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Fig. 1 Structure of loader working device
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Fig. 2 Mechanical relationship between loader bucket

hinge points and cylinder hinge points
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Fig. 3 Load identification model of loader working device
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Fig.4 Structure and principle of the pin-shaft sensor
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Fig. 5 Structure of torque sensor for boom section
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Fig. 6 Schematic diagram of load test sensor calibration
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Fig. 7 Test prototype and sensor installation
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Tab.1 Typical operating attitude parameters of working device
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Tab. 2 Load verification test results of typical operating attitude
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Fig. 8 Load test of iron ore material

40 80 120 160

t/'s
R A8 A% R b o X 445 2R L 15 20 57 B A b 3 (©) HEFF 552 HB A
5%}: S|BSSO DL H: 'Ej %i S B Fy s Fys Fops (c) Load on the pin of the connecting rod and bucket
FxssFys s Fzo o Fxs R Fy, 30 25 38 fof B (8] Dy #2 A0 A 9 9 BCHE AL SR I R) T A

P 7 Fig. 9 Load time history each hinge point



%3

J7— ity S AL T 2 B A R A R A RS T 587

B9 AT B B AL S 3 Mz T
A AL B A PR — 0, AR AR T T 0 B AR Ak T DL
— AR A A 43 Sk s 2R B T B L T s i B
FERHBE Y, TS BB, B B — A H L
FEG 48 B X J5 ) b4y J ek B i KAl . Z 5 X 05 1)
G3 TR WINIT Y T3 10 43 J3 36 K X 5 S R GT RAE
A YR A A oMb 3 1 2o AR A X R B SF A A
P B X J7 ] 32 07 32 4G KL 4R T PR 4 ke
YkL Y 5 11 43 03 JF B 38 K 5 B 48002 4 B A5 R AT
5 AR (R A P (B B 2 K T2 B2 i B e
BHBE . 3 AN A 7 1 52 B R B A 1 L R 34 1
PUAE R — B 20 9 28 pm7 s ) FHAR B 28 £ e (AR
KRBT — o o 2. ARl A 3 A ) B R ) R
S A58 e 28 AT 5 T AR B LWOOOK e R AL T 1E %%
AN A B B P FE AN &L 10 s

B L 10 R AT, AR 28R o 350 31 A5 R A5 2] ) T 12
E A1 A8 Ay IS ) DG A s e A RS A Ak ) 1B ) 2R 3
o T A 2 1 Ml ) 00 B DA R T 2% B R 28 1
A AR BT 52 0 3R A0 14 04 (i HE B 4 26 VR Al Bt
FVEUEME W B . 57 2 1R Be A 8far X O a1 43 J1{H
K200 220 kN FEEVEHE L BeAb i X MY Jr
] 1) 1 735 B ek e KA 29 400 kN, TAE%E &
JIeZ A 1) 3 B Z 5 1) 2K 4e7 e KAE 2924 25 kN, 1
B3l N RL 22 A R B 3 B A B AR A M R My i
RAEZH 60 kN « m, 573450 5 B S T4 %€ B 4b
AT AR A R AL B AR ML FR AR — B B
A5 T S e T B BRI IT A2 A R s 14 A8 AR R L SE B
TEAT I E R AT, 53CER0L, 6, 1000 TAER &
A3 JiE 32 0 3 06 53 AT AS T) 1 2 o S0 47 = 458 i 3K
i 12} 22 48 A 7 SRV b B 359 3T B R K 3R
i o A FH I RT A BS f aE SE0Rk BB R A e 21 L 2%
HAL TAER B B 11 R,

HURFES 257 3 1) R PR S IR
V& o GRS A ) TG B 1 R 48 1 LA K Rkt A
SRR E X Jr i B S SR F S e Fx 1R
ANV Fy B RN Bl R 57 S RS R I AE Y
J5 W B B4y BT Y E . 6 LW90OK %% # AL, Ho 4
FEFE R 9t X 2 IRHE 1208 90 kN, X 5 52
WFEN Y Fy f KA 400 kKN FEARW) &, 40 Hr S 0l
TE 57 2 1 35 VR B 20 1 4 ol AR 3 & B SRk B 1
SEASE T S v AT o H R YRR T A S o S
BRTFIR GG 5 Sl B8 S e % A7 2L IR AR T 1R

0 20 40 60 80 100
t/s
() 4 RXANY 5 17 F
(a) X and Y directional forces at the bucket tip

0 20 40 60 80 100
t/'s

(b) F=FRZH RN
(b) Z directional force at the bucket tip

|
D

J15E / (kN * m)

80 100

[=)
[ ]
(=]
S
(=]
(=)
(=]

(©) 4 RXFNYT7 i i ) BE

(c) X and Y directional moment of force at the bucket tip

2 400 3 CERE e, —— R
5 ﬁ Eﬁ .oo.. 0000
~ 1800
1200 i T L L !
20 40 60 80 100
t/s
(d) TAEBE MG &

(d) Displacement of cylinders of working device

P10 e L T AR 3 B Ah B R 4 R

Fig. 10 Results of external load identification

P11 VRN 2B LR 3

Operating attitude of loader on unloading time

Fig. 11

TR 257 3 A PREE g I T 3 e .
Tl ] 7 2 R i 1k T VR B i TR AR A
B SF B AL AR T VR o BT . X 1A 10 4
kIR 220457 31 B AT 5 AT 5 S B AT R XA



588 & oW K 5 2 W

%039 &

Y J5 1) A WA R B o el T B R S A S B 2
i RAEY J7 15 HBLK A o o 284 B ADRE IR o
BT AU W S 2o A B 2 IR A T HL 23l i
R X SRR AR AL A SR . L TR AR
e A R BT R R B A I L T 0 el ol A 1 5
Wi o A 25 B i 52 A A8 A0 47 2 N AN 2 5 | 19 i
BoL/NTIER Fx M EFy . A% & X MY J7 [ 2 i)
B 7745 AR B A1 80 i 8] Dy R A 18] 12 Fr

400

? 200
R,

0 100 200 300
t/s

B 12 7 3h 5 A S A I ] B A

Fig. 12 External synthetic load time history

SRR O A G 150 SF R R kT
LWO0OK 2 2L 5™ =} S 28 47 12 591 45 SR 19 323 i e 43t
YR I IR 25 0 A U5 B E IR R 2R =2 BUsk
A 7R 53 AR LA MR AR SR 2 - An P 13 s

300F 1M 149.6 C .
PR 43.81 45188 | %g }14;3
s 200F N:1782 = 300- B 3831

B 100l & 500 N: 1782
100
0 l n ) 0 L 1
100 200 300 100 200 300 400 500
HfE / kN W& {H / kN

13 473k A 38 A 1 W (8 58 T o0 A L A
Fig. 13 Statistical distribution of external load mean and

amplitude

HT 13 AT BRAA MORE T A A A Y
{EL-H90 ORI {EL-A3T ¢ 73 0] AR A 5 (1) (X0 (12) i
F18 X 5T 285 53 A 0 = 2 RO A O 43 A1

far=—>T e [ (717149‘6)2} an
X)) —— —€eX -
13,812 L \4z81yz

. ~1.448 /y—38.31\%"8 _ /y—38.31 1. 448
=Tl Tss ) e o)

(12)

1) H AR i 52 S0 B A 137 A 47 ) Sk 2R AL
ST T AT AN AT U R A S e A 3

B 5 AT 2 8] A B0 00 &L WA T 7 3 B B
JE AR T AR B A o YRRt 4R T = 1w
A S I S0 R AR TR R AR ISl R 7 S B B A
(4 753 » 3t 2o AN [ 28 25T 9 2 Aoy 36 Ul X 5 » A A% P
BT P75 I 45 RN B B A2 e 2 12 000 4 R X
RIETE 3. 0906 LI 0 IHT 25 0 1 AR X 58 2218 13, 404
A

20 BE T 3 A7 TR A T Tl A SR e I X
SRR AR L A 28 06 L HH B B I 11 Al A 2R
PRk B o 3 ik 1 I A5 3 1 2 AL OB A L i
A5 vty 2075 L X F LWOOOK 3 56 FE AL 78 2k 4 4
FETOUT s R ol 28 06 29 O 400kN, HL 28 fif
YERImF a1 o X 150 ARV AEAS o S 2R 8y £ 47
DR A 3 3 3 (-5 T W 1 23 ) AR G 25 0%
A T =2 B A IR 3 A3 IR 2538

3) JIv s ST 14 A 28 A R 3 S TR i ) 28 £
T7 ¥R N R ORI A 5 8 A 33 i o) B 45 R O 57
Bt TS %

z % X ik

(1] #ochk, B2 RRITHEERNHINEGES S A

AL ] FARR 22 4l D2 i, 2004, 34(4): 602-
605.
Dai Wenyue, Liang Hao. Dynamic simulation and
comprehensive optimum design of working device of
loader[J]. Journal of Jilin University: Engineering and
Technology Edition, 2004, 34 (4):. 602-605. (in Chi-
nese)

(2] #7R. AR B LR 5 B T35 b b 2 Y

L)), BEHHL. 1999(12): 64-66.
Meng Guangliang. Determination of the load in the
strength calculation of wheel loader working device
[J]. Construction Machinery, 1999 (12): 64-66. (in
Chinese)

(3] T, ®t, WhoR. 5. REHL AR5 B oRE i) 8l
B EAHI]. TRHL, 2008, 39(5): 16-19.
Ning Xiaobin, Meng Bin, Yao Hong, et al. Dynamic
simulation research on strength of loader attachments
[J]. Construction Machinery and Equipment, 2008,
39(5): 16-19. (in Chinese)

(4] TT—h, SO0, 34, 55, UL LIERE B 451 0 i
TSR B AT ST ] ML SR B, 2016, 38(4): 772-
776.



%3

J7— b A5 R AROHL A2 A YU R A O

589

[5]

(6]

(7]

L8]

(9]

(10]

Wan Yipin, et al. Structural

Jia Jie,

strength analysis and experimental research for work-

Liang Jia,
ing device of loader [ J]. Journal of Mechanical
Strength,2016,38(4) :772-776. (in Chinese)

FmB, XA, B R T 00 B L AR
BRI A L] A B, 2013, 39(6) ., 114-
117.

Wang Yunchao. Liu Chun, Huang Sude. Rigid flexi-
ble coupling analyses of loader working device based on
offset load[ J]. China Measurement and Test, 2013, 39
(6): 114-117. (in Chinese)

Coetzee C J, Els D. The numerical modelling of exca-
vator bucket filling using DEM[]]. Journal of Terra-
mechanics, 2009, 46(5):217-227.

Stefaniak P K, Zimroz R, Obuchowski J, et al. An ef-
fectiveness indicator for a mining loader based on the
pressure signal measured at a bucket's hydraulic cylin-
der[]]. Procedia Earth & Planetary Science, 2015,
15:797-805.

el I = R o AN A R 1 e R B S R B 4
R, 1991(6) :43-47,

Zhao Yunliang. Study on the breakout force on the
bucket of loader[J]. Journal of Kunming Institute of
Technology, 1991(6) :43-47. (in Chinese)

MPCOR . ZEIU A, BB =, A BRI AR
SN AP, 2011, 42(1):18-21.

Zeng Qinggiang, Qin Sicheng. Zhao Tengyun, et al.
Force analysis to digging procedure of loader bucket
[J]. Construction Machinery and Equipment, 2011,42
(1):18-21. (in Chinese)

ZREER, A, BRE, S50 L
S| BCROARRE DL AT LT, AR B 2R,
2014, 21(4).329-333.

Li Xiaohuo, Shi Zhengrong, Lv Liangyu, et al. Simu-
lation of random loads for mining backhoe loader-buck-
et during scooping granular coal and rock[J]. Chinese
Journal of Engineering Design, 2014,21(4):329-333.
(in Chinese)

[11]

(12]

[13]

[14]

[15]

XIEMS . X setk, skBH], 55 AR %510 & X =F
H K HARBFZELT]. JRah ik 512, 2016,36
(5):1003-1008.

Liu Yanpeng, Liu Kege, Zhang Shuming, et al. Load
testing technology of double delta wing mounting un-
dercarriage[J]. Journal of Vibration, Measurement &
Diagnosis, 2016,36(5):1003-1008. (in Chinese)
EIRE R X sE . KHLEE R & U i ] Rk T 5P
ML PR3 L5 12 . 2015.35(1):178-185.

Yan Chuliang, Liu Kege. Reliability design and eco-
nomic life assessment of aircraft structures|J]. Journal
of Vibration, Measurement &. Diagnosis, 2015, 35
(1) :178-185. (in Chinese)

RIS, EER, EARRT. S5 AR B Bl A A
o B 55 % A T [T ). 3 bR R 2 2 . D R
2011.,41(6):1646-1652. (in Chinese)

Zhang Yingshuang, Wang Guoqiang, Wang Jixin, et
al. Load spectrum compiling and fatigue life prediction
of wheel loader axle shaft[J]. Journal of Jilin Univer-
sity: Engineering and Technology Edition, 2011, 41
(6):1646-1652. (in Chinese)

ARAE, TR, fNRL HUAR S B0 S o B R
(M. L. EiR2AE0R AL, 2009 41-51.
Ti—dls REET, B, 45, B LA E M
B Oy v 5 OE s (T ], MUARR BE . 2017, 39
(1. 26-32.

Wan Yipin,Song Xuding, Yu Luping. et al. Study on
load test method and experiment of the pinshaft in
loader working device [ J ]. Journal of Mechanical

Strength, 2017,39(1):26-32. (in Chinese)

E—EEB T —dh, 55,1988 4 12
R PRt RS TT I S
Bm A 5 Bk o5 k. WOk RCER
BIL A 26 5 495 ) ik 32 40 A 5 a6 F 50 )
CCHLRHR BE ) 2016 4E 55 38 558 4 ) %
W3

E-mail: wyipin@chd. edu. cn



590 & .0 X 5 2 W %039 &




