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Abstract

As the practical load is very complicated during the digging process of excavator, an analysis method
of combining experiment with the dynamics simulation was suggested. With laboratory 6 t mini excavator
as the research object, pressure sensors and displacement sensors were used to measure the changing of
pressures by hydraulic cylinders displacement during digging. With each cylinder displacement curve as
the driving element, ADMAS software was used to simulate the dynamics performance of digging process.
The working loads of articulated points of the working device were obtained through simulation. The life
contours of boom and arm were obtained by the fatigue analysis of the working device with software MSC.
Fatigue. It showed that the fatigue life was the shortest in the stress concentration area of boom and arm,
and the calculating value was 13 years. The research results can provide theory basis for the structural

design of working device.
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Fig.1 Displacement and thrust changes of

hydraulic eylinders
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Fig.2 Position of working device in excavating
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Fig.3 Force of working device hinge point under excavating
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Fig.4  Comparison of testing and simulation

with hydraulic cylinders thrust
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Fig.5 Finite element models of boom and arm
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Fig.6  Stress contours of boom and arm
(a) KB (b) 3hHF

ST B9 S M b 0 T AR K B RN g ATk
200 MPa, A BEEY 55 AR PRI AR A AR %) 1
O3 A W22, B RN 7128 120 MPa; S1FF B SHFF
5RE B S BN S, & R A
170 MPa, S AF N AR SHAF5 AR ST B0 A 57
TR AL 1) SCHEAR 5 47 2 F W G A a5 S 5 AT B AR
SREZAO I J13EK B R TR 100 MPa, FiAx 45 Ak i
R S1¥HE 100 MPa LLF

5 TIERBEREFSH

5.1 TREMBS Nk

3 3o A B CPIUA TR A R e T W) A5 LB R
16Mn %57 @ISR 1 s,

R T IZIEHL T AR B A 2 4 BT HEFE 50% 1Y
W55 a2t 15k RE 16Mn 19 S — N ik anl& 7
FiR
5.2 EHEOMW

TE T2 HL TARR B B AR S — N 2k
K TAERR i, B ] 2R ] MSC. Fatigue 3144, 4%



38 YA A VIR = ¢ 20114
i% 1 16Mn %ﬁ]ﬂ’\]ﬁ%%'lﬁ&ﬁ%ﬁﬁ 00+001]
Tab.1 Fatigue attributes of 16Mn J 72001
1.53+001
E]‘ﬁ }EZJJ/MPCI 135001}
/% o, =294 0,=255 o0,=216 o,=191 35=177 L16+00]

50  6.16x10* 1.883x10° 6.936 x10° 1.778 x10° 3.322 x 10°
90  5.59x10* 1.494x10° 4.707 x10° 1.078 x10° 1. 868 x 10°
95 5.44x10* 1.399x10° 4.217 x10° 9.356 x10° 1.587 x 10°

99.9  4.87x10* 1.078 x10° 2.724 x10° 5.322 x10° 8.298 x 10°

10
gw“ ------ —
E \
2107
10 L . ‘
1 10? 10* 10° 108 10'°

5 i /R AR AL
F7 16Mn 814 S—N ik
Fig.7 S—N curve of 16Mn
PRAL T AERE B AT 57 Ffw b . 8L e
R R NS AT AR IR #4208 T A A% 55 A an &l 8
B .
H1 1l 8 R 3248 LR IE 5 42 4L F v, KAE 4
PR R 5 R Y BT B B ) S AU 5 0% 57 %
PRGN 3 5 1y 4 v B — 30, Hid /N 55 5 4m h
9. 12 x 10°PF I UEL, KA I 2 7 f iy A 5 KA
R SR 5 FA Ak 55 AR A TR PR IR B
7.9 x10” ~3.2 x 10" Ik, HAx 4 A 1995 55 7 iy ) 51
K IEAREE 107 ~ 107 Z 8] 5 PR L, S 4T
LSS S S R BBz i A5 3t
VAR T B B P L P 0 300 % B A 21 W AT S A4
J& T2 9% 57 WEREBAL, RIS 14 h g [, e/ N
FHF N 1.78 x 107 ¥, AR F AR AR iy B R
W0 57 A i A B, IR PR UCBUEE 7.9 x 107 ~
3.2 x 10 R Z (8], H A 45 4b 1) 9% 55 75 4w ) &, 916

B/ MBI

default_Fringe:
Max 2 B0+001@Nd 1
Min 6.96+000@Nd 41012

()

defaut_Fringe
Max 2004001 G 401
Min 723+000@N4 43120

©)

8 NEMLHLEHmairaE
Life-cycle analysis contours of boom and arm

(a) KB (b) SH4F
UHAE 107 ~ 10 Z 18], HHIZ R AL A 58 i —
UAEHRI TR A 15 s, — RIGIEIMHLTAE 8 h 54,
EIRHLTAERE B AR W TAE T B9% 97 A M (9. 12 x
10° % 15) /(60 x 60 x 8 x365) =13 4E 1 J& TAE%E
B 57 F A

6 HERIE

i e S Z S AL A i A P AR R L A RS A
J A £ R it 2 5 A ADMAS B Hp A7
U5 EAS AL AR AR b 2 BB AU AR 2T i)
Il SR 5 1 MSC. Fatigue 4% T4 2%5¢ & K A
ST T e dF o A, A o AR A AR AR
HA DR AT B ) A v DX S8R 55 745 il fie L, i/
FFATON 13 AR T L TRREE A 1R 9% 55 75 i 20K (H
R AR B R 7 DX 30 57 75 i Ry JC PR 734w, 4y
KBRS PR AL T AR =S 1]

Fig. 8

£ % x #t

ERE, KA. BEYLRE 57 0 W AE ML #0557 7 i O P A ST ). T WL TAR 2004, 15(21) : 1906 ~ 1 908.
Wang Changwu, Zhang Youan. Applications of fatigue analysis on random vibration for fatigue life forecast of airborne
equipment [ J]. Chinese Mechanical Engineering, 2004, 15 (21): 1906 ~1908. (in Chinese)

FCR, R s, TR BSRIE S T (1], RS RS54 . BRI ,2009, 37(10) : 1379 ~
1 382.

Wu Guanggiang, Li Yunchao, Sheng Yun. Virtual proving ground-based rear suspension fatigue analysis [J]. Journal of
Tongji University; Natural Science, 2009, 37(10): 1379 ~1382. (in Chinese)

FEM, DAL A A SETABRITIE ST ik RS ()], MU S, 2008, 7(1) : 22 ~24.

Wang Yanwei, Luo Jiwei, Ye Jun, et al. FEA based fatigue analysis and its application [J].
Manufacture, 2008, 7(1): 22 ~24. (in Chinese)

Srdan Bosnjak, Zoran Petkovic, Nenad Zrnic. Cracks repair and reconstruction of bucket wheel excavator slewing platform

[J]. Engineering Failure Analysis, 2009, 16(5): 1631 ~1 642. (THZE 105 ™)

Machinery Design &



XU/INRI ;S8 B ) HE R 2 1 R AOK RUFI I 5 105

6 Lehrsch G A, Sojka R E, Westermann D T. Nitrogen placement, row spacing, and furrow irrigation water positioning effects
on corn yield [J]. Agron Journal, 2000, 92 (6) ;1266 ~1275.

7 Skinner R H, Hanson J D, Benjamin J G. Root distribution following spatial of water and nitrogen supply in furrow irrigated
comn [J]. Plant and Soil,1998,199(2) :187 ~ 194.

8 Benjamin J G, Porter L. K, Duke H R, et al. Corn growth and nitrogen uptake with furrow irrigation and fertilizer bands[ J].
Agronomy Journal, 1997, 89(4) :609 ~612.

9 EHIE. AFEFEKIT T ERMRHEESRAM [ D]. #5 . FICRARRHLRE,2004.

Gao Mingxia. Distribution of NO; —N in maize rhizosphere soil under style of different irrigation [ D]. Yangling: Northwest
A & F University, 2004. (in Chinese)
10 sHEn, FEATE. FEmITE R AR REMES F KR WU 2 [ )], K ,2001,20(2) .5 ~7.
Han Yanli, Kang Shaozhong. Effects of controlled roots-divided alternative irrigation on nutrient uptake in maize [ J ].
Irrigation and Drainage, 2001, 20(2) :5 ~7. (in Chinese)

1L XN, ke, HEF, 5. 208 WRa ARG 00 ERR XK EGEB M m [ T]. S ERIE R, 2008, 41(7)
2025 ~2032.
Liu Xiaogang, Zhang Fucang, Tian Yufeng, et al. Effects of alternative furrow irrigation on transport of water and nitrogen in
maize root zone[ J|. Scientia Agricultura Sinica, 2008,41(7) :2 025 ~2 032. (in Chinese)

12 XN, SKES, HEF, 55 ZKEUEBIX SRR DOR ZIER A RN ]. ol TR A, 2008, 24(11) :19 ~24.

13 #EH. R M]. dEsT H E AR R, 200049 ~60.

14 FERAE, BRAE, TR, . ASIE] A FEARE X Vb g DX A 4G A A R Ay R A0 [ 1], R A= 25 2% 41, 2006,

17(5) :805 ~810.
Du Taisheng, Kang Shaozhong, Zhang Wen, et al. Effects of different furrow irrigation modes on grape growth and water use
in oasis region [ J]. Chinese Journal of Applied Ecology, 2006, 17(5) :805 ~810. (in Chinese)

15 25 Frol, B B, A5 MR DRI Sh K AR IRCR A 1], A0l TR R, 2009, 25(6) :92 ~95.

Li Ping, Qi Xuebin, Fan Xiangyang, et al. Effect of alternate partial root-zone irrigation on nitrogen and water use efficiency
of potato [ J]. Transactions of the CSAE, 2009, 25(6) : 92 ~95. (in Chinese)
(E#E38 W)

5 Triantafyllidis G K, Kazantzis A V, Drambi E K. Fracture characteristics of torsion-bending fatigue and impact fatigue failure
of two steel pins in a crawler excavator [ J]. Journal of Failure Analysis and Prevention, 2009, 9(1) ; 23 ~27.

6 Stojan Sedmak, Aleksander Sedmak, Miodrag Arsic. An experimental verification of numerical models for the fracture and
fatigue of welded structures [ J]. Material in Technology, 2007, 41(4); 173 ~178.

7 John E Pearson, Robert Hannen, Erik Soderberg W. Development of fatigue monitoring system for a hydraulic excavator [ J].
Practice Periodical on Structural Design and Construction, 2004, 9 (4) . 221 ~226.

8 HIBLL IR A633D SMATHYIE ST REOE AR ], NI 12274 ,2001,18(2) 128 ~133.

Meng Xianhong, Liu Chuntu. The initiation life of the fatigue crack of the dipper-handle made of A633D steel [ J]. Chinese
Journal of Applied Mechanics, 2001, 18 (2) :128 ~133. (in Chinese)

9 A, E2H. UEINGERY R IR IS L ORI 1]. R TR, 1998, 9(11) :48 ~50.
Wan Yong, Wang Lansheng. Fatigue life estimation to the counter moment beam on bucket wheel reclaimer working at Yuan
Bao Shan Coalfield [ J]. Chinese Mechanical Engineering, 1998, 9 (11): 48 ~50. (in Chinese)

10 F34, 5KJ7 L. WRAZARL T AR BT 2T (], BT HLBK, 2006, 27(6) : 975 ~976.

Su Meng, Zhang Wanshan. Fracture analysis of hydraulic excavator working mechanism [J]. Coal Mine Machinery, 2006,
27(6) : 975 ~976. (in Chinese)

11 AR3C, R, XNG RORIZ LT/ B R A A BROT /[0 ]. R HLSA 41,2007, 38(10) 220 ~24.

Du Wenjing, Cui Guohua, Liu Xiaoguang. Integration finite element analysis on whole working equipment of hydraulic
excavator [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2007, 38(10) ;20 ~24. (in Chinese)

12 0L, 2RI, X7 47 R BL TR B A BT [ T]. AL PR~ ,2001,32(6) : 18 ~21.

Cheng Kai, Li Shanhui, Liu Shuxue, et al. Finite element analysis of loader working equipment [ J]. Transactions of the

Chinese Society for Agricultural Machinery, 2001, 32(6) ;18 ~21. (in Chinese)



