“%*h‘ ‘%E*L“iﬂﬁﬁﬁ@mmi

f%?é,ﬁ.bu : :

ﬁﬁﬁiﬁ%ﬁ
TR

HETESILINEE

OIS, 2 X
LI

TR ;
§r
g WA I R

nCode % 55 73 Bt

v

LS-DYNA k4t
WA b

i RE /1t §
L nCode B3 A

v

B ETIRES5 A ik

1A BRITHRIRY B AT A AT, Rl B 57 LS-DYNA
HYAE LMk Ik 257 LAY, 73 31| SR BT LAY 7 g — I ]
P

(6) B 2L 3R (5) Hhiz AR 7 R A5 0 10 g - st
8] 3 #2 5 A nCode DesignLife £ H 43 5 #5417 4217]
R 57 5 5

()RR A D FOR 5 SC 3 S TR 1 R
WITER AT

3 HdEaR e

ARSI FE B SR A B A TR T, A1 K6 ]
PRI 1.5 m/s 1 TO0 T 40 19 57 56w, oA T R
TPA B XS T T8k far AT HE, R AR 4] L
— BB DRSS A T A B  232
)25 B A5 FTALAL (9 RS oo 20T, S T B 4R
AR B Aar AT S AT AR, 5 X LA T B Ak A 2
BIHOSCRE R 8 4~ (A1-A8) , B HLAL i) o 2% o 84 il
SO A9, N 2 ft7R . TPA BEIS AT AT, A2 B 15
W SR AR SR AT LA S 3 05, A e SR B
il s AT, A SO 22 TR L B A 3 BT
BRI T A S ARG AR M T, LT 32 9 o
A R Y 7 1) i A HLAR W) A7 B XYZ 34T
M R = W TN = C A =R U N E N
L R Ix8+3x1=11, 2% 550 A i R 3x16=48,, i
B EIRSE SBR E EOR

ﬂ TIPS 526

B2 Sl s e

K3 2% Ei B



- 1532 -

oA TR

2024 4F (45 46 )45 8

3.1 EEL

H L S G SR A T R R B 7, S SO LS
N E LS LMS SC316-UTP (14 120 38 38 1915 5%
LRG3 AL IR RG G K] 3 h S 5% 5T
FENLE, SEE B i 4 s .

P4 s BE A2 IR Rt W 7 T

30 g L 0 o 1 O DA P i e R R 1) %
PRSI 38 DA R Tt AV S ) FH O o R A ik
g e A 1 AR SRR L N S AR = B B, 1
I R B A s 5 22 B A 35 AT A A R 1 22T T 1)
CPABRE . ARSI OCT TR — 58 1. 5 m/s.
Vo SR 20 1 — i [ % E 45T T P AR, 5 — g [ 32
TE 25 B NN () B 20 0 211000 [0 A 3 A 2t
R A1 G PA £ g o B
3.2 BEIXW

BHLSI 1Y B W RS U A R S S
M 1 BRI, Sk 2R e e 1 2 TR 9 N T
Jih ASAL  ZE T 3 BT 7R 255 A ARG I K] 4 rh RS —
FE A =[] 0 A I, 0 e 2 2 A 1) o R
N o DR 5 U BT B ELAE Ry BT A0 450 0
PRIEK .

4 PiEsHr

4.1 BEFHEIRHNHEVES S

BT 3 S R A RN A S I B % 3
I RV R 22 22 i A AR5 ) 157 bR KK, 51 ] TPA
R 2R 3l o5 (L 2) A %) 3 265 oo 28 A — sf
) 3 A%, A1-A8 s Y [m] AU 2 Af A S A9 S5 XYZ =
) S 2 A (TS 53 ) T 5 s

P P S T 7 S8l 2% Ay %) 1sf ) 7 2 T DA & B, T
BT AR R 2T A2 W DR AS v e R AR
B, 200 0.3 s, 51T PR THMT . SRR S
e 2 A AR B B 28 ST A0 4R 1A PR TR AL 1)

170+
&
= 0
ﬁ_170 N 1 1 1 1 1 1
0 1 2 3 4 5 6 i
B} [ /s
(a) AL YTH]
130}
<
= 0
ﬁ_130 i 1 1 1 1 1 1
0 1 2 3 4 5 6 7
B} [ /s
(b) A2 YT
2001
<
& 0
ﬁ_zoo i 1 1 1 1 1 1
0 1 2 3 4 5 6 7
B} [ /s
(c) A35 YTH]

KI5 3l s A

il s AL SR R R IR AR S TR A I 25 157 7 — sk ) B AR
16 JiT 7 AT 3R 7 4G B0 42T TR 5 — I 20 1Y
WS = B WARTE AT BT Bk A DL K ] AL
FEAERRI I A ) 3 A A5 6 T T 421 i 52 B
Z B
Contour Plot
Element Stresses (2D & 3D)(vonMises, Max)
Analysis system
Simple Average
2.000E+01
[ 1.778E+01
1.556E+01
— 1.333E+01

[ 1.111E+01
8.889E+00

6.667E+00
4 444E+00
2 222E+00

0.000E+00

K6 T MR 4T 1 R A BRAS I ) 25 4]

L 25 AT BR TR AL N Bl 2 o, A5 B AT 6
PA I S 14 1 7 — B 18] D73 7% B Optistruct K A 15 21 19
H3D Fil op2 3L 5 A nCode ™ 347 95% 57 75 i 43 #7 o



2024( Vol.46) No.8

XUFT 25 BT A 55 PERE S HT 5 Sk

- 1533 -

B4 nCode G 8 57 43 A H 1) o3 i A =, &1 7
JIr7~ o 7E nCode H 1)) SN Analysis #5 5 H AR 45 A% SC 1Y
T R, BB AL B ZE A N Material , F5 78 40 #5500
CombinedFast, i JJ&1E 77 X8 Goodman., H T 41]
FEUA SN R R 2, 2 R A S gl i S-N 2
TEH, PHAE nCode AT Ly AR AL A A FRAE A

P, BEAT 10 T3 IRAGHE

nCode 8 95 43 W25 R A& 8 /i , 21 T4 KAt
0 IR TR AT TN ARZE T S SBT3 7 4
HoM 1. 142, &R T 1, KA T7HIR

F1 B EARFRELMREE (UTS) R

B (UTS), BT (1 G004 HBPRHI SN 22 B o i L R L

ARG UTS Qg 1 BitzR o 2501 A 4 b kR C0s 510000 20

I DCO1.DCO4 LA K DCO6, 4 1) 45 B 3B 4 K FH otk J& DCO6 210 000 269

B Y STS2, s AR F A Q235,78 28 4y I 28 15 B ST52 210 000 490

o, 28 H Time step B 218 FH A FR I053-Hr i 77— [ Q235 210 000 431
]

SR | Time septii N | | BiESLE |

| ot =@ |

&7 nCode % 57 7 Hrifi

Contour Plot
Damage(Scalar value)

1.142E+00

[ 9.730E-01
8.514E-01

=— 7.297E-01
6.081E-01
4 865E-01
3.649E-01
2432E-01
1.216E-01
0.000E+00

KI8T IR B 57 7 A4l 2R

4.2 ETEXHNZNEFZHN
B2 55 73 M A BROCTT I %0 421]
KPR T OCHEA T AR AR SR 05 (15 L o i e A Y

ARV, T IE AR HLZRE 1/4 0 R B S AT TR
G rigid W SR IT AT DA AR 3B 400 , 22T 1 & e 1
Z IR rigid W SROCHET T4 . T TS H 4 B
I VB REE AT 1 CHE DA K] T 1A A e A
i rev]oints FEHEIEA TR . MR ASAEIE ST A MO
K *MAT_SPOTWELD (MAT_100) 44 i - ()
SYERIIE BTN G B A R TR AR
% M B R FH *MAT_SPOTWELD (MAT_100)
MIG_BEAM HoT AT , 8844 >R FH RgdBody 7T
PEAFREAL . AL AR F 5 mm () A%, BT e 411 F
PR AR Y 5 B0 Sl 398 3544, MRS Bt Tl 402 872
Ao LS-DYNA JELPEBE S A5 B A FRoT A AL & 9
FIiR .

WIHRIRE T ETTRATIRR B T TS EE
SCHGHEE A 1.5 mis, [ AE 22 1 ) BB AN T2 B 2 T T
S A R AR AR, BT U MR B AE 10 s . %



- 1534 -

" oF T R

2024 4F (45 46 )45 8

I—VAFT S 2— R TN 3—4 8 TFH; 4—48;
S—hnaAR; 6—4 I IAME; T—BifERE; 8—4 TRk,

K19  LS-DYNA JEL A HA FRITAL R

IV FF AR A 2 ok 5 A 11 s, 31 932415 15, 24
WH 6N E A M. S itin4 R E T, 4258
F LS-DYNA 7R i

BI10 420 T BE i e b s 35

F11 0 0 0 a5 4

TE LS-DYNA =E 26 P Ik 25 il 45 40 By v 200 2% p& v
T B /N, WF 92 2% B V0 Ul e /N T VBB 5 1Y 5% B
ST EE R AR ARG, X — X F R AR SO R oT
AR MER R E . R 1200 W AR B
RERH /N T B RE 1Y 5% , BB /0 A 5 S BRAH AT .

SR TBE ]IS 3 0 A 5 RANE 13 Bz, Z507] B R
TR B 4 0] bR BRI A AL A LA R 4]
[VBIERR I, 33X 5532 ] TPA B HEA T 484 IR ) 1) 98 7
ST IT BRI B AR B AN 3 A L A B i) —
2tk

251
Y
\
20 !
:
i
- T \
= 15 - ZjJEE |
Boro--ME . N~ -
= 10k @ﬁgﬁ
- RERE INecimim e
— BREE [ ~
5r T -
T
'/
0 e ——— _I .—-.—.I ........................... SRR
0 0.02 0.04 0.06 0.08 0.10

15t iE] /s
12 ARERPEBR AT E oA &

Contour Plot
Element Stresses (2D & 3D)(vonMises, Max)
Analysis system
Simple Average

2.000E+01
[ 1.778E+01
1.556E+01
m 1.333E+01
1.111E+01
8.889E+00
6.667E+00
4 444E+00
2.222E+00
0.000E+00

K13 FET LS-DYNA R B 1 2= &

PLZETT TR AT (L 2) 8m 281k R 8], T
R B A S AR RS BA R 7
BCATL S Y7 1) b i 2ty - s (8] D B2, 53 F TPA #
WA A AT R AT E, 25 R 14 FroR . B
F 0 Dy A LA AR, I A RN AT 1 07 B LRy
FEI 2N LA AR BT A R 5 2 T e B
1257 B ARG AL RS AT B X PR 7 A SR 1] 5
M I 00 T 1A 268 iy — I ] R BT At v — Bk

K15 BRI AR LT Ao s Ad 38 5 PR D
D543 A i SRR o R wie g % B, T 2 T A e
0 b B — 38 hs , P gk 1 is 8 O
PO T OGP T AT 43 B i O s B A v i e



2024( Vol.46) No.8

XUFT 25 BT A 55 PERE S HT 5 Sk

- 1535 -

2205 — TR
z 123- " --- #FIS-DYNA
% -120} ,

_240— 1 1 1 ' L 1 1
0 1 2 -5 4 -5 6 7
i) /s

240F — TR |
E 128' Tl g N aon ---FETLS-DYNA
& -120f )

240} : . .
3.60 375 3.90 4.05 420
HsF (] /s
14 A1 SR At He

7,960 ey

5 — T HR S

E 6 400 --- 3FLS-DYNA
EVN 3200

b Y L ’ LN —

= 0 0.02 0.04 0.06 0.08

I 1) /s
15 AT TR LART s 5 A Jin 3 2 il £ 5 L

k.

A 2oL 3 O B A ) 28 AT LA B R X EE el
R, TR RS L f il £ B AR A F R {1 Y — ok
Baf AR —E 25 5 o E MK — G A
e T BT YU 199 55 73 M 7 ik R e R A
THRITARIOE R Z &% T WX sh 1 i 57
I IR A T SR B e e 12 shid i 22 - B AT R
JURERY O B ATAE—E IR 2E

TEARLNE B S 707 2 )5 8% LS-DYNA K fift 15 21
[ A % 1 77 — B[R] 3 B2 A9 d3plot 45 AL S 5 A
nCode, 7 4R /E L 5 4. 1 W20, X ERHGT £
Bk IR B AR AN 16 Frs o ARG 5
=R BT ZE T FrR R R A AT AE B 4
03, KN 1. 271, 5 B R T RN O A TR
B 57 45 R ICIE A (o B AR O R 1Y
FEARWI G o h & 6 ME 13 0] UL, BAKTE IR MR JT
AT T BT BCBE AL AT AR RN Ty (I X IR
JH 58 S B s B A e EL A s A, SOz X S B A
KA

e AR A A 0 ] A R S BOR, X A4S T T AT 10
TR K S, BT TNARZE T 7 G Ak H B
TIPS, AT R 55 S B 4 SR AN R 17 i
LT BT PR B9 57 73 A FIRE T 2 208 Jy 2 i 57
IR AR AR 4TI OCH 00T W 05 L g 45 2R =%

B E, A AR IR B BRIV G 5
WE T BT AR AT AT

Contour Plot
Damage(Scalar value)

1.271E+00
[ 1.130E+00
9.886E-01
— 8473E-01

— 7.061E-01
— 5.649E-01

4.237E-01
2.824E-01
1412E-01

0.000E+00

K16 T R oA iR o7 irds R

VA NPSEiZ e i

5 4

AR SCEET TPA BHE h 8 ar PRUN D7 12 EA T 55 73
Bt I 65 2R S0 R A2 S, SR A 4 1) DG AT N ) A3
R 7 BRSO Mk 285 o S i S 7 SR T O A
R ) I 2 B A e, R TR HAT D A S AH
BRICASERY rh AT RS 3T , P2 BTt Sk B R ) — Ik
8] 7 #2 5 A nCode DesignLife 1 #4797 557 1. =2
J5 i 1 Hypermesh BX & LS-DYNA #7421 ] & 4] T
NSRRI DAL s g A L B o weu LA K ]
SRS A S S5 AT X LR, R = A R
A B — 3k . ASURRESEINE -

(1) A TPA BE b s far P07 15 5 26 T i 5C
) 2 D5 AR U A2 1T OGP LT AR ik 28 o o 2 Ay



- 1536 -

oA TR

2024 4F (45 46 )45 8

I i) 77 A A A ARG A I A — BSR4, 16 W] TPA
B R A RO 7k AT R BOCT] oL N i BES
g .

(2) ) F AR 7 35 3R B 21T AR L AT Fp s 45
Aab Jom S e P R T S A (T — SO A, 1
HH R FH TPA B SR U RS wh ot 28 far vl FH 4217156
P T 5 EL A3 AT

(3) 22119 55 S 90 5 3 T 4847 LA (4 98 95 43 BT
P B R 55 B0 00 B I TE BT TN AR A T F AL, 25
FEMIZRSCHR L R FH TPA BEE v a i R B 07 u H T
TR AL RE BT T AT

S 3k

[1] UTANIR L Vehicle door inner frame part design with knowledge—
based engineering [J]. SAE International Journal of Passenger
Cars—Mechanical Systems, 2020, 13 (06-13-02-0008)
107-115.

(2] e, ST, XV, 55 BT RAPLET 19 1 242 B0 % 05 75
AT (J]. 5 ZE T2, 2016,38(8) : 1006-1010
LONG H Q, HU Y M, LIU B, et al. Fatigue life prediction for
the spot welds of body—in—white based on random loadings [J].
Automotive Engineering, 2016,38(8):1006-1010.

[3] ¥k, EXG4 Z0IE%, 4 T g0 3 i (1 L 35 28 AP L3
THEHT ] KT, 2018,40(2) :234-238.

WU B, WANG Z Q, ZUO Z X, et al. Simulation analysis on the
failure mechanism of cylinder head based on test load spectralJ].
Automotive Engineering, 2018,40(2):234-238.

(4] skub, #0:8%, BAL55 BT Hraksh it it i S50k F 4 B

AR 2 BAR LA ]. 934 T AR, 2019,41(9) : 1102~
1107.
ZHANG S, GUO Z J, WANG C Q. Multi—objective lightweight
optimization of parametric frontend BIW structure based on analy-
sis—driven design [J]. Automotive Engineering, 2019, 41 (9) :
1102-1107.

[5] YANGZ. Fatigue analysis of automotive components of inhomoge-
neous material under variable—amplitude cyclic loads [C]. SAE
Paper 2023-01-0725 .

[6] UNADKAT S, KANGDE S, BURKUL M, et al. Closure slam
CAE method investigation for automobiles|[ C]. SAE Paper 2016-
01-1349.

[7] SHRIVASTAVA R, DHOLE A, RAVAL C. Virtual simulation of
door slam test, study of relative sensitive parameters and correla-
tion with physical Test[ C]. SAE Paper 2019-26-0275.

(81  ZRUIMS, Al , oK%, A5 Wi o7 06y 123 O BB 2 22 1 T
PTG AL ] P EBLCTRE ,2017,28(14) : 1690-1695.
QIN X P, FENG J W, WANG Y L, et al. Structural modal analy-
sis and optimization of mini—car doors based on response surface
method [J]. China Mechanical Engineering, 2017, 28 (14) :
1690-1695.

[9]

[16]

[19]

Jet R XN A SRR TR R S w2 H
PREFGURALLY ] P R4 (B SRR , 2019, 50 (1)
2732-2742.

LONG Y, JIANG LS, LIU X Q, et al. Multi-objective optimiza-
tion of lightweight and fatigue life for car door[J]. Journal of Cen-
tral South University (Science and Technology), 2019,50 (11):
2732-2742.

LIUSY, YU X Z, HUANG H, et al. Truck door slam fatigue fi-
nite element analysis and experimental research[J]. Applied Me-
chanics and Materials, 2014, 602: 17-20.

KAPADNIS P C, HAMILTON D, HAUBOLD F, et al. Reliabili-
ty based design optimization process for door slam durability [C].
SAE Paper 2021-01-0280.

SONG G G, TAN C A. Door slam CAE method investigation [C].
SAE Paper 2015-01-1324.

Bk, R kAT AR BT AAE 1 AR M D) R
50 ,2023,42(15) :92-100.

LV L, TANG Z H, ZHANG Z F, et al. Analysis method of time
domain operating conditions transfer path[J ]. Journal of Vibration
and Shock,2023,42(15) :92-100.

XIPT @ Bl AR, A5 OGN 22 N 7 3 1 0 B 5 iR B 5T
(] 7402 ,2021,43(6) :909-916.

LIU Z, GAO Y K, XU X, et al. Simulation and experimental
study on vehicle interior sound field during door closing[J]. Auto-
motive Engineering, 2021,43(6):909-916.

TN BREAR, BB, 45 I i % 1 BEAR S TR B WA i BT R
TSI B %, 2022,41(5) :815-821.

MAO J, CHEN Z D, QIU Y, et al. Road noise sound quality de-
velopment by time—domain transfer path analysis [J]. Journal of
Applied Acoustics,2022,41 (5):815-821.

FErpae okl BREI, A5 L IR SRR 1 R DL 18 i A
SrHELT ] TR, 2020,42(4) : 531536, 566

TANG Z H, ZHANG Z F, CHEN Z, et al. Virtual transfer path
analysis of vehicle interior noise and vibration in low frequency
[J]. Automotive Engineering, 2020,42(4):531-536, 566.
TRk, EXHE B, 5 AT A5 8l ) s AR 1R 8 B 12
St [J] R S i, 2019,38(5) :222-228.

XU T, WANG Z W, LIAO Y, et al. An improved transfer path
analysis method based on structural dynamic modification tech-
nique[]]. Journal of Vibration and Shock, 2019,38(5): 222-228.
AT AT, E X, 45 BT TPA MRS AL 50k 1 3 1 SUR
BEAGMMAEIT ] IR 5 i, 2021,40(14) :279-286.
PANGY, FUW B, WANG G Q, et al. Optimization design of a
powertrain mount-system based on the TPA and genetic algorithm
[J7]. Journal of Vibration and Shock, 2021,40(14): 279-286.
VERHEIJ J W .Multi—path sound transfer from resiliently mount-
ed shipboard machinery : experimental methods for analyzing and
improving noise control [ D ]. Delft University of Technology, The
Netherlands, 1982.

MINER M A. Cumulative damage in fatigue [J]. Journal of Ap-
plied Mechanics, 1945(12): 159-164.

(FHEEE 1519 1)



