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Research on middle beam pin shaft node of hydraulic support test

bench based on AHP-Fuzzy analysis model
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ing Co., Ltd., Zoucheng 273500, China)

Abstract: In order to improve the situation of discontinuity in the range of stresses caused by pin deformation, the mathematical theoretic-
al model of peak contact stresses after pin node deformation in the test rig was established based on the Hertzian contact theory, and the
pin node model was simulated and analysed using ANSYS software and compared with the theoretical model. The results show that the
simulation results are in good agreement with the theoretical data. Combined with the actual engineering field application, five main indic-
ators for reducing the peak stress in the contact area of the pin node hole wall were determined, namely: shaft hole gap, shaft casing thick-
ness, node plate thickness, chamfer length, chamfer angle, and the use of Minitab software to establish the main effect cloud diagram for
the three evaluation indicators: stress, tangential stress and strain; establish the affiliation function of the three evaluation indicators accord-
ing to the fuzzy mathematical theory, and use the hierarchical Analysis of Hierarchy (AHP) was used to determine the weight vector of the

evaluation indexes, and the optimal combination of parameters for the five main indexes was obtained by combining fuzzy comprehensive
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evaluation and the principle of maximum subordination, and the combination of parameters was simulated. The results show that the op-

timized pin node column peak stress reduction ratio is 58.77%, and the peak stress reduction ratio of the trunnion node is 12%. The optim-

al combination of solution parameters was applied in the field in the design and development of the 50 MN hydraulic support test stand,

which verified the reasonableness of the optimised parameters and effectively improved the service life of the centre beam pin during the

loading test of the hydraulic support test stand. It was further demonstrated that by adding slope chamfers to the pin nodes, setting reason-

able initial clearances and plate thicknesses, the peak pin node loads could be reduced to a large extent and the length of the stress range

improved, providing a reference for the practical engineering application of the design of plug-in and plug-out positioning pin assemblies

for heavy equipment.
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Fig.1 Pin shaft node of hydraulic support test bench
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Fig.2 Schematic and stress analysis of pin connection node
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Table 1 Material attribute of pin shaft, ear plate and column

S Mk Bihre EE/MPa Jat R /M Pa W AR /% W TS 2 %%
HAHz. i Q550D 750 550 16 39
i 35CrMnSiA 1900 1544 11 47
Hﬂ% /%‘?Z"ﬁ% P 7 R B AR B = A A 1z g P AT, A S
M SEAF L HR ] ) R i g DA A e S A . B

T & ]

\Jﬂﬁ T

(a) VAT A 0 REE

754.0
680.4
606.8
5332
459.6
386.0
312.4
238.8
165.2
91.6

18.0

. 71/MPa

234
219
195
5 250 171 n;f
= 200 148 5
&
& 124 3
R 150 100 =
E 100 76.2
= 50 524
0 28.6
476

19/(0) 0 oéé/%&
(c) A EAR
K4 HsFE =y =R

Fig.4 3D contact stress nephogram of pin joint node
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Table 2 Numerical comparison between finite element ana-

lysis and theoretical analysis of table pin joint

R P/MPa P/MPa el%
S 753.55 747.523 0.81
Bk 242.49 239.512 1.2

T PONA IROTOT BT s iy (e ; PO (2) 3158
S0 eRIxTIRZE

3 ET AHP-=#IEEHANL 2T

B Y RS T B DXy LR A fih DX R, SEBR
AR 38 2 7R FLRE DX I T 5 A R R AN T
BB SERE 0. K L WEUE LRGN ) T8 AE
(RS2 H T IE AR A A SC RS, Ak, FLBERM] B Al
oA JEE E 1) R /N 23 5 i 7 o W R, 6052 i 2 i X
ST HEAR Y S8 T SN AL AR R MR JEE B A el
FLEEI < BRI FA B2 . AHP(Analytic Hierarchy Pro-
cess) A Ui & — R I ALiA =05, B1E
HESL R HARZE R 1 )2 R G i Bl b, AR

253



2023 4F45 8 1] # 2 M FH K 5551 %

IR, £3 2R T AOACE Y. AR IE SR ®3 EXRBERRKTE

SIAT R SERE L, SR FABOR 43 M1 5 % B il S R A T Table 3 Orthogonal test factor level

AHP-B# 2 H RS EURAL /3T %

3.1 EFRBIG 544 KV pplaene BEEEE WA EAKE 0
R 1 0 ARG e BRI S s b 2D

V1 4 25050 B R FLSE I 1 S R T, b ¥ e

RMR T, IR L IR 0. 3K 5 B S > 120 240 02

TSI R Z K L25(5). 3 4 56 130 260 0.3

4 5 59 140 280 0.4
%%Lééﬁﬁzﬁ’fﬁ"? T ] L 5 6 62 150 300 0.5

Y
; o
MBI T, P 0 g\

BT S S RPN 8RR 2 0 R N ST o, VIR
J1 7 DA R NiAS g0 1 ANSYS XA B a5 51 di 45+
AT B0, B HPEN 845 o, « Fl & AH N 8L

S5 HHEE AEH (., SPBTHIRILE 4
Fig.5 Parameter diagram of pin joint node FEIE 3SR, AN ] R 3R 045 2 A 52 i 119 LE E

%4 FESHHASETAEFIHEER

Table 4 Calculation of parameter evaluation index of nodes with different parameters

P H/mm T,/mm T,/mm L/mm 0/(°) o/MPa 7/MPa &/mm
1 2 50 110 220 0.1 593.98 327.58 3.46x107°
2 2 53 120 240 0.2 57523 308.72 2.87x107
3 2 56 130 260 0.3 558.22 280.45 2.88x107
4 2 59 140 280 0.4 635.67 318.81 3.03x10°°
5 2 62 150 300 0.5 724.17 363.81 3.45%107
6 3 50 120 260 0.4 589.49 295.37 2.81x10°
7 3 53 130 280 0.5 665.12 333.75 3.17x10°7°
8 3 56 140 300 0.1 640.19 347.02 3.88x107°
9 3 59 150 220 0.2 571.16 307.7 3.18x10°7°
10 3 62 110 240 0.3 544.67 281.11 2.75x107
11 4 50 130 300 0.2 595.36 317.95 3.11x107°
12 4 53 140 220 0.3 534.9 287.39 3.01x10°°
13 4 56 150 240 0.4 592.7 296.87 2.82x107
14 4 59 110 260 0.5 640.55 324.26 3.07x107°
15 4 62 120 280 0.1 625.22 346.4 3.92x107°
16 5 50 140 240 0.5 615.25 326.43 3.02x107°
17 5 53 150 260 0.1 639.02 354.27 3.99x10°7
18 5 56 110 280 0.2 603.41 336.75 3.61x10°
19 5 59 120 300 03 569.95 298.35 3.19x10°°
20 5 62 130 220 0.4 576.13 288.49 2.75x107
21 6 50 150 280 0.3 558.04 298.24 3.06x10°°
22 6 53 110 300 0.4 602.67 302.23 3.10x107°
23 6 56 120 220 0.5 597.68 310.31 2.96x107
24 6 59 130 240 0.1 666.98 362.37 4.18x10°°
25 6 62 140 260 0.2 617.55 331.66 3.59x10°°
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Fig.6 Nephogram of mean main effect based on stress
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Fig.7 Nephogram of mean main effect based on shear stress
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Fig.8 Nephogram of mean main effect based on strain
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Table 5 Parameter combination under different

evaluation indexes

W TahR H/mm T,/mm T,/mm L/mm 0/(°)
N o 4 50 120 220 0.3
VI Jie 3 50 120 220 0.3
N A%e 2 50 120 220 0.4
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x7 1~9MIEREMENTFHEI—BERER
Table 7 Average random consistency index of positive and

negative matrices of order 1 ~9

FEREREL RI
1 0
2 0
3 0.52
4 0.89
5 1.12
6 1.26
7 1.36
8 1.41

H ) 2 B SR A B KRR A A =3.053 6, CL =
0.026 8, CR =0.051 5<0.1, B R iFi—EhE . Kidx
KAPFAEAE A TN BORRAE 18] 2 @, (4700 — R ADEE,
R AP A5G 2HE R FE A = (a;)5a A A i o, I 3 4
TR R BRI A TR ] 12

o =1[0.393,0.296,0.311]F (11)
BRI ZE A VEM P PR E BT AR
t=GXxw (12)

Kt =[t,t0, 0 10s]" o FFIECIRIR A 255 VT 48
Frsf g E(E L3k 8.

x8 BREXKKWARLGAEIRREEE
Table 8 Membership values of comprehensive indexes of

orthogonal test combinations

i ti i fi

1 0.555 562 14 0.555 471
2 0.789 778 15 0.323 826
3 0.923 306 16 0.611 172
4 0.593 655 17 0.252 002
5 0.158 762 18 0.470 797
6 0.820 622 19 0.767 969
7 0.449 008 20 0.885 841
8 0.299 240 21 0.821 363
9 0.734 431 22 0.705 826
10 0.977 370 23 0.717 944
11 0.663 010 24 0.123 862
12 0.918 812 25 0.463 861
13 0.806 455
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Fig.9 3D contact stress nephogram of pin joint parameter op-

timization model
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Table 10 Comparison of stress peak value before and after

pin joint optimization
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