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Measuring stress and strength of coal by drilling cutting torque method

ZHU Li-yuan, LI Zhong-hua, XU Lian-man

(School of Mechanics and Engineering, Liaoning Technical University, Fuxin 123000, China)
Abstract: The feasibility of judging the stress and strength of coal by drilling pipe torque and drilling thrust is given through
mechanical analysis during the drilling process. On this basis, the way to judge the risk of rock burst by testing drilling pipe
torque and drilling thrust is put forward. The drilling experiments on the prefabricated similar coal specimens are performed
under different stresses and strengths of coal and advance speeds. A torque-thrust testing device is designed for these tests. The

results show that: (1) Under the influence of a single factor, the drilling pipe torque linearly increases with the stress of coal,

larger the drilling cutting torque, and vice versa. The results are important for the forecast of dynamic disasters in coal mines.
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while the drilling thrust reduces linearly with the stress of coal. The variation rules of drilling pipe are consistent with those of
| |

the stress of coal and drilling volume. (2) Both the drilling pipe torque and the drilling thrust linearly increase with the

increasing strength of coal. (3) For the same coal and rock materials under the same pressure, the faster the drilling speed, the
Key words: drilling pipe torque; drilling thrust; rock burst
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Fig. 2 External forces acting on drilling bit
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Fig. 3 External forces acting on coal dust element
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Fig. 5 Lateral stresses acting on coal dust element
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Fig. 6 External forces acting on drilling rod

B2 T TR A
F:ﬂ—g,}
! (19)
M, =M,+M,

K (5. (16). (18) FRAZ (19) A EIAF R EHLXT
BT IOHERE S Fy MESFT IR Mo 0 7T 20 Ak
Iy JREAACRIEE L Bl R B e AR A S, K
BES F RS AE R Mp 4k

F, =Abh+20,S'-BP ,

M, = 4bR'h+0,B, + p,B, + P(z,)K (z,)+1 (20)

G[" py(z)Hdz, + G| " kPHz, -

cCcosQ

K -4:2mﬂ7+¢+¢+wnmwﬁmy+m’ -
ccos¢ cos(y + @) » HIBEA I
cos(y +@+ @ +y)cosy

(KIS DR b A VIEI ) 7158: h I VIHENREE, B
R L G a8 S D DIE )R S i

B, B, =2uSR, B,=2uRs,, HEHkLK)ILMS
AR o, WEAPURMREE: B =24,cosf,, Sl
R U 25006, K, G, H B 556 LI 2506 5%
POHERE Dy, WA A T 52 8 (R KT 3K

AR LA BV E SR T A, AER R S S HA AR
ZAFN, LR R R RS2 BIAR N ) L A
JE BRI BRI . H R AT AR S A
DI+ BRARSREE . BhUE S B IEA OGRS
BRI BRI TR S E A OGOC R, AN ) &
TR KR Bk, FEREHE SRR T,
R FEL i i LR A RO A ) AR AR i P8 3 T Yot e ek
MRS PIAT I, AEAHRANITST

2 RIWHA
2.1 RWHES

R RS AR LI & TR n#ckeE .
FE—HE MR e B B R AR 510 5k R G S LA A B e
B, SR 7 R B LA EEE 1.2 kW FHF
PR @42 ADRIEEN AT Bk IR INEEeE R
P 2 7 R0 AL 5 FHAHE—HE 7 DA e R4
FEWFH, SRR R OB S, A R A
Y4 HH i Y 22 SRR s RIHE AR A%, AR IR
FH R L AR A s, R SR AT A A A%l i 4
IS S E o Y YIZ-8/16 U e 55 7 MiAR AL
HEAT s R Al S R 45 R BRI b

% | s

B 7 R RFEIYE
Fig. 7 Test system

2.2 AWk

TR AR LR T B AR AR A BHAE,  LAKIE.
FE YT K, LA BRI R A EE R, EE
FHINAT S 55 8 POBC & LU AR, LRk & AR, 4k
A EE T 500 mm X 500 mmX 500 mm R8540 R
Her, ¥RHeE TREsh & LR R RAAA], (EbsiE
FAE R FRY 4 J R R TR . JEHIE 10 Mk, 1~
3 REE T RS RN 5 R IR, T4~
U T o I 5 AR 5 6 R IR, "8 ~"10



2100 a5 oE L OB ¥

2014 4F

TR TR 10 P G B AT L S AR5 . AN
WKl 8 Frn.

8 &y
Fig. 8 Photo of specimen

2.3 RWFE

WIGI, A2 NPT ORI BCE A
PLkEe & L, sz %), fEil ik LAk —
Bt 500 mmX 500 mm X 15 mm #4K, FEAEHIAR e
e s @2 PR Bl 10 2 JEAEE O F 9 B AT (K19 3
R T RF AR B 2R AR B, ISR SR
ZRAER; ORERGT AR, WKL
MRS @B RAE S IR REFPRATF B3l
SEG s , TR I HL AR S PR AR AT N 2,
e A R0 228 T LR F 4R 8 RO HERE S FEREAT B L B4L
SiRa s B R, RS SR s L.

3 WWHERES
3.1 $HBHESERNNHBER

REFREHEEFE N 0.22 m/min [I460F R, 23 BIxHR
2 2000 kKN AR J) 24 8.0 MPa), 2500 kN (4
PR 7724 10.0 MPa) <3000 KN CHEAA R /7 4 12.0 MPa) o
BRUEITT A 120 s, BHLIRFE R 440 mm. AL IR IS
RN, BFLES ARG S AT RR .

Ko 4 TR R B SRS EAARN )) KR
fh . 89 Ca). (b) AT&N, ASFFHIHE 54N S
7 Bl A AN T I O B AT AR R AR AL, HLAR
BRI AL B ERPE OGRS B i 2R AT A
Sy AT BUEG S R BT LR S AR ) 2 RS
KR

G,=0.11756+0.3654 (R*=0.998) , (21)
K, G NEiER, o NEARN ).

M =047180 —8.1545 (R*=0.9872) , (22)
KA, MONEIATHIA, o AR T).

K19 (o) gt TabakHE Ty SRR ) G & 11 i 2k
Bl B9 (o) mlan, AHRISMET, BARRN B,
BT HE RN, SR U AR DG 28 AT DAASE U 1 Je ety

Jo HE ) RIRAR Y. ) ) G R
F =-2.14050 +49.24 (R*=0.9448) , (23)

K, FOOHEHES, BN TT o

25 y=0.1175x+0.3654

R’=0.998

é 1I0 1I1 1I2
PRABBLH/MPa
() GBI S PR KR

z1s y=1.4718x-8.1545
§ 10 R*=0.9872
B s
5o : ' ' '
s 9 10 11 12
BRI /MPa

(b) SFFHRRE S BN TR R AR

y=-2.1405x+49.24
R*=0.9448

SI) ll() lll 1I2
BRABLA1MPa
() BRHE SRR TIX R B

9 HBE. WEHBESKRIKNNXRE
Fig. 9 Relationship among drilling cutting quantity, drilling
cutting torque and stress of coal
3.2 HBHBESHFEKBENXR
FEORFERTUEH L 0.40 m/min 4AF T, 2300
PUEHRSE A 10, 15, 20, 25 MPa [1J 4 MK Fi 0 2500
kN (R J), AERAAR 124 10.0 MPa. B5HERTE]2 60
s, HEFLIRIEZ N 400 mm,
B S AR AR K S R W 10 B, K
10 AT EUA Y, AERREARN ) At 32 3 P52 AR [ 10 4 £
N B AR B A SR (RN TR K. AR
ARG IR, 73500 LUBS P FHAR . Ao S5 D St A8
PRIEATIA B3 o 0 HTR W], Al HH A B A i
FEME IR LRI, ARIER L, KRR
M =0498c, —1.145 (R* =0.997), (24)
F=0823c,+12.675 (R’=0979) ,  (25)
W, MO LA, o IEARSRE, F s D,
o JIIEARBRL .

—
W

2 ¥=0.498:-1.145

Z 10 R’=0.997

@

H s

I

& . . .
1 15 20 25

PR B /MPa

() HifFHsESREEERAR



RINGE, A5, B AHENE AR ) 5 A S 5T 2101

FH11 M
y=0.823x+12.657
R*=0.979
15 20 25
SRR BE/MPa

(b) HifEHSESREEBRAE

10 $hIBHIRE SR IKRE X & 4 E
Fig. 10 Relationship between drilling cutting torque and strength
of coal
3.3 ShHEEE X ShITHAER N

SR 2500 kN Ty, AR FORRAR Y. T 2
10.0 MPa. fH /RIS 3 0.3, 0.2, 0.15 m/min3 4
AN TR] R HE R 23 ) AT e R, B ALIR R
480 mm.

B S AR WL 11, FTLUE Y, Bl
JER AT ARSI R . AN A, Bk
FATRIFLIRIN, FOISANAE, BAFIAR MRS S HE ) AN
IR AR R AR 2 0F N, Bk iR,
AR AR S HETROR, ez, BRI AG Je 4fE
JIHN

12 —&—0.3 m/min
10| oo -0 —&—0.2 m/min
ssalssens,  ue —&—0I15m/min

P Tt 2 oI Lo

SHFFHLAE/(N-m)

0 56 160 150 260
i} [8)/s
(a) FEIGEHEEE THAE L%

—#—0.3 m/min
w 40 KWW —=—0.2 m/min

g 35 :_"-."l._._rl«f-l‘_.,l—- —&—0.15 m/min
L
i
L) B P o oy e
0 50 100 150 200
B E /s
(b)) 7[RIt BE R 4 B 4 /0 i 4%

11 FEShEERE T h B 5 ih £ E
Fig. 11 Curves of drilling pipe torque under different speeds

4 & it

FER R e AHAEREA T B o A i e b, SR AAT
BT A —HE 7 DA B0 R RO AH AR
PEEAT T AR T R S) o ALK GRS L AN Bl
PEHRE S A IR, F T T R PR
SN BEARN T RS 5 AT HIAR . Al e T 11
K, R0 AT 7 AR TR0 B AR A R, IS
JSER e ot s TN R A BV I AN A 52 e BAT
OEMTET RS |RILLT 3 s,

C1) ST A SRR, Rl g AR
NI BRI . BRER A G, Bl A RERS X
ISR T« BREAASR PE R N AR AR, DRLERT T
B AR R AREAR N g+ BEAR R EE (R /N AR AL
FUAE, B BEAT b o b s S B0 7 K S K TR o

(2) — RN ARG A5 R L], BT R
RIS 7 PR 1 I KSR A s, Bl s 41 ) Bt
BRAR N I3 PR R T R B LM N B AT A
B D 1) S R R R B e R OCR s B LI R
Bl R A A A B, RS AR R
AT, EHERER R, WIS R,
B Z A /I o Bl S FRE A 45 R B AT (1
RUPIESE S

(3) HE ST RIFHLAVERIBII AN T3 583
QA E ST EE, A5 T (RIS v 7 ke
C AL R (5 i 71 6 i B 5 /S B LA TR L N
JE S g PR LI e o s 3R T B

S

(1] ¥l phifi b R AE AR FEFFE D). Jbat: iHH R
2%, 1999. (PAN Yi-shan. Study on rock burst initiation and
failure propagation[D]. Beijing: Tsinghua University, 1999.
(in Chinese))

[2] FFPCHT, S, phii R RS S HORM]. AR E R
Mb K% H AL, 2008. (QI Qing-xin, DOU Lin-ming. Theory
and technology of rock burst{M]. Xuzhou: China University
of Mining and Technology Press, 2008. (in Chinese))

(3] DA, MAUR. BEA FLTah ) JCF R AN 25 ih 2R
HARM]. dbnt: BleF e, 2009, (WEIL Xiu-jun, LIN
Bo-quan. Occurrence mechanism of coal, rock, gas dynamic
disasters and comprehensive treatment technology[M].
Beijing: Science Press, 2009. (in Chinese))

(4] WO, ZM6, TIEX, &5 JE T8 Eikm b i s
I BTN (0], 04 0% 5 TR, 2011,
30(11): 2343 - 2351. (QU Xiao-cheng, JIANG Fu-xing, YU
Zheng-xing, et al. Rock burst monitoring and precaution
technology based on equivalent drilling research and its
applications[J]. Chinese Journal of Rock Mechanics and
Engineering, 2011, 30(11): 2343 - 2351. (in Chinese))

(51 W1l B VETINR bR BT[], BTy ey
i, 1985(H#4+]): 25. (PAN Yi-shan. Theoretical study on
forecast indexes of method of drilling bits[J]. Journal of
Fuxin Mining Institute, 1985(S0): 25. (in Chinese))

(6] F& B, WL, 280, A5 R IR VA E S B L
BRI I]. & L TFESAR, 2013, 35(3ET) 2): 266



2102 P

2014 4F

- 270. (CHEN Feng, PAN Yi-shan, LI Zhong-hua, et al.
Analysis and evaluation of effects of borehole pressure relief
measures by drilling cutting method[J]. Chinese Journal of
Geotechnical Engineering, 2013, 35(S2): 266 - 270. (in
Chinese))

(71 Boles, i, EA7F0. RRIRIFR L2 M 45 AL
5 TAR R G RBEFU[]. A TR AR, 2014,
36(1): 189 - 194. (YANG Guang-yu, JIANG Fu-xing,
WANG Cun-wen. Prevention and control technology of mine
pressure bumping of coal mining face in seam island based
on deep mining and thick topsoil of complex spatial structure
of overlying strata[J]. Chinese Journal of Geotechnical
Engineering, 2014, 36(1): 189 - 194. (in Chinese))

(81 W thi, AN, Bl g U B vk PO oot M M (0 iR BR AT 7 0],
S TR, 2012, 32(12): 2228 - 2223. (PAN Yi-shan,
XU Lian-man. Experimental investigation on temperature of
drilling cuttings to predict rock burst[J]. Chinese Journal of
Geotechnical Engineering, 2012, 32(12): 2228 - 2232. (in
Chinese))

[91 MELLINGER J C, OZDOGANLAR O B, DEVOR R E, et al.
Modeling chip-evacuation forces and prediction of
chip-clogging in drilling[J]. Journal of Manufacturing
Science and Engineering, ASME, 2002, 124: 605 - 613.

[10] MELLINGER J C, OZDOGANLAR O B, DEVOR R E.
Modeling chip-evacuation forces in drilling for various flute
geometries[J]. Journal of Manufacturing Science and
Engineering, ASME, 2003, 125: 405 - 415.

(1] 4R/, & 8. HOBEEEM] JEat R Tk AR,
1984. (XU Xiao-he, YU lJing. Rock fragmentation[M].
Beijing: China Coal Industry Publishing House, 1984. (in
Chinese))

(12] &< 5. el e 4 0F R b — UIHI 5 FLIEA SERR 9T

4

[D]. KB K ECE T K2, 2010. (ZHAO Jin-chang.
Experimental research on rock breaking by impacting-cutting
drilling under high-temperature and high-press condition[D].
Taiyuan: Taiyuan University of Technology, 2010. (in
Chinese))

(13] BRALTE. sEVTHDIN TA BRI 8 FL U 30 ) o7 K S
WF 7% [D]. K. KK 2%, 2009. (CHEN  Shi-mao.
Dynamics and experiment research of hole making process
by helical milling on difficult machining materials[D].
Tianjin: Tianjin University, 2009. (in Chinese))

[14] sRAEE, B9 SRS ES S M D)HI N ], 1
FHLEE, 1997(4): 16 - 18. (ZHANG Zhuang-zhi, LU Jin-ying.
Measurement and control of the jet flotation columnl[J].
Colliery Mechanical & Electrical Technology, 1997(4): 16 -
18. (in Chinese))

(157 BARZE. i e A 515 T a4 i B Sk B i o
[D]. &b Hrd K2, 2004. (ZHAO Fu-jun. Theoretical and
experimental research on rock fragmentation under coupling
dynamic and static loads[D]. Changsha: Central South
University, 2004. (in Chinese) )

[16] Jadi, %, M K. BEGSKIR e 1 Hes B f L
CAD J5iE[I]. " EHU TRE, 2000, 11(11): 1284 - 1289.
(ZHOU  Zhi-xiong, YUAN Jian-jun, LIN Cheng.
Mathematical model and its CAD approach for flute
machining of micro-drill[J]. China mechanical engineering,
2000, 11(11): 1284 - 1289. (in Chinese))

(171 = Wr. IRsBEHIB e HI DB K E . RS HRSI I
WEFE[D]. KFF: MK, 2004, (WANG Xin. Study on
new drilling force model of vibration drilling and vibration
drilling with invariable parameter and variable parameter[D].

Changchun: Jilin University, 2004. (in Chinese))



