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Abstract

The pin clearance is a signifi
t he hydraulic support, but tt
neglected in the current stud]
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and may reduce the hinge poscdausoen aofl atrbgee swmpgarctt. fRem e[
Zeng [ 337, Bu [ 5] et al stodi edhetbar resptonsedeof thar ico
components of hydraulic suppoirntd wcnidnegr dcyonnatmai cct | odaedf.o rWaantgi d
and Wan [22] have done a greatefoeganatofonstoudy aonmagteheé nc sretri
the surrmroawkddmdy the stabilityinmnfthéaernakidad plmoc eswsppotrite h
and gave important factors afprecckucneg phaststt abidleif toy maftni lotnh
height hydraulic support. Caol edr aanlc.e [slGnfz esseaowiedriteh dec afshess., d yt |

| oiadper f or mance of hydraul i cevemppcerstul unidert hvearfiraabclteur e ¢
| ociamtgondi t ioppnd marredd the top bseeaant ,s tcrauucstiunrge.a Waari | ure i n t
[ 23] et al. analyzed the per fsowpmaonrcte. oMot d@evaerew €e¢guiclainbrpio

under t he pressur e bumpi ng @uhlj eccotnecdl utdor do veelrd torad §te.w eletw
equilibrium jack has better empatencesiocftapéa. dNMamme dt3i0dn
i nvestigat ed tnhde wsotrrkeisnsg rcehsaproancsteesanisstsicosn orfel ati onship be
the hydraul i cHus ueptp oarlt. c[oll 2ulmniinndcirceaatseidn gt htante tnhoev e ment i nst «
higher the acceleration of thedhgdlsaplpioec t s ummar ta flifiefcttii mngg
the higher the i mpact on thebfarcegoftompomehisgsedchoiast t:
bearing capacitey eotf atlh.e [s9u]p piwlwétntd ¢Gl a miud m@mer f or mance and
met hod for adjusting the posiaticemtai naekRydnau[ RO, 8Rpport
in the working face. Pang et - S S nan mammmaamaa © €S
met hod of hydraulic support Fer-deformation Mild efaﬁon §eVdef°rma gl ght
using the Z2hamge|[] 5] j aZ&ng [ 3

proposed a variety of feasi bjf r t
attitude of hydTiaaun iet salp.pof[rz /

siexol umn backfill hydraulic roc
t he wor king surface. d Gaardo{jku“

parall el ogram structure hydr ed

wor king characteristics of tF co
Li [ 15] et al. stulbdéeadi agdcap

foaol umn -@amldummocaving hydrauSSSEEE = .

To sum up, the current resea:. cu v e wewr sy poesr o vl Mar

of hydraulic support is wuswually bFag.ediInorrc otohieyaprriceami isce DU p P ¢

the connection pin shaft or nothe¢ @Mfadir @efrfiodt tthoe sRiuM yCkt & @
For example, when using ADAM§ hangealbrheay tahhWahiq§ be Hiyddy
t he dyrhamiacct eristics of hydreawliivca| ShRP At t heNEQE &I1ers ttiof f
facilitate the establishment gofpaspinu!l @ithpinatmode! mo@E | Siomp
research, the pin connecti on cuneatr anscted fuitc ecd§ dblyl VaaD peMst, tvPh i
pair between two parts conneGtadqd nighrcaphlti the obPi "heam§dt
influeheeasc#amiaince between tRecRin®| §N dnakdsdrRaerRi? b WNe)s e Lt act
seat on the performance of theghydmaultine $WmpRONVied Spohud fitnbd
However, the clearance betswenfun atiih 8nf AmbMregWilie Ar aha& kS &y dr
a nonlinear dynamic rebpadspeyj petwegemndihyezeh&awY ati on o
mechani cal connector s. The nodlgdmesantdo tthaeC tt r R ay is@ i o Wi
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si nmgilre cl earance si ze. The ey etchhe offoldionmglneg @misn <cl ear anc
position change on the bearing capaci,ty of the hydraulic
was also studied. Finally, through '?he—design of orthog
experimental group, the chan\Whee Kefs tthhee terddid vmiEePitdmlt kK Mo g
eachi mg@gapoint of under t hpd nc oful paSitnigt ictoyn dilR0P.aR ¢ 5o ot Meel tlh.eRwy |

clearance is studied. di ametLes, the |l iquid column |
2. Static load bearing capacity of norclearance hydraulic |F
support
2.LConstruction of Equal St F Working load | d
system of col umn =P K L,C
Y L Liquid column length % L=
Under nor mal circumstances, oe
] D Bearing chamber diameter
influenced by the complex |c¢ i ar
periodic pressure, which wi| d Hydrmaulicroddiameter and
. . D]
supporting height of t he c — ge
dynamically. Pheporer of fbcertttelnEisddrbulluangne etqhueal stiffness s
dynamic changes of the column under the influence of exte
~ According to the data in Tal
| oads, t he met hod of repktacing . the column with an equal
] . ) 1, it can be calculated that
stiffness spring damping system is used, as shown in Figu
_ _ column i 9m69lah@ that of th
The equivaKmrt tdtei fcfod arann calnDNb(/amcalculated

Tabl.pardmeters of f.ront and rear col umn

., Bearing c Hydr aul i Liquid c:
Col umn: di amenner di ameter |l engt h/r
front cu 230 210 83 6
rear co 23 0 21 0 83 0

2.2onstructionioful dy nami anod%?nsotfranionned to the top beam

shield beam and the top beam,

clearance hydraulic support
shield beam or base, or the
Figure 3 displays the model for d n%mically simul atin )
connecte by a rotating Sal
hydraulic support. i i
Substhy uaredequal stiffness sp
Static load The roof materi al is defin

Roof 35Cr Mo, and the other parts

properties of the materi al s &

Shield beam

Tail beam TablMai 2 propert.ies of mater.i

Top beam
_ materDensity?( Poi sson El asti c(MRa
. . N co al 1IBG 0. 28 2. 20
Spring-damping system < s ee 7.8D4T1 0. 29 2. adi
35Cr | 7.8501 0. 3 2. Al

Base 2.%tatic bearing capalceé aryane

Front link Rear link

hydraulic support

Fi g.Dyhamic simulatilearaodel h%@r%%@i ¢ he
support

performance argur

studied in this article, t he
The base is connected to the ground by a fixed pair, the
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simulate the static load stafh‘kcafinporimnpoﬂﬂdﬁoﬂl’ilF?OH'”QPIQ'rhor'

top -I
. . . .a - f ro f
specific load is symmetrlcalI&O”Baeqcprlilaésgerar@ESﬁlﬁeqsr:r.oi fs 22?/ S
(time,0,0,12,2500000) on both $r|fad1@s1. Thezsep 35§|702930f t9f1e I
. . . orce .
d|splayed I n Figure 3(the |O<1U|||g pUbILIUII I 66— r on

end eoft oiph beam and is on the 8o Pearingccaragty  BydraylicosHapastwith spgie pin n ¢
of the front ,and tkeardooaumas)BdeE€he entire

simulation process is 1.5s. TBeEs$trabbkmsbhmeénn bD6r qpd nr ecslpeoal
the load on the front and remedelbl umns and each bearing
under sdtadalel é s obt a-bnaesde. cTohneneAcsetag%rUV\llnnk n Figure 5, at the
point is named as bear-ibragsepho))'dwrtauli- tgﬁpd({rotntisl oK nect o
connection point i s ‘sehaireilndg brbe%a'”%tc%rtEPﬁ ﬁwglaﬁhﬂhﬁ'kclearan
connection point is bsshiralngg kpesmt 2 ttha frant 1
connectienbparnhg point 4, Clearance
top -¢eiaenl d beam is bearing | 1€
dynamic characteristics curve i C
Pin
the hydraulic support.
2144 contact force = = - height of front column 6000
front column load  — - - height of rear column . . H
2140: rear column load 5000 F| gCO mparlson Of. p| n CcCO
L 216} {4000 Ther ecifooregf fort to better dis
E ) § contact characteristics of th
_ED2132 - -SOOOE
2 - . 3 articulation model shown in F
2128+ SN 42000 _ . .
connection relationship bet we
2124} D 11000
‘-.‘¥ | L1
e 03 06 09 12 9 Ear seat
Time/s
Figstdtic | oad r.esponse 1D1(\ >
It is observed from the figur ( O i s
the contact force between the _ Pin 5 st
5006 KN, which is basically cc..o. . ... U - 3¢ I
pressure. The | oad borne by the fFrlcngtOIGIandl¢maartcloCIUU|mintsl
1368KINl al166KN respectively. |Thhaheompliession &ftitcheel ati on
equivalent spring damping sysjtoemtofarther dgamde@ntdsr & af Cq

— [—

3
q
s 14.12mm and 11.95mm, respemdtiiveen Yoorddt c@ainntbepbeowebHded,
he smmprigng system stiffnesspyalne o6l thei dovdn@adt rfedn
ol umns diafsf elrietntclee wi t h the thgagmuentiingalt haal athleatiinarer nal
alue. external surface of the pin
Table 3 displays the transmivasiuenbpfeewee noft hea ph nb eardi nt e
It can be discerned that the workinggcoyndyi tf on at beacgrincg
1 and bearing point 3 is thevhwpgasntdR R¥pieeh i 0 & Bryaariedupsreevsae it
influence on the bearing capaairt s eamft tamad hyckr gpulni.c suppor

Tabl®Br.aBsmi ssion force of .beariFig@gup®i nt dwistph cawts ctlheea rmaantchee

EksploatacjaiMaiNnteemanda odhd Re|l 283l ity Vol




established based on the colliBh®nnamldi medn cuprairngnodiaerpiim
6 [ 8] Orivehetrhee centr al point ofstpeesernéedal s wuradoear et dodc eh bve

ear s©dts arhde centr al point oforkbe éxrewhal ofuthascsemofdlet he
pisnharfandartehe position vectors of theOo ear Geat and [0)
the pin in XOY coordinate sywheel, st htehne tdhentjilaositnt b &€ i fFplennee
vector of the ear seat and tHdefpirnmiitsionhe dampieis ddhef friec
A O O o velocity during the collisior

The expression of equivalen

[ 3, 11]:
0 U X
., —hQ pl 1]
Y — w

FigMart hematical model of @pHdr &FlshmaBBFPal coefficivwings

When contact collision occuPsi bedmwRienrealadé oe bk arsitsa otdhngo idend u
contpemntet rati on deformation imddiiwd,edwhbeyr ec antpd wts edlghi 560
can be expressed as: sign is useantiaoact.internal

10 ® T As shown in Figure 9, as pe

Therefore, the size is used nt oADAeMSe rsmifnmaevawlket hamgeher al
contact collision between theanpibre amredi hhee eaag: seat, and
judging method is as foll ows: HO N O] p Tt

7 m .0 Ai1OAAOR AEOAA i1 OAiWAEE®E.s the normal icsontthe tdy

1 m )T EOEAOA ATT OAAOUI O AEPAI ChRACoefficient, and it:s

1 m #1171 OAAOR Al AGOEA AA&N Ol AOK gkt

WS @
LW i o Qydwh fofo i Q@ o wWs © pp
3.Qontact collision force model i 0 @h off foh WS @
. _ wherwei,s the relatwhedm@motei cpes
As demonstrated in Figure 8, the interaction collision
] speed ‘| amidtar;e static fricti
wi || emerge, when contact collision occurs between ear se
) - dnam_c friction coefficient
pi n. I n addition, the contact "collision force can be decc
into t he nor maH, germernt atced floy c Hs
deformation of the mater iRl an ct f
generated by the relativeimove =g nd tt
2
seat . 2
3
S0
=
2
3
Lx.-ud
O
-”5 -Vd -Vr- 0 V\ Vd
Relative velocity
Fi gCo®l omb fr.iction cu
Fig.RBin contact collision
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3.CBonstruction of dynaw®miuwglsé MBu.lBhtei omfhacalceofof single cl
pin clearance hydraulic suppcratpaci ty of hydraulic support

On the basis of the dynnaomi c | Bi minleataicotnu armo dweolr ko foft htehe h
clearance hydraulic support, ctlrarmaotcat iofigthai pi ool melwuando «
pin 1 is replaced by the pinefcfl®ratr athn@ ea rcalnyt mae tt hmo dierhp a csto
build the dynamic sidpuhatci ematded éle aafi ntgh ec agpiarcgltey of t he |
hydraulic support, wheredtihy icsonsteatc twistthi-¥FmmtehsésnrkKavh ¢gse tafl kta
equat9®9omn(d Table (2, 4). I'n oideremendi $tsi Mg bimsnh tAlse ppii nng It
pin in different poerseldiiaofds ,t hteh e apiamcat hyhder abualsiec support

basferont | ink are defined as iimullatainan 2gn alhys ips ni satc arhrei e
beamar |l ink anfiropheespingl dr da@fdmphe phd the transmission f
4, and the p4ishiat dt he atmopar ke grirerasr 5c o ITlhren s nianidaleach bear i
radius of each pin is shown imbtTaibdned 4. AlmMbegcdrhetm, aitnhte cton
and static | oad forms betweemiaoigkerdf ccampdbremwteenand ecdmwi S
with thosel ear dmhee mlwyrdtr.aul i ¢ nsoupcl ear dahhee,e wlsem <cl earance

force of the clearance cont ac
Figure 11 shows the influen
the transmission force of the
observed from the change of t
point without <c¢clearance anad \

Pin2 Pinl Collision contact single clearance, the transmi
f
|

ant | ater Whdmant h

i o ) reat

gl e p?/ngclearance
c Si

f

S i n
Fi g.DylnGa.mi ¢ si mul ati on model pfg S
hydraulic support single

i
n .
| earance ze is 0. 51

ratio o b&ariisngl. Byt 11 76 %

Tabl.leni #4i al. pin radius ) ] ) )
5T 1. 49®wspectively, indicating t

. Pi n Pi n Pi n Pi n Pi n . .
posi to the increase of transmiss

Radi 656.5nm 50. 5nm 70mm 50. 5n 50. 5n

thus the working condition of
under the same | oad.

550

Ln
(=)

400 50
I:l Bearing point 2
—=— Transmission force growth curve

I Bearing point 1
—— Transmission force growth curve

140

14
(=3
=
T
L
wh
(=]
T

1
L
o

450

1
~J
(=]

1391.3

s
[=]
=

=)

173

(=]

L
—
(=]
Transmission force growth KN/mm

Transmission force /KN

Transmission force /KN
(¥¥)
[
(=]
1
=]
-
Transmission force growth KN/mm

1
<

350 1 1 1 200 1 1 1
00 05 1.0 .5 20 25 3.0 00 05 1.0 1.5 20 25 30

Clearance size /mm Clearance size /mm

(@) Bearitmgnemiingi dn force (b) Bearing
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125.0 50
[ Bearing point 5

—=— Transmission force growth curve
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—
I
wn
T
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W
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Transmission force growth KN/mm

Transmission force /KN
>
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Clearance size /mm

() Bearing point 5 transmission forc
Fig.TrBhsmi ssion force response of the bearing p

Mor eover, under di fferent tgiamglme s<il®emar de &€ ebeigre wigh hpo
transmission force of each baaadlngr aptoeidn,t ainsd alheom dhéef et e
Figure (a), when the clearanteansmilsmsmiomnhktotcangmowish onatt
of bearing point 1 is 417KN, stwabhethe clearance is 2mm,
453. 5KN, nantiewlkéearance is 3mm 200

I The front column load

compared with no clearance, the I The rear columnload | | N cr e

1600 |
were 6.57%, 15.90% and 25. 20 %, 13676 13679 13683 13688 13694 13699 13704 I e, t
change trend of the transmissioﬁmo ing p
Figuw e (I3 sitmidfarbearitrhgga point =3

[=]
increasing the size of a single"800 to an
in the transmission force of th 200

I n addition, taking bearing pc¢c for
change of O0.5mm clearance value 0 hange

Omm 0.5mm Imm [.5mm 2mm 2.5mm 3mm
transmission force i s 7. 4KN, KN,

Clearance size/ mm

18. 3KN, 18.1KN. Combined withfrtghe agtalqan e@ipdhis@n off 05 G & ndGr W
curve of paicht biemarkFingure 11, it can be dloauarda.f heats it hee

transmission force growth rat?:iBGeréhrbSNsbet%rei “IgoadeiananigSes
when t he cl earance sizOe.5im$n.c§Nd'|tL]1ri”pS tmﬂethr%”%‘?ng?lfeoclearm
However, when t he clearancevgqﬁg in%rlgédgafﬁrtﬁ@a'?i&urf’@,m,'
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without clearance, the | oadeath thearfirngntpocnont umnd e rn cdriefaf
slightly when there is a c¢l| eaviaheret, fvhoime tthkee flioaud eqf tth
column decreases slightly. Hpweveéei onshal l oaduet thet heon
rear columns changes | ittl e wvbietahr itnhge pdiamtge @afdt hbeckteamnas
Therefore, under the same beawsngncobdi buen g,y otwh v sirregilde
cl earance may cause to the risseeof Holweveransmidesi 6hef erf ac¢
bearing point, with the gradubhe tnansmbessiobnther cd eatr ama
the growth rate of the transmionnsisnichange thandewi ft homhs|l

fasand then to stable | aw. Whelnntaedict eananbyg <ciozng airs nZmnt
value increment of the transnbiesasriionng fpooricnet aundere dexmairnglge
5 is the most serious, with a&rm@ani mher esaeseen rtahtaet otfh e2 5t.r2a0n%s, mi?2

24. 92 %, 23.63% and 21. 45 %, respechigvebyntTAhuss tkhkdukanges
beagi capacity of the hydraulpibpontsdpperthe Fueddred moard tthre

| arger the clearance size, the incortehe@r beraghcedVhteme tehfef egit
hydraulic support's bearing amuddadiptlyi.cati on factor of the
. : i i :
3.5nfluence of single clearanced 651S|tb|eoar{ 8 rE)Oeariltln]g (t
capacity of hydraulic Supportrod are connected to the pin)
_ _ bearing poi 2 and the beari
I n the previous section, the bearing ca glt){ t he hgg
connecting a e connect
su ort was examined in relation to variatlons n the siz
PP compared with the bseha|re|Indg bpec
single pin clearance. For the purpose of comparing the ef
_ _ _ connecthkd pon).‘lpherefo_re, th
varying single pin clearance posjtions. on ¢ he gearlng ca
_ bearing point 3 an bear i"ng |
of the hydraulic support, four di fferent clearance posi,
exerts the most significant i
i ncludtngweprien slel ected for si ulation anal ysi s.
_ _ _ lgnearlng capa(_:yty and shoul d |
Figwsdows the variation trend of transmission force at
process.
600 600 — —
—=— Bearing point | —— Bearing point 2 = B"‘“?ng p(anl Il === B"‘"fng pornl 2
00| — Bearing point 3 —— Bearing point 4 500 Bearing point 3 Bearing point 4
Zz —— Bearing point 5 z = | — Bearing point 5
= S et
8400 3 400 o
£ &
gwor 5300} //
200} 200}
“wof o :_100-__?,__._4.__*—»—«
0\ 1 1 1 1 1 1 Ol 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0
Clearance size /mm Clearance size /mm

(a) Clearance position 1

EksploatacjaiMaiNnteemanda odhd Re|l 283l ity Vol




(c) Clearance position 3

Fi B.Vatri ation trend of transmission force at d
Figu4eelllustrates how differdféemu-e|] éahanced eprosndece ons pin
i mpact the transmission forcienfaltasetnhtebesdameankBemasisngnpbonce
observing the figure 12(a), tthecahebeanceubti pehy3skas th
the same cl earance, the c| earfaonrccee aatt tehaec hp obseiatriionng opfo ipnitn.
4 has aabcloen sd fdfeeact on t he t rbaentsweiesns itohne fpoirnc ea nalt etalme seat
bearing point 1, while the clmparearmdbe i dtust thepasiftfieorenacfe p
pin 3 has a |l esser influence.pdssi tciamn et  eteme froann ¢ Mies € io oy

(@) Bearing point 1 transmission force

(c) Bearing point 3 transmission force
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