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Effects of constraint boundaries and simplified pin joints on
strength of hydraulic support
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Abstract: To accurately analyze the strength characteristics of hydraulic support considering the canopy torsional
loading condition, by taking ZY6800/08/18D hydraulic support as the research object, the three-dimensional solid
finite element model is established. According to the results of hydraulic support test, selecting the location of
measuring points on the simulation model, the stress distributions of the hydraulic support are compared under eight
boundary conditions for the canopy and base. In addition, the contact stress and status are analyzed under the
frictional contact boundary condition between the base and worktable. It is pointed out that the phenomenon of
incomplete contact of the base is caused by the load asymmetry during the canopy torsional loading. The influence of
four simplified methods for pin joint on the stress distribution is also analyzed under the constant constraint boundary
condition. Finally, the stress distribution obtained from the experiment evaluates the accuracy and efficiency of
various boundary and pin joint simplification methods. When the canopy boundary selects fixed support, the base
boundary selects friction contact with the working table, and retaining the pin joint and bonding the pin joint to the
axle hole, the simulation results are the closest to the test results, and the simulation has high-efficiency. The
research results can provide the basis and reference for the accurate estimation of the hydraulic support stress
distribution.
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Fig.1 ZY6800/08/18D hydraulic support and simplified CAD model
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Fig.2 Boundary and load of hydraulic support and finite element model
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Fig.3 Positions of measuring points for simulation and experiment
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Fig.4 Hydraulic support test site and part of measuring points
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Tab.1 Eight boundary conditions

T THGELA R TR TR A
1 [ %2 7 £ (fixed support) [if] 5 S 4
2 ] S 4% TJCEEYE ¥ (frictionless support)
3 [ % S 4% A3 B4 (no separation contact)
4 TG EE 82 % 3 (frictionless support) B8 F2 itk (frictional contact) , EE4E2 R 0.2
5 I#i & 37 TR A, JRE452 PRI KU 0.2
6 [ 7 ST TCIEE $ 4% fith (frictionless contact)
7 [ 7 S S 3 itk (rough contact)

U4 3 (compression only support)
AR Z J5 il B (ULIE 5)

Il T T 777 7T

500 450 400 350 300 250 200 150 100 50 O MPa

N\

(@) TH1 (b) T2 (©)TH3 () T.B4

Y
(&) TS HTBL6 (@THL7 LQ’X (TS
z
5 EIRTREXRENEE

Fig.5 Stress nephograms of hydraulic support under different conditions
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Fig.6  Comparison of simulated stress and measured stress under eight constraint boundaries
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Tab.2 Measured stress and simulated stress under eight boundary conditions MPa
ANTR] T BLHYI N g
W SRS

et T T2 T3 TIL4 TS5 T 6 T 7 T8
4’ 165.7 165.8 178.7 175.7 284.2 182.7 214.9 222.0 175.5
4" 134.5 151.0 168.2 151.8 261.2 145.4 185.4 203.7 156.6
5’ 271.3 269.0 248.5 295.3 268.8 304.6 288.2 295.3 275.8
5" 303.1 273.0 269.0 303.8 273.0 306.6 292.3 303.8 278.8
6' 234.3 226.3 243.4 212.9 221.3 241.4 218.2 221.3 219.9
6" 177.7 178.5 183.8 164.4 188.9 188.9 170.4 156.8 171.4
6" 159.2 163.1 175.7 149.7 168.6 149.3 153.1 144.4 155.3
8’ 329.5 328.6 263.7 341.8 317.0 342.1 321.6 356.6 314.2
8" 303.3 305.4 274.6 302.7 305.8 302.5 313.4 317.9 308.0
8" 228.4 252.2 288.4 244.7 258.0 245.2 249.2 228.9 248.3
23’ 335.3 277.3 298.3 296.2 281.4 308.9 300.0 317.3 283.7
23" 340.9 305.3 286.7 292.8 273.4 325.3 301.8 335.2 290.6
23" 353.3 301.3 274.1 281.2 261.5 326.4 282.2 336.5 300.5
10 102.4 14.3 92.2 90.8 142.6 100.3 91.5 11.1 90.1
14’ 114.8 5.1 11.4 14.5 194.4 117.9 179.7 15.5 171.4
14" 114.4 4.5 12.0 16.0 189.7 113.7 177.3 15.6 167.0
15’ 165.3 33 12.1 15.2 226.9 166.2 258.4 19.5 233.5
15" 165.6 3.6 13.8 16.4 258.0 153.7 277.0 19.0 236.0
18’ 105.4 3.7 9.9 9.6 160.0 104.7 161.8 9.4 147.3
18" 105.8 3.8 9.6 8.7 154.9 99.8 166.7 9.0 151.4
19’ 106.2 1.2 6.3 6.8 169.0 116.2 175.9 9.5 158.4
19" 107.1 1.3 6.6 5.4 177.7 117.5 178.7 11.5 172.6
20’ 142.2 3.4 14.9 12.4 267.8 157.7 227.3 22.8 210.1
20" 146.2 3.2 15.3 14.2 246.2 165.3 238.2 23.9 214.9

TH 1T ARGA TN TURA AT RIS T SRR E S D7 BT BN ) 2 R R B T L Y
TRYRRE Fe b, T b e PR SR IR RIR I ROEOR AR E B AR A 5 (a) B, H
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Fig.7 Displacement and contact status of bottom surface of base under eight boundary conditions
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Tab.3 Comparison of simulation efficiency and accuracy under

eight boundary conditions

T8 D5 BRI R/ min W R D B L %
1 9 50.00
2 5 37.50
3 10 54.17
4 495 33.33
5 55 100.00
6 171 45.33
7 116 45.33
8 37 50.00
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Tab.4  Simplified methods of pin joint

(EXTRHI AT 0y 5 A R, AT S By T A
LIRCHT TS [R] B B A 2 42 1 1k vk X L 5 ﬁiﬁ*ﬁ%%’%%*”%?Lﬁfﬁgﬁmﬁﬂ(bonded
FORRYIZIE R RIRIAL I )7 LR 4 P, 4 B o PRI, B R T B (bonded
0 0 80 0 2280 ) 53 25 P ot | #
WP 8 B/ 3 454N I A 5 IR B0 45 S Xt L An P 9 Al 10 f&‘fﬁ% %jﬂ}%g*ﬁ for ¢ JH 2 1 9 140 A
— S s . revolute join
R S5 PO HRBCEAUREIR 6 i L R Y AL T B etiona
contact)
B T T T 7T T .
500 450 400 350 300 250 200 150 100 0 MPa

(a) T 5

() LHL 10

(@) TH11

8 AMARHMEUTENNNIZE

Fig.8 Stress nephograms of four pin joint simplification methods
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Fig.9 Comparison of simulated stress and measured stress under different pin joint simplification methods

B9 HYPT LN ) = IR R T 00 R i S
IR LA SAE P RAL B R (EARIN. 1519 m]
LIS 10 AL S HAT 5.24 MPa, /N TR
SEIR. ULIA 22 BR B AR, R AT 30 20 0 3 15
PR IE I LR 20 2 12 i , 2410 o 326 1269 7 Y
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A A BT S SR TARARAS LU AR, 3k 4

AT 10 AR AR R TS,

BT FET B S BERS E {5 B R, eyl
L5V FFRFL 22 IR 00 40 2 4 i e ol P 4 0z k. DAL 9
s AT LA B, A 30 400 50 7 (B 5 50 56
{EAm A, H1 26 6 AT a0, T8 11 A T80 10 A3 A1 R B9 W)
B AL AFR Bl T L A 6 T i
B2 5, & S BOTHRCR KKK
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Tab. 5 Measured stress and simulated stress under four
conditions MPa
N[5 0 A4 00 A2 73
b=y =2
i THS THo L1000 LE1I
4’ 165.7 182.7 176.2 270.7 206.1
4" 134.5 145.4 143.1 194.3 159.4
5 271.3 304.6 286.2 302.9 305.4
5" 303.1 306.6 286.9 304.1 313.7
6 234.3 241.4 219.3 239.1 236.3
6" 177.7 188.9 176.9 191.9 201.4
6" 159.2 149.3 164.9 172.8 162.7
8’ 329.5 342.1 303.5 362.5 329.1
8" 303.3 302.5 281.8 294.2 304.4
8" 228.4 245.2 243.8 241.5 252.9
23’ 335.3 308.9 289.4 288.4 320.2
23" 340.9 325.3 304.5 295.6 327.4
23" 353.3 326.4 284.4 303.1 324.1
10 102.4 100.3 5.2 98.4 102.6
14’ 114.8 117.9 124.6 115.7 140.3
14" 114.4 113.7 123.6 113.5 138.5
15’ 165.3 166.2 175.5 159.4 180.8
15" 165.6 153.7 177.3 156.3 186.1
18’ 105.4 104.7 108.6 119.5 117.1
18" 105.8 99.8 112.2 120.9 119.6
19’ 106.2 116.2 122.7 114.8 117.2
19” 107.1 117.5 130.6 118.2 119.4
20’ 142.2 157.7 170.2 192.9 162.4
20" 146.2 165.3 175.1 195.8 167.4

R 6 AEIHHEL T R ITEEMBEX

Tab.6  Comparison of calculation efficiency and accuracy of
different pin joint simplification methods
T D5 BRI ] /min W) 4 A R LE %
5 55 100
9 118 70.83
10 382 83.33
11 818 83.33
3 4
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S T ORI A RS F A, AR .
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2) FETRE 30 5 R B SR 0T IS 3
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L B . T IS AR 3 FH 5 A 5 BE R4 il
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U TR R A AR AR L IR KRR E B
REART B TR

3) AR AT Ak X B R A R R A, 2
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