
ABSTRACT: Roadheaders are being adopted to tunneling site in the South Korea because of the 
vibration issues of the conventional blasting method. Their tunnelling data for the Korean rocks has 
not been reported, Korean constructors are curious about the cutting performance of the machines. 
The study modelled the cutting head of 130 ton Roadheader and rock surfaces cut by it. The contacts 
between pick cutters and rock were defined by a kinematic software. A series of cutting operations 
(i.e., sumping and shearing processes) was simulated. Four classes of rock strength were considered 
as rock models. The cutting forces and torque was obtained from the simulation. The results showed 
that the torque level of current machine can penetrate up to the medium strength rock in the sumping 
process. In the shearing process, the cutting head can cut through up to hard rock. 
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1. INTRODUCTION 

Roadheaders are being adopted to tunneling site in the South Korea because of the civilians’ 
complaints about noise and vibration of the conventional blasting method. Their tunneling data for 
the Korean rocks has not been reported, many engineers are curious about the maximum cutting 
performance of the machines. The study modeled the cutting head of 130 ton Roadheader (Figure 
1(a)) and rock surfaces cut by it. The shearing height was simulated by varying the shearing height 
and sumping depth. Figure 1(b) shows the features of a cutting head modeled in the study. The cutting 
motors power is 300 kW, 72 picks are welded on each side of the head (Figure 1(b)). The optimum 
range of operation for rock strength is 40-100 MPa (Sandvik, 2016).  
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(a) Photograph of 130 ton Roadheader                               (b) Cutting head 

Figure 1. Roadheader model for tunneling in Korea (Sandvik, 2016). 

2. ROCK CUTTING PROCESS 

The cutting processes for tunneling of roadheader are illustrated in Figure 2. The sumping process is 
combination of and slewing motion. After indenting into rock surface until the half diameter of 
cuttinghead are inserted, slewing is done right after indenting. The shearing process is the common 
process that consumes most of working time, the vertical shearing height (yshear) has to set the 
optimum value to enhance the net cutting rate. 

 

(a) Sumping                                    (b) shearing 

Figure 2. The cutting processes for tunneling of the roadheaders. 

3. SIMULATED CONDITIONS 

The shearing height for the modeled cutting head was simulated at predesigned shearing and sumping 
depths. Four rock classes of uniaxial strength (UCS) were simulated. In the simulation, the sumping 
and shearing trajectories were constant regardless of the UCS. Figure 3 shows the sumping depth at 
each cuts, and the contact surfaces during the sumping process. The sumping depth was increased 
with 50 mm step by step. For example, the first sumping cut has cutting depth of 50 mm (Figure 
3(a)), second one has 100 mm (Figure 3(b)), respectively. In the model, gray color represents the cut 
surface by previous sumping region, blue represents sumping surface at current process, and yellow 
represents currently contacted surface. The mean cutting depth of each pick was set to 2.0 mm. 
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(a) 0 to 50 mm                                                           (b) 50 mm to 100 mm 

  

(c) 100 mm to 150  mm                                            (d) 150 m  to 200 mm 

Figure 3. The cutting depth in each sumping simulation. 
 

The shearing process conducted after sumping process was also modeled and simulated (Figure 4). 
The vertical shearing height is considered as the main variable in the simulation. The mean cutting 
depth of each pick is determined by shearing height. For example, for the values of shearing heights 
of 50 mm, 100 mm, 200 mm, and 300 mm were the cutting depth of each pick was determined as 
2.02 mm, 3.51 mm, 4.7 mm, and 5.8 mm, respectively. 
 

    
(a) 50 mm                                                           (b) 100 mm 

-1807-



  
(c) 150 mm                                                   (d) 200 mm 

Figure 4. The cutting head contact areas at different shearing height. 

4. RESULTS AND CONCLUSIONS 

Four rock classes of uniaxial compressive strength (UCS) were input in the rock model’s properties. 
The cutting forces according to the UCS was determined by previous testing results (Bilgin et al., 
2006). The kinematics software (i.e., RecurDyn) was used for calculating the cutting forces of pick 
cutters and torques of the cutting head (FunctionBay, 2021). The forces and torque was recorded 
during 360 degree rotating simulation. The mean cutting depth was set for calculating the normal 
and cutting force during picks’ indenting and cutting motions. 

The simulation results of four rock models were shown in Figure 5. The green line means the 
maximum power of 130 ton roadheader, the blue line is the necessary torque of sumping process at 
maximum sumping depth. Other colors are the data of shearing processes. The cutting head are 
sufficient for cutting low and moderate strength rock up to UCS of 35 MPa. For the medium strength 
rock (UCS: 75 MPa), the necessary torque partially exceed the maximum power of the machine. In 
the case of hard rock cutting, the simulation torque output recorded two times higher values than the 
maximum power level, and the first shearing torque was nearly equal to the maximum power.  
Thus, the 130 ton roadheader can penetrate up to medium class rock (75 MPa). For the hard rock 
excavation by the roadheader, the total sumping depth and shearing height should be reduced within 
half value from the pre-designed values for the efficient tunneling procedures. 

 

 
(b) Low strength rock 
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(c) Moderate strength rock 

 

(d) Medium strength rock 

 
(e) High strength rock 

Figure 5. Simulation results of torque for four strength classes of rocks. 
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