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Transient Dynamic Analysis on Working Device of Excavator
Based on Practical Load

ZHANG Weiguo QUAN Long CHENG Hang YANG Jing
(Institute of Mechatronics Engineering, Taiyuan University of Technology, Taiyuan 030024)

Abstract: By taking a 6-ton small excavator working device as the research object, working device’s transient dynamic analysis is
studied with finite element method. When bucket hits ground in the driving of stick hydraulic cylinder, the actual working pressures
and displacements process of each hydraulic cylinder are measured with pressure and displacement sensors. The forces of articulated
points on working equipment can be obtained by means of excavator’s kinematics simulation in ADMAS, motions are obtained from
hydraulic cylinder’s actual displacements and theoretical maximum digging force. In comparison with hydraulic cylinder’s actual
working pressures, the results of simulation in ADMAS are verified. Under detrimental working conditions, the transient dynamic
analysis is conducted for finite element analysis. In comparison with stress test results and simulation calculation results, it is shown
that the stress variation trend of corresponding measuring point is basically consistent, and the error is within 10%. The results
provide a basis for future structural optimization.

Key words: Excavator Working device Transient dynamic analysis ~Stress test
Do At oL, A BRI R v ) sh A R K

P o SCHR[2VHA IR JCiEXHZ I L T AR BT T i
BOMRB SRS, Gia N R, BiETH

0 e

2P ALAE S B AR b T2 v 28 6 5 S A R )
BRER A, R e R R AR, KRR, AR
PR AL T AT VR TR D TR
AL AR B B R, SCRR[13E TG
S SRR N TR) A2 A6 AT ) R B A D42 ALK A1 5
G VAT A B R BT 1 S T AR L N

* [H K ARELFEIE A F I H (50775156).20101019 W B4, 20110301
W53 5 R

BRICI AT 4 R R o SCRR[3 TR A s AT AR
[l 2 R R U Z I R AT I, 4555
Dy BT AR A A R mh Y ) . 2RIz sl
BUIE DR ) R A B BT, RIS
AR A SR B R AR IR . RS AT
WEL AR A, b WO R L o i R AT I 25
BN I3 T R TAR, B/ S bR R A S AL A58
B R TR E R RE AL £k, AT RGBS 3)



2011 %6 H

R DS T RS ML T AR R s 5 o i 145

DI VTSl R (P MER R S D ] SR R () 5 IE
BEXHIX S, ASCLL 6 t NSRBI B
B LA SR BT IR B N T T, R ) AR
I B A S 85 (R A0 I o o ok it by 9 R B T A
FE IR AR A £, DASIIN 25 98 s T A0 B A8 4k
i & AEL 1R s KT ) b IR EN, 3l ) 2 s A
ADMAS Xz R AT 05 B, 15 H &R
SAERE TR R BT 2 A (AR A R, 4 S
U BT RO 50y 90 UF 47 L5 R R A o o &
BRI B A TR B Ik, X T AE
SEEIATBRASBN D12 08T, 456 N )R &5 R
A BRTCTH R HERFE RS, Ry G5 R T B AR B

1 3ar il b o A

A Pk BT ) P8, EWFR O
L BB R S DU P
LY 5SRO, e S e 4 W L
WEIE SO AIRCBS AR UL, ARSI | T k.

0 2 4 6 8 10

Fif ] #/s
(a) /1 A4k
700r B
ssof HIESL
=]
£ 400}/ \ [\_/
$ 290° jc%‘ﬂmu
B ool ML g
R R R élblIZILt
Fif ] #/s
(b) REFEAAL 2%,

P 1 i R A58 Mt s ) AN B A £

HB 1 R g, s R, KRR
A 9 I T ZEAH R AR B A AR, ST T
PR IR, ST IS ) BB T i Rk
W ¥ E (8 25 MPas KB IS EL AN RS2 A T AR
BRI R, N BG5S ELY
TR R R Rk R b T, AR bk
TH2 15 MPa. fEUERERE A, i TS AR L 50
(K1, B B ET RS 1, DA AE TS R e 2K
AT, PSP A s MV A AR DA
CURNAAT, A8 B LA ol M T I fR A7 B, 194

AN TR TARZES W 2 Bros.

SR FPUW & g | M B WA

SRR, LASHRT SEAF. 67
BURBFTIA S, A D A

F = Pyl + Gyl + Gyl (1)
Ips
X Fy SN iy = T}
P2 S AR AN 8= N
4, S| L A s T AR
Ips K i D B LS EEEY

L——D BB EL S R
SFEOMEEE, =1,2,3
280k VI BT AT A S i o e R U 2R 82 B 1K K
PR AU F =350 kN,

2 TARREEBESE) 220 i

W 25 31 3 27 53 BT 39t A BRI 45 M AE — 52 ] 4R
Z5AE RN TR AH DG () 3 S 4 S I3 D)W [ o 0T~ 2
PES) )28, B AT A R g5 R AT A Rt
(18l 3 3am WIANRR PE A e, 2Rtk S5 447 F R
SE R AEAE, ARG, R TS5 M (R AR AN R AR
BV 2 Bt DI FE M S5 3l e
2.1 HRTER

KBTI 16 Mn BB %, K143 k4
A B R FH AR WA R o0 TR 0o 1 S8 T = 4 e T8
F Pro/E A KRE FIMAFHEAT = 4ESEAR R, AR5
Aty g A A DL igs A% 20T AN R T g M OpE
MSC.Patran "', Ff] 10 717 5 TETRA FCHEAT M A% K]
gy, KI5y WIS Ja 0 BROTE R W 3 Fros. KBTS
MECH 41 515, HonH 21 2585 SRAFAT A ECN
48 269, HLIGEL 25 592, KRB A AR I M
FEEAT AL, JCAR AT AR X BR3P AK 1) 43
IFEARTIK
22 BHAETREAMHE

DA S 43 o Jok 5 45 R G 16 467 8% 78 1 il 2k
Rl KB i o ) K5y, FH 3l ) 2% 7 LR A
ADMAS X TAF 2 & 1) fid 7 ik #2247 30 ) 27405



146 BB LR ¢

47 55 121

KE

SRl

SHF
K3 TARRE A R o

F, i R, KRR ROR S R A
B IEAMRFEAE 410 mm A1 75 mm (75, SFAFRUE
HLAE 0~410 mm Ju [ NAERIZ ), 24k 2 b
B, BRUEnT ] STEP sREGIBIA, &7 &k
BRI B 3K Bl Je 1A 9 07 SR BN ELAR 73 W R

KW EFA YRS : STEP( time , 0,0, 1,
410); FAFB G B 085 STEP( time, 0,0, 1,
214 )+STEP( time , 1, 0, 1.8, 161 }+STEP( time ,
18,0, 22,0 )ySTEP( time , 22 , 0 , 3.8,
-375 )+STEP( time , 3.8 , 0, 4.3 , 0 )+STEP( time ,
43,0, 54, 214 ); LG4 B UK S -
STEP(time, 0,0, 1,80 ). A4 JyUKA): STEP( time ,
15,0, 1.8, 35 000 )+STEP( time , 1.8, 0, 2 ,
0)+STEP( time,2,0,2.3,-35000). 1, 0~1s
I B) Ay Y A R LB AR, A e &
RGP AR — 5 1.5~2.3 s N iided i M
U = BV i N AT R G RS SN A f A
Bl AR R, TS RS HE R B T,
PRLEAT 06 BRI v AR L B4 ) 580 ) 27405
LG B SR G S AR R ) 2 A T L
5, BRSNS BT At ADMAS 23 #1485 S 1R A
PE, B FIXAN R AHSEN . SHATF R SLHE T 1
RE th & A L th & an &l 4 Bios .

3 4 5

2
8] #/s
B4 BRI B S SRR LHE ) £k

Hild 4 Al mT g, AE— it R 0~5 s
ISR AT, A0S G HE 7 0 IR 7 3 i Ze A —
B BEZERMBAK, HET BRI IRZEN 1.7%.
DAL ) LIRS 50 7 275 L P A 1 32 D0 1 DL A
s S o AR B R IS O, VR
B AR e R 12 0 S DL B 5 s

400 -

Z KEHE5KE C
< 300} KA1 D
= SRS KRB E
= 200f L 5OHF G
® SHF 6 A
& 100 B 1 ST 1
005 10 15 20 25 30
R /s

K5 flly i A T AR A s 52 70 ih 2

M 5 FhZemran, 76 0.5~0.8 s KT TR
BB, SRS s ) I K, 0.8~1.0 s W FE T 5E ik
JEZHRBY B, T SR R AR Sk PR e K HE T
B p 52 AR B IR R e KA. 1.0s LS
PR RS R, SRR T e G e, S
Bl RS2 B R AE PO PR, TR 0.5~0.8 s Al
B B, BEAT R AR BN ) 2 A i i Lo BTz i B B T
23 BRESHAER

NG PR G/ #r 8k 44 MSC . Nastran X K Fi 3}
FATRRS B 1550 Mo AERTAL B Rk, R T ik
TEMBHREARSE B4, S F B R RIS B
Jinsh &, B S Eh AR E K 5
0.5~0.8 s I [A] BB 552 B N () A8 4k i 2% o 7
TN A8 R I AR T, RS OR R 1% 8y LA ) 1) B X
o B 0 AR ART 52 7 53 AT R Mt I Y e P 0 T
b, NS EAZIAE 0.5~0.8 s T A B A AR
FeFEE, PAE MSC. Patran 1. B4 Field W', #1%
NS B AT B Ay 2% B A8 AT AT 243 (] (] ] )28 A 7
TEIAL A o 25 [T T Al LA 38 m7 23 A A Ak
BT AT Ab BT, i 1) 4 19 B E ZE Non Spatial
L ARIE G H, DB BRRELS KERE S C
], 0.5~0.8 s I [H] B dgiaig AR Ak ith 44

F, =(9.93+796.9x1)x1000 N
1€0~03s Q)

A 38 0 () P O X 0 A0 A 8 B 4 ST ) 1
A N FRINAE— /MR A T b, 58 R oG
ST IRTT AR BE 5 gl v R R A A AT B S B )
YT, A3 O R0 AT AR S8 R 52 B K3 fir BT (1)
I )RR TE 3 A = E WL 6 B .

HIE 6 nJ A, b K, K RN )
HEEILAE R 5 R VA s AR Y s T, e R
h 228 MPa, KV ST S 33AORT RS £ A Ak ) L
B TN AR A AN AR TH S A X AR, 7E 100~200
MPa, HARELRIEN, BI7E 100 MPa LU K
T e KR T IR BE KR 150 S B mi i ik, A
JEAEA 6.1 mm, BEEEKE SV 688 SRR
Ny SRR ) AR R 5 SRS 8 I
A 157 MPa, B 5 2B s BT Y R4,



2011 %6 H

R DS T RS ML T AR R s 5 o i 147

HAREME NS FREL /N, 7E 100 MPa LT SR 5
RARTE R BUAE B AT K B i fi A, e K28
JBH 2.39 mm, HERE RS OB B SUBE AR B
N

228.000
182.000
137.000
91.100
45.600

0.069

6.10
4.88

3.66
2.44

1.22

157.000
125.000
94.200

62.800

31.500

0.159

(c) AT J7 4341 2= ] (MPa)

(d) AL 545 m B (mm)
Ko kb N AT 73 A 2

R A A Ji o o R A KN 7 R )
I o 1) 28 e ) ot 28 A e AR T 1 s A T B I T) A A
rrth & 7 proso

fE 7 i ge v, BEAE S8R s b2 1Y
SRS N, KR RS R B KN AR T S R
I, HRIEBEKNE, BT E IR T 4k
TERLAS AR R, 015 TARESE B S MAE IS T I fE
A NIERE Y

240~ 19
£
S 1601 A 6 E
B B
S o
& sob AN SR
AR
] ! 0
0 0.1 0.2 0.3
I 18] #/s

() KA RIS 45 OB FAS T i 2%

180 2.4
S /

S 120 412 g
3 A £
© 3
S o
5 60 B4y 1062

I | 0

0 0.1 02 03

1] #/s

(b) AT KR 7 5 5B ) FIASTE it £
7 AR 5 KN Iy FAR TE AR A i 2%

3 NIAR Ko

T IR AR L I RN ) AR A
K FH 2 25 H BEL Y A% 4SRN H5 40 R 45 030 I 30 4T 0
Ko N TN SE RS HAS M iR 2, Hi%
ASCHS KRR N ARG 5 o0 B e e i E T R I
N SRR DA T hR e, AR R R R LA B
Wi 8 s

Tk
e Rﬁz) ER m
R3(Ry) %
B R -~ ||= B
J
S —— R
° ° - A. I
Ri(R3)

8 NAR AR R B KA

9 Frs 2RI A 4 S v AL 7EHESE 30 mm
JEFE N, RN AR R SRR G R, RTHREETE 30
mm JG A ZI A AR TR B IE, PR
1 mm, LR AREE N 18.4 um.

PR A X, PRGN 1 mm, %S
ARG 20 pm, FNZRIEEIS VI B KR 2
A 8 Y%

56 DN R P A R B 1) B R Y % 1 DA
FRRTIESR: © SRS NA R EE S, 1
P I S5 RE R0 s A S R v B AR s @
e s e NAE 5 R R, AEE S B RIFINE
M LB, 280 HT, AL A R I A R AR



148 BB LR ¢

47 55 121

JORE R B B 10 Fros, B AR SR B i) B AR
o, BEAE 120 Q, P .

700

500

300

AS g/mm

100
| | |

| | |
0 5 10 15 20 25 30 35
% JF s/mm

Ko BERERLML

Pl 1O 00 s A1 5 B I3

DR ) B FR FL R R A H DG RN
oeE__ W 3)
U, KK, (1+ )
E——M B3R
U ——HEL A I

A

K —— AR R R EL
Ug —%}:E
Ky —— R A 2

u —ARA L
I PEAE 120 Q [ HLBHN AR K=2, 1=0.3,
KL, € Ups Kpo W5 S5 R 3P LME IEBP ]
TERI S 24D Y ) o B 11 s AR i o b
AT 5 0 AR g BN ] PR A A i 2%
80 P8 P 7 WAL3 WAt 4

J }] 6/MPa

] /s

B el R I N ) AR A i 2

SRS RE SN TIPSR s O e SR PN iR V)
It AT 2R ey g R S R, HLRE W R
Ko HrhPlgi 3, 4. 7. 8 fEffdid ferh 2, M)
RIIEME: WA 1L 2, 5. 6 fEfidiid B2 R, M
JIRISE, SRR T AR S

4 HHE5RERLR

3 o 0 R ST AT 1B A5 80 ) 2 03 M
T3k, IV AT 500 N g B N TR 224K 1 i
2o DL BRI AL 1 FISFFF BARGI R 5 SR g,
WSS RN 12 Fros.

&
=
b
g W s
0 01 02 03
1R /s
(@) WA 1 5 BEASED ) 220007 N A4k i 2%

40

R f7 0,/MPa
IS
o—7—
<
<
=

0.1 0.2 0.3
s 1a] /s

(b) Prg 1s 5 ARG AR N 2B h 22
K12 sl s Hrinse 45 R E

T IR EE6S Y. RS B0 g 27 43 B e 45 2R
Algn, feEREd R R, TAERE B % RN
AR B, BN s EMZEAKR, WA
1 IRZEN 12 %, D55 FIRZEN 10 %, HoESEFr
K N ) R 5 W FE A R A Bl 1 2 o B 4 AR KA
2, WERGEFZE N R F E R © 27K
B BErp, Sy R T IHE J) 7E I () AN 2 2k
L) @ WSS Arhox di lE ki w E
SEPREE A 2 @ I I R E 5 R AE AR
SRz . ik FIRaAT, UEEHRESS) oM
RIS 45 RIEAY G, A BRIciERT TARR & ik
TS BN 1 i i R & 2, RA S %M.

5 4

(1) FEd SRR ph Ty do K, KRR
A 2 45 KN 1153510 24 228 MPa Fil 157 MPa;  #x K
ATk 6.1 mm F1 2.39 mm. i /2 45 K Bt F AR}
16 Mn FRI S RIS LK, [FII ARk g5 R 1k —20
R AT AT KL e T

(2) BEAB) %M 4 R 5 R 45 RIEAW)
Fro UERH TR AL TAR R E AT BB 1 A
JREIERTE, Tk T AR B 45 M B AR ST
R AT IE



2011 %6 H

R DS T RS ML T AR R s 5 o i 149

Z % x W

[1] LANAKIEV A. Modelling of complex structures using
superelements[J].
Engineering, 2008, 1(4): 396-411.

[2] XUE Caijun, QIU Qingying, FENG Peien. Test and

optimization of static and dynamical characters for

International Journal of Design

excavator[C]//American  Conference on  Structural
Dynamics, Kissimmee, Florida, USA, 2003: 772-777.

[3] QI Yudong, SONG Guimei. Research on the testing
method of hydraulic excavator’s digging performance[C]//
International Conference on Advances in Construction
Machinery and Vehicle Engineering, Shanghai, China,
2007: 266-270.

[4] TEEH, Wk, ST ADMAS FURIZHML TAES:

BB M. A Tk K 2E2E3), 2008, 37(3):
59-63.
WANG Guixin, YANG Yanlong. Simulation analysis of
work elements of hydraulic excavators based on
ADMASIJ]. Journal of Hebei University of Technology,
2008, 37(3): 59-63.

[5] ZFEH. £T Proe/Admas/Matlab 538 HLEE SN 5T
7. HUR 5L, 2008, 36(9): 133-134.

QIN Cheng. Virtual prototyping study based on
Proe/Admas/Matlab for excavator[J]. Machine Tool &
Hydraulics, 2008, 36(9): 133-134.

(6] HERWY, F MR, M. WIS HLOR I 4 v 5
W B SR [I]. h E TR AR, 2006, 4(1):
16-20.

FENG Suli, WANG Guogiang, DU Wenjing. Computer
simulation and test of operator guards of hydraulic

Journal of Construction

excavators[J].  Chinese

Machinery, 2006, 4(1): 16-20.
(7] L8, SN, 5. BETHE 7m0
BRTIE)]. REVIF AR, 2007, 19(1): 194-196.
WANG Feng, MA Dawei, FENG Yong. Modification
study of two equipments based on transient dynamics
analysis[J]. Journal of System Simulation, 2007, 19(1):
194-196.
[8] WILSON E L. Solid SAP-A static analysis program for
three-dimensional solid structures[J]. Nuclear Engineering
and Design, 1973, 25(2): 257-274.
(91 Ak, FT 7 AU RRF LA L A BRcif & 0 Hr
WFFE[D] . HUMH: HIIKZ:, 2001.
SONG Haibin. Based on generalized optimization feature
element

modeling and static finite analysis[D].

Hangzhou: Zhejiang University, 2001.

[10] #2%, BRWEE, SIEE. WURIZH L AR R E Rl
BESWITEN]. s TRER, 2004, 17(8): 795-798.
YANG Wei, QIU Qingying, HU Jianjun. Experimental
modality study on work device of hydraulic excavator[J].
Journal of Vibration Engineering, 2004, 17(8): 795-798.

fEEE N KDE, 5%, 1984 44, MLHTA. BF55 0 TR
Il HLVBCES B AR SR 83 J1 225 #

E-mail: zhangweiguo2003@163.com

BOEGREIE®), J5, 1959 4R, it #dR, WLoridin. =
TERIFFLTT T by AR A IR A B A i R e A5

E-mail: quanlong@tyut.edu.cn

FEHT, 2o, 1956 A, #dz, WS, E SRS UK
W5 5 5 20 W 2

E-mail: chenghang@tyut.edu.cn

W, 9, 1972 4R HAE, RS . RS M RN E) )
I R REBR

E-mail: yangjing@tyut.edu.cn



