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Quantity value  Quantity value
p (kg/m®) 2820 EF i 0/01
G (GPa) 16/61 SEnax 15
fc (MPa) 158/1 HUerush 0/0023
T (MPa) 6/78 Hiock 0/1
P_. (MPa) 46 A 0/39
P; (GPa) 1/49 B 1/84
ESPO (m/s) 1e-4 C 0/0014
K1 (GPa) 20/2 N 0/79
K2 (GPa) -2/62 D, 0/04
K3 (GPa) 85/4 D, 1
Table 1. The JH2 model parameters of Colorado red granite
[20]
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Angu!ar linear installation velocity Rotation
velocity . ) of cutter Model
. velocity radius (cutter
(disc) head) head type
rad/s m/s R(m) rad/s RPM
0/9 0/19 0/30
2/9 0/63 1/00 0/628 6 RCM
5/8 1/26 2/00
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Table 2. The boundary conditions of disc cutters
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Fs+ Fs- T (mm) R(M) P (mm)
5.47 -3.37 0.3
5.06 -2.38 18.5 1
4.09 -4.11
10.28 -22.9 0.3
3.17 -5.93 19.6 1 5.1
3.51 -3.55
17.27 -15.7 0.3
1.29 -13.7 20.8 1
2.02 -7.04 2

Table 4. The side force for different tip widths
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Fs+ Fs- T P
(KN) (KN) (mm) R(M) (mm)
547 -3.37 18.5
10.28 -22.9 19.6 0.3
17.27 -15.7 20.8
5.056 -2.375 18.5
3.17 -5.93 19.6 1 5.1
1.29 -13.7 20.8
4.09 -4.11 18.5
3.51 -3.55 19.6 2
1.29 -13.7 20.8

Table 3. The side force for different installation radius
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Abstract:

As the use of mechanized tunnel boring machines (TBMs) increases, the performance of these machines has
become increasingly important for researchers to work on. Disc cutters, as one of the main components of
the cutter head, are responsible for transmitting the thrust force to the rock and breaking it. Studying the
rock-cutting process by TBM disc cutters is vital to mechanized tunnel excavation. For this reason, this issue
has been widely studied by researchers in recent decades. The shape and layout design of the cutter head,
disc cutters spacing, and the size and shape of cutters are the adjustable factors in improving the efficiency of
rock cutting and TBM excavation. It is important to determine the forces acting on the disc cutters in
mechanized tunnel boring machines because these forces are used in the design. A review of the history of
studies shows that lateral forces have been studied much less than other forces. Therefore, in this article, a
numerical study of the side forces on the disc cutters and their relationship with the installation radius and
the tip width has been studied. Furthermore, the information of lot 2 Kani Sib water conveyance tunnel has
been used to validate the results. For this, numerical simulations have been conducted with three types of 17-
inch disc cutters in installation radii of 0.3 m, 1 m, and 2 m with tip widths of 18.5 mm, 19.6 mm, and 20.8
mm. The results of the numerical models show that the side forces acting on the central disc cutters with low
installation radius are much higher than others. Additionally, these forces are mainly asymmetrical and
become symmetrical as the installation radius increases. Central disc cutters are subjected to unbalanced and
asymmetric forces because of the excessive side force. This will cause the disc cutter bearing system to
malfunction and increase costs significantly. A decrease in the balance of the cutter head and increased
vibrations are other consequences. Increasing the tip width aggravates this condition. The damage pattern of
the disc cutters in lot 2 Kani Sib tunnel confirms this conclusion. According to this project, more than 74%
of central cutters' failures with low installation radius are related to bearing problems. This type of failure is
caused by large asymmetric side forces, while only 26% of the face disc cutters with a large installation
radius failed in this way, which confirms the results of the numerical models.

Keywords: Disc cutter, Side force, Kani Sib tunnel, Finite element method.
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