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Study on rock fragmentation mechanism of carbide spherical teeth

based on impact load
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Abstract: In the process of large diameter pile hole construction for landslide treatment, rapid drilling is the key to
success. Therefore, the selection of appropriate drilling tools and technology is extremely important, and the pneumatic
DTH hammer is widely used because of high drilling efficiency. With the pneumatic DTH hammer drilling process, the
spherical teeth on the bottom of the bit break rocks to achieve high drilling efficiency; however, inappropriate selection
of impact energy for the spherical teeth can lead to increased energy loss, quick tooth wear and low drilling efficiency.
Appropriate selection of impact energy is of great significance to rock fragmentation. In this paper, ABAQUS software
is used to simulate the rock impact process by a single spherical tooth, and the free—fall impact experiment is carried
out on the impact hammer to analyze the rock fragmentation mechanism of a 19mm diameter spherical tooth by at
different impact energy, together with the change pattern of the broken area. The results show that the rock crushing
mechanism can be divided into three stages: elastic deformation, fracturing and volume crushing. When the spherical
teeth drills granite at 30 J impact energy, energy loss can be effectively reduced and rock crushing efficiency can be
improved.
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Fig.3 A stress-strain curve with progressive

damage degradation
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Table 1 Parameters of rock and carbide spherical teeth

w1 Kk P/ (kgem™) AL PR R /GPa P 5 /M Pa PP /MPa YU oY %/ MPa
A 2670 0.25 59 200.6 10.2 19.8
Tl i A 4 BRI 15000 0.22 579
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Fig.4 Diameter measurement of the crushed pit

2 HEMEXWMR
21 LB/ FFE
Wit R F R RS SR S TR . SER A
FE R 290 mm X 250 mm X 150 mm 46 4 5 . SE 5
BICH R 2 R85t i7 e, BTG5 1R
VR o R R Sk RN B A
M, 308 ot f Ak T R Sk R A R BT RS R Wk
R Iy A Kk AT A kiR i e A, B
W i 52 R R e ) DA g R T
HE A LR, RGBSR DR
MR I BLAR , VAR A e T A
TSR AR (2) 5280 3)HE .

5 BEBAEIKRSE
Fig.5 Single tooth rock crushing test bench

W=MV?/2 (2)
V?=2gh (3)
h=W/gM (4)

A h—FE&HE, m; W—p ), I M—
Bk i, 11.8 kg V——hili K ,m/s.
WS TFERENERILE 2,

x2 HMEWSESTERE
Table 2 Impact energy and falling height

/) 20 25 30 35 40

Y&/ cm 17.3 21.6 26 30.3 34.6
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Fig.6 Rock fragmentation and von-mises stress variation at 20]J
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Fig.7 Rock fragmentation and von-mises stress variation at 25 J
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Fig.8 Rock fragmentation and von-mises stress variation at 30J



148 AR TR

202241 H

BN 738 B A PRI BE 10.2 MPa, K I 25 5 7
] AR SEAE I R 2 AR VIR 9 (a) T N ER
Vi 5 A B il S 22 R ) BEAE 25~41.67 MPaZ
6] H T A M, BAE R g A% 388 3 A b s A 2
AR T, PR A e A AR v, BR O 20 A 2 e AR R
W h L WE 9

24, 9(b) Frar , M ER 5 5

() BRI 7 5 A0 R 2 P RB I %, 5 A T8 i
PR, I B 422 ik 0 O W ) o 25~41.67 MPa X 3
FHEEF 30 J o s Dy s, L 482 fih 50 A 00 g A i
AR A A Ty W DR I A R R T AR kR
5 TR EAE M 52.8858 mm’,

S,Mises

(F¥1:75%)
+1.044e+02
+9.566e+01
+8.696e+01
+7.827e+01
+6.957¢+01
+6.087e+01
+5.218e+01
+4.348¢401
+3.479¢+01
+2.609¢+01
+1.739¢+01
+8.696e+00
+0.000e+00

(a) WIEAI 2R RE-5 1 7 25 &

S,Mises

(F¥1:75%)
+1.044e+02
+9.566e+01
+8.696e+01
+7.827e+01
+6.957¢+01
+6.087¢+01
+5.218e+01
+4.348¢+01
+3.479¢+01
+2.609e+01
+1.739¢+01
+8.696e+00
+0.000e+00

(b) BRI G R DT =

S,Mises
CF1:75%)
+1.044e+02

W

+3.479e+01
+2.609e+01
+1.739e+01
+8.696e+00
+0.000e+00

(c) AR TE A 2R E 5 8 ) = B
9 35)ERAMWES von-mises ¥ 1T

Fig.9 Rock fragmentation and von-mises stress variation at 35]
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Fig.10 Rock fragmentation and von-mises stress variation at 40]J
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Fig.11 Comparison curves of experimental and simulated crushing areas
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Fig.12 Experimental and simulated rock breaking specific energy comparison curves
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