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Digging performance of hydraulic excavator based on digging paths

CHEN Jin, QING Fei, PANG Xiao-ping
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqging 400030, China )

Abstract: A new method about digging performance analysis of the hydraulic excavator based on digging
paths was proposed to solve the problem that digging force of the hydraulic excavator designed independ-
ently in our country has been always insufficient in the digging process. With the characteristics in con-
secutive digging process of the hydraulic excavator considered, a digging path was defined to be composed
of the bucket and arm digging trajectories and the feasible working region was divided into a series of uni-
form paths according to the position of the boom. Some discrete points of the machine digging force on
the paths were calculated, which were used to evaluate digging performance. One hydraulic excavator de-
signed independently in our country and another comparable one designed by Japan were analyzed respec-
tively using the new method. The results show that the difference between the maximum digging fates
the hydraulic excavator designed independently in China and that imported is about 20 kN. The differ-
ence between full capacities of the two arm digging is about 12%. These are the reasons for the insuffi-
cient digging force of the hydraulic excavator designed independently in China. The new method plays an
important theoretic role in design of the hydraulic excavator and improves the development of the re-
search on the hydraulic excavator in China. 4 tabs, 3 figs, 8 refs.
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Fig.1 Comparison of arm digging forces
H1 T A2 R B S1AT42 40 F 5 S) R X S AT P A
FIR e 1 mT L ) 58 /0 L 100 4% B R 08 S AT 42 408
TEE LS b TARR #8455 O 1 3R A 3K B S} A2
3 770 BB R I A S AT S 0 R AR RS
171 F 7 4725 4 AL -5 2 A2 LAY A R ) g
TR 3 A X SR A S TR AR BRI A i L R i



%2 M 73

Bt 5 AR T AR b AR 0GR R AT R AL IR M AR 3

BUER A A R B Ak T4, o T PR B4 AL A9 Ll
S A SCHR T3 A R AR Ol B AR T BE AT
ks

it F RSB S B2 A LA I A A ) Bl X 52
B AR S b 2 4 & ke b R PR L R
A S FFAZAE T3 AS J B B S8 42 SR B S A X
SERF I I A S RS FEAZ R S S R S S AR R R
B AT B3 5 SR B AR X ST A B0 AR E S T
FEHE VI G AR 5 B B e £l LLUS S AT 82 B A
TR SR R A SR IR £ BT AL B
2 W BB 20 BTy 1% 5 1 Ml B AR 1 2 B 2 WD R AR
N o TR INOR (SN A K 7 S~ o p o TS oF T
P AR B R B T — 25 th 47 Sk 1248 45 1 AT 92 4 41
A B 2 W 2 R .

B2 R4 AR Al AR B 2R
Fig. 2 Digging paths in digging process
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Tab. 1 Statistic of maximum digging force in feasible region

calculated with performance analysis method based on paths kN
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Tab. 2 Statistics of maximum digging forces in feasible region

calculated with traditional performance analysis method kN
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Fig. 3 Comparison of digging performances based on paths
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performance analysis method based on paths in feasible region %}
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Tab. 4 Statistics of full capacities calculated with

traditional performance analysis method in feasible region %

el Rl | 2L
ENDE AR R LR Wi & 50.75 43.50
N1 3} FFAZ A S AT 5800 K 4% 49.45 48.64

1 L0 B —
4 4 iF

(DM TRE R SE P ) B A e B [ 3 J2 4
J W) 2 PR AL 1 1% S8 9 P RE 23 M ik 42 1 1 B 5 ]
SRGIHERBR AT ™ dh - (B 52 B A2 4 2o A v i B2 4
AR R ETEE 2 E R . O T LR LR R
Ji P B SR B 4R H I T 1 oMb B AR 1 98 42 1 AL BE
Or TR 3k T VB IR g i I8 42 4 1R fE 2 A
/G

(2) 38 5 74 3K W Ao A TR R 42 4 AL . R R 0
2 4 P BE 2 A 7 3k E AT 2 4 PR RE O H L R D™ A
BRI (U R 1T W d S 7 K S T G S B o
38 F1 35 /N BE VRRAT P A R T A A B2 AL
FEAE 00 N R B4 6 B A2 4 ) 5S4 R E
b A A A2 LR G ST 1
o b /N T HE DS FE R BB T A A A
P HLA I 2 BF B R .

(OFZ P PERE XS LL &5 RAIE W] 1 5 TR L % 42 1Y
T AZ AR AL RE 20 A B 7 5 9 A SO B TR %
A8 BRI 2 ML R A A 2R il BB >4 g LA R
AR A A L B DL A BTk T LA
XHZ SR AL AR B AT LA L B3t H ARl
(RN PP NN Y& oS L= A PSR PN §is
P

(2]

(3]

[4]

(5]

(6]

(7]

(8]

#HL, 5 R TELRZGREZIRINIZ IR R 5
o E PS¢
References:
[1] Chen H H,ZiJ P. The application of virtual prototype

technology in the kinematic analysis of hydraulic exca-
vator working device [ J]. Advanced Materials Re-
search,2012,538-541(6) :3235-3239.

BAME A . YRR 42 L 7 2 B 0 g 2 e RE A T S AL 1k
WFFELD]. Kb R K2, 2009.

HU Xiong-wei. Study on the mechanics performance a-
nalysis and optimization of hydraulic excavato’s attach-
ment [ D]. Changsha: Central South University, 2009.
(in Chinese)

ZK 0. WA AL AR 2B SR RGBT Y S
[D]. b 8] 5 K2, 2006.

L1 Yong-xu. Design study on the hydraulic excavator’s
attachment and hydraulic system [ D]. Shanghai: Tongji
University,2006. (in Chinese)

R BT RAT 254 G S R R A 4 L AR
A Bt 53 (D] FPC IR, 2011,

LI Qiu-bo. Optimum design and strength analysis of
backhoe hydraulic excavator working device based on
practical mining area [ D]. Chongging: Chongqing Uni-
versity, 2011. (in Chinese)

Udwadia F E,Kalaba R E. Equations of motion for me-
chanical systems [ J]. Journal of Aerospace engineer-
ing,1996,9(3) :64-69.

M. B R AZ AL 1 5 B LM b R &
Tolb i Ak, 2011,

LIN Mu-yi. Structure and design of single bucket hy-
draulic excavator [ M ]. Beijing: Press of Metallurgical
Industry,2011. (in Chinese)

Mrad F,Abdul-Malak M, Sadek S,et al. Automated ex-
cavation in construction using robotics trajectory and
envelop generation [ J]. Engineering Construction and
Architectural Management,2002,9(4) :325-335.

ik Hi. Visual Basic )7 3% i #08 (M. 4R M o E 9
bR R . 2001,

ZHANG Yan. Visual Basic programming tutorial [ M ].
Xuzhou: China Mining University Press.2001. (in Chi-

nese)



¥ERXFFROGAAFR 2014 4




