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PaccMOTpeHbl YCTPOICTBA, MO3BOMIAIOLLME YYYLIUTL KPEMyieHUe npu3aboiiHoi 4YacTu KpOB/W.
MpuBefeHbl pe3ybTaTbl MOAE/MPOBAHNS B3aMOAENCTBUS BEPXHSKA MEXaHW3MPOBaHHOW Kpenu ¢
nopogamm KpoBJiu.

INCREASE IN RESISTANCE OF BRACKETS OF POWERED SUPPORT

G. D. Buyalich, B. A. Aleksandrov, Yu. A. Antonov, and V. V. Voyevodin

The devices are examined that make it possible to improve the support of part of the roof located in
the working space. The results are presented for modeling of interaction between the beam of
powered support and the roof rocks.

OnbIT aKcnayaTaunm MexaHU3MpOBaHHbIX Kpenei, pe3ynbTaTbl IKCMEPUMEHTANbHbIX U aHANUTKU-
YeCKMX MccnefoBaHWU CBUAETENLCTBYIOT O TOM, YTO MepBble NPU3HAKWM paspyLlleHWs KPoBau Habnto-
fatoTca B 6eCCTOEYHOM MPOCTPaHCTBE, a Takxe Bnepeaun 3ab6os u, 3a4acTyl, CONPOBOXAAKTCA OT-
XWUMOM yrnsa. IHTeHCMBHOe paccioeHue KpoBau, obpa3oBaHue 3aKOM0B WM KynonioB obycnosnusaeT
He6naronpuATHbIA XapakTep ee B3aMMOLENCTBUS C NOAAEPXKMBAOW UMK 3/1eMEHTaMW KpPenu B 30He
pacnonoxeHus ruapoctoek. Habniopaerca cBA3b MeXAY rNyO6UHON OTXXUMA U ONYyCKaHWEM KpPoBAu >
noffep>XxmMBaemMoM W, 0CoO6eHHO, B BECCTOEYHOM MNpocTpaHCcTBe. Yem 60/blIe BeNMYMHA OMYCKaHUM
KPOB/AW B 3TOW 30He, TeM B 60MbLIEA CTeNeHW NPOABAAETCA OTXKXMM, KOTOPbIA MOXEeT NPUBECTU K aBa-
pPUAHON cnTyaumu.

Y KasaHHble 06CTOATENbCTBA CBUAETENLCTBYHOT O HEOOXOAMMOCTU MOUCKA HOBbIX KOHCTPYKTH3-|
HbIX peweHuni, HanpaBfeHHbIX Ha MOBbIWEHWE COMPOTMBAEHUA 3a60HbIX KOHCOMElN, CHUXEHUE WB-|
TEHCUBHOCTM OTXWMa U BbiBasioobpasoBaHus.

CyuiecTBylOLWNE KOHCTPYKUMUN ANA KPenneHUsa 3a604 NacCUBHbI, TaK KakK He npepoTspauiaoT oT-1
XUM, YAepXUBas TONbKO OTXAaTblIA yrofib. CHMXaa NpoABNEeHUE OTXXMMA, OHU He 0Ka3biBalT BAMUAHME!
Ha MPUYUHBI €ro BOSHUKHOBEHUSA.

Ha kathefpe ropHbix MmawuH u komnnekcos Kys'TY paspa6oTaH psg yCTpONCTB, KOTOpbIe B3au-
MOAEeACTBYIOT C KPOBJiIe 1 YMeHbLIAOT BbiBanoobpa3oBaHne nyTeM KpenneHnWa ee npu3aboliHON uae-
™. ABa 3 Hux (1nll) npeacTaBneHbl Ha pyuc. 1 NPUMeEHUTENBHO K MEXAHWU3UPOBAHHON Kpenu M 130.

YcTpoiicteo | (puc. 1) MOHTMPYeTCA Ha BEPXHAKe KPEMU U COAEpPXWUT ruapogomkpart /, 3akpen-
NEeHHbIA Ha NepekpbITUK, U ABEe PECcCcCOopbl 2, MOABeLEeHHble Ha 3a60MHON KOHCONM. HVXHME KOHUbI
peccop COefMHEHbI C MPUXUMHBIM WuTom 3 [1].
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Puc. 1. YcTpoiicTBa Ans KpenneHus 3abos

B Hepabouyem MONOXeHUM YCTPOWCTBO pacnofiaraeTca noj nepekpbiTeM, He NPenaTCTBYS Npo-
xo4y KombaiHa. Ana nepesofa ero B pabouyee MoONOXeHWe BKAYaeTca rugpogomkpat. OgHospe-
MEHHO C pa3fBUXKOI MocnefHero NPpoMCXo4uT pa3BopoT peccop A0 ynopa wuta B 3a60M, WKNbI Xe-
CTKO (DMKCUPYIOT WMNT, He AaBas eMy nepemeliaTbCcqd N0 NOBEPXHOCTH 3a60d. Mpu ganbHedwel pas-
OBUXKE rmapogoMKpaTa NpoMCXoauT gedopmalma peccop C yBeNMYEHMEM Hecyullel cnocobHOCTH
Kak 3a60/iHO KOHCOMKM, TaK U NepekpbiTUA. Hecyuwas cnoco6HOCTb 3a60MHON YyacTh BepxHsAKa onpe-
fLensertca ycunvem rugpofomkpaTa, XXeCTKOCThbi0 Peccop, a TakKXe reoMeTpUYeCKMMM U KUHeMaTuye-
CKMMMW NapameTpamu ycTpolicTsa.

KoHcTpykuus |l (puc. 1) ycTaHaBNMBaeTCs Ha KO3blpbKe CEKLMWU W BKAKOYAET rugpogomkpar 1,
WTOK KOTOPOro WAapHUPHO COeAMHEH C BEPXHAKOM, a KOPNYyC — C MPUXWUMHbIM WWUTOM. LlunuHgp
rmaposoMKpaTta B cpefHeli ero yacTum cHabxeH ynopHbiM 6ypTom 2, a Ha Topue (CO CTOPOHbLI WTO-
Ka) — (naHuem 3, MeXay KOTOpbIMU pasMmeleH XoMyT 4, cBO604HO 0XBaTbiBalO WU LuanHap. Xo-
MYT COEfJMHEH C TATOI 5, N0OABeLEeHHON K KO3bIpbKY, M MOAXaT K 6YpTy npyxuHoi 6 [2].

JocTonHcTBaAaMM MexaHu3Ma fABNAKOTCA: Manble rabaputbl B HepaboyeM MONOXEHUU, BO3MOX-
HOCTb ero pasBopoTa BOKPYr TOYKM MOABECKM M3 Hepabouyero nonioxeHusa B pabouyee 3a cueT pas-
OBVOKHOCTM rMapoLoMKpara.

YcTpoiicTBo paboTaeT cnepywowum obpasom. MNepes npoxofom KombailHa OHO pacnofiaraertcs
nof nepexkpbiTUeM, NOC/Ae NPOXOAa BK/OYaeTCcAd rMApPoLOMKPAT, MPOUCXOLMUT ero pa3BopoT B CTOPOHY
32604 LO MOMeHTa MpuUneraHnsa K Hemy wuTa. Pa3BopoT ocyuecTenseTca 6e3 Npockanb3biBaHUS Lu-
NWHAPA TMAPOAOMKpATa OTHOCMTEbHO XOMYyTa. [locne npuneraHns Wuta K NnoBepxHocTH 3aboa pas-
BOPOT rMApPOAOMKpaTa NpekpallaeTcs, HO MPOAO/HKAETCA ero pa3fBMXKKaA 3a CHET CXATUA NMPYXUHbI 6.
Peakuus co CTOPOHbI 3a60f NepefaeTcs Ha KO3blpeK, YBeNMUYMBAA ero Hecyllyt cnocobHocTb. Mpu-
XaTue KO3blpbKa onpegensercs ycunumem rugpofomMmkpaTa u yrnoMm ero Hak/ioHa K 3a60HOI KOHCONN.

[ns cpaBHeHMA BapMaHTOB PacCMOTPEHHbIX KOHCTPYKLWIA NPOM3BefeH pacyeT B3auMofeiicTeua
BEPXHSAKA C NOPOAAMMW KPOBAW MeTOLOM KOHEYHbIX 31eMEeHTOB C NOMOLLbIO NakeTa nporpamm Algor.
BepxHAK 6bi1 pa3but Ha 646 anemeHTOB Tuna 3D Plate/Shell. Ha puc. 2 Takne anemeHTbl n3obpaxe-
Hbl B BMAe NJ0CKOCTEN, NPOXOAALLNX Yepe3 CepeAuHY NAacTUHbI, 6e3 oTobpaxeHUs TONWMNHBI. Ons

peweHns MCMONb30BaNN NAACTUHBLI TONWMHONA (M): 0.02 — B OCHOBHbIX 3M1EMEHTAX BEpPXHAKa AN
MOLEeNNpPOBaHMNA IMCTOB COOTBETCTBYH LW EN TONWMHBI; 0.03 — B yTO/WEHHbIX 3nemeHTax; 0.035 — B
3feMeHTax MoOAenn onopbl rugpocTolikn; 0.05 — B omopax rugponatpoHa ynpaBfeHus 3a60NHON

KOHCOMbIO. Bcem anemeHTaM 6biiun 3afaHbl cBOWCTBa MeTanna (yaenbHblli Bec p = 7.7104H/m3; mo-
aynb tOHra E =2.1-1011 Na; koadduumeHT MyaccoHa p = 0.30).
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Puc. 2. Cxema BepxHsaka kpenn M130 (a) n MOAenb ero B3anmMogeincTems ¢ Kposneit (6)

LW apHup coegmHeHunsa 3ab0MHON KOHCONWM C NepekpbiTUeM 6Gbll CMOAENNPOBAH 3/leMeHTamMu TOn-
WwuHo 1 mm (puc. 3, mosuyusa 7).

KpoBns uMutupoBanacb ynpyrumu CTepXHAMU (NPYXWMHAMW) C 3IKBUBANIEHTHOW >KECTKOCTbIO,
COOTBETCTBYIO L EIA XECTKOCTU Cnararlmnx ee nopos. 3TN CTEPXKHWN MPUCOEAMHEHBI K y3nam COnpu-
KOCHOBEHMA BEPXHAKA C MacCMBOM, B NPeACTaBNeHHON mMofenn ux 147. B HUX HaNoOXeHbl OrpaHuye-
HUA Ha NepeMelleHVe B NMOMepeyHOM HanpasfeHUU. B y3nax, HaxogAawmMxca noj onopamu, gobasne-
Hbl OFpaHMYeHNs Ha NepeMelleHne B NPOLOJIbHOM HamnpaBaeHUN.

Mo 3akOHY [yKa 3KBMBANIeHTHAA XECTKOCTb YMPYrux 3/eMeHTOB ONpefenserca chejylolum
obpasom:

H/wm,

roe L — pnvHa cTepXHs f0 cXaTus (COOTBETCTBYET MOWHOCTH Bbilleexalwnux nopos KpoBau, yda-
CTBYI L MX BO B3anmogeicteumn), m; E — akBuBaneHTHbI Mogyns ynpyroctu (Mogynb KOHra) nopon
kpoenu, Ma; F — nnowaab NONepeyHOro ceYeHUs CTEPXHS, M2.

Puc. 3. Mogenb lapHupa COeAnHeHUs 3a60MHO KOHCONM C NMEPEKPLITUEM
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Ona pacyetoB 6bin0 npuHaTo L =40m, E=2.63-F010Ma. Mnowagb NOMNEPEYHOro CeYeHuUn
CTepXHA, (cnefoBaTeNbHO, U 3KBUBANEHTHAA XECTKOCTb) paBHa CyMMe 4YeTBepTeil naouwiageii OKpy-
Xawlwmx ero nnactuH (puc. 4). Hanpumep, ecin CTepXeHb HaXOA4WUTCA B Yry BepXHfAKa U, COOTBET-
CTBEHHO, €ro OKpYy>aeT OAWH 31eMeHT, TO ero niaowafjb pasHa YeTBepTU NAaoliagM 3TOro 3nNeMeHTa.
[na cTep>XHA, pacnofOXeHHOro Ha Kpal BepXHAKa, OHa COCTaBUT CYMMY ABYX YeTBepTeill COoCefHUX

3/1EMEHTOB, a AN PacnofiOXXEeHHOro B CepefjunHe — CYMMY 4eTbipex yeTBepTeli. MNnowanb Kaxgoro
3/1eMeHTa, KOHTAKTUPYOLWero ¢ nopogamu Kposnu, pasHa 0.028 M2, )XeCTKOCTb YMNPYroro CTEPXHA,
pacrnonoXXeHHOro B cepefiuHe BepXxHaka, — 14.314 MH/wm.

$

Puc. 4. Cxema onpeneneHna nonepevyHoro cev4eHma CTep>KHA

LelictBue ruapoctoek kpenu PX, P2 u rugpogomkparta ynpaBneHus 3ab6oiiHoi kKoHconbo P3 6bl-
NN 3aMeHeHbl pacnpefeneHHbIMW Harpyskamu, NpPUI0XeHHbIMY B y3/1ax 3/1EMEHTOB, MOAENINPYIO L UX
COOTBETCTBYHOWMe onopbl (puc. 2).

PesynbTaTbl pacyeToB /11 KOHCTPYKUMWU BepXHsAKa cepuitHoW kpenu M 130 npy HOMUHANbLHOM
paboyem CONpPOTWMBAEHWU TULPOCTOEK W TuApomatpoHa ynpaBneHuWs 3abOWHOW KOHCObH
(Px-P 2= 1570 kH; £, =1000 kH) npeAcTaBfeHbl Ha puc. 5, U3 KOTOPOr0 BWAHO, YTO [LaBJEHUE CO
CTOPOHbI BEPXHAKA HA KPOB/IIO HOCUT HEepaBHOMEPHbIi XapakTep Kak no ero AjuHe, Tak U No WwWupu-
He. [laBneHne co CTOPOHbI 3a60AHOA KOHCOMN B HECKO/IbKO pa3 MeHblUe, YeM CO CTOPOHbl MEPeKpbI-
TS (COOTBETCTBEHHO, 62.4 1 839.6 Klla), a cymmapHoe ycusime KOHCONU, NepefilaBaeMoe Ha KPOB/O,
paBHO 1.61% OT 06ULero CONPOTUBNEHNA KPenu, 4To SABNSAETCS COBEPLIEHHO HeAOCTAaTOYHbIM M MOfA-
TBEpPX/JaeT paHee BblCKa3aHHble CO0O6paXKeHWsS O HU3KOWN Hecylleli cnoco6HOCTM Kpenw B nNpu3aboii-
HOW 30He. BmecTe c Tem, nnouwagb, NOAAEpPXMBaemMasa 3ab60WHON KOHCONbl, cocTaBnsdeT 21.03% ot
obuLei.

Puc. 5. PacnpegeneHune gaBneHusi Ho gnuHe L n wupuHe B BepxHska kpenn M 130
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OUueHUTL KayecTBa NpuxaTus 3a60MHOI KOHCONM NpeasaraeTcs ¢ MOMOLWbI KO3 (pUUMeHTa He-
PaBHOMEPHOCTW YAeNbHbIX 4aBNEHUI HA KPOBHO

roe S M — cTaHZapTHOe OTK/IOHEHWE U MaTeMaTUUeckoe OXuaaHue JaBneHUs 3a60iHON KOHCONMN
Ha KPOB/IO.
B cnyuyae HepaBHOMEPHOTO AABMEHWUS MO ANINHE BePXHsAKA YpaBHeHWe NPUHUMAET BUJ

K- n (ZHLI -1 /(n-1)
I .

roe Pt — cpefHee KOHTaKTHOe JaBneHMe NO WUPUHE KPenu Ha r'-oM yyactke 3a60iiHO KoHconu, Ma.
M— KONNYECTBO Y4aCTKOB BAONb 3a00MHON KOHCONW, KOHTAKTUPYHOLWKNX C NOPOAaMMN KPOBAMK.

Bonbwee 3HauyeHne 3TOro KoauumeHTa CBUMAETENbCTBYET O 3HAYMTENbHON HEPABHOMEPHOCTH
pacnpefeneHns cCONPOTUBAEHMNA KPenun Ha pacCMaTpUBaeMOM y4acTKe, UTO YBENMYNBAET BEPOATHOCTb
NOKanbHOr0 HapyLlWweHUs LLeNOCTHOCTN HENOCPeACTBEHHON KPOBAN.

[na 3a6oliHoii KoHconn kpenu M130 K= 1.153 npu cpegHem faBneHWU Ha Kposat 62.4 kMa u
CYMMapHOM ycunmu 3aboinHoin KoHconu 36.1 kH.

Huxe gaHbl KO3 ULNEHTbI HEPABHOMEPHOCTMN [aB/eHNA HA KPOBAKD KW CyMMapHbie YCUIns npu-
Xatunsa 3a60iiHO KOHcoNM ¢ ycTpoiicTBoM | (puc. 1) ¢ pa3nnyHbIMK BapuaHTaMu KpPenjaeHus peccopsi:

X MM 0 200 400 600 Bes ycTpoiicTea
K 0.923 0.776 0.485 0.123 1.153
CymMmmapHoe ycunue, kKH 308.8 343.9 273.7 185.5 36.1

Mpu ocHaleHUn Kpenu ycTpolicTBom |, ycnnve npmxatus yaaetcs yBeqUMUYUTb, MO CPaBHEHUIO C
CepuinHOW KOHCTPYyKuMeid, B 9.53 pasa, B 3TOM C/Ayyae peccopa pacrnosiodXeHa Ha pacCTOAHUM
X =200 MM OT nepefHen KPOMKM KOHcONU. KoaphuymeHT HepaBHOMEPHOCTM cHU3nAcA B 1.49 pasa u
coctasun 0.776. Ecnm cMeCTUTb TOUKY KpenjeHUs peccopbl K WapHUPY COeAMHEHUS KOHCONW C ne-
peKpbITUEM, TO pacnpefeneHne cCONPOTUBAEHNS Ha 3ab60HON KOHCOMM CTaHOBUTCHA 60see paBHOMEp-
HbIM MPU CHUXEHWUWN ee Hecylein cnocobHocTu B Lenom (puc. 6).

AHanornyHas KapTuHa HabnwogaeTcs U ¢ ocHaweHnem Kpenwu yctpoiicteom Il (puc. 1,7). B paH-
HOW KOHCTPYKLWUW MPU JOCTUXKEHUW MaKCMMaibHOro CYMMapHOro ycunmsa npuxatusa Habnwpgaetcs
Haufnyulee pacnpefefsieHne CONPOTUBNIEHNSA MO AJIMHE KOHCOMMW, OfHAaKO caMO YCUIMe B HECKONbKO
pa3 MeHblIe, MO CpaBHEHMUIO C ycTpolicTBoM | .

Puc. 6. [laBneHne Ha kposnto P 3a6oiiHoit koHconu kpenu M 130, ocHalLeHHOl yCcTpoiicTBOM Ans
KpenneHus 3a6os | (puc. 1)
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Puc. 7. daBneHne Ha KpoBnto P 3a6oiiHoi koHconu kpenu M 130, oCHalleHHO yCTpOCTBOM Ans
KpenneHus 3a6os 1l (puc. 1)

B 06eMX KOHCTPYKLMUAX YMEHbLIEHUE CYMMapHOTo YCUINS NpuXKaTusa ¢ yBenvYeHnem X 06ycnos-
NEHO KaK YMeHblUeHWeM BEPTUKANbHONM cOoCTaBnalWweld oT rMAPOLOMKPAaTOB U peccopsl, Tak 1 nepe-
pacnpefeneHneM ycuausa Ha 4acTb nepekpbiTua. KoagdpuuneHT HepaBHOMEPHOCTU AABMEHUA TaKXe
CHIMXKaeTcs.

Huxe faHbl K1 CyMMapHble yCuama npuxaTtma 3aboiHoin koHconu ¢ yctpoiicteom Il (puc. 1) gns
pas3NMYHbIX BapUaHTOB KPenjeHUs WToKa r’MApoAOMKpaTa:

X MM 500 600 667 800 Bes ycTpolicTBa
K 0.426 0.282 0.169 0.133 1.153
CymmapHoe ycunue, kH 1114 99.9 92.2 76.8 36.1
BbIBObI
1. AKTMBHbIe YCTpOiCTBa KpenneHnsa 3ab6oa B coctaBe kpenn M 130 yBenMYMBalOT ee HeCcyLw Yyt
Cnoco6HOCTL B NpuU3aboliHOM MPOCTPaHCTBE, MO CPaBHEHWUI C CEPUINHON KOHCTpyKuuel (gna | — B
8.55; pna Il — B 3.09 pasa), u yMeHbWarOT KOINKHMULUNEHT HEPABHOMEPHOCTW AaBNeHUs 3a60HON

kKoHconu ansa/ wn lle 1.25 n 2.71 pasa, COOTBETCTBEHHO.

2. YcTpoiicteo | o6nafgaet Nyyw M KOHTAKTHbIM B3aMMOAeCTBMEM 3a60/HOA KOHCOMM C NMOPO-
JaMu KpoBnau, a yctpolicTBo |l oTamyaeTcsd KOMMNAKTHOCTbIO B CTOXKEHHOM MOJIOXEHWUU, UTO 0COGEHHO
BaXXHO MPW MPOABUXEHUN KOMbaiHa.

CIrNMNCOK INTEPATYPbI

1. JonosiHeHMA Kk “ HopmaTuBam Mo 6e30MacHOCTM 3a60iHbIX MawwmnH U komnnekcos” // BoctTHUW, Tmnpo-
yrnemaw, MHNYW. — Kemeposo: BocTHWI, 1985.

2. A.c. 1067221 CCCP. MKW E21D23/04. ¥YcTtpoicTBo Ans KpenneHusa 3ab6os. / A. H. KopwyHos,
b. A. AnekcaHgpos, KO. A. AHTOHOB 1 ap., KyslNi. — Ony6n. B b, Ne 2, 1984.

MocTynuna B pegakumo 5/V 2000

87



ISSN 0015-3273

CeHTAGPb - OKTAOPb

2000
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INCREASING THE RESISTANCE OF POWERED SUPPORT
BRACKETS

G. D. Buyalich, B. A. Aleksandrov, Yu. A. Antonov,
and V. V. Voyevodin UDC 622.285:624.042.3

Devices, which make it possible to improve support of the roof in the working space, are considered. The
results are presented for modeling the interaction between the beam of the powered support and the roof
rocks.

Operational experience with powered supports together with experimental and analytical data
indicate that the first signs of roof failure are observed in unsupported space and in front of the face and
are often accompanied with loosening of the coal. Intensive lamination of the roof and the formation of
flaws and domes govern unfavorable character of its interaction with the holding elements of support in
the zone where the hydraulic props are located. A relation is observed between the depth of coal
loosening and the sagging of the roof in the supported and, in particular, unsupported space. Greater
sagging of the roof is associated with greater loosening of the coal, which may lead to an accident.

This indicates the need for new designs increasing the resistance of the face brackets and reducing
the intensity of coal loosening and inrush formation.

Existing designs for face supporting are passive; they do not prevent loosening but simply hold
back the loosened coal. Decreasing the loosening manifestation, they do not exert influence on the
causes of its origination.

At the chair of mining machinery of the Kuzbass State Technical University various devices that
interact with the roof and reduce inrush formation by supporting its section in the working space have
been developed. Two of these devices (/ and 7]) are shown in Fig. 1 for the M130 powered support.

Device I (Fig. 1) is mounted on beam of the support and includes a hydraulic jack / attached to the
ceiling and two springs 2 suspended from the face bracket. The lower ends of the springs are connected
to a pressing shield 3 [1].

In its non-working position, the device is located under the ceiling, not preventing combine
operation. The hydraulic jack moves the device to the working position. Hydraulic jack extension is
accompanied by spring turn so as to push the shield against the face; spikes fix rigidly the shield,
preventing its movement over the face surface. With further hydraulic jack extension, the springs are
deformed, increasing the carrying capacity of both the face bracket and the ceiling. The carrying
capacity of the face part of the beam is determined by the force of the hydraulic jack, the spring rigidity,
and the geometric and kinematic parameters of the device.

Device /I (Fig. 1) is mounted on the section baffle and includes a hydraulic jack 7, the rod of which
is hinged to the beam, while the housing is hinged to the pressing shield. The hydraulic jack cylinder is
provided with a thrust clamp 2 at its midpoint and at the rod end with a flange 3. Between clamp 2 and
flange 3, there is a yoke 4, capable of moving freely over the cylinder. The yoke is connected to the rod 3,
suspended from the baffle, and is pressed to clamp by spring 6 [2].

Kuzbass State Technical University, Kemerovo, Russia. Translated from Fiziko-Tekhnicheskie Problemy
Razrabotki Poleznykh Iskopaemykh, No. 5, pp. 8287, September-October, 2000. Original article submitted
May 5, 2000.
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Fig. 1. Devices for face supporting

The advantages of this mechanism are its compactness in the non-working position and the
possibility of turn around the point of suspension from the non-working position to the working
position due to hydraulic jack extension.

The device works as follows. Until the combine passes, it rests under the ceiling; then the hydraulic
jack turns around the combine toward the face until the shield makes contact. Turn is not accompanied
by slip of the hydraulic jack cylinder with respect to the yoke. Once the shield is pressed against the face
surface, the hydraulic jack turn ceases, but its extension continues due to the compression spring 6. The
reaction at the face is transmitted to the baffle, increasing its carrying capacity. The pressing of the
baffle is determined by the hydraulic jack force and its angle of slope with respect to the face bracket.

To compare these two devices, the interaction of the beam with the roof rocks is calculated by
the finite-element method, using Algor software. The beam was divided into 646 elements of
3D Plate/Shell type. Such elements are shown in Fig. 2 as planes passing through the middle of the
plate, disregarding their thickness. Plates of the following thickness were employed in the solution:
0.02 m in the basic elements of the beam to model sheets of corresponding thickness; 0.03 m in
thickened elements; 0.035 m in elements of the hydraulic-prop model; and 0.05 m in the supports of
hydraulic chuck of the face bracket control. The properties of the metal were specified for all the
elements: density p =7.7 0% N/m?; Young’s modulus £ =2.100'" Pa; Poisson’s ratio i =0.30.

The hinge between the face bracket and the ceiling was modeled by elements of thickness 1 mm
(position / in Fig. 3).

Fig. 2. Scheme of the beam of the M 130 support (¢) and model of its interaction with roof (b)
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1

Fig. 3. Model of the hinge connecting face bracket with ceiling

The roof was simulated by elastic rods (springs) with rigidity equivalent to that of the rocks. These
rods are connected to the points of contact of the beam with the rock mass; in the model, 147 rods are
assumed. A constraint is imposed on the transverse rod displacement. At points under the supports,
there are additional constraints on the longitudinal displacement.

According to Hooke’s law, the equivalent rigidity of the elastic elements is determined as follows

EF
=——, N/m,
/ L

where L is the rod length prior to compression (corresponding to the thickness of the overlying roof
rocks participating in the interaction), m; £ is the equivalent elastic modulus (Young’s modulus) of the
roof rocks, Pa; F is the cross-section area of the rod, m2.

It is assumed in the calculations that L = 40 m, E =2.6310' Pa. The cross-section area of the rod
(and hence, the equivalent rigidity) is equal to the sum of quarters of the areas of the surrounding plates
(Fig. 4). For example, if the rod is at the corner of the beam and correspondingly it is surrounded by one
element, its area is equal to one quarter of the area of this element. For a rod at the edge of the beam, the
area is the sum of two quarters of the adjacent elements; for a rod in the middle, its area is the sum of four
quarters. The area of each element in contact with the roof rocks is 0.028 m?2; the rigidity of an elastic rod
in the middle of the beam is 14.314 MN/m.

The action of the hydraulic props P, P, and the hydraulic jack of the P; face bracket control is
replaced by distributed loads applied to points of the elements modeling the corresponding supports
(Fig. 2).

The calculation results for the beam of a mass-produced M130 support with the rated working
resistance of the hydraulic props and hydraulic chuck of the face bracket control (P, =P, =1570 kN,
P;=1000 kN) are shown in Fig. 5. We see that the pressure exerted on the roof from the beam is
nonuniform, both over the length and over the width. The pressure from the face bracket is somewhat
less than the pressure from the ceiling (62.4 and 839.6 kPa, respectively), while the total force applied
to the roof by the bracket is 1.61% of the total support resistance; this is completely inadequate and
confirms the low carrying capacity of the support in the working space. At the same time, the area
supported by the face bracket is 21.03% of the total area.

;%ﬁ
O

Fig. 4. Scheme of determination of the rod cross-section

$
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Fig. 5. Pressure distribution over the length L and width B of the beam of the M 130 support

The qualities of the face bracket pressing may be estimated on the basis of the coefficient of
specific pressure nonuniformity over the roof

where S and M are the standard deviation and mathematical expectation of the pressure exerted by the
face bracket on the roof.
With nonuniform pressure over the length of beam, this equation takes the form

Szn 2/ n a B
k= ln Gy P2 B RE 10 /-0,

where P is the mean contact pressure over the support width at the ith section of the face bracket, Pa;
n is the number of sections along the face bracket in contact with the roof rocks.

High £ indicates considerable nonuniformity in the support resistance distribution over the given
region, which increases the probability of local disturbance of immediate roof integrity.

For the face bracket of the M130 support, £ = 1.153 with a mean pressure on the roof of 62.4 kPa
and a total face-bracket force of 36.1 kN.

Table 1 gives k and the total forces exerted using device / (Fig. 1) for various spring configurations.

Introducing device I increases the pressing force by a factor of 9.53. In this case, spring is located at
the distance x = 200 mm from the front edge of the bracket. Correspondingly, k& is reduced by a factor of
1.49, to 0.776. If the point of spring attachment is shifted to the hinge of connecting the bracket to the
ceiling, the resistance distribution at the face bracket becomes more uniform, with overall reduction in
its carrying capacity (Fig. 6).

Introducing device /7 has a similar effect (Figs. 1 and 7). In this case, the best resistance distribution
over the length of the bracket is observed when the total pressing force is a maximum; however, the
force itself is somewhat less than for device /.
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TABLE 1

X, mm 0 200 400 600 Without device /
k 0.923 0.776 0.485 0.123 1.153
Total force, kKN 308.8 343.9 273.7 185.5 36.1
—— without device /
P, kPa ---¢-- x=0mm )
--0-- 200 o
800 -

400 1

3005 3205 3405 3605 L, mm

Fig. 6. Pressure P exerted on roof by face bracket of the M130 support equipped
with device [ for face holding

For both devices, the reduction in the total pressing force with increase in x is governed both by
decrease in the vertical component from the hydraulic jacks and spring and by redistribution of the
force over the ceiling section. The coefficient of pressure nonuniformity is also reduced.

Table 2 gives k and the total pressing forces of the face bracket with device I/ (Fig. 1) for various
configurations of supporting a hydraulic jack rod.

— without device 1/

P, kPa —— x =500 mm
-A-. 600
200 A

3005 3205 3405 3605 L, mm

Fig. 7. Pressure P exerted on roof by face bracket of the M130 support equipped
with device /I for face holding

TABLE 2
X, mm 500 600 667 800 Without device 1/
k 0.426 0.282 0.169 0.133 1.153
Total force, kKN 111.4 99.9 92.2 76.8 36.1
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CONCLUSIONS

1. Introducing active devices for face holding in the M 130 support increase its carrying capacity in
the working space — by a factor of 8.55 for device / and 3.09 for device /I — and decrease the
coefficient of pressure nonuniformity at the face bracket — by a factor of 1.25 for device 7 and 2.71 for
device /1.

2. Device I ensures better contact interaction between the face bracket and the roof rocks, while
device /I is compact in the rest position, which is especially important for the moving combines.
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