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[ Abstract] The impact rotary drilling method is one of the main technical methods to solve the problem of low drilling efficiency of
hard rock formations. In order to optimize the pneumatic percussive rotary drilling process parameters used for the drilling of hard rock
through strata boreholes of coal mine underground, the test rock strata was divided into lower argillaceous sandstone, middle quartz
sandstone and upper argillaceous sandstone by collecting the core of the test formation, preparing samples and conducting uniaxial com-
pressive strength tests. The working principle of pneumatic percussive rotary drilling method and the characteristics of drilling tool com-
bination were discussed. The main process parameters affecting drilling efficiency were analyzed, including gas pressure, drilling rig
speed and feed pressure, and the level selections of each parameter in orthogonal test design were given. Using the technical idea of
“longitudinal rate of penetration comparison and horizontal process parameter optimization ”, the process parameter optimization study
was carried out by using the orthogonal experimental design method, and the rate of penetration and difference of each rock formation
were analyzed. The results show that the influence of gas pressure on rate of penetration is significant, and the drilling rig speed and
feed pressure are not significant, but the sensitivity of the drilling rig speed to the rate of penetration is obvious than the feed pressure.
Through the study of process parameters, under the conditions of test equipment and drilling tools, the optimal process parameters are
obtained: gas pressure is 1 MPa, drilling rig speed is 40 r/min, and feed pressure is 3. 0 MPa. Through the study of the rate of pene-
tration of each strata, it is obtained that the rate of penetration of the lower argillaceous sandstone is highest, the upper argillaceous
sandstone is followed and the rate of penetration of the middle quartz sandstone is the lowest. The analysis believes that for the two
kinds of sandstone with large argillaceous content, the higher the argillaceous content, the softer the rock, and the corresponding plas-
ticity increases. For the method of percussive-based crushing, the greater the plasticity, the more unfavorable for the rate of penetra-
tion, and the drilling efficiency is relatively lower. The upper argillaceous sandstone is in the deepest section of the test boreholes, and
the drill bit wears more, which has an adverse impact on the drilling efficiency at the deep hole.
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Fig. 1 Diagram of designed boreholes

¥ 5 M HE - www. stae. com. cn



2024,24(20)

GRS s bl Bl R TSGR 8481

HIE JREE/m | HR Eayi idu

|, = TR, ROVRIR S5 40, DR A A 44,
RRER |12 == et

WG, RN, 73 A R,
Vi AR, 4P 5, B,
I

AR A 28

T T T T T
e e e el e e i
SN e e e e
C:C:C:C:C:C:C:C:C: [

| R VR, R,
RIRDH |10 = S L

2 ARET 2 AR
Fig. 2 Main lithologic columnar diagram at the
top of the roadway

1.2 HEEK

T E R 2 PR R 2 2 T
FUHTZE AR A UEAT T B FLIBUE , 78 3RA5 10 A0t v
VEHZE ¥4 5 H& | RSH i 4 SR A i S AT
BERE S R R 7 B 1B TS Y 3 2 R B2
A3 NEs, A TE SC-200 ST 2 HBUR L
SCQ R A A VI EIHLAT SHM-200 Y X3 i 1 B A7 MLk
TR IO E T I g B A T A0, 35428 19 o A S 4
I, PRUE A7 B 13 B MO B, iR R AR
50 mm [ EIBAR, @A 2, At i RE A 3
Fiim

FERPARHAIEHL O 5 B I, A5 4
1516 m JEJeTAb 2 A2 BT i B2 ol 80 MPa;

K3 R R
Fig. 3 A sample of the core of the rock

PIEE 28 m Ay B R A 1 OF 35 Sk B e 5E B ON
111 MPa; &8 12 m JEEJe Biibo a9 734 sp g b 1 o
JER 62 MPa, W] UL, 5 12 45 18 IO 04 & 1 2 v
AP A R N R 1 R B
1.3 REEFMEHE

RIS R R T PG 225 e (B2 ) B BRA F
A B R S b R AL 3 F ZDY4000 LPS XGH 42
WAL, B AL A 3 ) S TR 2 2 ol o (PR R GE 1 7
INRE AR RS L 20 ~ 60 r/min , 23RS FE 3 60
~120 /min, Al 3&E AN A T2 05 i B vE 0 75 2, 1
B A L TR v ] e KR ) e A s A 0, 6
B 25 FEHLHES E 1 =2. 0 MPa, HES 5 =20 m®/min.,
AR @73 mm P88 F 2 AN AT (@ MAME) . B
A I45R CIR90 B, phili 25 19 EZEH AR S H N %
1 R, &3 o100 mm F1g90 mm P F | 7E B
UM vy MU R A 0100 mm Sk, An 2R
KAR TR BT 58 AT R 090 mm 43k
AR B B R R, 5 BOR S PR s B AL Y
FHi,

R1 SHhERIERARSH

Table 1 Main technical parameters of pneumatic impactor
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Table 2 Level values of orthogonal test parameters
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Table 3 L, (4°) orthogonal table of the test program
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7 (A)/MPa (B)/(r-min-') (C)/MPa (D)  (E)
1 0.5 20 2.0 1
2 0.5 30 2.5 2 2
3 0.5 40 3.0 3 3
4 0.5 50 3.5 4 4
5 0.7 20 2.5 3 4
6 0.7 30 2.0 4 3
7 0.7 40 3.5 ! 2
8 0.7 50 3.0 2 I
9 0.9 20 3.0 4 2
10 0.9 30 3.5 3 !
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Table 4 Results of the orthogonal tests
T 258 (RS
TR0 2H 5L
B C FIEHUAE#/ (mes ") PR/ (mes ") FEPUELHE/ (mes ™)
1 0.5 20 2.0 15.18 7.92 12.76
2 0.5 30 2.5 16.17 8.33 14.13
3 0.5 40 3.0 16.55 9.12 13.05
4 0.5 50 3.5 16.98 8.50 13.55
5 0.7 20 2.5 18.01 10.43 14.79
6 0.7 30 2.0 17.68 9.79 15.47
7 0.7 40 3.5 19.00 11.56 17.79
8 0.7 50 3.0 18.70 10. 64 16.67
9 0.9 20 3.0 21.00 12.18 19.01
10 0.9 30 3.5 20. 66 13.28 18.65
11 0.9 40 2.0 22.76 12.26 19.81
12 0.9 50 2.5 22.12 11.00 20.00
13 1.1 20 3.5 25.34 13.07 21.56
14 1.1 30 3.0 27.62 17.07 24.83
15 1.1 40 2.5 28.29 16.70 23.86
16 1.1 50 2.0 27.99 15.96 22.85
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Table 5 Analysis of the extreme difference of the test results
.- RIS Hh 2 A R
h A B C A B C A B c
K, 16.220 19. 883 20.902 8.467 10.900 11.482 13.372 17.030 17.723
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K; 21.635 21.650 20.968 12.180 12.410 12.252 19.367 18.627 18.390
K, 27.310 21.447 20. 495 15.700 11.525 11.603 23.275 18.267 17.887
R 11.090 1.767 0.653 7.233 1.510 0.770 9.903 1.597 0.667
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Table 6 Analysis of variance of rock layers

) FEES WZEFHAM AHRE  F Foos BEN
L A(RMHETr)  280.176 3 4.809 3.29 =
?};}; B(EhibLEGH) 8.123 3 0.139 3.29 —
b C(%hiEETT) 0.912 3 0.016 3.29 —
R 291.310 15 — — —
L A(RMEETr) 111491 3 4.413 3.29 =
z};‘; B(EhibLEGH) 5.373 3 0.213 3.29 —
s C(%HIET)) 1.454 3 0.058 3.29 —
R 126.310 15 — — —
L, A(RIKETT)  217.649 3 4.709 3.29 =
j;; B( gL ) 5.878 3 0.127 3.29 —
— C(4hiEIETD) 1.081 3 0.023 3.29 —
R 231.120 15 — — —

T F R F AT 2 s Fy o5 9 0. 05 K1 FA(E; =
FR FIRF10.05 HKF(BP Fo o), FR B3 345 F 155]0.01 K B
Foo FRHBE s 5,

ST 4 AT R T A S HO 45-A IZ DL,
B AR AN HAE T 2S804 3 #a)Z2 6l
RN S 174 52 M KR EL A AR L 5 AR R 7 5 WL
BUT I I C R, W& SRR 109 7H s, HLAR
B, 25 B 25 18R ol np s A 45 40 1 K 2k e
BARAT foe e R R AR (] B 22 3kt A AR R 7 2
KR8, PR SR 7 e oo 2 T
VEFE 1 B e KA, A5 2R FH A oo 85 4 e O T3%
A LR UE SRR I 7E 1 MPa,

L T T 2 e B A A L2 TR B A 1
A2 AR H ] 5,20 ~40 v/ min, HUAEL 3 A 18 K
3 50 o/ min B HLARES R Mg/, X 2
AU 20 ~30 v/ min HUBCET AT KR )32 5, 18
30 ~40 v/min IR, 2150 v/ minB LR R E
BRI, ZRA LA L b ml UL, 76 2R FH v [l 4 4
BEOTVEAE [ — 5L FL AL E 3 s 2 It B LA G
AR A S H R SR B AT A R i AR, 7R
L T AR TS, — AN 28 % DI Bl AL FG 3, v 32k
FEEAL L H R 40 r/min,

e bii s WA DO N =S A iR (= |l o =R A riR U =i
S [RIRER 55, 2.0 ~ 3.5 MPa HLA RS 3 4 28 fh 4%
AN IR R TR S A B AR X AR, e
WA SR T A A Y A xR
W RN AR, X F R B RD A R
K WEMERT R 7E 2.0 MPa 1 2.5 MPa B, HLAE %G 3
WA AR Ak, AE 3.0 MPa B, HLAK &L 3 B AT i K
B, SRJ5 7 3.5 MPa B}, AILAR Bl o B 2 B AIG, R 2
K ZEHE T 50T, Bl Bk B B e 50 R gl S B 4
TR, R T AR EROCR . R, FEMEE S A P, AiE
(25 1 T D7 R A RAS 558 1o Bl R i G B IR 2R, AT AR
VEES LA VEE J1 7R 3. 0 MPa,

301
28}
26
24}
n} J

20

AL A / (m-h")

05 07 09 1120 30 40 35020 25 30 35
SARES/MPa FiHLEHE / (rminT) KT /MPa
TEBH
(a) FEREDE

AU AE / (m-h")

1/
/

805 07 09 1120 30 40 5020 25 30 35
SAEES/MPa #iHLEEH / (rminT) - Z43EE ) /MPa
TE2H
(b) HhEH R
24 - _

22+ /-
20+ r
181 /
16| a
1/

AU ESE / (m-h")

05 07 09 1120 30 40 5020 25 30 35
URIES) /MPa BAHLEE / (rmin™) - ZEIES) /MPa
TZ2H
(0 LEJRmEDE

K4 TEZE LZEAZEIMEES TS8R
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