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ABSTRACT

The pick cutter, which directly contacts and crushes the rock, is the expendable part of a roadheader. The
arrangement and angle of attachment of the pick cutter are important factors that determine excavator
performance. It is necessary to numerically calculate the contact between the pick cutter and rock. The rock is
defined as a set of particles using the discrete element method. The parallel bond model is used to define the
bonds between particles. The properties of granite that are measured by the uniaxial compressive test are applied
to the numerical rock model. The pick cutter is defined by the polygon elements. The linear cutting simulation
is considered to simulate the contact between the pick cutter and rock. The results of the simulation show the

rock breaking due to contact with the pick cutter.
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Fig. 3 Particle creation in the boundary
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Table 1 Physical properties of granite

Dry Water unit )
Porosity

ID density  content = Weight
(o)

(g/em® (%) (kN/m®)
G-1 2.639 0.200 25.811 0.706
G-2 2.637 0.177 25.798 0.680
G-3 2.634 0.203 25.757 0.701
G-4 2.641 0.218 25.825 0.701
G-5 2.639 0.186 25.745 0.696

Table 2 Mechanical properties of granite

Uniaxial
. Young’s .
Compressive Poisson’s

1D Modulus .

Strength Ratio

(GPa)
(MPa)

G-2 171.232 74.9 0.244
G-3 140.757 67.8 0.233
G-5 162.653 67.0 0.241

Stress(MPa)

Stress(MPa)

Stress(MPa)

160

120 /

axial

©
1=

40

—Tangent (41.4~58. 7%) 67.0GPa

0 500

1000 1500 2000 2500

Strain(u)
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(@) G2 (b) G-3
Fig. 7 The failed shape of granite
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Fig. 8 The definition of polygon

Table 4 Condition of rock particle

Condition Value
Initial radius(m) 4.0e-4
Young’s modulus(GPa) 69.9
Density(kg/m’) 2638
Poisson ratio 0.718
Max tensile stress(MPa) 158 £ 13
Friction 0.3
No. of particles(EA) 750,000
Table 5 Condition of pick-cutter
Condition Value
Num. of polygon 4.0e-4
Young’s modulus(GPa) 530
Density(kg/m’) 13300
Poisson ratio 0.24
Friction 0.3
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(a) Initial state

(b) Final state
Fig. 9 The pick-rock contact simulation
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