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Study on New Drilling Technology in Soft and Outburst Seam

WANG Yong-long, SUN Yu-ning, ZHAI Xin-xian, WANG Zhen-feng

(School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo, Henan 454000, China)

Abstract Low spiral drill rod is a new type of drill rod, which invented to solve the drilling problems

of soft and outburst seam. In order to fully play the advantage when low spiral rod applied to soft coal
seam drilling, the paper analysis effect on the slag removal conditions due to low spiral rod in different

spiral convex edges width and pitch change according to the practical applications and establish corres-
ponding numerical model of the slag removal. According to the dynamic parameters of the matching
drilling rig in engineering application, the strength of low spiral rod has been analyzed. The result of

study shows that it is optimum to slag removal result, and the minimum safety factor of drill rod
strength for 1.87 with the convex edges width =14 mm, pitch s=80 mm. It is reasonable to optimization
parameter design of machining low spiral drill rod. Depth and efficiency increase significantly showing

when drilling industrial experiment carried out.
Key words low spiral drill rod; soft and outburst seam; spiral convex edges; safety factor; numerical

analysis

X BT R SR PUIT R R, AR
B2 A TR, 42 e hE R RNIRR .
“OEHR R K H R BRI R M E R, A
TRAER. T, R SRR R
LTBG MR P DU TR Z B L e,

Ycks BEA: 2011-03-21

BEFLIRIR BE R A BUTIER AR, X TR Rl =
TR AL, DR BRME R S K, ARt T 2
o BALAERN g FUI s AR AT PR R4
N BAURE S R AR, RIAEAL FLRHS th IR AL,
ok “Hhie B, fRBiE “H5707 %, HikFE

fEZEIN: £k (1980-), 95, WALA/AMHN, Wk, A ECHTHR M H SRR T B o

E-mail: wwyylong@126.com Tel: 0391-3987957



290 PR IESE W e

509 3%

FRRHODHER, Mo kA Rah . ZAILS, Bkt
TAETCIEAT . VF20 DX R R gt T
20 m Jigy, BHEBCUHIRIEAIZZBOR, LSy
(i R AR TR AT, ™ MR (K A R
Y IE T BUNI(EAY & F S

ARV 2 RIE B RLAE T A B LR
BERCAR R 5% e T2 I BRBUIE SURT R S B
BEEREG, IS T LEESURCR,  WIBCIR B AT (K
FIY, USRS B A LI, e ey (X
HOGR R T AR, AR BRI R R AT T
—E R, (HIXEE T 2T A e & e,
BN T RIE T EMIAERE, 0, BOIRBG AT B R
BUeHEas, HomBExE L], ) IEHLG N 1 4
BERAS, HO T/ MAE 32 A8 A S R ORI
A e,

A SCTH T SR R AR AE R ) AT
B, BT AE SR B RO PR XN ) AR R B
FF B am TR A S OB RE DT, A se o KA AR
LPUHRE R e R, RABUE DT I5%%, 7r
HrAS R S B g e b 2 IO HE RE 7, DAL IR e
RIS HL, A5 BN TR e B AT AE R B
JESCBURAL R A Bl R A TSR I TS 4

1 #FHETIRE

1.1 SR RRIESEAT A et

FRT, 7 % T A EEN U (1 e 7 RRAE
BEAT, TR BT, R R S A X A A
(I EERE )i sl AR R AbE Bl TR Z W HUAHER B
Fro B 1 0 LORe P MUBRHERA A 3 ) ey R g -
BEAT R RE R, I PUTRE R AR UM
B2 P 2 Al U5 5, LS ) ORI T4
BLs DXL ) 2R o

T
AU Y W WV WP W W W W W O W . e . C‘
T

AV VA T R T A T Tt V™ VT ™ ™ At ™ A i

1 XA SR MHE R &R
Figl Sketch map of mechanical slag removal route
application spiral pipe drilling

XMTRABIRIZ, RAIRACBEAT B0, DG FLA
RN, Wil AR IR ALIC, it R
FERFF I e LD UG, U HRA I 4
BRALTE RN “Bh7C7 B, B AR PR A A 2 X4
BE, PREHIBL MR L CTATT SBELE: N

HI A L™ X223 R H R e 1 B R 4 A X
Bk, DI R, R IBE IR OR,  [FINE
CHRALIXT , IRURIPE R, B2 )i A A
CERFLIX T MEERAE, CBRENFTRSE,  HEAE LLUR g
g R HIR.
1.2 PFIEREFINA ST

T R BT K2 T 2006 4F 2 W1 T AL BRI B AT,
LW 2 B, NRAZETAFAEA S AT 43
SRR EE R RMIT S S TAE, ARG ER B AR 1R 5%
AR T AR BB ROR, I T E S MR AR R
0 JEE P T B A 2 T 20 T e bl A H R AR B 1)
MUBHEA Dhfe . 0k 06 2R AT AR ) 2250 By, 244
PRIEERIN,  BERARE AT (P AR BT, ) IR A4 2 2
PO, ik LA HEE M ThRE

f 1A

Tt k\\\\ 4

B2 AT
Fig.2 Dredging-coolingdrilling rod

PUFL B B AE LE AR 207 X AT T A0 96 Tolk
W, W T AR, AR TR I ] 1 2R 5
f <0.3 (AN B )E, HAHHREG e e, (Higm
EIAN K
1.3 MWEh HRIErEsh T agiE i

T b 23 BT A0 AL B AT b S A
Bo BT SN SRR B RS AT, RV R
TERFFIO s B, AT BRARHRA B, LA 45
I 3 fios.

P HREHEk W TE Tk

AMRLESL

3 REBHESETRERE
Fig.3 Sketch map of low spiral drill rod

2 REBIESEATROSEULK

oy b s AR B AT L 5 R ARG IR AT R
IR IR A, R BRI R A G N HRE T e,
SANREBH I3 KT R R HERE ThRE, AR g
BRI T &2 BOE vk AR SRRl b i 7 % 44 1



%52

FAIAF: R RS BB R AR ITIT 291

RERE, WA X RH TAERTFE, HBRM S
TRV, S5 BRI RS A AR k. P
I, SRHEAE AT I T- B, AN R S 501 W e 4 A%
AT HEE L, T L8 mHRE SR R 2R,
Thiff 2 A R T 244
2.1 HIEfER

XTI, Bk S, TE RO A AT
Y5y, HEokiian, RIS, 7EmAMEH R,
TERATREE TS, SRR ok — A4l ik e
RITHRE G 2K IR, O T 5 &, Sorbati
A2 ) FRERURLIER & D A — % BE 138 )
AR, PL—E B MR N e, vt
SO, BANRETE R H A ST R
FRERURLAE tH S S2 3 RS, AEAH [R] R 5264
] DAAE R 0 N AN ) 2 B e v ) s Jig AT 5
B, EARLERGL A HE S R U D S S
TEVHE TS L, AN [R) 2 B 8 e
FFAEAG AL R HEE 45

Bl 4 RIS e AT I HEE LAY . ERUE T
Firp, HUESFFRIALK RS 850 mm, AR S
KRG, B E A

ANH: FiEfE Q=05 kg/s: HH: #iHRE;
BiFF: ek g% 280 r/mins

1 2

3 4 5
m«me
‘\ \\ I\ \ \
Y

LA - 24590, 3-WINT 1; 4-WLIT 2;
S-UINTH 3; 6-MRIRHERGFF; 7Rt 1

B4 REZRESHFTHEEREY
Fig4 The slag removal model of low spiral drill pipe

AU LA TV 1) 55 B N R AT 4 48
W7 K A ZDY1900 %5#l, [FIUEAE 50 mm £hff
RN h=6.75 mm BBHE0Hs, AR ki
WIS, XFE, AT AME K D 63.5 mm,
RERE I AL AL RE RS JCHE, R I 12 e F B e AR e
BTG TE b 2 A I B W v B L2 N
2.2 MEREOIRIZEE L

BN IR IR T S ECh . B 1=10
mm, "B h=6.75 mm, FRIZEIZEE s=75, 80,
85, 90, 95, 100 mm, i3 bb AN [R]85 P (1 v 44 )
SIS REE, B AL R 5 B

p=1.35g/em’
7N o
HALF AR E T
0.36 0.41 0.39
0.324 0.369 0.351
0.288 0.328 0.312
0.252 0.287 ’ 0.273 ’
0.216 0.246 = 0.234 —
0.18 0.205 * 0.195 — ]
0.144 0.164 0.156
0.108 0.123 0.117
£0.072 0.082 F0.078
=0.036 0.041 +0.039
=0 =0 =0
(@) s=75 mm (b) s=80 mm (c) s=85 mm
0.37 0.385 0.37
0.333 0.3465 0.333
0.296 0.308 0.296
0.259 ’ 0.2695 0.259 ’
0.222 0.231 0.222
0.185 @ 0.1925 0.185 "‘
0.148 0.154 0.148
0.111 0.1155 0,111
0.074 0.077 r0.074
£0.037 0.0385 F0.037
=0 L0 =0
(d) s=90 mm (e) s=95mm (f) s=100 mm

5 AEHZHEHTHIEEREZE (mh)
Fig.5 Distribution cloud diagram of velocity of different pitch



202 PR IESE W e

509 3%

kT REAE TN I T TG (1) 43 BT A R T B AT A
e HRE S R b, BT R L 8 R AR AL, AR [R)— B,
B 3 ANASRIALE DI AT 207, A% O HEVE
53 ATAERUBR T e P 00, A% /0l B2 A AR B 2 ]
HRt R, W, XA R TR A HEE B
15 BRAEERTAT A G MWL HRA B LA, B 78
Or REETARS) ST HEE (I O0FH . FEHEAS A R ER A AT+
W =K, TLUE S, il 5b iR, igiE s=80
mm I, O RS 0.41 mis, AN IR
e, HER T A, R0, A2iE s=80 mm it E
A
2.3 BEMREEML

W ' b AT SO - R S =80
mm, (A% h=6.75 mm, BZHE MR 1=10, 12,
14, 16 mm,

/SR R S I Y N = A L1 e P2 )
45 mm L, KJEH 200 mm (1 —Bh B i
2k, PRIOH BRI T LAy B o W £ AR H R
BT 2R T LA (PR OB B DX, U X1 ) W
MR e g 100} 328 B 25 R DX TR S i oo, an Pl 6 T
No

E6 RELRENNLE
Fig.6 Sketch map of observation line of the model
flow passage

SCEAR AT B 7 BoR,  HEESE AR B,
HHEAE 0.07 mis B RAFRIES), | =10, 12 mm I,
SO A Adeil, H BRI, B E Rt
FREA T A2 I ke A /N, A T30 2 B4,
ARBALE R 24 1 =16 mm IS, HHEA R (R (4
Ay AN TS UM SO, 24 1 =14 mm B, HEE
FEAE AR A i, DR M e 18 B | =14 mm
It BT LR R, SRS
RIRBER AT (0 240, A — A B, 5%
b, IR AR RE S, R X P
BESss MR SERER S, TP AR, ks
DX IR B RS . T, I s T 1 45 44
SHATRARS) 1225307, 0 T 3RAHRIB BB AT
I TSR EE IR TR .

B 7 FEMZEREDIR TS WA E - R X R E
Fig.7 Length-velocity relation curves of observation line
in different spiral convex edges width

3 RERRETRATRISRE 4R

R PR AUE AR R Bl A 4 L i L A0S B0 T 4
FFag Az a5, XPHoREEHAT R V5 . 5 e 3 SE PR
MNHERE R, B ER SR R h SOR R A,
SR A DR AS AR N ), DRIAE B 5
BT AN 2% vy AL )y, SRR i e
— S P AL )y, WKl 8 FTaR. A ARTIE e ™
B IAT R B4 4540, IR A 6.2042210°
N/m?. H4REALE FHAGHL ZDY1900 frIAH K50, B
FAFIF

2% J3: N=1900 N.m

$r 3. T=112 000 N

[i] 5 U T W) £k Hihn: N+T

CINRRRARRNRRRRNAR

E8 REDHTRE
Fig.8 The model of the strength analysis

WERHRE 1Y A A MR AE B AT T (1, DR MO G
THT (1)U e AR v S 8 RREA T O, e S AT 1
IR ) o AR DL, Wk 9 P

R 1< 108 N-M 2
o 5
——=

0 0.2 0.4 0.6 0.8 1.0

B H/m

B9 ST HEMEBEEREXEN NS HE
Fig.9 Maximum principal stress distribution
in interface spirals



%52

FAIAF: R RS BB R AR ITIT 293

ST S M€/ TR T VI N AN
75 1.6x10° N/m* 5 2.6>10° N/m? 2 [al2h, A
R i JIR 500 P 11

KIFIFEII 732, AR e 4 b4 REHT
e, w10 fios, w2 REN 255 4.0 Z 1A%
8], FFARGE AT 0

f zg WWWWWMWMM

ZHUE B /m

E10 #EMEERELREAESHE

Fig.10 Safety factor distribution in interface spirals

N T RO IV S AR B e g AL SRk, SR
N T (1 5 A DU A A A I e A 2R B, HL g R
T
1) HK von Mises W S #EN
O vonMises <1
O Limit
5% K von Mise [ J7: 2.978x10° N/m?, Ji [l J7:
6.204x10° N/m?, /N4 230k 2.08.
2) FKPUBY N S HEN
T

0.50 imi

BRI ) 7 =1.659<10° N/m?, J IR )y -
6.204x10° N/m?, /Nt 2 AHH 1.87.
3) HRVE AN HEN

21

<1

O'Limit
VE I ) 7, =2.85510° N/m?, i IR 7

6.204x10° N/m?, /N4 R0k 2,173,

S Vb 3 AMERN B A, A R AR
T 1, HAGFFREE N R 50 1.87, FIL,
FIT V5 RO W2 At T 1E 5 T AR 4548 F BE st 2
gt i RO,

KH IR, AR EGHLEN T3 RN, %)
e 5 RS BE R AT AT AL, 3 B s AL
TBH, o5 RAFIRIBHEANAT AR B 58 52 Al 1k
HOEPE

4 ARAZERESHAT B9 Tl 14ieE

ARIRTEAAF 70 A TR BB R DX
LA IFIEAT IR o AT R R B AT SRR E B
FF BHIZOR B, AR DUAE Bl 3E R AN il 3k
HR Lo TR BZE R ALIE T, RO LT
AR THRIA R 2 (R R AL L, JC o A 1 R il AL
it TR R, AN SCH A 9 1 T 4508 Jh kT A
T Lt T ) 815

KU E Y B TR 2 A i AR T, B 58
J£2.9m, BARE 3m, Wi yH#IEity, Wrimi
AL 8 m?, B I M R B £=0.15 AT, HEAARIK,
JERIEXS TR Az BE AR R, SR B R AT AN
RAE BTt T, B ER EARME SR 25 m, JF HLAER)
R, WAL E, AL 10t BLE,
A Bk A T e DLREA T, ™ B MR (1 1
A7

AR ™ 75l T 1 £ 1)

E A

ST B EeR s

1) FEEHRAFH )

BT RRAERT, S8 S T ISR ., 4
P HEHALAE, A8 G )OI HRER, BT e
(RIRRT, ARME RPN HEE (AR, HLAR S it i
EifLIESE. DRI, SRAVRASBERTAT, nT CARR(RHRA
BHJJ .

2) HEmEiNLsh

W7 R ML KL S 780 N, ARl 24 ardh
BESERRE DL, A, SR ZDY3200 £ifl.

WIS R NS B L, G AT T, 4t
7 RIS SR, JL5EEiAL 20 A, BB THES
BERFEA 399 m, PSR 19 m, ~PR8E R 1
57 m; SE I RBERE T BOR N e, SRR
WRREANFFIE T, gt 5 d NSRS, JLoe kAL
15 A4, B BRI ) 510 m, PR 34 m,
SRR T 102 m.

R E R B o BT A3 B0 T 25 2R

EEIER FEHE /% (33—19) /19=73.7%

BE ORI /% (102-57) /57=78.9%

BT TR STFR 2 %8, %4
HHRRE, ARERMTHE A IERE . Dk, R RTEERE
B ERCR IR B =, AR T8k TAE )
P TAEURAGEHAT

MRS FIRFERTTZE, SRR S EHLE) 48 it



294

KA 24 TREZ AR

509 3%

/] ZDY3200 %i#l, T YR RIS IE A AT,
BhER RS R AR I B, DR, AR
ZD'Y3200 %ML RN, - e i AR i i A it T
W7 B R BN 72 m, BB LIRSS R Ik 2 Bt
REE,  HAT DR S B e )

KRR e AT, 454 AR ERI3R Sl HLsh
TR M, BEREE . BREERCRE T KR M)
P, AEHEE T AR T AT A O, A T )
HERE, AR TR AR T - R 88 )R
[P

5 % i

D At sk S HUBIP RSl 0 Js b ) Hie g
KT —Fhal Jp 5 S B, AEP\FL BRI B AT 5k
fitl_E 5 R IR e Sl Ao

2) LRI BE AL AR, 455
SEBRNT, SREHIEHEAZE R RN, & HBEE R
TR KT B, XM M A (1 MR BT T8 JEE I AT
e, WA KL 1R)E s=80 mm, MAZTE 1=14
mm, BT R RE f R A -

3) AL LG A, X FLAEAR G5 R RE AT 5 AR
W, /N A R BN B R PUBI N D HEN]: 224 R AL
O 1.87, i AL BTN AR 5 L 2K

4) TP ARG, Bl R AN 3E
R, W T AR R bR
(KIesh Rt -

SEHR:

[11 #hET. ABZ LR AL S B LECARWTFE[D]. 4
P TR EE TR B R 5 TR e, 2008.

[21 BodlE, AR, B, 5. ECRIVER b RES S

BhE T 2R BCER[I]. BERF AR, 2009, 37(9):
72-74.
YIN Xin-sheng, FAN Dong, YAO Ke, etal. Medium
pressure compressed air drilling technique and matched
equipment in soft and outburst seam[J]. Coal Science and
Technology, 2009, 37(9): 72-474.

[8] FEPIK. SR P KIR R T ZHR[]. o
BEEHA, 2010, 38(2): 39-42.

WANG Qing-yong. Medium pneumatic pressure drilling
technique in complicated soft seam[J]. Coal Science and
Technology, 2010, 38(2): 39-42.

[4] whrdl, Hihgg, R, . SRR TR

g FC T RS FLIR N I [3]. SR BRF#HAR 2009,

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

37(10): 44-46.

LING Biao-can, DAI Shi-xin, CAO Cheng-ping, et al.
Application of triangular drilling rod to gas drainage bo-
rehole drilling in medium soft seam[J]. Coal Science and
Technology, 2009, 37(10): 44-46.

ZNI, kK. S H R B I i SR A L B AR ER
D], JEmEA, 2009, 28(11): 183-185.

QIN Gang-wei, QIN Fa-giu. Highlight extraction of
coalbed methane drilling technology to out spdce[J]. Coal
Technology, 2009, 28(11): 183-185.

FEIHURE, BOWTME, ERL RBORES AU T2
[J]. M A S EER, 2009, 37(3): 78-80.

JI Qian-hui, YIN Xin-sheng, WANG Yi. Experiment on
technical parameters of air drilling in floppy coal seam[J].
Coal Science and Technology, 2009, 37(3): 78-80.
SE R P\ AL B B H S A 55 . PE . CN
101131069[P]. 2008-02-27.

WE) SRR FT . [E: CN200920088879.4[P]. 2010-

01-27.

Tk e, PR, #hET . ZUREESAT N A TR Z
B HER GBS BOFST D] MR AR, 2011, 36(2):
304-307.

WANG Yong-long, ZHAI Xin-xian, SUN Yu-ning.
Reasonable parameters study on grooved drill pipe used
in drilling outburst coal seam[J]. Journal of China Coal
Society, 2011, 36(2): 304-307.

By, Foke. SRS A BTG O]. R
BB, 2009, 30(11): 203-204.

DUAN Shou-de, WANG Yong-long. Study on rational
utilization of scrap drill pipe[J]. Coal Mine Machinery,
2009, 30(11): 203-204.

BN, T, THE. ZIRHFE RS N
FA[]. K TR, 2010, 29(9): 28-29.

GUO Ming-xing, WANG Yong-long, WANG Jian-jun.
Application of groove drill pipe in the Dongfeng Coal
Mine[J]. Coal Engineering, 2010, 29(9): 28-29.
FHAR FE. 3 H e i B2 Bl AT OCBRE3& T 2 H AR 43 #r 3]
Y LRECE L RELFE), 2009(7): 43-45.

TIAN Dong-zhuang. Analysis on key manufacturing
technology of  high-strength mine  drilling
rod[J]. Exploration Engineering, 2009(7): 43-45.
TR, #P0%5. 5T ANSYS BAFMEATHIF: R3h
SHTE]. TR TRECA A58 T A), 2003(3% 1)
176-178.

JIANG Jin-guo, SHU Xiao-yong. Drilling Pipe Tor-
sional Vibration Analyses with ANSYS Software[J].
Exploration Engineering, 2003(Supp): 176-178.



