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Practicability analysis of hydraulic support design system for steeply dipping coal

seam inclined pseudo inclined working face

wuU Yongpingl’z, HU Tao', HU Bosheng1’2, XIE Panshi'?, DU Yuqianl, YAN Zhuangzhuangl,
WANG Tong', LIU Baoheng'
(1.S8chool of Energy Engineering, Xi’an University of Science and Technology, Xi’an 710054, China; 2.Key Laboratory of Western Mine Exploitation and
Hazard Prevention Ministry of Education, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: In order to solve the problems of ignoring multi-dimensional load characteristics, cumbersome modeling process and long
design cycle in the design process of hydraulic support in steeply dipping angle coal seam, combined with the load characteristics of hy-
draulic support in large dip angle pseudo-inclined working face, the design system of large dip angle hydraulic support is developed. Based
on the comprehensive research methods of motion simulation, strength test and physical experiment, taking the design of ZY5000/15.5/38
hydraulic support for steeply dipping angle coal seam as an example, the mechanical model is established according to the multi-dimen-
sional stress characteristics of hydraulic support in large dip angle pseudo-inclined stope. The spatial load characteristics of large dip angle
hydraulic support are analyzed, and the mechanical linear matrix of top beam and shield beam of hydraulic support in pseudo-inclined
working face is established. The design system of hydraulic support is built by using VB.NET as the development language combined with

linear matrix and SOLIDWORKS secondary development modeling software, and a good human-computer interaction user interface is de-
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veloped. The research and analysis show that the trajectory range of the front end of the top beam of the model hydraulic support gener-

ated by the system is about 48 mm, and the trajectory curve of the front end of the top beam of the support satisfies the characteristics of

double torsion line. The maximum stress value of the model support is 146.7 MPa, which is far less than the equivalent stress value of the

material yield, and the maximum deformation displacement is not more than 0.531 mm. The working resistance of the physical model hy-

draulic support with a similarity ratio of 1:5 is about 38 kN. The loading characteristics of the top beam and the shield beam of the support

are tested under different conditions. The mechanical data of the model support in the experiment are basically consistent with the mechan-

ical data generated by the system, and the experiment meets the motion requirements and bearing characteristics of the support in the

stages of initial support, resistance increase, constant resistance and pressure relief. The research results reflect the good adaptability of the

model hydraulic support under the design system, which has certain scientific and practical significance for enriching the design theory of

hydraulic support in steeply dipping angle coal seam and guiding the design and production of hydraulic support.

Key words: steeply dipping coal seam; hydraulic support; parametric design system; adaptability test

0 3

AT 08 J2 2 i JHL R AT A E 35° ~ 5SSOI MR,
JEFE AR BRI 22 Fe Tk P s
VUL BT . b 25 b A A 52 i e o et 1Y)
50% LA b, HRMURBEIZ A 50% L i fE A
FINTC IR S Bl TG R 2 SRR
REAEAER RS ZRYE)Z 22 REBOR, B2
PR R S AR EE IR AR T ] 04 43 Ty 8 K, S ) 4y
I, SRR MEAE 2, SECCAE T fE], 280
Bl ARG G R, HSCIRE TR 2 | R
A R AR S 2R 55 R 5 b F—A R i 2
e Sy Bt

R S SR 2 R TAR T A R E B K&, HiE
REPE D TAE MBS 4 4 | BV PP R 2
— B E, 1M AU S AR SRR vk D T
B 44 F ] VB 6.0 42 T H., 3 /T Solidworks
APL X} ZY8400/26/52 Witk =X KR i i R4 T T
SIS RSE TR, S T ST T Sk faf Bl
U132 ] Pro/E #4513 = 4 S50 AY, IFH) FH Mech-
anism iz sl EALH 40 M35 sl 15 B, 5 A ANSYS #f
A BRICH T, 3880 T S 2R M ROR B i T %
TR ; 350 B2 I Solidworks 4K 4F % ZE720
R TOUARE VR s S 20 T A AR R R A5 LA S5 44 AT, 4 1
TS BRI DM B Km0 B TS R
Pro/E 5 Visual CHH4-45 6 1) 2048 8 T 2 248
SHACERRRBH R G . xImeaEgl F
AMESim #4:%F ZY 12000/28/64 %15 i ¥ 1 37 408 i3
137 RG0S, LT S A L T T 0 R i i v
J [0 % T4 A SE2 B T 2R G B S T B, X
SR I G T, S A A S 3 e A i X
T TR S 403 3oL 32 sl 5 L . 54 e PR B ARG 5
D MR AR RISy 2O T S22 1)
AT BB X R U S AR AT T R[]

188

i

TAEBE T A, fifp ke 1R SO ARSI T ok e
DR BARAE L

FIRT, RS 23 R0 SR BT i SR
RIS ARME R 2250 T Ze MR S 2R TT R A5 1Y
LAl b P AT R ke (i o 3 1 B v 2 L SR
QWIS LI 2 TP R ORI TERE, — 2 2
JEEORIE T SRR E T, (HEZ R R BIIE
R BRE, 8RBT BEZE SEPR IR AR 2
LSRR RAIR | SO | RRE R 2 | RS
PRIEMEFN QAR S5 AR 22 W ST MERT, S BUE ™ R
. e 4R 2210 X L b, S0 3 i £ AR
PHRHER TAEHNAYS HE BB A ) AR LR
AR S AR E AT LR O A2 R T T
VA S AR T ) B 1, S M A AR T
T SR 23 () 52 IR, 4545 R AU W SO AR %
FIRFPER A AT R GE . 3 W e KA 2 i
SCHR I S (8] 52 SRR, 25 G RAUA T S 52 T8
PRI A BT R GE, A Yy B S BB 3y |
T3 SR W AR T BT T 0, Bk T RS
S, 38 i R AR SR GE N, e (A AR =
REEZER R FHIRE

1 IRLE

3132 TARMA T R IX 5 42, B2
1 36° ~ 47°, SEX M f 430, SEIEFE 2.5 m, B E
1.44 ym’ . B2 A0 T LR A AR AR
hE, AR, TAEHR AR RZR S AU AT
K, EHAEE N 25°, fi E 38 4~ ZY5000/15.5/38 Witk
W E ST A 6 B8 ZY6000/15.5/38 1 8 i 1k 52 48,
TAETR R S 2R & 1a fis o (EARER A, KM
POV S AR AR 1 R v PR 254 L AR B, AN
BT N R T AR I 52 2% 2 4kt 3 Rk, 2 B0R
FE AR AT R FE vh R B R , S28FiL f
{5 J Mk AR IE S5 ), LR S SR IET | 2540 1 S 4t



(AR RAUATBEZ IR Db T AR g SR BT RGeS A

2024 455 7 #H

A RS, mE 1o FR

P 2 SR A A A2 BE T TR S 2R = s
6] 32 R FRAE N, F R 2 WAL E TAERE ] ] |
T SL[EVE AR SCBRAL T = R sh S IR . R,

(a) WOE B A5 B

ST RABTA AR TR T SR A2 I RFAE, IO RFIR =
2SRRI AU 9T S R
) JE S A0, S AT A A T S R — A A
MIS R BRI S

(b) TAFHIR

Bl AMAKEKETFERELRIERS
Fig.1 Working state of hydraulic support in longwall face of steeply dipping coal seam

F AT
R
"
NS

B2 KEATHETREXR=%ZHFME

Fig.2 Three-dimensional loading characteristics of hydraulic support in steeply inclined coal seam coal working face

2 KA TEERESXRZHE

AT AR T SR AR E M — BRI R
Z 2B AN IIETE B K, AR S BR I P il s SO 2
AbTREI = HEZ IR o SRS 52 TR
S T 32305 Fl o Z IRl AR AR RO 2R, Rl S48
SEAE L FR AT« T TR T 5 i SR A A
(52 3 B Dk A L IR | TR ATV A
FINFA K TG S WSO T AR T Y 52 PRz
JPIRZS, BEMBH R GERIIT K, S Dy A1 2%
PF RSB TYE S E AT T 0, 19 1 SRR
T e S TAERH T 5 76 SRR E VE A LA 1, Fx¢
RAG A AR TR S TARARAS T =43 (6] 32 T4
PEREAT 73T, WFFE AR RASHLIE, 45 S R A =

VB SR R G
21 HRRIEGRIESL R HFEE
PRARFAR T AR S 20 0% A (8 R AR o 1l
ERABBRIRI Y SR R A BT BG, SE R
() 2 FNRS B IR ME, 175 & bl B, & BT AR
FACE Y “SAe-FlA” ARG ac A" KA U
B Y Sy ORI 3 BT, oy R T
VR IR), z Shaf B2 1) b, S48 [ s o Ik
AR R ) ) B KB EE R 1A Frppas 4 R
IRCEVIP NG IN I PN Sy iy
ST SCAAR T ST T ReChR A B AP 5 A
Gsinf— Fr = AS + Fs — Frnax = 0 (1)
2
189



2024 4F5 7 11

# £ M FH K 5550 %

Sw

i
B3 s R E SR R S HE

Fig.3 Two-dimensional mechanical model of hydraulic

support in pseudo-inclined stope
Fr=uP
AS =S4omn— Suwp (2)
Frmax = (P +Gceos )

N, G o S T A i DRk 5 18] i) E ) 73, KN
B R TAETEBUS, (°); Fr TR S 2R B U] 1) A,
B S 24 5 TR ) FBE 48 7, KN AS Ay AHAIS S 48 18] 4
AT Z A5 s b4 SO AN T, KNG Frp
N SO IR ) e KRR EE B 7, KN e 9 SR 5T
JE A 22 1] B BE 52 RS P oAy TR X S 2R AR 5 1) 281
KN Sps Saonn AL SCHLEEHIZAT, KN o

SCARTARR TS R, SEH0RE A U0 25058
JIt 52 B B TR T SEAR B I BL R s 1, 52
B e Bl X LB SR GEIR P L O B,
SCORTR UL B AR T 1 5 4% 3 SR A AR A5 1 8 - 18 05
(el STIPSR

Fxy—P—GceosB=0 (3)
m .
FN(y| —5)—ASn+LGGs1n,8+
n m (4)
EFS_FRH-'-P(E_)}O):O
2 . n
Fn = [nAS —LsGsinf— - Fs+

Fa-#(2-5)

A, F AR XS S AR A ) 2R A, kN L A SC 4R
Ui BE, m, B Lo=n/2; yo R TRAR E A VR FH A B, m; y,
AR AR A, ms m R SZERERE, my n Sk SR
15 B, my Fy R TOUNRGT S 48 4 D70 1) 877, BRI S 28 5 T
MR Z ] EE4% 7, kN,

AL (1)—2), TR SRR AT
REERIE S TAERL T PN

190

Pl’:i[G(sinﬁ—ucosﬁ)+F5—AS] (6)

A2 3)y—=X (5) AT W SRS B A e sl
Il 5 TARRHL S P, A

:m[(zyl_m)cosﬁ(;+ (7)

n(Gsin B+ Fs —2AS)]

maC(6) . (7) A1, 76 TAEm R g AL . A%
JEAH SR SR B VR 28T AS IS DT, S 2RIG F T AR
g1 Py PyBEERAER T Fs KL 4 iR, ARG 5
R Py Py BEE A VER T Fo f3E RN K .
U AE A A e R S R T R b, S T AR TR S
BRRERRE TAE, Fy Al Fp B9VE AL &R /NS 320
TAEBH 1A 5, A6 T RS2 B rh RE 2 e T
T A4 0 LA R S B8 TAERH 77, 385 S 2R i 8 28
Re A e M

180
160

’
2

[~ P US4 TR
| = P U R

Il 7 FH J3 PIKN
£

40 |

0 20 40 60 80 100
A ER 77 F/KN

B4 XREFEHMEFAEERDBEMXR
Fig.4 Relationship between critical resistance of support and

force of the waste rock

22 KBAREZR=H#ZEFETR

IR 32 IR R e T S5 A 22 ]
(A B G 2 DA N SR I R A LB, [m] i) e e
THRIEAT R IE R 32 3, IO TR AR M1 AN - i ]
BRE ALY, SCHRAM oy B 04T, A vh a8y Al B S S
RO SONTE R — T BN, 38 S AP 1H 1251
Bt S5 S PR A2 AR AN A0 Sk WA R e
JE ORI T A THT S AR 0 32 4RRAE, 43 B8 TR DA S 4
P0R o S AT 23 (8] 722408, ST A S P B 5
SIS ) S 2R ROR ) — B e O AR P AR A S R
KIS, X SR A T3, S s e
FIZERETINPE S Fis .

MR A A A 2 OO0 R AR T T W S 48k
J TR A7 FPARASHE ST P 0 R 5K



(AR RAUATBEZ IR Db T AR g SR BT RGeS A

2024 455 7 #H

R1X+R2X—(P1+P2)Sin91—P500892+Qx+f,c+Fm=0
Ri,+R,. + (P, + P)cos §; + Pgsin 0, — Q. — G cosa =0 (8)
R1y+R2},—F+Sup—Sdown+G15ina_Qy_f;=0

(Pl —P2)Cl|COS 01 + Qza2+(Rlz—R2Z)a3 = 0

b b .
(Rix—Ryas — (R, +R2y)§ — 0:a, — Oyby — frar — fybs + S (pbs = S downbi +F§ + Fnas+(P,—Pyasing, =0 (9)

b
Q.bs — (P + P>)bscos 60, + G, ECOS a—Prbgsin 0, =0

K, a HIEZMA, (°); Ry Row Ryys Roys Ry Ro. HTH
PSR S AR T, kN; Py, Py ST AR TAERH
1, kN; Py AP T T 0T AEBH 3, #8771, $i 01k
1, kKN; F R S 40 5 JERE 2 8] A EEAEE 7, kN a Ry S8
BEBE, m; b N TR L, m; ¢ PR, m; 64
TR S R i K Ie A, (°); 0, AAES TR H 7 )

1, (°); 0, NPT TS TRE i e f, (°);
O, HEEF SEE T md M, (°); 0, BFEF 5%
BT IEf, (°); G FRTRE  #Edr B ), kN;
0., O,, 0. NTMAE I H AT 43 J1, kN; £, f, WX B
TOUAE (] EE 48 1 43 7, kNG F, SRy B RE X6 2 48 B A
71, kN,

(a) PAAEHES 30328

(b) PIFEHES ORI, HE 22 75

s KEAREXRNFEAE

Fig.5 Force diagram of steeply inclined coal seam hydraulic support

12 (8) AR TR UY x, y. z J7 [} (952 3 P A G
Fo BZMA o AET, WG x, y AR %
FISEAE TARR ST P, UM AT O, SCARTIRE /)
S O WY TR 2 7 1) A LSRR 52 5] S, Souwn HIFE
M 2 (9) FIARIEEV x, y. z 7 ) 1) 3 4P 06 5=
3 BB AR BRI TARRL ) . T T
VEBH A 5%, IR, SrAE e T TS Ti SR i) e £ e 22
WSRO o P, SR R R K

A AR A, W TE 23 R SRS A AR ) AP T
J1 T AERL Ty RAOR 35 SO RAEE, [R) I Rz Al T 8
B B 1k ST A i 4, ol S SRR IR | 32
SRRV A S 2R, AR X RS TR SR B A A
w2 RO R Y = 4k A 18] 32 1 R I 5 i of
P IRT SCOR I BR S i

RS AR AR Do Rk T A 9 SRR e

JEHES RS2 FPIR AL R

R]x+R2x—PECOS 02—(F| +F'])sin93—(F2+F'2)sin04 =0
(Fy+ F')cos 03— (R, + Ry,) — Pgsin 6, + +(F5 + F’;)cos6; — Gycos a = 0 (10)

FS —(Rly+R2y)+stina' =0

(R, — Ry )assin 0+ (R, — Ry, )ascos 6+ (F" — Fy)ascos(0—05) + (Fy' — Fy)ascos(0—6,) =0

(Rix = Ry)ascos 6+ (R, — Ry )azsin 0+ (R, +R2y)§ +(F, — F " )asin(0—03) + (F, — F> )a,sin(0— 0,) — Fsc; =0

Prcicos(0—6,)— ngcos OGcosa+ (F1+ F," )(c—cy)cos(8—03)+ (Fy+ Fy)ecos(8—0,) =0

X, Fy, FOARTERT ST, kN; Py, FY IR ERT 11, kN;

(11)
G, WHRTIGE | T Sy, kN; F A X SRR

191



2024 44 7 ] H# £ A F H K 550 %
BYEH 77, kKN, H., VBNET NI 415, % SolidWorks HAR 58 5 £

A (10)—xX (1) ATAHES 22T x, . 2z I
IR E S WG IR R TP E 5 WS [E g6 B
FIARTRI I, JE4P G0 52 BT 5 AT 1L b A AR
3052 0e, PRhARH A AN TGN 28 ar AV AL 2 X0 SO AR 4%
PR 52 5 M R, > MR A0 A R R A AR AR Ak
AF, O 38 43R S SRS AR TAEBR 7 . AR AT 7 | F
M5 T T T AR R 7 DAOR KR SCARRR0E , [ B 0 Ay Tot
MAE B, T SCHR R A i ppti 2 ey, B b S 4R T
TR M w2, A S IR EE RPN | SCAREN A A K
FRA

Sy S T TR R L T FH 2 R T8 i 80OIR AS
TSR A A 0 R M i A S
K(6)—=(7) . () —= (1D FATH L, AT1F 3] —
A 14 e MRS, T X FR:

X=[P/,P),P,Pg,F\,F'|,F,,F,
Ry, Ry, Ryy, Roy, Ry, Ry ]

IR T W IR VLTS EOT A5 B R SR
P, Py, F\, Fy, F\', Fy', Ry, Ry Ry, Ry, R, Ry, BV S
PR TP TCTAERE T . RS AT B a4 i
VAR VR €/ TN el El N 1 B A A =
PGS AT B S RS -

3 KAKREREXREUMEESHU RS

3.1 ET Top-Down EHEiZit 7%

H AT, 7 S 2R T A i rh R o 2 A
SR, TP SRR 2 BN T IR
[ 4 RT3 818, 1 Top-Down( [ T[] ) %11
MU J2 77 it -3 - A >, BNAE e e ik b g
RIS EA R, W 6 iR, B TRTE
REPOAR b B AR I AR, PRt AR A - 3k 1
TG4, R R mR BT e, Fa
H SRR, WA T TAER, 388 T TAE R, FIH
Top-Down MBIk, S S S 2R A G 88 | ip
JEFERT AP GE | TG | FT R AR, 25 R AR R
A — SR d A = SRE IS8 ST %
PRE, SR TR AL, S PR R, DS 5
IREE AR IO OC R, WA SR EE A L . TR ST
ST — IR AT
32 XMAKEREZRGITRGEHNAL

SolidWorks I P B 40 9% 1Y 2 IR IF
& T.H, 2 ¥ & X ¥ C#, Visual Basic, C++,
VB.NET 45 ZFiE 5, 0 LLE WA [ FH P 0 & 5
i, I FR % L Visual Studio 2019 fER RS H & T

192

(12)

Gei 2 WIF R, BT & R A MBS B P e,
B AR ORI RS- & SN S Srimi U5 g /N -
SRS RS B SRR AT R I H AR
mE 7 fiR .

Hi 1255y
Bt (B %
Fh L)

\ ][R =
k][RR [ g
i [T T R )

ks
VAiinag S

B6 AMAMKERESRRITRRE
Fig.6 Design process of hydraulic support in steeply inclined

coal seam

R TR S 2
LT BT

¥ [] L]
[ERFOAE | | 12007 | | et 51 |
[

N
R
Y

H7 KRMAKEREXREITRARE
Fig.7 Flow chart of hydraulic support design system for steeply

T
JES R4
= HEEIR

inclined coal seam

LRGBS AN, — TR R,
FEEX SRR EARSE AT, R T AR
TR AR A TAERE T L S T T T AR T i
JEHEFE D) | B R ) A R T RGTHARE, S SR R
TS AR L U A7 Y RRAE, $ iR S 27 ) B AT AL R B
FEXT S B FFHEAT IR, 48 T S0 4L = SRR ) ST
TSRV, EEE RS S8
1T =Yy BEAR Y A5 2, AR SR . — 4R
UG, HEEIACER AR, ARG A 4R BOM 45
SR SR SR A T i R

DL ZY5000/15.5/38 U S B8 R 1], 3T R 56
1) = B IR AN T A

D AMLEE B A E WA 8a FrR, W S48



(AR RAUATBEZ IR Db T AR g SR BT RGeS A

2024 455 7 #H

o RO DR R

KA R R S

L I¥ 1630 ¢ s as

O FLiAE

1. 35

3 L f.\r'|:_|:
O MEHARR O

43"

SolidworksH st D:\Program Files (x8¢

() KMBUAR A A S R i

%

isual Studio 2019

(b) REUARESC 2R BT R4

B8 AMAREXREREI RAERSHBE

Fig.8 Basic parameter setting of modeling design system for steeply inclined coal seam hydraulic support

AT IEFF LA SN 8b R .

2) 3T 23 (8] 7 2 R 4 B 09 KA T T S B 4
WIS

FEFRAAC12) TR P RZEREST
PR ] 0 2 o BT I, R ] 2R e B3 e i 0R3E T g 2
SIHTHERE, 53 BT SCARAS R 32 D REAE, T 23 (] )
RGO TR PR B o BT B R A R R
gerh, AR AW AR A BE RS T R S 4
(A RE DB, A AR A1 T e S 28 = A A A5 B e
PEALILRE

DL 3132 T AR A TR TS 55, BUH 20 A
o =43°FF M RTF RS HL . BAURAT AR 2 e S 48
TR R i 52 ok B i SN 9a s . RGEAK
UOMTRGE | P 2k o8 U , el AR e ny 45
R, aE 9b s

L R G AE Y TS 28 AR R SR A T
Top-Down J5 i =4 HAR, Az BB J5 A 22 T
T A R A o (] (AR EE | 13 | ARifeihEr 46) n
K 10 Fis.

o BECREANFHN

251534
b

CHFSTSH (R oo, © )

b: 2600  b5: 2012 be: 652 P 26
c: 2154  cl. 654 c2: 411 04, 12
0: 30 01: 15 02, 26 03 32
A R kNsme kD -
i 2684 iSRG AAE. 615.3  #ua iy,

i 2695 TR, 1532.2 o Sy,

912.6
1365.5 TERLGH:
-1354.5 TR A N

i 865.5 e
TR T J: 698.6  THiERc 1R E S
e K-y 135.5  WifERko e /s

P

4 KHARERESREN TR

EHHERTE
18 SR 56 P DUEAT L 45 B 4 S AR
SR DY T 1 32 IR0 L B S 58 0 1E W TR R,
A /N5 I A Solidworks Motion i /4 % Vi [ SZ 22 4942
AT T SRR

h T 5 KT TAE TR S 2850 b = 425 (/] )
SRR IEARSE A, I 3.2 71 ZY5000/15.5/38 B
FESCHRT AR 0 BB, 76 SR bt A [ T e i
NIRRT, i — DB S R R | B
R, R 2 AR SRR O R TR T A 7 1)
ZEIARERY F, RIS, A IO | JEEAR I 1w 1) 3 LAAR
R oy, ELAH, XD 10 A 0 P B AL it in
TSy, WS AE U 2 Tk, B 0.1 mys, B AR
PEEER: hik, W 0.1 RPM, B Iz ShiE 25 fs,
Xt Haz gl B A, BARAR B A 11 fs

DAY S R A 5 DR MR o ey T Sy Y T AR 2R,
Gy BT S AR TR i v 1328 Bl . SR DB e o

4.1

= o X
e
TR 1 i
% ;.. . iR e L EEH
ES ( L o a4
L i: 3 1 | REEE
O e { 4
w0 (R

NS
Ik [T

3845.5

2465. 2

1421.3

1295. 2

%A | Ho: 3800 RifLALPHJy: 3821  JEHEEPLJ: 3615

PEEEAM: 0.2 bl: 600 Db2: 650 b3: 650 b4: 150 b5: 300 b6: 550

JER

Hidite/EPbl: 1. 725
JRMEE: 1412.5
FEILLIE: 1847

A

AT LA 453. 6

HlfE: 645.5

A ERF#/1: -1651. 5

Jrdi bk EPblL: 2,132
g 0
ARt )y 0

T E FF 4 KB 0 AL
[rEs R S ON AL
JRHER-EJ1: 1354.8

652. 3
915. 6

it

it E%

(a) TR 832 F1 73

193



2024 4F5 7 11

#EHFHK

552 %

EY

BEHBH G oo, MPa.
TR KL :
TARBLA:

= a X
B SO B B R
kND :
2600 g 1560 REEK[T: 2800 RSN 1300  LfFfiE. 1550 -~ 3800

5000 ppipgjeyy, 3625 sjubgE, 1500 FEHJEJ) 315 JCHEUH: 0.979 ~1.031

HiSELE: 0.9 ~4.1

T CHLZ: kN, kiNém) ¢

IR 0 ~2.0

FMR, 1.7 ~2.0 g 0.9 ~ 0.9

JRKE CHLf: KN kN#m)

T S YT ) 210 f: 0.2 H: 400 L. TOU A S LA KRS S 4154 £ 0 H: 4600 i%:
JRdERR YAy 413 £: 0.2 He400 Tif: TRRFUHILSE I KJEke )y 3215 £i 0.3 H: 4600 L. JKHSJEHHLEE
HISTAERREAE: 315 £: 0.2 He400 Tif: TZA N FiRERAE M. 2101 f: 0 He 4600 Tl JRMEEETINE

JESLAEIRRTHE: 206 £+ 0.2 H:400 Tiil: Tistedvingl JokE A%, 3125 £ 0 H: 4600 s

TR AR R, 521 £ 0.2 H:400 Tis AR ek f AHIME: 1956 f: 0.3 H:y 4600 Lik:

TEREORHAE: 236 f: 0.2 H:400 Tit: TR
i i kN, kN#m) «
AP A RN, ) ﬁfﬁ‘j“ﬁ i *";124 o T T
o ) y . prwem A RF IR A - f: 0.2 H: : ?
?@?F%’éf;kﬁﬁﬁ 0.2, H.tlkgngEL ny{%ﬁiuic SRR 5 6 03 B 00 TR WEME
FEPREKHE: 302 £ 0 TR WRERIN s i, 5100 £ 02 B 4000 Tit TRBR
BRI, 1632 £ 0.2 He 1900 LM TR
DRI LI
(b) ZY5 000/15.5/38 551t &%
B9 RMAMREIETFESIKITES

Fig.9 Plane parameter design guidance of steeply inclined coal seam hydraulic support

10 ZY5000/15.5/38 ik & S 424 A
Fig.10 ZY5000/15.5/38 hydraulic support model

[eTe[RTeTe]

ERen @

—mR% ~
OEERReERREI R

OETHM Motion HEWE.

Fw e »

@
» & @) YW001.0801-0)
» & @) YW001.001-0]
» & @) YW001.001-0]
» 8 @) YW001.0802-0]
» & @) Wo01.08-034]
» & @) YWo01.08-09.
» % @ woonos-104
» & @ ywoo1.08-104

K 11 Solidworks Motion iz 3 {5 &

Fig.11 Solidworks Motion motion simulation diagram

BFER AR BN, PUBTESE e O 48 mm Zify, 1E5%
TR R, 18] 12 T DA S8 T B i g iz 2
194

B R AL R, W SZ AR FE 3,71 s(SZ R E N
2900 ~2 700 mm) Fl1 7.95 s 2o 45 (G248 Bk 2 000 ~
1 800 mm) &84T, /INFIIHHITEF (70 mm) .

70 4000
o\ — TR
— XK 13500
Esof -
= 13000 £
@ 40 5
= ]
E 5] 12500 4
= 20F 12000
10+ \
11500
0 1 1 1 1
2 3 4 5 6 7 8 9 10
N 8] #/s
B 12 A A U 4R TR T 3 32 30 3k

Fig.12 Front end trajectory of top beam of hydraulic support in

steeply inclined coal seam

42 FZZEMREERN

VO HE S AR JE AR 12 Bl R R i 0 B
JEFF RSB R, T (RIE SR Z B B AN R AR
IR, HERE TARTH E 2R 77 o A1 A A
JE W S B A B R 3 — S 2 D1 0L, 53 B S 2R
BRI 20R

XFIEL 10 R GEA R B AY fAL S, 5 A2 Solid-
works Simulation H', SolidWorks Simulation 7F ## i
J153 Wik A8 v = 5L T B U0 N AR g i — AR 7,
BGOSR 5 4 58 B FR e O R el 2R L R
1700 M < |2 [/ AN e 7 S ) R B = WL A



(AR RAUATBEZ IR Db T AR g SR BT RGeS A

2024 455 7 #H

e 45 S50, PORHRJE IR 1N 530 MPa; J A5 &
} 201 GPa, RS L 0.26, B K 7.85 g/em’, Wi JE
SR BRI 11 A E AR A T AR L, PR AN
BRI 50 8o RS EPIR SR T P
7500 kN, #{2 o B 43°, F S G B 9.8 N/kg; AHAR L
ZRIAIE 8 AS 18 PRI N Z AR 0, iFA X i
PORVEI 1 F(F=68 kN) 1 3.2 15 /0314 i
s . AR A% R 3 JE HEAT e AR EE S M an 1] 13
FiR .

LR LL 1.5 R ELE Y ) (AR e TAERL
Bf AR 32 () B KR 7)) s B2 2 AT, Hh 1A 13 AIA51K
JE 32 B8 T3 B 63 19 45 K J) {H O 146.7 MPa,
Kl 13b AR e K B AN AT 0.531 mmy; S22 2
B KW 1 A 131.5 MPa, fit K7 % A i
0.314 mm; 2 2R3 FF 07 B 5 K0 77 120.1 MPa, fiz K
MR 0302 mm, 45REH, L7 /T
AT T R b iy g, i KA B AN T 0.6 mm.,
4.3 ZZMIBAERI M EER T

T RTARRT S ARSI R T P i 5))
. REHERNBOR, U T 3 HS 800 L 0T
SR, WE— 2% ZR g8 A A = LA IR S HR R AT A EE A
PLSZIG, e KT Ak = AR R S i R

Ejj/(N-m")
1.467x10°
1.421x108
1.373x108
8.228x108
5.023x107
3.018x107
1.402x107
9.345x10°
4.673x10°
0

(OIS INVIE ]

{7 #/mm
5.317x107"
4.765x107"
4.253x107"
3.722x107"
3.190x10!
2.658x107!
2.127x107"
1.595x10°!
5.317x107
1.000

(b) WS AL oA
B3 KA R BE SR = % #1682 07
Fig.13 Numerical analysis diagram of hydraulic support under
three-dimensional load in steeply inclined coal seam

BRI . ST R AR A TSR S Ak
ZLHE T BARARL, RV 20 it fin 2k far o A bl 4 | 3
BH.. fEEH 3 ASErBERPEREELRI, R ZY5000/15.5/38
TS IR R TAEBH 7 5 000 kN, &G0 H B
RIPEAT 12 5 P BRRIE RS2 28, il 14 Fios.

| =

IEAS

WML e e

14 BEXAEL:S EHHF
Fig.14 Hydraulic support 1 : 5 experimental prototype diagram

RRAARML L IR 1.

R 1 BEZZEEBEMLE
Table 1 Similarity ratio of hydraulic support model

ZH I
JUATARL L =5
BHEMMILL @y =¥p/Ym=1
LA L g =0p/om =@y =5

SMIIRERILE

afp = aflrozlz =125

12 5 BT SRR AR S B 2.

x2 REIXHESH
Table 2 Hydraulic support parameter table

28 JFRSIRSHOE BESRSHOUE
YU /mm 1550 ~ 3 800 310 ~ 760
e TAERJI/AN 5000 40
HUERIETI/KN 3619 28.925
R /mm 1680 ~ 1 880 336 ~376
& T AR I /() <60 <67
At R J1/MPa 315 6.3

TER[ AR F “HHFIET RGBS { B S
B4 FREA TR 152 FiR . SRS
REAZELILL 0 ~ 67°M ff1 315 P R 37 M BE IR BT, W I3k
JE 3 B0 6 rp i S AS LR AS, 9 R S 4R AE K
100 Ff1 T A 11 25 P 3l 4 5 458 DL KOAS [ =204 o 22k
S

TR S IR ) PR R AE T SR M 454 T 24 R g,
TR A R R 4 SR A R, TR R WP R R
FE A8 E TAEBL S 40 kN A 3803 e S 42

195



2024 4F5 7 11

# £ # F H# K 5550 %

Z3[A)52 3Tk, R 2.2 AT AR R SRS 1) 2 0 g
P&t 2, AR R SR TR S AL L B P T 7 oA
SRR IIE A, A AT A IO B AiS %
FPECHE U B A5 200 R AR AR WAL 16 B, B
PASCARTRE Al D ~ OFgE i A D ~ ©Fric
L IR, LR SR S R LA AR IR AR @ ~ @I A
EOh AR AR B SCARBTRCE TTH R DN

Ay
shiEz B i ;ﬁiﬁ
i k-
s 88 - .ﬁﬁﬁ

R

(b) SCHRIRZESEE:
B 15 KB RE SCR D EEI LI

Fig.15 Physical simulation experiment of steeply inclined coal

seam hydraulic support

16 FREME
Fig.16 Sensor layout diagram

W B 14 R SCHR A AT AR S SBT3 TR AT
PERED L, WAL 15b Fin o SCZRAE i e 5 TobR 42
fink, B 0 T e, s BI04 ) JE 45 1k Ak, SRS
FE SIS S AR BEA T I, 7 K B S 4080 T4
BH 7 J5 , 58 b in . S 56 SO0 it 8% i e 7 o 36 2 Y
FE S48 . BARH L TERH 3 B BERPEREELR

SIS 2 P T 43O, X T it i e
40 KN, S 56 I A5 2 g T 00 5% 2K A 32 280 1 4n
B 17 Fron o SCHRTRE AR IR AR T332 3K 3.74 kN,

196

TE 32 3 TR P S AL SR AR 2 T 32 3 i T R 2
3.9 kN, B2 8 f Gk 38.7 kNG

41r — TR
- —e— IEH N TR

2 3 4 5 6 1 8 9
FRE S
BW17 # s REER T REREHNT

Fig.17 Size of load of top beam sensor under static and

dynamic loads

SIS AU B0y 2 A 1 e et T TR 1) sl 2K A 15 1O
WA 17 s, TR R332 8000 3.62 kN, S5k fif
AT B2 5, O R sk R A, B
IE s 2 2R Y 5 e L MUHEVE T fisdr it
(457 23 L B R A IR S T W s, W&l 18 fow, 5
AR A 5], HAE LI I e L A RE s e Rk . ol
BT RIS . TURTEZ 2 IE R b2 F 6,
7 SR Z BT 4 RS EUERAR, X
TR ON IR} T A 1 T2 AN 47 2 BT 3% 1E FE sl ]
WEAER I 2R A B IR RS R . gk 1 vl fg
SN I AL EE R 125, H & 9b RIS S 48 T 2 | #E
P T 27 fie R 32 P 2R AT, AR R AL o D) 3 T
MR Z B E R AT 5 R GRS A Ry A
MR

0551 e sieip i iR
0.45 | —= MHERh T FHES BB
0.40 |-
Zo3s}
Eo30f
15
025+
0.20 |-
0.15
0.10 ‘
1 2 3 4 S .
byt

W18 #.BIRWEATEFRERBERT
Fig.18 Size of load of shield beam sensor under static and dy-

namic loads

L5 Lk, SCOR A RS A R G A LT AR Y
R SR TR G i B i S I 1R 48 mm 224, 2k
T A2 OUFHL 2 5 A5 7 B 7 38 /N 4 ) e i 11
RN IME, S KA RSB T 0.531 mm; Bl



(AR RAUATBEZ IR Db T AR g SR BT RGeS A

2024 455 7 #H

ARMBLE Y 1 ¢ 5 BRI SCHLAERTHE L, RO R
0P B B S 038 3 BUR R, L3
RS A B R U Sy B A
HIRE. B R TR AR, T L A
AL R4 T BRI AU T T A
PR = AR

5 & it

1) AR 8 A AR 1A R SR = 4 32 R 1R,
GIHT T AR R 37 A5 1AW SR Y 2 B AR,
P TR AR 2 R E Y

2) g L Top-Dowm i 11 # i . Solidworks —.
It & . VBNET A JF i & A S A 1 K )2
WE SIS RS, A& P 1B TR AR %
DA BT 5 A 1 i 00 Y A v i B Y R R L |
SERET Ay B ST AR BB A X A 1
S TR SR = AR 5

3)Lh ZY5 000/15.5/38 TG A1 B2 W SO 28Ky
], Bk TR S RSB T RGN AT AT, 4
AR R G A T 1Y SR TSR R iz sh B A B
2k, T E e b 48 mm; LA RN 1M 146.7 MPa,
ANTH R R 2, B R IE B 0.531 mm; AF
1+ 5 BIAY S AR 7kl o A b fE 04 | S RE L fEFE
3B BPERE SR, AR S AR Y A e 0 R 5 S
T RGNS R AT -

4) FAG AR B R S AR LR T R AR R
A AL GE B T I3 548 N7, B TARERL
B W BURA A A AR T s S 4R 1 A
BETHRAE T 71 T EL, [a] s X A0 f 2 4R 15 &
RO B —E W S8 X, A B S
o B S v Y AV a4

£ X ik (References):

(1] AR, SR, A, 5. RIBUABIZBES R IR | S2,
PrAIRE 0] BERF4R, 2020, 45(1): 24-34.
WU Yongping, YUN Dongfeng, XIE Panshi, et al. Progress, prac-
tice and scientific issues in steeply dipping coal seams fully-mech-
anized mining[J]. Journal of China Coal Society, 2020, 45( 1) :
24-34.

(2] ARACE, XUIALAE, SR, 5. RIEAIZE 2 A S 0T REARDI
HERE ). R4, 2014, 39(8): 1611-1618.
WU Yongping, LIU Kongzhi, YUN Dongfenget, et al. Research
progress on the safe and efficient mining technology of steeply dip-
ping seam[J]. Journal of China Coal Society, 2014, 39( 8) :
1611-1618.

(3] RHRK, BRI, TR, 4. KA R RELER TR B V5 B S

[10]

[11]

15T (V). PR R4, 2023, 43(2): 255-263.
YUN Dongfeng, YANG Chenhui, WU Yongping, et al. Roof cav-
ing form and steady state control of shield powered support in
longwall fully-mechanized mining with steeply dipping seam[J].
Journal of Xi’an University of Science and Technology, 2023,
43(2):255-263.
TR, AR, AT, 55, KA Z B LR R SR IR T 5
151 B BT [ B AA R, 2017, 45(1): 60-67, 72.
YUN Dongfeng, GU Bing, WU Yongping, et al. Typical applica-
tion examples and improvement research of hydraulic powered
support applied to fully-mechanized longwall coal mining face in
steep dipping seam [J]. Coal Science and Technology, 2017, 45(1):
60-67, 72.
FE B R SRR R R WIS 928 (). R AR, 2010,
35(11): 1903-1908.
WANG Guofa. Study and practices on technical system of hydraul-
ic powered supports[J]. Journal of China Coal Society, 2010,
35(11): 1903-1908.
WA, F IR 5T M A LEOAR B BT S AR T i G A
(7). #EHLHL, 2005(1): 34-36.
XU Yajun, WANG Guofa. Interference detection of powered sup-
port model based on virtual prototyping[J]. Colliery Mechanical&
Electrical Technology, 2005(1): 34-36.
B, PR, Tk #E, % 55T Pro/E 5 ANSYS MR 442 3h
DiE S A BT L] BB, 2009, 30(2): 75-77.
HE Ming, Zeng Qingliang, ZHANG Xin, et al. Motion simulation
and finite element analysis of hydraulic support based on Pro/E and
ANSYS[J]. Coai Mine Machinery, 2009, 30(2): 75-77.
FECAS, TRRRLL, IHFF. KT SolidWorks (17 S 48 = A
B BHTEL L], T B, 2008(11): 165-167.
CAI Wenshu, CHENG Zhihong, CHEN Chunfeng. 3D Modeling
and Dynamic Simulation of Hydraulic Support with Solid-
works[J]. Coal Mine Machinery, 2008(11): 165-167.
T, XNFEAR, REWF, 5. 5T Pro/E MR B8 =@ iRz
R L), TH A3, 2016,42(4): 81-82.
YU Tao, Liu Xiujie, ZHANG Yujiao, ef al. Three-dimension mod-
eling and motion simulation of hydraulic support based on
Pro/E[J]. Industry and Mine Automation, 2016, 42(4): 81-82.
XNESE, Z5 X HENS. W S48 F T Il f9 AMEsim @245
DI ELLI]. WU T AR, 2020(12): 153-155.
LIU Xiaolian, LI Kun, ZHAO Xiongpeng. AMESim Modeling
and simulation of hydraulic support lifting circuit[J]. Mechanical
Engineer, 2020(12): 153-155.
XGESHE, b, UHEMS. 3T AMESim B9 T S 4L p AT sl A 4
PERBLT L] HLRAE S, 2020(33): 110-111.
LIU Xiaolian, LI Kun, ZHAO Xiongpeng. Modeling and simula-
tion of dynamic characteristics of hydraulic support descending
column based on AMESim [J]. Mechanical and Electrical Inform-
ation, 2020(33): 110-111.
RAE, SRR, 15 [ B, A OB D A 2 TR R e S BT
LA B M AF 5% [J/OL]. 4 ¢ 2% 42, 2023, 48(S2): 766-777.
DOI:10.13225/j.cnki.jecs.2022.1672.
GUO Jun, GUO Xingchen, FENG Guorui, et al. Design and ad-

197


https://doi.org/10.3969/j.issn.1001-0874.2005.01.011
https://doi.org/10.3969/j.issn.1001-0874.2005.01.011
https://doi.org/10.3969/j.issn.1001-0874.2005.01.011
https://doi.org/10.3969/j.issn.1003-0794.2009.02.030
https://doi.org/10.3969/j.issn.1003-0794.2009.02.030
https://doi.org/10.3969/j.issn.1003-0794.2008.11.074
https://doi.org/10.3969/j.issn.1003-0794.2008.11.074
https://doi.org/10.3969/j.issn.1671-0797.2020.33.059
https://doi.org/10.3969/j.issn.1671-0797.2020.33.059
https://doi.org/10.3969/j.issn.1671-0797.2020.33.059
https://doi.org/10.3969/j.issn.1671-0797.2020.33.059

2024 4F5 7 11

#HEHMFHAK

52 %

[13]

[14]

[15]

[16]

[17]

[18]

198

aptability research of micro four-column top coal caving hydraul-
ic support[J/OL]. Journal of China Coal Society, 2023, 48(S2):
766-777. DOI:10.13225/j.cnki.jecs.2022.1672.

FEABE. VR SR A M A 3 Bt B BN g e e (0]
TR, 2020, 52(8): 173-177.

ZHAO Rui, Analysis of internal loading test force of hydraulic
support and research on direct test force measuring device, 202 0,
52(8): 173-177.

KT, R8T, AR, 55, KT PR RS PR -
RO 5 R R (V] eI, 2023, 48(1): 100-113.

WU Yongping, XIE Panshi, YUN Dongfeng, et al. Gravity-dip
effect and strata control in mining of the steeply dipping coal
seam[J]. Journal of China Coal Society, 2023, 48(1): 100—113.
AT, R, B AR, AR RBUR IR BT R SR B R AR
HLH R it (7] BEBRF AR, 2023, 51(2): 58-71.

XIE Panshi, WU Shaogang, LUO Shenghu, et al. Dynamic in-
stability mechanism of support and its control in longwall mining
of steeply dipping coal seam[J/OL]. Coal Science and Technology,
2023,51(2): 58-71.

A, BRT, B4, 45, FRIE AU M2 T RS ¥ 5
I BEREEHR, 2024, 52(1): 25-51.

WU Yongping, LANG Ding, YUN Dongfeng, et al. Reform and
prospects of mining technology for large inclined coal seam in
Chinal[J]. Coal Science and Technology, 2024, 52(1): 25-51.
XIEH . KA MEB LRI SRR TIRSE (T]. LRI,
2018(10): 147-149.

LIU Yanjun. Research on Selection of Hydraulic Support for
Fully Mechanized Mining in Large Angle Coal Seam[J]. Shan-
dong Coal Science And Technology, 2018(10): 147—149.
LAY, BT, MR, 55, BT SR AR A IR B A
PR SR KA R G S5 0 (7] a0 02 5 TR,
2018,37(2): 374-382.

WU Yongping, HU Bosheng, XIE Panshi, et al. Development and
application of support and control system for simulating test based
on the coupling principle of support-surrounding rocks[J].

Chinese Journal of Rock Mechanics and Engineering, 2018,

[19]

[20]

[21]

[22]

[24]

[25]

37(2):374-382.

B R, ATUK, AT, 55 KA B2 0] K BETT SR SRR
FEVESI5 30T (D). R4, 2019, 44(9): 2664-2672.

LUO Shenghu, WU Yongping, XIE Panshi, et al. Mechanical
analysis of support stability in longwall mining of steeply dipping
seam[J]. Journal of China Coal Society, 2019, 44(9) : 2664—
2672.

T, B E K, IR, 45, KA E R BE O IRRER 7 3 A0
FEPESIT 0], BERAFEHOR, 2022, 50(1): 60—69.

WU Yongping, YANG Yubing, WANG Tong, et al. Stability ana-
lysis of support under gangue filling condition in pitching oblique
mining area of steeply dipping seam[J]. Coal Science and Tech-
nology, 2022, 50(1): 60—-69.

T MR SR AR (M. bt B Tl piht:, 1999.
WART], FHIFR, Fk . 3T SolidWorks 1Y ¥ JE % 42 Top-
Down =#ERI 7 MBFSE (1], ITRFHE, 2013(7): 116-117.
CAO Yingou, CHE Yanchun, WANG Yongqiang. Research on
Top-Down 3D design method of hydraulic support based on
SolidWorks[J]. Henan Science and Technology, 2013(7): 116~
117.

RIFRL, KA. FT SolidWorks B 78" AR i IR S 48 1Y
TUFFR ] S HLBK, 2015, 36(5): 255-257.

WU Kaixin, ZHANG Lintao. Secondary development of hydraul-
ic support in digital mining model based on solidworks[J]. Coal
Mine Machinery, 2015, 36(5): 255-257.

i R BT Pro/E MV KA B BT R GBI [D]. HBHE:
LT RER, 2014,

MENG Zhaohong. Research and development of hydraulic sup-
port aided design system based on Pro/E[D]. Handan: Hebei Uni-
versity of Engineering, 2014.

HBJRH). T Solidworks Simulation AV Bl 7R ihLEE Y 5347 K
L5t itdl [D]. AR HAREL T R%, 2017.

DENG Chenyun. Temperature field analysis and structure optim-
ization of rolling bearing based on solidworks simulation[D].

Guilin: Guilin University of Technology, 2017.


https://doi.org/10.3969/j.issn.1005-2801.2018.10.059
https://doi.org/10.3969/j.issn.1005-2801.2018.10.059
https://doi.org/10.3969/j.issn.1005-2801.2018.10.059
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201004
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201004
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201004
https://doi.org/10.3969/j.issn.0253-2336.2022.1.mtkxjs202201004
https://doi.org/10.3969/j.issn.1003-5168.2013.07.093
https://doi.org/10.3969/j.issn.1003-5168.2013.07.093

	0 引　　言
	1 工程背景
	2 大倾角工作面液压支架受载特性
	2.1 伪俯斜采场液压支架二维力学模型
	2.2 大倾角液压支架三维空间力学模型

	3 大倾角煤层液压支架结构建模与优化系统
	3.1 基于Top-Down建模设计方法
	3.2 大倾角煤层液压支架设计系统的开发

	4 大倾角煤层液压支架适应性检验
	4.1 运动仿真检验
	4.2 支架屈服强度检测
	4.3 支架物理模型性能检测

	5 结　　论
	参考文献

