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Simulation analysis of roof beam position and attitude control of hydraulic support
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3.School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: For rapidity and strong anti-interference requirements of self-adaptive control of hydraulic
support controller under stable support state, a kinematics model of hydraulic support and a transfer
function of hydraulic system in valve-controlled hydraulic cylinder were built taking ZY10800/28/63 roof-
standing and shielding hydraulic support as a research object, and a RBF neural network controller
including speed compensation was designed. Based on the controller, a roof beam position and attitude
control system of hydraulic support was proposed, which ensured stability of roof beam height and attitude
angle of hydraulic support under supporting condition through controlling length of column cylinder and
equilibrium jack. A simulation model of the system was built in Matlab/Simulink and experiments were
taken out. The experimental results show that the RBF neural network controller has short response time

to step signal and no over-shoot. When impact force is loaded on roof beam, the RBF neural network
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controller has faster response speed, smaller over-shoot and stronger anti-interference performance than

PID controller and sliding mode controller, which can keep roof beam position and attitude in target value

with good stability.

Key words: hydraulic support; stable support; roof beam position and attitude control; roof beam

height control; roof beam attitude angle control; self-adaptive control; RBF neural network control
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Fig. 1 Hydraulic support structure model



2019 £ % 10 #1

RS R B IR

P BB 12 AT B M 13

M B 5 G Ko 43 0 O 7 A BELJE 28 0RT 531 2R 8K
Co s Ky 5390 0 ~F 5 T v TR JE 2 H0An 5 1 & 50
S —Ss 433 AW R SCHE NI AT LS AT HT AT A
BB TBE T 5 Lso— Lo 73 0 9 WRIE S BR ST A IR 3%
FEVHTEE AT 57 5 L T0 52 B i 380 X6 IO Jo o 8 L S
S ORANERVE A T35 0, S TOUSE A 53 5 4 2 3 o0 119
0 L.cos 6,

0 Lssin 0, —L,sin 0
R=|L,,cos 6 0

— L, cos 0,

Lyysin 6, 0 —L,sin 0,
0 0 0 2absin(6, —0
0 0
0 0
I=|—sin 6, 0 (3
cos 0, 0
0 2L,

A Ao A0 TR A R IR B A 0 5 P
I R A .
NP B H 5 0E 51 A AT 1 AR, i
SEWR AR E) Iy R
T"M(T§ +T¢) = T'F (4)
AT HHERT FLAE s M R B A6 B s q ) Ak
brsF R R4,

KDAE R
.q.l ‘% .l 'Z
D{“}+lh[?.}+D{qE}::Q (5)
q: q:19: q:
KD, =T MTsD, =T'M 9D, =T"M I+ g,
Iq Jg»
Go NI SCHBE G, g, T SCITEREE
W 2 VA P BT 1 VR T R G A 38 R B8
k k. V.
@y — Ree ()4 F,
L
s(w +5541)
e R GL S LS 5 Ry IR Y AR AR AL

A R G BT AR 1 s 2y jﬂ{ﬁzﬁﬁlﬁﬁﬁﬁ/\{ﬁ
¥ sk J B 1 R EG YV N E R SR A0 A
Bl A RO B s s Dy 0 B 15 L
AR FITE 16 2 b 9 Sh 50 T 5 w0 O 9 T AT AR

w= Lifm s, RV R TR € R B 3 B
?&H:lzﬂ)ﬁtt,s— ﬁ’”' 4(;{’ I Ve e wws
P /J)lml
ﬁI(ﬁ%*ﬂJ\ﬁE’Jiﬂi Hﬂ)ﬁ%gﬂl
2 RBF #Z M K= 528
XEF Tl A= 2 2kt AN E L ABI R

wiEN

L;cos 6,
Lssin 0,
—L,cos @, —[Hssin 8, +(Ls+L;)cos 6, ] (H;—H,)sin 85+ (Ls+Ly)cos 6 (2)
Hgcos 0, —(Ls+L;)sin 0,

BB s 51 90 TUR 6 375 b 3 5 31 5 T J7 T
THTET 7 g A5 R R
HR T He 57 40 45 A B TR0 3 N7 P PR 2R 1 R R
S5 AR SR E e gy R
1{“} (D
L,

RO, 0. 0, 0, 0,1 =

0
0

(H,| _H5 )COS 65 + (Lg +L9 )Sln 65

A —A) —2absin(0, —0s —A1 —Az)

GEAE AR ASH IR B T s 28 s ) T A
AR AN 3 FARL A0 45 SO TR 2 T 4% A o
T3 R UG A5 K G 0 B B 8 DUAT BORS i
UE AT R AR LR eR B, AT LR e 4, DT AR A5 fRT
B P A AL [l s LA 2 2T 68 R A L O R
P 3R R G0 o 0] R T A AR AR i R B i
AWM RE R o AR R ST 0 VR S 2R T A ]
PEBCFBT A 2N R B 2 R AR
FE R RBF B 28 9 28 BE 08 B0 0 b A 4009 2 % 42
AR L PR PE L SR Z AL B, I R B, H BLR 4
Jey g A it o

FH Y S 2 00 % A7 2% 8] 4 02 AR W) R
SCHR ST A R T TO 0 R R T — i T v
AV Sy BT 00 St 30 v o R 8 2 A 4 o) ) R
B 0 SRy SRR NP A T T TR B AR R ) AL PR, AR
SCBE 38 AR R A G S RBE 28 (9 25 45 ) 4 # A
254G P B TR R T —Fl RBF &
P 2 il 2% WL 2 o Horp s (o S BE . y (0
TR RS BRE e (DN s(D 5 y() ZE1E.
AR AR RS EL B EDRE R RBE M &
D £ B TR R O N 4% 45 RBE B 28 ) 28 JF R 4%
MTAELMTT 2S5 AE N ER S TSRS
BOE B L A O A VR BT AT
ifﬂmrﬁfmﬂﬁn%@f%mﬁﬁﬁ?%ﬂﬂ,E‘xz%it

BV SRR S AR S ML ED .
iﬂﬂgﬂﬁaﬁm&ﬁﬁk—m—qmﬁﬁgﬁﬁn>
1 ,
[55: |«|rRBEZ R PRS-

¥l 2 RBF #4545 5 ] 2 25 4
Fig. 2 Structure of RBF neural network controller
E SO ST G, FUAR 8 2O R s S A5t 8 B A
his BARZEIN 00 SOBEEZSAA N 00 W g JBE 43R 22
Ah MU MRE A0 7390
Ah = hy — hy (7



o 14 o

5 B

% 45 %

A = 04 — 0 (8
P T S 48 S R AT T TR 4K B A e —
iy o T % /55 B RN S 2 AR T DA S A RN A T T T
5 T GR i B A AR 22 X R AT RN K
TAR
Lj: T [M}
Krhrier e, 4000 R 50 #E VM T A BE R 225 T,
R 7B S
fi i RBF i 28 9 45 425 il 45 % S A% V-5 T
TOUU e W) 0% i A\ Ry s 35 FEASE SR s DO N7 A R A
T W V-4 05 B2
r=Ju+f
—Cpax —F,.
m,
EH A Q=[p, pal' 2 S+
PasTp, =0 WA MERAE 52 1 T 22 > P 1. O i

€

(9

(10)

itqj:]:&; —

m

C= iR
R E NIREEE . E=e, o],

1 B R RO B 4 5 B0 G B I e T
S YR P S 29 T % (37 4 5 0 A T TAORE T 40 38 4 3
FlG . % RBF M2 4 il s by £ 8 £,
L B A 4 ) 3 3T RE 7 R SRR JE L ST B F5E
7 L B

(1)

u

Horf W R TR s G (o) Ay o i B pR 4

S A AR IS NN R A £ T, B
mr.

(1D HERN . N T FE— 20 30 iR 22 e
FE5r A RBF 22 [ 26 A7 LIAT: R80KG B2 i 30T 3% 22
ZR P PR B PE L SR ] RBF 28 00 25 % 9 S 22 T
TR SR RO R op R RS B R AR 2 BEAT LG L 4
B AN AR A S ALE WO IS R A (X
(13)) .l i 1y W52 B ¥ M S 8 T 2825 ol Bz
P

W =—7yE"P]G(2) (13)
Ay il as B8 P OV S

(2) MBEAMET . B a5 SF R0 B, fd

e 1 5 B P 45 5 0 o o TT A

u, = Ble + Apd

B2 > S AL B 4 O L% & . B 58 i RBF
T2 I 28 P 2R BT

3 HEX®

(14)

N T AR A SO S AR TR A7 2 3 47 2 T
1 RBF i 28 [ 26 4% i &% 09 4 2 ¥, 78 Matlab/
Simulink #F o 2R A7 07 H S5 . MR 52 A9 IR
ST SR P A A T L R ] Simulink A8 e f5
HEWE SRR G A AN 3 s . 1% B

2 T W S f Nt e e e g A
f=WcG) 12) F5 W B0 B 2 TR S W R G A R A
Dynamics calculator . 4>=_>
4 - I s, i
[q,] Xv,  Xp h - [T}
From Xv, % : h L s I
e i +-i m-LED
From a]Z Xp3 Ja is S3 s j;
b, Xpy Js Step6 . - Scope
hydraulic y fle— <> Js Sy S 1]
= 1
system Ly PR < X 4>| ll >
Ly, 2 <l Ss sl 1]
V> >V
Vioje—== | <« " A
Vi = - > L ain  Goto
5.097E+008 n | - |1
PPy I RE >
Display5 Ay leddurds erjvative <v,; Vi Gainl Gotol
097E+ e ——.——
(R Derivativel €y
n
.—>.2 j —>.-2
5 180E+004 ol s —>|E| s
Display3 Motion translate Scope3
K3 WHEXBERGJTEBIR

Fig. 3 Simulation model of hydraulic support system
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