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Fig. 1 Test vehicle of the loader
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Fig.2 Verification of the signal correlation
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Fig. 9 Particle model of rock materials

R1 PHEESE

Tab.1 Distribution of the material particle size

UKL KN/ mm Bt & /%
5 6.5
10~20 12.01
20~30 11.42
30~40 16.54
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Tab. 2 Stacking angle calibration statistical results

EILES FREESEIN AL BHEEHEIN AL HERLSA/(0)
0 0.3 0.01 15.68
5 0.42 0.1 27.77
0 0.42 0.01 16.85
0 0.36 0.05 17.53
0 0.36 0.1 19.29
5 0.3 0.1 20.69
5 0.36 0.1 22.11
5 0.42 0.08 24.54
0 0.42 0.1 23.58
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Fig. 10 Joint simulation of multibody dynamics and discrete element

method for earthwork
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Fig. 11 Calibration curves of the rocker cylinder force
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Fig. 14 Stress distribution of the weld toe
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under different grid sizes

8250 886
s Value=1 633

55754 /h
—4.957X10"
~ 3.966X10"”
—2.974X10"
1.983X10"

—9.914X 10"

— 2.000X10*
1.500 X 10*
1.000 X 10*
6.000X 10°
5.316 X10?
No Result

Max =4.957X10"
3D 8820773

Min =5.316 X 10*
3D 8211755

T

8570319
Value=1 102

E 18 HIFEZFERFHEL
Fig. 18 Front frame simulation low life parts
K AT 7R 5 5068 22 B 0 R A R A 798 55 75 A
Gt GEI A RN 3 Ao, th 3R 3 A, SR AU A
73 T BT A 4R e A I 1) KR AE A R R B S AR
FRGETRAL AL H A5 i 543 h, 7 B A4 5 52 PR
TR KIRZE(HIUN 9. 5% , #E—AEBA T 15 B ik )
HERRTE . HT4E 28 T 2L, DA WL 11 W2 mT i, Ok
F TR e e I, R A KR A A T LA AN 22

VAL S TR = G I A oA E=cy s iV LRSSl
FEMEACAE B, PR 5 B HOTHE TR A O B, i
7 1) Mises 1 JJ 18, 3 Ab i B 38 7 45 F0 10 7 18 43 1)y
539.393.801 MPa, 48 Hi A B IR5E B, BT 428 3 b

RN

19 BT A IR AT ZE 2R I R s AR AL

Fig. 19 Cracking fault locations of the front frame in the durability
test of the whole machine
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Tab.3 Fault location and service life of the front frame

B SRR R PiEsdn/h  SEbrdgdn/h AR R/ %

O JEsHRS MmO s 1633 1500 8.9
@ SIS T ERRSE 874 800 9.2
@ eSS ESE 543 600 9.5
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s o8 1) b A, b 5 AR IS TR] 3 = A 5 %
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Tab. 4 Explanation of structural optimization for the fault

location of the front frame
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Fig. 20 Comparison of fatigue life before and after optimization of

the front frame
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Fatigue analysis and optimization of welds in the front frame of loaders based
on multi-body dynamics and discrete element joint simulations

LIU Lizhuang' DU Jian'’ LIU Zhilei’” BI Jiang’
(1. Digital Simulation Research Institute, SANY Heavy Machine Co., Ltd., Kunshan 215300, China)
[2. Key Laboratory of Advanced Forging & Forming Technology and Science of the Ministry of Education (Yanshan University),
Qinhuangdao 066004, China]
(3. Hebei Vocational University of Industry and Technology, Shijiazhuang 050091, China)

Abstract: [Objective] In order to solve the problem of fatigue cracking in the front frame of a loader, the joint simulation
technology of multi-body dynamics and discrete element is applied to conduct weld fatigue analysis and structural
optimization of the front frame based on the equivalent structural stress method. [Methods] Firstly, load spectrum collection
tests were conducted for typical working conditions of V-shaped shovel loading on the user site, and the dynamic virtual load
spectrums of each hinge point of that front frame were obtained. Then, six-channel unit load was applied to each hinge point
of the front frame to solve the stress field results, which were superimposed with the dynamic virtual load spectrum. The
fatigue simulation analysis of the front frame welds under the equivalent structural stress method was conducted. The
simulation predicted three dangerous parts of the front frame, which were consistent with the after-sales fatigue cracking
parts. Finally, the structural optimization of the faulty parts was carried out. [Results] The results show that fatigue life of the
front frame after optimization is increased by 15.6 times compared to that before optimization, and the service life is over
15 000 hours, meeting the product design requirements.

Key words: Multi-body dynamics; Discrete element; Joint simulation; Equivalent structural stress method; Dynamic
virtual load spectrum; Fatigue life
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