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Innovation and application of monorail crane to transport heavy powered

support in soft rock large inclined gateway

Wang Xiuhong, Lyu Yi
(China Coal Xinji Energy Company Limited, Huainan~232001, China)
Abstract : According to the technical problems of the heavy powered support under the/conditions of the soft rock, broken roof, high in-
clined complicated gateway in the coal mines of Mid-Eastern China, a heavy/flameproof diesel engine monorail locomotive equipment was
imported by China Coal Xinji Energy Company Limited. In combination with the site condition, a study and innovation was conducted on
the installation method of the monorail for the heavy lifting beam,_ layout'method of the suspended chain, the suspended method and sus-
pended tool of the monorail, and site management during the application process. It was a first time for the monorail to transport the 48 t
heavy hydraulic powered support and the transportation efficiency was over 50% higher than the conventional winch transportation. Thus
the monorail transportation could successfully solve the high'preparation workload, many transportation links and personnel, low transpor-
tation efficiency and low labor efficiency existed in the eonventional withdrawing technique of the fully mechanized coal mining face and
could realize the safety, high efficient and rapid installation and withdrawing of the fully mechanized coal mining face under the complicat-
ed geological conditions.
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SE R ORI ARER R A 18 1 I Ry 3 [ A 4 4
BOTREE RAEPENE T, (H R SR i

- X
0 5] =] 2
=

AT [ P 2 30 M IXBE B O R 22 R8T
0 LR A MU IT R T7 3, B AR AP 2 0T %
s 22, WO S R BB s HLAF iR - =
BL" B kTR ML [ ik ke R
SRR SR, LB - L J ST 50 1,

iR 2017-04-11; =E R . Fi

F g TAR e JRBRIIA] A R iz i A AR K
PRIXE 4 i 32 2 i 07 SO AR A m AU TG
BB R IS 2 AR G RS AR /N
RS | bt et TS SR LR B TS N )
LS m L4z 3 Fhora, i T AR

DOI: 10. 13199/j. enki. cst. 2017. 08. 034

EEE N 215 £ (1963—) , B, ZHANZA , @R LREN, MEPEHMEERRHERNATEIR LEIM, E-mail: wklz5678@ 163.com
SlARK . EBE, B 5 A RECA KB s E R 28N ], BEARLAER [ 2017,45(8) :200-205,242.

Wang Xiuhong, Lyu Yi.Innovation and application of monorail crane to transport heavy powered support in soft rock large inclined gateway[ J].

Coal Science and Technology,2017,45(8) :200-205,242.

200



FABZEAF BT AR O R A 8 1 3 A i 8 S 2 17 A

2017 456 8 1)

FE T IR B 245 18 e AR AR AL R b IS A5 & W 5%
PERBR A, e FE v 2 350 1 X8 4 Bl 32 B C U 38
iz gy o AR R A AR 2 4TS DL TG i 4 i
B A HHLERET RS I, S EES
LRI K BB N2, TAE 2 B3R B ) []
K, ZERWE K, WS Z 1 T J8 42 4 s s ™
FE4 Bz iy o6 B B R OB 9 MR B e AR
YR EZMAGEAA L2 A4 RHHE
ANEZ IR AR ) S N8 g i i 2 T AR (A5
WM RGEEETBhE M ARG P A &) AN H
HISe, TR A BE VR 0 A7 BRA 1 ( LAT i BR e A
BAES |]) X R BER™ 25 2Rk T4 T 2 0 0 RHE BE AR
B TAE M2 0 R M BRHS BE 2 7E 2 000 m AE47,
ARIE JE B B TRUMR KA (P 120 mR
20°) , LER AN RYPRE AR & Hp i FH
KHN 7713000/27/60D S Y2 4, B
481, EEMEHEL Eism T, WERHEZS
BRI BB R NG —Y =147
SR A A B R, N U B AR IS AR T
FERE ) 22, B 5 KSR IE | v NGB Bl 155 o A 1k
PO BB PR I E fh Rk R R 2 AR, BBk S
AR R R [ Bt A s, %9030 4 B 3 72, {0l FH P e A
25, WNHEAS KT BB AT S s | B S
M TR RS KRR AR,
NZ SRR, BYHGEH 1~2 42,

L R — AR AR SR B s AT T S
AL IR S AL, E R 5 ML A R,
T R B I A5 A T A AT B, B B
B S (] R 6P A Ak 5 4 (L 58 4035 1 22 FloR
i< Rl N S 1= By P ] RN o) 1 5 e L VAL O RS
BTG B AR ML A IR B S R AL E  HLRGE
oot TR RIS S5 e B R AR 4 B, 4%
ARSeiH 2 RE SEFRE AR R A B B
BRI R AR F X T R A B
BBk, ©FF 36 t 19 Z210000/22/45D 412 b
HAER T, M#PR P IX 48 t T 7713000/27/60D
WE T s i 25 A I 4 0F R T & SR
% AL 2 = SR o R
RKH AT A B TR S BT, SRR
Humishn oy XLk, Bitis i 4 MR S8 2 236
£ .SL500 RHEEHL 10 55 ,SGZ1000/3% 1000 1A fi 1%
BL10 #B, 2] SRR3R L /b A B B0 Fn i
AR AL G 7 = 50% L 1

1 BEYAPERET R B

BEXT AR Fl X FESER 800 m R IF R, 45l
R TR Z b i e EL TR 6% | b K, REES (T A
K, Rk 2200 4 b i S A4, S J5 2 X RS 7R
T BEEOE Bl P = 1 R bl S e
BB s 5 il 36 1,48 ¢ TR ST K A
FOMPRE, R I R R A ] ) 22 2 R R T
20 L T R (4 AR 32 b R % TR N ) A TO AR
Tl R AR LB A T, 62 B A AR A, BN 2 Al AT 52 B
IS 1T SR s e 7= A W BY V) ) S Hn A R 7E A,
DR TGiAR 55 2 P A = o T 2R AR, B
UM BPUE R HE O SRR 2 A, 2409
Wi, IR IER BT R aeRaE A s BT TR
WERE R b R R I B ML T4, 8
Je B2 Al AR A A 2 o I, TR AR
™ot FH 2 11 e Bt A4 T () AL AR A S e
MYER e 2, SRR 2 2 | B H
453 2 AT | 11 700 AR R IR0 452 1 ol P 7
] 1 P78 PRI P 0L e 1 R ) AR R AT 2
SR FHRR 10 28 EL B BT 0 (LA RO Az
B R IE BT ) ARZARTE SN Sy
A A 77 A R T 8% B R ag A7 AR I 1
YY) 1A R G2 v AT A 32 IR B R Rl | A%
AT A DR A AT AN B BT T, S5 7EXER | H 4
IR 52 2 T S5 A A T e R i ) I B 4T
BIAS RAF il AR IR B R kLR, 7ETH
Mt A sh w0 0k SR 2 R, w4 H
1S TFN, T 115 T58 ERERRHT
I8 [RIETEERR 30 m ke B4 B Bk A%, i HERE SR 0t
600 mm [ 7, NI EE S RH s A 2 MEER LT,
AR RN TR B LRBER R A H
B FRE I R M T, e 2 AR ALY B kR A
g S
1.1 HE®EE

D) BB RZ IR, AREAR GBI i, S50
Mz R 40K 2 M, T140E (5259 DL % 1140V
(FERD) BB, WS 5 SR SR SR
WA PR N BB IE 32 ) 43 B 45 A5 FEis i
BRI S e R A B 7 o R

I R 4b 2K A ( 2213000/27/60D B R %
248 1 EMPEA 8 1)56 t,SLG16.5 K G447
16 MTAE/NE , HUE H S AT ER W RE T8 35 kN,

201



2017 4F55 8 1A

# £ A FH K 445 %

2)ffi A SLG16.5 TR i PR (R iz iy 48 +
RIS BR A2 153 A AT 8 /N AR I AE LA |
7128 35 kN,

3)ZRA LA Bt X E R R 1140V 05/100 -
600 B SHE , 1T KB 2.6 m, BLIE B 5 2 1 2
DL b3z Syt
1.2 mﬁgﬁﬁtﬁ*&

R i 22 25 iy A A% 38 TOUNR 1) SE PR 0, 25 FEitE T
J7 8 R o oK e SR U BRI -R - sl AT 90
MR, B MEEE 1 Fras. BEFT B EE SR AR
¢22 mm, £ 2 500 mm [ 75 € A FF, A E N
MSK2350 % 1 45 ( L) 1 22350 £ 2 45 (4h) B IR 4
[ 551] , B AR A AT 22 i 151 0 A IR T 100 kN,

J v

(@) U &+ (b) S EFI
Bl #hmEill
Fig. 1 Track hanging machine
D) BMRPIEAR 2 M T EE 600 ~
900 mm, %% 5% 5 0 £ 10 A B 30° O A, dn A 2
Fs

@ TBUERERE (b)) AR
H2 #amaExs
Fig.2 Track hanging device

2) FE MR B B P sl e T4 T4k, SR 2 4R
$22.5 mmx6 300 mm [WEE, FCEWE 1 m K1Y
TR IH U BUAK, 1 U BB R 7 % B2 4 5%
M,

3) [Al s 4 B 30 m ke i 432 s Bt 4%, 2 Bl 1k 7E
LR AIE IS 1T S L R AR S R
A= BN ) B 11452 2, PR B oA 1 0 [
A A NS I

4) I HE BB BT A 4 4 5T 600 mm B
FEFRLL M FLE B AT R SRR AL 4 S AR
202

SCIR Ty AR YN 1) R 1) 432 5l B
T [ AR AR TE A N AT L DA/ B A A A 1)
LR 1550

5) IBeRHEE 5%, He F AL 2 B 1R 7R S
iH b s AT A B R AL AR B B R S A )
LA 1) 4550, R FH A B 45 H 300 1 LA [T A 3
APIAS b a3 BrR

s i

B3 R EmELsaE

Fig. 3 Chain layout for removing track swingings

6) HiE Ak FE BT, AR E F R R, R
TR 28 FH AR 5 B 2% 0 B0 ELRE T ] i ] o A s
TR,

7) ARG R E R T, e 2 SR AR
I, B IR EL LR R PR AR T AR S R R 1 LA
W A0 AT 5 [ AR AR T TR L
1.3 BEHEZEXR

AR DIHR 22 20 4 (] 45 38 /& B2 2 4 900 mm,
i BE LRI BIE TP O P4 2 000 mm (F KA
f&F 1 500 mm) , 201& 4 Fis,

LSk N st /AN

750

830
5
i
=

4900

| Tt

2750
ity

420

L u_
K4 BHlrmrE

Fig. 4 Schematic of roadway section



FABZEAF BT R AR B R A7 8 1 128 i 8 S 2 g

2017 456 8 1)

2 WMEEFERBEHASERZNEIH

B R AT AN e i A B
kT2, A5 1 60 ~ 280 kN, & K E B £ B
30°, KIS ATEREE 2.15 m/s, [H Z A A 38 i 18 48
i 40 ¢ R SR AR — H AR, X B AL
TR B Oy 2 R S A T o R
FE2He Ty AT AR, Bt AL & LA &3t
T 48 ¢ IR SRR L AR M3, SCAE 2Bk
T PN 1 YOS B 48« YRR S, SEBRIIERA
AT s BLAT B i R B RRCR A
NGRS R BGE A I b S A P A RS
Z A SR A S A N B R4

VAL L AR5 T 04 T Fh e phs Wi d #l
RSB D BOR IX G2 i 4 3 R B T
A T ) i SR 5

2.1 BEZEREFEHOVFELR

D &5 AT .

F=g(W+W,+W,+W,) (sin a+ f cos a)

Hrp F S RTFE ARG J) kN g NAE 5] 14
BAREHL 9.8, W R A KB, B 48 t; W, AL
EHE 2.5 GWoOERRB PR HE, 8.0 6 W, b
FF R 245 Bkt ML 0.5ty JIB 2 B 00 05 o B
B 1505 AL ZEB TR ) R 8L, H0.03, &3t 5 AT
1 F=196 kN,

2) ML E /25 R PR RE T e &l 5 o

YRR SZE Sz iy, BOH RS« — 3 =45 5%

250 Tis
DZ2200(3+2+5) HLZE WZEER 14
— 13

faETaY
O

1170 R

ESSEI 6

PR

7/

AN

O =N W RV 0O

-
e

25 30 15 L0 05 0 5 10 15 20 25 30 35 40 45 350 55 60 65 70 75 80 85
R /(m-s) HLZE LM/t
F\S B3/ R u A g &
Fig. 5 Performance curves of locomotive overloading/no—load
WAz G| S OB DL G 3R 7S ) VLG ke i Rk Al ML 4 5] )1 2= /0T
PERERZE vt 2 B e FH 0 By R S Tl HIL BE 5 Tl BE 196 kN, #E#E DZ2200 3+2+5 HLER S, ]k 275
H TR RS2 48 4R LR SN i 22K kN 7 10 SR8 PR IC5E 2 REAE 58 il F Tl 2ok . 4
EN= N A5 B T HEEL M 47.5 IR AR EIE 6 iR,

Zy445m
141 m
=0 e e i i s i e e N T
o) 15, [ Meteetaee by T T
»l J e +
Aol e -
B o L
RS IR IREET 2 47.5 g{gmi% IR il
1 1,243 4+5 HEAE MRSLG 16.5 6,7.8,9+10

He RuBEMAEMATStRELRTE
Fig. 6 Schematic diagram of 47.5 ton hydraulic support transported by diesel monorail crane
4) 8 mRRSHEMENE, BAR DZ2200D HH AR IMEL , R T S ARAE T R A AT i R A AR
i (10 3%) BESS FH T o 48 ¢ LU R R 4 iz TE VAT B R, 753 WIS B 45 R Tl R R s A F
i, (ESAT A9 SLG16.3 2 Mt i T i THFiA T2 (Rl i 22 Az i, R s AL, USSR RS

203



2017 4F55 8 1A

# 2 A F H K 5545 4%

MLER RT3, R R L R sk, ke
b B ST AR [ O 5, 4 A IR SR L
T, Bk i BRI i & e AL, B R o TR 7 5K
AL I TR T I T R R Sk (i 2 TR AR, T
shii, WL B R BRI SO B
SLG16.5 Al R 3,
2.2 EHERREENENRERR
WHERRSHENRE T ZWE 1, R
XU A 5 G = B R & 72713000/27/60D 74
(48 v) fff FH LA i 38 A 3z i 19 B 7 S PR A O, R
FHSLG16.5% He B ik 3 i B2z i 2508 Je 4, ]
R IR T Ry BE Y ORI AL R i R Y

ar, AL SR, 3w e e M I/ A A R A
ZIKHE

S B B AL B A SLG16.5 B ALE 7 2 (48
t) [T, ok 36 3 i T 25 R S 2R s i 1)
LW JHRAERIB RIS B RS RLE W
FEREREHEFW, LHVFE—RE 25HE 27
B S LIk Is i, R 20 B A5 B8 1 L H LIz
RGN mas| b kWi a J 4 bl S5
W R A ORI B G
WG Z R A EE S 0 N B NS, e Ak T
SEMERUAS R R, S T R 2R TAE R s PRl &
% B A E A H AR

i

®1 ERERRSNENREAR

Table 1 Configuration of commonly used lifting beams and locomotive

iz Bes ks Kot ik
1 IR R GEMLAEL LA DZ22003+2+5 1 AL S ) Koz
2 AR SLG16.5 1 ERR NG SR
3 L SLGS8.2 1 JHT M A B
4 PG Ry SLG4.1 4 FHF I A 15 8 B B

3 BYRIERERREIRNHEEN

EGE i Z A, e LR SRR I Y s 2 R
B mBEIE T 7, AR5 8 SR i AL 4 Y R R
1 A P R SR A R T SR VR e S A T i
BRI A IE BT, POV SR S A
AL i QR 38 A O AR A PR ML 4 A A
T 1 IR T35 BV S AR 1 R e 2 Al
R R AR ST 2R R B b2 100 mm, BfIA TG IR
Ja  E R T AR YR N T R 28 A0, TF R S
BLZE B EE R R S 42 8 T AR RV | i %
FRXHUE T I T R K mEEn, shdih s
PR ] o, RS T, S AL A R AR R
T 0.6 m/s; BRI, AR KT 1.0 m/s, i
7 S E AR AT 0.2 m/s; f73ld il
A BRSPS AE A TR, B AL Y R AL
YA | N LT S i AN A o g (K7 N B
FEAE N BB B A9 L 1], A B LTS
7 AN B 1k B I T IS PR e VR B8 AT
EILIPNE

1) IZ 5T, 75 B2 AR R A2 iR 4 R
PLAF R 2812 250 i R 0E F 7, VAR I S 2%
RES BUIETE BB HE , NS R Y, 8 PR R EE A
Fr4k,

204

2z 8 vk E SR ARL I 00 2 fd B
B R A B3, R T 8 o A /NEL R AT L
DL B RS 7 QR A TIE

3) BTN I B T A I 4 O AR 41 B P 2R P
KFEVEH 1 200 mm 35 i 1 F8 R AP S 1%
FIa AT IR AT AT B, MR IS 4 e R PR B S
ROSE I TR S B4R Fir AT 0B AT, XHE B 171
JR R WA REAT Y BB, R AR SR AT
BAT,

4) TN BRI AL A o e AR P A e, AR
TEAIRPESE I MERE T 5E , F5 B 7 5 000 B e A4
HIZ BT E ST A e ST B0 e 045 B N
HA, It

5) W& BT A7 SR 30  GR A 5 UK 0 AR B AT
S TR AT P G A A B R S A2
BEAT Sy, e AT AT 25 1 M2 sl R
P GRS, LT o A T 580 25 B G R A
Wl BLIE R G524
4 BYRELHZBREZEFTH T ENIERKE

i

HRl W7 BB 28 R T AR R 8424 5
T TEOEE. T Wy o 1= S G e P22 I T
— AR TAET RO N 2955 2 N2 A TR



FABZEAF BT AR O R A 8 1 3 A i 8 S 2 17 A

2017 456 8 1)

B s f T AT RO AR L AR A e
AR BT AT NP6 T 2048, e N
BRI D B RACR R AL AR
T B TR WA s i A BT T ER T sl AR A
LA REUR IR LR I RO PREE R
TR Bhs i R GU Ry At S m LG B R
SRR BEA BT IR s R A YR R
T 2.2 m/s I, il B2 E F S, G TR 4 R

N[ 16]
W,

XA B ) S5 R BRI ) 3 iy o R YA R S e
AAHEA =% 460 T T, 8 T TN 55 shoi
VI BEAR T A= A Bt TR B i i e R
B, HARTE TS MBS R AL | A shik
IOV 5l Bhiz F e se Ak A vT fg, oI N B AL AR
AR R AL SR S S5 DT T R — R BT RER

1) 8 T 155532 i i 46 0 75 B 48 4 [ o il
Ko 2 S EAVELGE i T 0 T AR R HL 2% 5 2
ZIK[ 17-18] .

2) KM T T A I %€ (8], 48 42 3L Al it T
P BIZIRLIERBAR 28 BE TAEE, LIE
TAE TSR A r= e 25 000 2= /D T3 2 7 32 AL IR st st
A7 T, 171101 AR T R H B30 7 A TSR B, e
T TAEM LR & 43R iz i is i, HLia B oW
PHATIZIRE AT JFUIIR B S AT EM T, e
BUmARGE A P E R D) RFF L 4 S

3)isk R LI T FfL b, WhT G
32 /28 t 18R A TR . R BREE AR 4
B, B ARG ERE RN AR 0 T
AN BUIE 28 A i HER L iz i A% 1 B4 T
1 A FEHL, BNTE 26 AT, #5208 T AR R
22y 2 N AR 54 1 560 S AT,

) PEm T TAERCRE, R T4 1 A RIBE
ATLARER 5~6 & =42, mifd 50 1 A B BERT
9~ 1048, = B DR 12 22

5) BEAR A XU, B 2 2 R AL RTHLM
B E LR TAR R &0 R aT 2 7E 45 d N
SER, R TAETE B A T R S
5 45 5

RSBz R G, SR VR —Fh
SCERARAL R B 32 3 4%, BRSOt
AL MEHR A G AT B S, RS,
PETF T L3R TAR R B 45 MR 22 e iz T

WAT S aham e, $e s 1T TARBCR ., S A URESE
B Sz fan , 100 HL AT AR D fr 30 4 %) 52 40 A 7
o, BEBEIZ R 23R DL &, SREIZ B A 51 FIAE L, b
A I Bz A B, SR T I oz i 22 4 TR
B Rz R AL LA TR R s R A, R
SR NI EVUNIE 6 SRS P € Tl LE Ve
g AU, XoF e R R AR Al B s R TH R R

REE X,
£ 3 CHk ( References) :

(1] EEERERE S EITREAR GHRAANRIH 5 AR [T].
G IR ,2013,18(5) :1-5.
Wang Guofa. Innovation and development of safe, high —efficiency
and green coal mining technology and equipments[ J]. Coal Mining
Technology,2013,18(5) : 1-5.

(2] Edk4: B8V PSS DM AR B I i B fi 5 58 P i b
FHLT] AR T ,2007(9) :68-69.
Wang Jisheng,Fan Yunping. Application of rubber tyre vehicle to
auxiliary transportation system in Shendong Mine[ J].Coal Engi-
neering,2007(9) :68-69.

[3] REEHEHITRPmYLEM IS RGN ] S HL
H,2014(1) :109-111.
Wu'Jia’ an. Application of monorail locomotive auxiliary transpor-
ting system in underground mine[ J]. Colliery Mechanical & Elec-
trical Technology,2014(1) :109-111.

[4] M4He 224k - Bs i B AR B IE 5 [ 0] ¢
%:4%2,2010,35(11) :1909-1915.
Ni Xinghua.Research and application of key technology for safety
and high efficient mine auxiliary transportation[ J]. Journal of Chi-
na Coal Society,2010,35(11) :1909-1915.

[5] #RAEM A MRS RIS A B TR L T] .
ERHE 1 ,2014(18) :62-63.
Xu Qincheng. Application of monorail auxiliary transportation sys-
tem under complicated geological conditions [ J]. China Science
and Technology Information,2014( 18) :62-63.

[6] HEZRET LA WNER BT LM M] AU M5 Tk AR
#1,2016:218-230.

[7] BT, E&EWH M ST SRR m AR K
REFAL ] BEHR AR, 2003,25(8) :16-18.
Xiao Yaning, Wang Zhiqing, Lin Jian, et al.Overhead monorail sus-
pending technology in mine bolt supported roadway and application
[J]. Coal Science and Technology,2003,25(8) :16—18.

(8]  ERETE, 7 tH S S i il o i o sl S B s [ 7]
BlaE4 AR ,2003,25(5) :19-21.
Wang Zhiqing, Wan Shiwen. Monorail auxiliary transportation in-
fluenced to mine roadway support[ J ].Coal Science and Technolo-
gy,2003,25(5) :19-21.

[9] /MR, ZEF]. B fE /T P m PUE SR I A X

(NHEHS 242 T0)
205



2017 4F55 8 1A

HEMFHA

545 4%

[7]

TR, R PR T, S5 Y BU R A AL IR AL vk
B sEHLEE[ )] MR, 2015,40(3) :588-595.

Wang Zhenfeng,Zhou Ying,Sun Yuning,et al.Novel gas extraction
borehole grouting sealing method and sealing mechanism|[ J ] . Jour-

nal of China Coal Society,2015,40(3) :588-595.

[13]

Lin Baiquan, Lv Youchang,Li Baoyu,et al.High pressure abrasive
hydraulic cutting seam technology and its application in outburst-
sprevention[ J |. Journal of China Coal Society, 2007,32(9)
959-963.

XK, SR E ST 5k TR EEZ FUnE B AL 1 OC B S HGRIE

(8] EETJME, R A0 A AR Sl 1 33 R [T ] B A 4R, (] A0 0% 5 TR, 2017,36(5) : 1145~ 1151
1994,19(1) :21-32. Liu Yongqian,Zhang Yugui, Zhang Lang. Key parameters for gas
Dong Fangting, Song Hongwei.Roadway loose circle support theory migration mechanism in coal seam [ J] Chinese Journal of Rock
[J].Journal of China Coal Society,1994,19(1) :21-32. Mechanics and Engineering,2017,36(5) ;1145-1151.

[9]  FhET ABZE R AL S HALBARVIFE[ D] M AE i Eg [14]  PVHEAR  B7RGE , 25 AH 07, 46 AR W M R 59 & [ M ] . L
FET KA ,2008 :47-56. A A Tl A, 2011

[10] RZEM, HEZ, R, E BIA ) B E T I 54 [15] BT ¥, EICF AL B B SRR A AR SE [T ]
WL [I] IR, 1994,4(5) :3-9. HERHA ,2009,27(12) :67-69.

Song Hongwei, Guo Zhihong, Zhou Rongzhang, et al. The basic Yang Ninghbo, Wang Zhaofeng. Study on regularity of permeability
point of roadway surrounding rock loose circle theory [ J]. Mine changes in coal around borehole [ J ].Coal Technology, 2009, 27
Constraction Technology,1994,4(5) :3-9. (12) :67-69.

(117 FEJyRE AR FA AR 0 B S e Ky R [ M b [16] Je4E5, sRA-5E, B8 48, A5 —Fh B R A FLIY —UCEHfLEE
s Toll H At , 2001 [ ; Z1.20082003509-217[ P ].2009-02-11.

[12]  #RAER, DA ZSE, 5w RS 1 4 oR b HAER)y [17] NET, AEMHSR M2 46 PUIH R 00 IR TSR LR
RTREH B[] MBRAAAI,2007,32(9) :959 ~963. e FCEL i, 1 Z1.2009100641866[ P ].2009-02- 10.

(J:}'% 205 ﬁ) T#,2011(9) :58-59.

MHES [J]. B TR, 2013,45(11) ;25-26. LiJiansheng. Application of monorail transportation in fully mech-
Zhang Xiaojun,Li Junli. Derivation of the formula for track bear- anized mining and heading woking face [ J]. Coal Engineering,
ing force of single track crane under moving load[ J].Coal Engi- 2011 (9) :58-59.

neering,2013,45 (11) :25-26. (151 EVRE B M s f b a2 b [ 1] BHEBER, 2013

[10] BK/ME. HE0™ SR B Y T R e [ )] B TR, (35) :69.

2014 ,46 (4) .29-31. Wang Huaishan. The monorail used in coal transportation and ma-
Zhang Xiaojun .Internal force calculation and selection on.mine intenance[ J]. Science and Technology Information, 2013 (35) :
monorail crane[ J]. Coal Engineering,2014,46(4) :29<31: 69.

[0 SR IAR S M AR b kO A, [16] ok IR RIZLAE. RS DL 4L 2 R 2
2008. [J] B0 LI, 2015,36(9) :42-43.

[12]  FE ™9 N REUm LM ATE LT ] 9T AL, 2010, Zhang Yan, Song Zhian, Liu Hongjun. Design of monorail crane of
35(5) :44-46. explosion—proof diesel engine lifting system[ J]. Coal Mine Ma-
Zhuang Yan. Selection calculation of the monorail hoist in coal chinery,2015,36(9) :42-43.
mine[ J7. Mining & Processing Equipment,2010,35(5) ; 44-46. (17] & ARG BEE UK Sz i [ M85t A5 Tl i A

[13] TR, IR, b o 5. P UL A8 BL 46 W P R S v i #,2006.

[J]. 456 HLE ,2013(1) ;123124 (18] #F A Jm SR i il B iz i AR G O BB S ()] AR 7R

Wang Xudong,Zhao Yadong, Yang Zhiyong. Design of hydraulic FARNR,2016(10) :354-355.

system of mine monorail crane [ J]. Coal Mine Machinery and Cao Xi. Study on the application of monorail assisted haulage sys-

Electrical Engineering,2013 (1) :123-124. tem [ J]. East China Science and Technology ; Academic Edition,
[14]  ZE T SABUR S R SR R SRR AR T A BT 9B [0 ] e 2016 (10) :354-355.

242





