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Stress analysis of hinge point in hydraulic support of coal gangue
granular impact in caving based on Abaqus
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(College of Mechanical and Electronic Engineering, Shandong University of Science and Technology,
Qingdao, Shandong 266590, China)
Abstract; In order to investigate the impact response of hinge joints of various parts of hydraulic support as it is
effected by coal gangue particles during the top coal mining, and to explore the stress difference at each joint, the fi-
nite element analysis with dynamic process is carried out. Firstly, the impact {orce generated by the particle collision
with the hydraulic support was calculated using Hertz theory. Then, a numerical simulation model of the caving coal
hydraulic support was established using the engineering analysis software Abaqus. The calculated Hertz force was
applied to top beam, shield beam and tail beam of the hydraulic support in the form of concentrated force. Based on
the finite element simulation, the different impact responses of joints of different parts of the support are analyzed
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when the coal gangue particles of different materials hit different positions of hydraulic support. The analysis results
show that when the caving coal hydraulic support is subjected to different working conditions, the stress of each
hinge position is also different. The joint between the top beam and shield beam, and the base and connecting rod
are the main stress concentration positions. The results obtained can provide reference for impact response studies of
caving coal hydraulic support.

Key words: shock response; coal gangue particles; finite element analysis; Hertz theory; Abaqus; hydraulic sup-

port; hinge point; stress
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Fig.1 Model and simplified model of the caving coal hydraulic support
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Tab. 2 Material properties of the spherical rock
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Fig. 2 Meshing of the overall hydraulic support
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Fig. 3 Specific load on the reference point changes with time
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Tab.3 Numerical simulation condition statistics
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Fig. 4 Stress distribution diagram of hydraulic support when coal block collides with the reference point
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while the coal block collides with the reference point

M 5Ca)  (b) (o) BT BT AT LIE Y 705 B %8 — B B 18 o D7t in 7 RP1.RP2 . RP3 B[A] . IS )i 5
T b 1 B I 7 0 R #) 10,20 A0 25 MPa, i 18 31 2k B A A5 B B g 2 A ity o 97 e AR L 248 o
RP1 B 45 7 7 S 5 W S A48 DRk B AR AU 1/ B iR 3 3 A1 Ay 22 %o T 3% it o 43 o g B, 4 A 32
TR BT X TR A — A B4 0 S R e M L BT DL YRR J0R b o R S 2R A TR B YR S R RS R R — A
MRS E MRS s i RP2 ST 48 5 I Sk 5 o L g B AR O A5 48 K ik 2h B 2l 3 B v B 8 17 ) 3k )



« 40 . LARRKXFFROE A F R 2019 4% 3 #7

10 MPa i J2 PR A 25 X048 37 5% il i 48 ol g g, IO A2 381 S 43 4 HT  IBC AT Ak 52 31 44 17 7 A T e R R sl e B K
JIt LA 25 A RBURE o o 98 He SC AR AR 4 R I 901 S AR B AR E W /N T REAT ABURE o ol o s S 2R 1 TR N A A
SEVE s o RP3 R $8 o 25 50RO [ ARt P Bl — & B4R 3l - Ak 3l 7 v e i B A ) 10 MPa 724
X2 PR Oy 20 e S it Jin 4 oy L R R S P R 2 A A PR LA [ E . —E R LR T ARSI . 2R
YR BURE ool W SRR R L B AL A2 B A B ) R

X3 SR P BEAT X LU AT AR R B4R T AR PR R Ll T 4 AR L X TR Y 2 o S 4L 2 TR 57 3
AT I o 00T ST IR0 S A fie O RS & T R A BT B2 BN D L /0 5 TR A 4 SR R R 2 52 8 B A N A% B A Y A2 T A
Xt R I HL A B IR S AR R L 2R

WG IR BRI 7 A [R) 275 5 TOURE I SR B 4 A T2 BB 19 32 0 00 RO SRR AL Y
IS 3 A 1 DA T ECULEG T RE 3 S Z 2 0 0 52 3 I SR 4 A 3 B (0 A 0 B A R 2 B
8 B KON 1 B A AL R0 L 6 B

H P 6 TR R TCTOUE IR e SC AR T 8 4 2 A1 e 4L 2 3] [ A 28 Ao B 175 B0 I & 4% 3 0 B4 A 3 R B i A
R ARARL B4 R T AR v a3 A o AH EEHE B SR 5 R TR i A R JRE - YR AR A A L TR 5 A % 32 e Ak R e
S A 32 BRI R . He TR AT 4 AW GL ) SO 48 L B R R 5 RS T 3 AR BT 32V g A
/N TR RN 4P 52 22 6] fh T AT 2 0P R A SAE T E A L B DAHE 37 5t 5 8 R o 2 Ak 52 B B 13 ) AR B

S

20 - V///J‘ #EIHERP1LE
NN 1# HRP2,4
1B HRP3 A
15+
<
A
b
R L
& 10
v}
i3
5= 2555
s
el etede!
KRR o T K0
5 R NN

RSP RERL BirRERRERL  RESEMERL  RES R EREL

Bl6 SELABMEGTNERBMESEKEAFRKE

Fig. 6 Maximum stress histogram of each hinge position when the reference point is subjected to impact force
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Fig. 7 Stress distribution diagram of hydraulic support while coal gangue collides with point RP1
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