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Prediction on the fatigue life of a frame seam weld based on
time waveform replication technology

GAO Dawei, LI Zhiyin, SHANG Yichen
(School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: In order to preliminarily predict the fatigue life of a weld seam, the road load data of a test
vehicle were collected. The chassis was dealt with as flexible and a rigid-flexible coupling model was
built in the LMS Virtual Lab. Based on the technology of time waveform replication, the virtual iteration
method was applied to obtain the vertical displacement driving signal on the target. The driving signal
was used as the input of the rigid-flexible multi-body dynamical model of the vehicle to decompose the
dynamical load spectra at connection points. Based on the theory of linear cumulative damage and the
Volvo method, the fatigue life of the seam weld was predicted by virtue of the dynamical load spectrum.
The weld fatigue life is increased by nearly 4 times by optimizing the connection form of the third beam

and longitudinal beam.

Keywords: frame weld; time waveform replication; multi-body dynamic; Volvo method; fatigue
prediction
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Fig.1 Test sensors on the test vehicle
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Fig.3 Rigid-flexible hybrid modeling
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Fig. 4 Process of system identification
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%1

PR, A RET IS R BB 1 4 AR S 55 A DTS 61

H I T A28 n YGRS A IR S {E 5
Un1 () = up (1) +
dF ' (H (N F{z[y(0) - sT0)]}) (8)
Abe n HERREG o HIRZEIMAREL.

AR A W B B e TR RN ARG B, Rk
T (X)) iy RS E TR FAL
wA, WA EBRES ﬁ$,ﬁf@%
— YCEARE AR ) R A5 5 A B AR 1Y O
TP R R AL

ARG RT3 3 MO Al I U
HAEVEL . DA LR . 3 Responses/Targets
Display JIREPFiE . TERIEHE G BT, Br 170
K HWES RS g, W WEE R —
PR AP I AR B AU B0 o LA 25 LA I i
DR, BT SRS 2o 05 Al Sk 28 1) ) 3% AR
00 o K o Jm 2 AR B A 0 A5 5 n T 24K 5
JIEAE A b, D S B A g, 1B 8
3k R AR 2 RS S N 0 BT

4000

— BfpfE=
— AR

2500

E« 1000 -

59
=500

-2 000

-3500 : : : : -
0 40 80 120 160 200
t/s

7 EETERMAERNERBEHERL
Fig.7 Spectrum of vertical force at the rear-left shaft head

4 FEREBEBEZHFSH

3 590 ) 308 A DX 38 ) 48 AN SRR B AT R )
53T, A& Nastran BP0 EEAS ZE 452 SR 6 4S5 18]
3 S A A LA T g AN ] O ) 2 X 45 4
R, 2 ST, R ri RV ri 2 g 26 52 B
A PO H AR RS 57 40 0 TR R, N
F AP 5 2 ) 281 AN ) 20T 5 ) B O o AR A
SR, S BT 2 45 6 I Sy i 25 AR
AT AR AT 52 B B S PRAN R sh A er, n] 3R
RO Bh SRS 53 A o B IN e Feak o

m®=zmm%§ (9)
ATs oy (WL BRI T sk KB

883.8

253 A

134.4

2.091E4

1.000E4 | pw! /. N TR

i ‘f b T m\“ ‘(Ha h”“‘\ilw j'\w'k{l \”w‘ xl'\

O

—1.174E4

g

g

z

=

= 3234 ;

E ~1000.0 I '—"\"“““1‘\\\,1‘,”“"‘7‘\;:"‘ bl ;u “ I H\ i }‘HU\
z e ML “W b A
-2462.0 ‘

233540

Sy wu«»wwwwww -~

0 100 120

B8 Zum MESERIRRSNT N
Fig. 8 General force at the front-left lower control arm
T3 Prs NHE K MERS AT s pe (04T pyy AHRLE
A BT TR s 0, MRS ERAT k72 A 10 T
FIWER o
4.1 Volvo ik B EE % i K fiF
Volvo ¥ J& nCode 314 Seam Weld A T AL
ﬁ@ﬁﬁﬂ@%ﬁﬁ@%ﬁﬁ@@ﬁ,ﬁﬁ%ﬁ
AT SR A —Fh 712
A4 AT 1 — e i 25 h ST 0, FIRE T TS T
o, RAEZ N AL . 16 72 5 A9 25 72 B2 e i 1% 2

R r £oR .
_ ol (10)
lop| + |omnl
BAR, Osr<l, & =1, M FRRPITTEHMW

A R 45 =0, NIRRT R
SEAER R A RIPER S . H EBUBIE r,=0.5 R ] BT AR
HETL Y 0srsrg B, URERT =0 BRIME S-N H2E
M orgsr<UR, SRR RS A NI S-N i
2o N MBS 55 Fdw, SN ). B
AT B Y 2L LU BE b PROT R R /T 0.5,
WCRE RN S-N BHZRAE M RLE M
FEASFhIEAC RS P, P A5 HO R B S O 42 40
R N U E A = R TR ) R - b o U B L
BN [v5) ZAor o 3K T o 865 D i B 48 > S A



62 o B TR 2 2 R

2020 4F 5 42 4

() 3 25 3 fr 1% 0F 5 A BRGH AL 45 A, 4R
Seam Weld B R fift H 45 L1 I i 0 B LR O
BTN 6 010 YK, W I B 0 SRR LR A 4 T
A 9950 1K,
4.2 EBRENRLRIELEE ST

FEAT PR T AR TR 5 — A 2 5 O 3 0 e i DA A
NN — > 55 4 R R b () A5 LB A s A, &l 9
JIER o

B9 FHmLEHERGE

Fig.9 Connection position after structure optimizing

SR PR [ 75 32 05 12 48 9% 57 5 e b 473t 58 AR
PR A FE AN O A A iR IO 21 742 Uk, 0
RGO T 73 AR T2 41 751 1Ko

K I s b 22 26 T R) 2 B i A, OF EAT
6 280 U0 18 0 O i A o U AR i
37 B R A AR 25 B A R O R R AT SRR
VIR EE SR T A 57 A7 a1 21 12T )

5 &

PR T T ) T8 B ) 4 SR AR AR 5 T
CERURI LB R Vs R e VA LB S ey
Z AR D) ) 2 R AR AR ST B 0 A iR 2
/N5 A PRSI I SR B AR A R i Y 4 A
BB N NG s AR Ak, BT RIE
W% 57 BRI EIE A Volvo 35, TH5EA5 8] H bsfr
BRI 5T 7 o KA o

Xt 5 SRR R G 5 YN T T i A5 AL B Rt O
Fo Mk, REE PR ST A A iR T IE 4%, H
SEPRIREE TR OR R A TIT R . BTSSR A O R

ARG P 5 A S0 1) 3 A TARERAE T A8 B
B3k

[1] WANG J P, XIAO L X, WANG A M, et al. Ballistic
iteration calculating method of virtual target point[J]. Flight
Dynamics, 2012, 30(6): 551-555.

[2] LAUWERYS C, SWEVERS J, SAS P. Robust linear
control of an active suspension on a quarter car test-rig[J].
Control Engineering Practice, 2005, 13(5): 577-586.

(31 T8, mmdl, R, 4B 05 BT il i A% SRk
1. [R5 R 240 (AR ), 2013, 41(6): 895-899,
903.

[4] DANNBAUER H, MEISE M, GATTRINGER O, et al.
Integrating virtual test methods and physical testing to
assure accuracy and to reduce effort and time[R]. SAE
Technical Paper. SAE, 2006.

[5] KYUBA H, DONG P S. Equilibrium-equivalent structural
stress approach to fatigue analysis of a rectangular hollow
section joint[J].
27(1): 85-94.

[6] KANG H T, DONG P S, HONG J K. Fatigue analysis of

spot welds using a mesh-insensitive structural stress

International Journal of Fatigue, 2005,

approach[J]. International Journal of Fatigue, 2007, 29(8):
1546-1553.

(7] 2Rk, mlg, KD R, 55 JREG5H TR AR % 05 45 A TG
[7]. KZESA, 2006(10): 37-40.

[8] DRESSLER K, SPECKERT M, BITSCH G. Virtual
durability test rigs for automotive engineering[J]. Vehicle
System Dynamics, 2009, 47(4): 387—401.

(91 TR ML R, 42 B9 55 B A 1% iy WESE (D], B W 3F K%,
2014.

[10] J7 B804, X .. LMS Virtual.Lab Motion A7 532 & [M].
P42 PadL Dl Rz AR, 2010.

(1] e, RF, $EN. 3T 23 ) M ROt i 4 5
25 ¥ 9% 55 F A WO (0], P B A B 2E 4R, 2010, 23(4):
113-120.

(121 XUBRAR, W /N7, B, BT 37 S v A2 i 40
{508 9% 57 77 A 20 B 0], Al BLAR 2 4, 2009, 40(5):
34-38.

(4. 1 BE)


http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.1016/j.ijfatigue.2004.05.008
http://dx.doi.org/10.1016/j.ijfatigue.2006.10.025
http://dx.doi.org/10.3969/j.issn.1001-7372.2010.04.019
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.1016/j.ijfatigue.2004.05.008
http://dx.doi.org/10.1016/j.ijfatigue.2006.10.025
http://dx.doi.org/10.3969/j.issn.1001-7372.2010.04.019
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.3969/j.issn.0253-374x.2013.06.015
http://dx.doi.org/10.1016/j.ijfatigue.2004.05.008
http://dx.doi.org/10.1016/j.ijfatigue.2006.10.025
http://dx.doi.org/10.3969/j.issn.1001-7372.2010.04.019

