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Horizontal shovel resistance of loader based on dense core theory

JIANG Heng', CHEN Yan-hui ', XIANG Shang-sheng’

(1. School of Mechanical and Automotive Engineering , Guangxi University of Science and Technology,

Liuzhou 545006 , China ;2. Guangxi Liugong Machinery Co. , Ltd. ,Liuzhou 545007 , China)

Abstract: In the loading process of loader, the generation of dense core would caused excessive resistance of horizontal loading, resulted in
the decline of loading performance and increased of energy consumption. Aiming at this problem, the horizontal shovel resistance in dense
core stage was studied. Firstly, the resistance variation of horizontal shoveling stage was analyzed by using the theory of compact core, then
the horizontal resistance of the bucket was obtained through the automatic shovel loading test of the loader, and the existence of dense core
was verified. Then, the method of avoiding dense kernel was studied according to the experimental data, and the fuel consumption was com-
pared in the stage with or without dense core when the depth range of the bucket was the same. Finally, the accuracy of the theoretical model
and EDEM simulation was verified by experiments. The results show that controlling the insertion depth of the bucket is less than 202 mm can
avoid compacting core. Within the same range of shoveling depth,the fuel consumption per unit in the compaction-core stage is 1.9 ~3.34
times higher than that in the non-compaction-core stage. The error of the slip surface theoretical model and EDEM simulation is less than
7% , both of which can accurately calculate the horizontal shovel resistance.
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ergy consumption

75 B #2021 10 -22

EE&TH .V ARFAEL S B H (2015GXNSFAA139271)

EBE T (1997 - ) 55 IR LA | E R NS BRNL R B B UL AL 5 A SE . E-mail :1511636171@ qq. com
BEBERAN BT SR TR, E-mail : xiangss@ liugong. com



555 1

e
il
48

A TR S I AR ALK B T 5 - 695 -

0 51 5

FEORIEE AR MR TR I AR U, AT FH B e AL
) F shAkd™ss . R, 25 pLAY TAEMERESZ 2] T AT
JTUZ TR, Andd AR T KN AEAME RERE" DL AR
e ek A Hoh 3B & Z BRI Bl |
TRAGREE BRAE KD AR R R R, 3 8057256 L 77 3
I, SRl A Sh b5 A TARRCR

WL ENANEE B X TR ARBESE, I
BUS T EA R, YUAN Zheng-wen 25 A7 T
— e R R MLAE Ml o L5 3} BT A2 A0 48 Aaf 19 I3
B, I S B IE T IR TR T e TR L
B 3 BT % 71 g A ¥ L3 %) A L2 ik L
B3 T 22 B A A R A AT IR LT, TC AT HE 2 B LA
SEPRpERE T A B 2 52 2 B SCiE B Y, OSUMI H 45
NRRSE T B a5 AR P A B BE R AR 32
XTVEFHTERE MG S} i A7 7 AR, I ™ < A
RUPEAT T SERIGIE ; BT 98 A S T s AL = <)
B (R SIS HCAIF T 45 18 T Bk — Al 1 9 B
(R ML ™55 S SR BIE . BT Qiu-shi 2 N kg T
—Fh T AL AT P R () a4 B, LAR s d2
FEALES A H SRR wl > HAE B T, e A A% 4
), I3 e R 0 E T R B R s B TR R
BLES A B RE h , 42 B AL A2 3 0 0k K B
—  PEORBE LB Z il Y RIS T A TR
ft.. TAKAHASHI H % A ARG R ML ke 1 A okl
HEM ARG, ST T 2B 32 AL 3%
Z FRERRAG TAE RS BB 5 (H % 32 45
R A 2% 31 W 2 - kLR VT 97, A 45
Z IIRERLER = A E

HHT, 250 2 4R ML BEL ) i i 9% 2 22 B
TSR ERATY A V2 ) e A AR

AL FEALA |- AL A0 VR B N R B, R AR H
PR R IRl 1 2 AR AR A
A= 2Z Bk () B R 3G 588, 38 2 2 0kE A B (1
JEE X L AR s S B0 S 1 5 R Ak ) T O X
R ATE B SR, AR 2132 B A B T SR T, e =
S IE R 5%, [ LR B b 3 S
TERURUE B AR R B K A A K R
FIFRHMTHE , BT YA B,

EEXF LRI S K i VR e X 4 il o 2
AL A SRR AR5 R E | DA 43 B 47 2 )
U e Sl IVIESE. SR A P W

1 SR SR i

1.1 EXER
FEG S| SRR TR B2 ks | e 8 Se A A SR
FBAPEASTE > 5 bt 2 7 31 i) A9 1, 2 Mk o 2 7 A
KL I, S A iy ik B BRAE , 547 F v # i
BRI AT A Ry A8 B P 2 s R K, B S B R S e
FRAFRA T R 4R A A 23 S
B A AR A 1 PR,
—

| seisemE |

[ momme |< | woiRmemmne |

B

!

| mocmmmme |
|

B b ma we A

HIPE 1 AT AR A e R i R v, sk
W SR T B0 42 fih 21 SE A% R 200 O 4 By
Be, H 4 A OrBea i &, Hp agan 3 B iy
I,

TEG 31 BIKPA2E B BE, 2957 214 ABHE— 5 T
JE S PO Z R 55 T 0RE A B LK T A T )
SN AEG™ 31 14 AT IE U SR ™21 o 32 K F-BHL
R,

KA BT B 5™ 2147 AR B2 72 16 Y il £k ] 2
R

IR /N

(=}

724 N TR B /mm
B2 sk BH ) Bt 2| 4 A TR B AR th £k

H I 2 ATLLE Y8 Sz At 73 KF R
TEAR S 0 IsF T8] DA A B 5 Y %% SEAZ B TR IR I 7
S ARFBE T SCAEAR S ) EsF ] A 38 B B0 o5 R e 57
YL e BH ) PR T, 7 AR B 0 S
1.2 #rFile

P L3I0 BRI RN 7K ST BH 7 158 B i B A R
SR BB R T s R AR R TG I [ R e, R
15 TiXESE



- 696 - L H

39 %

A2 B A AR 1 R,
F1 BATSHREREE

R FHRR/ (%) A%/ (kg - m ™)
1 41.2 2703
2 46.8 2792
3 36.5 2644
4 36.5 2 644
5 36.5 2 644
6 43.6 2697
7 36.5 2 644
8 41.2 2703
SHM 39.9 2684

H126 1 AT LAE L 08 10 28 BURS- 249 (E R 39. 9%
RS R 2 684 kg/m’

JCIR R 56 o 75 B TR B A KN 1 m, B
124 400 mm, JC % B 27 A 55 2R 70 em B R AT,
STRPETHIFEIGE BRI BURHE , W X AR A 61T 8
RICIE IR TR, SR 5 X Z7 % i R HE R T 8 IR%E B,

FR i
GRAAMAEINER 2 s,
x2 RERRAE
IR AL gz B/ (°) BAEZ B A (0)

1 37.20 35.50
2 35.85 36.25
3 36. 10 34.10
4 36.00 35.10
5 36.85 36.05
6 36.15 36.45
7 35.85 35.05
8 36.30 34.25

FIH 36.29 35.34

H 2 2 I LUE 2 30622 B A i F- 346k 36. 29°,
Bl e LA S S AE R 35, 34°, TSR
% BAIUL IR 2 5 /N 0.95°, 7T DL Z RGN,

2 B R BE  o H

EH TSI 32 4G B, PR T W R 1
WA S RS 2 r 32 KB KN A 58, B
J A R AT H A T A2 1 LS KB T DASS R AR
YRI5 e it B PR 5 P AR B S
2.1 #AZHaoH

I Ah B 8 K 2B M LAE 7K T B B ) 472 o A A 7
ARAL 3R, BVG™ 3| i 52 S i BEL 0 T LA 53 il S ) R HE
TEG AL T

32 15T an &l 3 R

B3 4% 14T

F—4 3 R st F sty & 51 F,—5 3+ T
FEALH A 0 BAE R J  Fy— 4t 5 4% SF 4k fik 7 A 0 R A
K F— AR A5 4 Ao 7 A G R AN LA Fy—
R A AT A A

H &3 FTLAE 72 32 i BH ) =80T DLy i
RS A, BT R B A e sh A
T, Bt VEFAES™ 21 2 B 7 1) 10 1 2 ma AR/ FEIK
R B B AZ F, RF, RN TT

POk SEF AR 1 A 1 B AR AR A <)
2 KB RN A

1H SN A 4 B

K4 R PSR
ab—H3F 8 ;be— B A & 5 ac—AL IR F— B AL
LRI F —A A5 0 RAR A N 6—5 R WA &
Fia—H 5 R0 6 H R A B A B IR 8 5
WA
LI 4 rp B WA 18 B T AR HE SR T 2 Y = IE
(abe ) X IR AN I SRR 38 G AR (8P AR A A
H) G e LR F, AEMT F, =01 P ¢
FRARG= L T2 KPR BT
J=2Fpsina + Ky yHSgcosk (1)
=972 BT 52K L7, N F— AR B8l
J1, N a—WpRE 5 573 Z (B R EE A A, © s y— P RH
FATE R, N/m’ s H—5" 34 4 BT YRR, my S—
2k BT U R BT AR , m® kKPR 3]
BT RIS, ©; g— B I NEE , m/s® ; K, —HHRHH
VNEVIEATES 8
TE— BGOSR I AR ME S 1 ok, {H ]
DA e 22 UM B A SR R



555 %

Tl

{8, 55 T3 S B AR ALK P 5 B W5 - 697 -

TETRF57 28 B B 21 T2 i 1 4 5
A

Bk AL B E

l,=1.2xd,KK,/(0.7+0.23d,) (2)
A a4l A G, my d,—9) B2 B AR,
mm ; K,—5" AR R K, —57 31 0% -5 1 £ 152
i) ZR 4K
2.2 FREERFAFENEIZ

T2 A% B BHUK R B4, B
GRS G AT PR EE REARRE AL S A P A B A,
SERZ B BB BE T ) AR AR Bl AT FR IR 2 3RGN 4E
KEEH 1o B AL IR, 70 Bk P57 2 [ Be i 7 IR
O, I8 LRI AR BCH B A sh 57 o B v s} B 2
SIS K572 BHL T, DA IR N 85 S A% O R AR AR AT
g 118

AW B BB AR T ) e U LA Sy
856 H , #A I ELAE 2 20 mm ~60 mm,

LEE R LSS UR SRIOR RTINS s NG|l S 12
BUERAE I R #B 6l oL R 5 RERIE T AN S
BRI RSB, AT A B8 T AR IR R
B A% BB R AR AN, PR A H I o8 R
R
SEE KPR BE 7 BE RS ] 22 A Ze an 8] 5 s

140 .
120 /ﬂ\
- ||
100} BERL W*W/\
z “‘
= 80t \ \
< |
w
60+ “ 4
|
A
t\{/‘\‘ﬁ

o J

ﬁ;‘i%ﬂﬂd RS
! |

0.5 1.0 1.5 2.0 2.5 3.0

t/s
5 SR BE T B s 18] 22 £ it 2k
AB—n 4 5 KB BC—% MW B; CD—F 5
BN B A—5 F T s B A b  B— 8 AT
A C—FFBITAHH(RRIA L) D—F F AR
gk R
HI1& 5 AT AR KPR B 7E A s —E R}
RN FTHE B S (BAE BC BOoKSE5= 3 B 1 i T+
RERIEIRASA, LIP3 B TRIAE 1, C SR R R
TEAR G Bsf (] P R 22 e (IR At D, AR R 18] 2 iy
3, BT DL UE R AR R R 4 S A
TEK 42 B BOFFAE
TRt R Ol T 3 O 2 S I P A DB N 3
7K BT 57 314 ANTRBE WV IXAE B AT o

TR

e e 55 R A

FEAUGRGS 2 AL B2 Ll R P AT
AT R ANA 6 FTR

et
Bl 6 FATH Sl
X—5 e T B M A @y & AE S I—5
NG IR
AR ARG X {H (400 mm ., 425 mm,
450 mm 475 mm 500 mm 525 mm 550 mm 575 mm.
600 mm) A7 B B Dk
3.1 REFEAE
ol BELJR: 15 2 RE AR 1Y i 2 T B, L sl 40 5 S A% Y
oMU Y RN — O T R A R
R BHL A ) R 2 I Rk R A i il g s
O3 At 12 A0 A 428 1 7 S 4 AR BE LA SE O 9% SE A% 1Y)
L
TEATRIY X HT %5 SEA% B B fie R 2 B 7 4
K7 B,

116
114 |
112
110
108
106
104 |
102
100
98

113.8

/KN

103.5

4(I)0 42IS 4;0 47I5 5(I)O 5I25 5;0 57I5 6(;0
X/mm
B 7 8B5S  B R KRB

HH 17 AT LU HY - 2 5242 B B B K BHL T I8 i
X RBG G sEn wwi24E 103.5 kN ~ 113. 8 kN ]
Z W3,

TEANIFIR X (BT, 28 S84 7 AL 7 2} i 4 A TR JBE
wE 8 fiw,

I 8 AT LU Hh « %5 SeA% = A B 73 (94 A TR
FEALBERE X A3 s, HOE7E 202 mm ~ 394 mm
Z a3,

Z5EE(7,8) MTLAK IR % I L SRSl A
FIREHE Y 8 VR B VS S A I G 7 AR Wt R
202 mm ~394 mm Z [B] A FF4h p= Az, % SEA% e K BE



39 %

394

150 |
100 [

BS54 A TR fmm

4(I)0 4%5 4I50 47I5 S(I)O 52I5 5;0 57I5 6(;0
X/mm
P8 ST A A Sk B AR
12z lE g R A 2E 10.3 kN,
Z55 VA LGB AT Y A AR BE 2R
T 202 mm , 5 AT DA sEE G 3 SCA% B IE B, HLZKF 972 B
TN, RERE 23 BE AR ; 57 21 1 4 AR B SR K F
394 mm, FEL A SR, S ECHKOT B T3S K e 4k
HLEEFERG N,
3.2 HESH
9 S B B P e K72 BHL 7 LU IE 472 i BH T 22
KIRZ B TAL AR B 2 L R B FE R
POk BB RTHMERAR LR T TR B
R | DAL 537 285 S A B BOMAE 9 ELATE B
FES S-478 AR HE TR FE 0 B AH [R] A 18 0 T, A% 58
1 5 TO5% SR G 7 285 B st ]S EE X LE , e 9 B

12 — LHELN  e—e [HHEIN
- 10
W 101 8.92 9.02
. 8.4 848 8.62 ° y
- 8.48 ga 832 8.41
E 8}
®

6 -
§ 4.53
=
=

4 L34
243 27 242 252 249 279 252

L

1 1 1 1 1 1 1 1 ]
400 425 450 475 500 525 550 575 600
X/mm

B9 BAfrimFERS L

B O 1T LU HY - A % S A% I 57 2 B A7 ik (1] i 6
T TG A% () 5 2 B R v A R 1.9 ~ 3. 34
£ FTUAAET ZIREFEMRUER T, 572 i e s 4 2% 52
b ANn] 7>
3.3 (FESERWIE

H T EDEM $04 7T RL Eb 5 0 50 i X 2% 2k AL 4 4
PRt e i B AT 0 B 6 T DATHE 57 S AR 7
R KEBE T HA S A T EDEM 1 Bk
X2 BRAIL AR MY o R AT 0

D5 B AR A 10 iR,

TEDF EL2Z A, 253 567, 3 500 x 3 500 x 2 000( K x
FE x =, SO mm) ORGSR 7RG HLTE A BURHHE

10 fhERE
SRS A B R 22 B 36.35° 5
SHF AL 0.6 m/s) S5 PO R,
PORMBHE SN 3 PR,
x3 MEMFESE

MoK W/ (kg - m™)  BIYIER/pa THPA L

v 2 684 5e +07 0.2

43} 7 800 7e +10 0.3

Pefh SR 4 o,
R4 EMSH

Eo eS| WEEEY AN RIEER
A -REA 0.5 0.9 0.15
a4 0.5 0.4 0.05

e ok A S HARAEIR (1) i
BEs] (S B (E, BEKF EDEM {5 B BH ) {8 i S
AR JE B S B (B A EDEM 5 20RH 1 1 5 52 Bré™
AT BN A B M HEAT L, DA SR IE e R T B 0 A5 A
EDEM {5 E AR 1

FH T 285 S A ™ AR A TR R M AR S 7 Y L A
HE LM RKIT £, HZEARK, A EH HH—
IR AT IR

B3 B BRI AE O AR S IR A Y He B Nk
5 Fn.

*5 ERESEESRBENLES

e ENe(E fTRME ERIRIE fiEIRE
/kN /kN /kN E/% N/ %
Juw  109.8 1144 116.8 4.2 6.4

5 AT LUAE A% PSR LR EDEM {5 &
BIIRZEANEIL 7% |, 15 B 1 #% i BLSAR AL R EDEM 15
BT DL R AL K2 B T

4 Z5RiE

N T SRR A R ALK P B i Ry
[, B 5, S 0 1 S B BOK P52 B 722
B0, FRBET 7L i, AR T A2
JIZEANE L, BiiE T % SR AT s AR5, iR A e 4
PP B TR SR BT I T A R S B B



555 %

i1, 6 TS RIIE B LK T B BT 5 699 -

(VHAFE ST s 5 , e IR B g e 1 AT ISR th g™ 3
JIT 52 K457 2 BH 3 K /N 1 % 1T BRIS B YR EDEM
15 BB R A

R Es AR .

(1) %5 SEA% 7= A 0 A7 A 1 ) 4 2 R S
P, B AR EE L BN T 202 mm, 50T DLk G %
ST AL ;

(2) TEAH [R] 118 457 2 V% i 1L PN 3 3 %o A G % 51
FZ i B 1 720 BN ) () 9 B X L e B, A %8 S A 1 By
BB LM B B A AR 1.9 ~3.34

jl
H s

(3) il A G IR 1 A2 i HHEHE A EDEM {5
HAHERG PR R, 2 Rl T L™ 21 B 52 K7 B
FIHIE

£ bl S X SR MK S 57 B 3 T T
RIS TR R

T SERIWTTE R | SE 0K 2 W50 0 B 7 S ™ A
A A 7 | A RN 2 ML ™ 2 AR b i e 14 0 A Al it
—L BT

5% ik ( References) :

(1] WG PRsR, ZR DU, R 2, A5 L™ | 5™ i e A2 ) 4y
Wil 1]. TFEHLIE,2011,42(1) .18-21,101-102.

[2] STAVROPOULOU M, XIROUDAKIS G, EXADAKTYLOS
G. Analytical model for estimation of digging forces and spe-
cific energy of cable shovel[ J]. Coupled Systems Mechan-
ics,2013,2(1) :23-51.

[3] OSUMI H, UEHARA T, OKADA N, et al. Efficient scoo-
ping of rocks by autonomous controlled wheel loader [ J].
Journal of Robotics and Mechatronics,2012,24(6) :924-
932.

(4] 3B $E HEE AV BRI ], HLAE T
FE2402,2009 ,45(7) :29-34.

[5] WANG Xiao-bang, WEI Sun, LI Er-yang, et al. Energy-

AR5 AR

[10]

[11]

[12]

[15]

[16]

minimum optimization of the intelligent excavating process
for large cable shovel through trajectory planning[ J]. Struc-
tural and Multidisciplinary Optimization,2018,58(5):
2219-2237.
T MLIOM 2R A ST e AR RE SR Y
RN PR PE R [T ], 35 RO 4 TR, 2020,
50(2) :437-444.
YUAN Zheng-wen, MA Hong-feng, XU Lei. Research on
testing method of the wheel loader bucket force [ J]. Ad-
vances in Engineering Research,2018(150) :298-302.
OSUMI H, UEHARA T, SARTA S. Estimation of reaction
force from rock piles in scooping operation by wheel loaders
[J]. Energies,2010(5) :693-698.
BI Qiu-shi, WANG Guo-qiang, WANG Yong-peng, et al.
Digging trajectory optimization for cable shovel robotic exca-
vation based on a multi-objective genetic algorithm[ J]. En-
ergies,2020,13(12) :1-20.
TAKAHASHI H, HASEGAWA M, NAKANO E. Analysis
on the resistive forces acting on the bucket of a Load-Haul-
Dump machine and a wheel loader in the scooping task[ J].
Advanced Robotics, 1998 ,13(2) :97-114.
N Aok B R ZE L TR S IS I BR T Z By
Bz Sy iR g ). AU T S5 ,2015(6) 19-12.
Ma/INPR, R LS 8 K. S R Sk B IR A A R
WEFE LT ], T BB R 222 4. A SRR 27 i, 2012, 33
(6) :45-50,7.
FIRTT NS0 RIS S B [ M. 2 b AR
TR R 2016.
MENG Yu, FANG Hua-zhen, LIANG Guo-dong, et al.
Buckettrajeory optimization under theautomatic scooping of
LHD[ J]. Energies,2019,12(20) :1-18.
FRIBHIRET IR, BBk AE. B AR SRR BHLAE A5 EL
Pl sgms [ )], FHHLI, 2003 (10) :55-57,60.
BERE UK E R AR Ry 5o
[J]. 4l H A 2018(7) :153-156.

[#RAE. 7 ]

HAE AR, 1 LI ST R SIS MR ALK B RS ] . HLA TR ,2022,39(5) :694 - 699.
JIANG Heng, CHEN Yan-hui, XIANG Shang-sheng. Horizontal shovel resistance of loader based on dense core theory[ J]. Journal of Mechanical & Electrical

Engineering, 2022,39(5) :694 —699.

<<HLEE.:|:5FE>>%/%:\;http://www. meem. com. cn





