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Research on hardware-in-the-loop simulation system of powered support

ZHU Liangchen'?, WANG Shibo'?, MA Guangming'?, WANG Yun’, ZHU Yu*
(1.School of Mechanical and Electrical Engineering, China University of Mining and Technology, Xuzhou 221000, China; 2. Provincial Collaborative Innov-
ation Center of Intelligent Mining Equipment, Xuzhou 221000, China; 3. Taiyuan Branch of Coal Research Institute, Taiyuan 030000, China;
4. Taiyuan Xiangmingzhikong Technology Co.Ltd., Taiyuan 030000, China)

Abstract: To effectively solve the difficulties of conducting experiments in underground coal mines and the problem of irreproducible coal
cutting, and to provide a testing platform for the verification of the control strategy of hydraulic supports on the fully-mechanized working
face, this article establishes a hardware-in-the-loop simulation system for hydraulic supports. First, based on the hydraulic system schemat-
ic diagram of a hydraulic support, a hydraulic system model is built in AMESim. Then, the hydraulic system model is coupled with a
mechanical system dynamic model of the hydraulic support in Simulink, to construct a hydraulic support model.Secondly, based on the
Simpole real-time simulation platform, a hardware system is built. A method is proposed to use relays as the solenoid valve driver and a
port matching device between the relay and the PCIe6323 board to compile the software system model to the Simpole real-time simulation
platform to achieve real-time control of the hydraulic support model for extending/retracting the column and the balance jack.The
7Y2400/12/20D hydraulic support is used as the experimental object for the unloaded physical experiment. The correctness of the hydraul-
ic support hardware-in-the-loop simulation system is verified by comparing the physical experiment values of the hydraulic support with
the hardware-in-the-loop simulation values and analyzing the real-time performance.Finally, the dynamic characteristics of the hydraulic

support under load are analyzed by hardware-in-the-loop simulation. By comparing the dynamic characteristics of the hydraulic support
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under different positions of impact load, it is found that as the position of the impact load moves from the front end of the roof beam to-

wards the tail end, the effect of the impact load on the column gradually decreases, and the balance jack is first compressed and then

stretched. There is a critical position between the two hinged points of the top beam and the column and the balance jack. When the im-

pact load is near the critical position, the smaller the compression or tension degree of the balance jack, the more far away from the critical

position of the impact load, the greater the compression or tension degree of the balance jack.

Key words: hydraulic support; mechatronics; hardware system; hardware-in-the-loop; real-time
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Fig.1 Powered support machine-hydraulic coupling architecture
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Table 1 Hydraulic system parameters
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i 171 524 FF I 55 1
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e ﬁ?ﬁjﬁ%%ﬂﬁ)ﬁ%/ MPa 102
1] 1 i1 5 45124 /Hz 80

I BELE Lt 0.8

Il SR 1000

JF)E £ J1/MPa 0.01

Jeseit 35

TR B R e ARH OEHER R/ (L-min ™) 600

FFAE G X1V 2%/ MPa 5.07
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Je 35
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JE 25/MPa
(9%}

0 100 200 300 400 500 600
/(L min")

(a) L ZL

st 5.07‘

4t /
3.52 ¢

) L /.
’ @

BHL 7345 2 /MPa

0.14 e
o . . . .
0 100 200 300 400 500 600
JE/(L-min")
(b) FEA 2k

B 5 iz R E-EZ A &
Fig.5 Flow-pressure characteristic curve of

hydraulic control check valve



RRIRAE: WSS FE T H R G TE

2023 4755 S2 A

7
6L
5t
£ 4
S 4
BN
Hﬂ 3
oL
1k
0 25 50 75 100 125 150
/(L min™")
(ORI
7
sl 6.125 |
5t /
£
S| 4158
=
=
= 2324 ¢
2L
1369 4
1L
0.438
@
0 25 50 75 100 125 150
i E/(L-min™")
(b) FEA 2

B6 Fm e E—EER &

Fig.6 Flow-pressure characteristic curve of

two-way hydraulic lock

12 BIEZ YW RGEE

SR K A7 249 TR0 38 ST R SR ML R e A
K7 RSz sh s &, Kl BL C. DL E.
F.G.H. 1. JR &SR] 5P b T d5 1 s o
i B F NI AR R XOY, i G AT X i
8 XT A 8. X HEDT 15355 &5 shml 448
BB B R A SR SO R
WG] S £61 9 0, 1 B ay 6., Z, 3678 8 MR 0o
A Zo i, C KUTER 5id D sk T K A,
Fy. Fs. Fo 05 R SIARBURIR SN g | SPAF 7 TR
KB 1 5 L HRTR 2 8005 m, 5 L 3 RS § A
PR T e s Bt i F Roska i i 5 j ez shil ik
M3z,

B SZ 28505y 4 3 A~z 813 OBCDEFO, OA4-
GHEFO. 1IJD, FIHBkHi A 3 412 sh IR Ak R ]
AR T RE, I 5 A A 0 A A 6T B ) 3R — Bk
Ay aEST N AR (G 2—3X (13) . X HHRKAH
PR EAT 52 T3 AT A B0 S 4R R 8 2 - R
AL (30 (14)—=X (19)), I B B 2R -k
PR 5 S 2 B T R (X () A T R S AL
W ER G h Sy A .y RR A S AR R WL SR [20],
FIH R 7R AE Simulink k) EE RS2 4L 2
Bi 5 S Y 2400/12/20D BT LRI R S8
ZHLER 2.

O = Lor + Lepsin(6;) + Lepsin(6y) + Lppsin(dg) (1)
—Lgcsin(6,)0; + Ligsin(6s)0; + Lgpsin(6,)0; + Lpcsin(8)86 + cos(6;) Lge = (2)
2LBC Sil’l(gl )01 + LBcCOS(Gl)Qf - LFECOS(03)9§ - LEDCOS(04)9§ - LDCcOS(96)9§
LB.CCOS(GI )91 - LFECOS(03)93 - LEDCOS(94)'€4. — LDCcOS(G(,)éf, + Sin(Hl)LBC : ( 3 )
—2Lpccos(6)8; + Lycsin(8,)8? — Ligsin(65)63 — Lgpsin(04)62 — Lpcsin(6s)02

— Lousin(6)0; + Lygsin(65)0; + Leysin(B3)B; = LGHCOS(92)9§ - LFECOS(93)9§ - LEHCOS(ﬂ3)B§ (4)

LGHCOS(Hz)éz - LFECOS(93)93 - LEHCOS(ﬁB)BS = LGHSin(02)9§ - LFEsin(93)9§ - LEHSin(ﬁ3)B§ (5)

LIDSin(ﬂz)Bz - L]JSil’l(Gs)é5 - LJDsin(ﬂ| )ﬁ] + COS(QS)L]J = ZLUsin(05)95 + LIJCOS(95)9§ + LJDCOS(ﬂ] )ﬁ% - L[DCOS(BQ)B% ( 6 )

- LIDCOS(ﬂz)BZ +L]JCOS(05 )95 +LJDCOS(ﬂ] )ﬁ] +Sil’1(95)LIJ = —ZL]JCOS(Hs)gs +LUsin(95)f9§ +LJDSi1’1(ﬁ1 )ﬁ? —LIDSin(ﬂz)Bg ( 7 )

XOZH = _LBZII [COS(G])Q% + sin(Gl)é]]
Yoz, = Lsz, [—sin(é)l)éf + cos(@l)éll

(8)

xOZu =—Lpg [COS(@3)9§ + Sil’l(93)é3] —Lyp [(:05(04)9‘21 + Sin(04)é4] —Lpc [COS(@ﬁ)O% + Sil’l(@ﬁ)éﬁ] + LCsz [COS(Gl)é% + sin(@l)él]
yozl2 = LFE [—sin(%)@% + COS(Q;;)@:;] + LED [—sin(&)éﬁ + COS(04)é4:| + LDC [—sin(@G)é’é + COS(06)é6:| - LCZ,Z [—sin(@, )0% + COS(H[ )9]}

oz, = —Laz, [cos(6:)68 + sin(6,)0,
jjoz2 = LGZ; [—sin(92)9§ + COS(GZ)éz]

(10)

(9)

{xozs = —Lrz, [c0s(65)63 + sin(8;)fs G

Yoz, = Lrz, [—sin(93)9§ + cos(93)93]

297



2023 4E45 S2 1] # 2 M FH K 5551 %

Yoz, = LFE cos(@;)@2 + s1n(93)93] Ly, [cos(62)62 + sm(62)<52] (12)
Yoz, = LFE s1n(93)92 + cos(93)6?3] + Ly, [ sin(6,)0% + cos(62)62]

Yoz, = —Lre cos(93 )62 + sm(03)03] ED [005(94)02 + 51n(04)94] Loy, [005(64)62 + sm(54)64] (13)
Yoz, = Leg |—sin(83)63 + cos(05)8s | + Lep [~sin(6,)0% + cos(03)0s ] + Loz, | ~sin(6,)83 +cos (6,8,

Ficos(0)) + F |,_,sin(0)) = F,,_,s8in(0,) — Fe.10, = M350z,

Fisin(0,)—F |,_,c08(6,) + F,|,_,c08(8)) —mi28 — Fe.10y = Moz, (14)
Fii_nLs—F, _,Ls+ Fei2:Lez,sin(6)) — Fe.ayLez,,cos(6)) = 116,

Fo_iix—Ficos(0) = F,,_;;sin(6,) + F,,,_;;sin(6,) = m Xogz,

Foiy = Fisin(0)+ F,,_,,c08(6,) = F, ,_,,c08(6)) —my1g = my Vo, (15)

{F -nle = F, 5y Ly —mygLpz, cos(6,) =1,,0,

Fai+ Foy, = myXoz,

{F()Zy myg + Fapy = myjoz, (16)
FayyLancos(0h)—FaLansin(6h) —magLaz,cos(6,) = L6,

Fu3i+ Fos,e = myXoz,

{Fosy msg + Fy3y, = m3¥oy, (17)
Fu3,Lppcos(03) — Faz, Lpgsin(6) — mygLrz,cos(6;) = L3065

[ F34y — Fose — F5c08(05) — Foax = myXog,

—F4y — Fayy— F5sin(0s) — Foay —mag = my¥oz,

(18)

F34yLg7,008(62) = F34:Lgz,510(02) — FasxLpz,810(07) + FasyLyyz,c08(07) + FsLiz,sin(0s — 66) — Feay Lpz,cos(05)+

FoaxLpz,sin(0s) = 1,6,

Fugc+ Fscos(6s) + Fio_gc = msXoz,

Faey + Fssin(6s) + Fio_g, —meg — Fo = me¥oz, (19)

—F15_6yLcz7,008(61) + Fio_g:Lcz,8in(01) — FsLyz sin [65 — 03] — Fasy Lpz,€05(04) + Fag Lz, sin(64) — FsLs = 1605
2 BEXREHERNMIERGHE 28 5 A e 9 S A R 3 5 )
21 BHEL By 12 VLR, dERLAREE 12 VR EE AR IT 5 fil
& 8 MV S ER R AE I B R G AR R 5, NAEYT o PCIe6323 MR RIS fih S A5, I IT
p fls |
Q\ —
\\ Z -
_____ R N N
Z
Z]Z
0 N
ag \\ _E
\\ "\ y :/\/
“e (€} > Y ‘
e 7
0,
ZH
0(“ F\ l.
JK\ B\\ A 0

H7 BEXRZHNFLMTE

Fig.7 Schematic of kinematics analysis of powered support

298



RRIRAE: WSS FE T H R G TE

2023 4755 S2 A

F2 ZY2400/12/20D BB ELZ W R LS
Table 2 7Y2400/12/20D powered support mechanical
system parameters
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Iy 31.8
L 18.6
FAB B R R (kg-m?)
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I 1063.2
Ly 426.97
Lz 540.47
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Lin 292.50
Leu 407.89
AR B /mm Lyn 203.00
Lin 190.35
Lpz 509.89
Lz 634.98
Ly 91.61
Lz 793.92
£DCK 0.079 59
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LEDZ, 0.290 25
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