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Abstract

The pre-cutting machine is becoming valued due to its ability to effectively prevent surface settlement and reduce vibration in tunnel
construction. To obtain the cutting characteristics and layout of pre-cutting machine cutter, the cutting tests by the pre-cutting
machine cutter are conducted and the cutting laws are also studied. The research results show that the cutting force rather than
normal force and side force is responsible for the rock breaking. With the increase of the cutting depth and cutting spacing, the
cutting forces increase generally. But for the little value of cutting spacing, the cutting force can not increase continuously when the
cutting depth increase to a relatively large value. Furthermore, for a given cutting depth, the cutting force will keep at an approximate
constant rather than continuous increase with the increase of the cutting spacing when the cutting spacing increases to a relatively
large value. The specific energy decreases nonlinearly with the increase of cutting depth and the decrease of specific energy is not
significant when the cutting depth is more than 12 mm. Moreover, there exists an optimal cutting spacing for a given cutting depth.
To maintain a desirable cutting efficiency, the ratio of cutting spacing to cutting depth should be controlled between 1 and 2. Finally,
the layout plan of the pre-cutting machine cutter is proposed based on the research results and is applied in the actual manufacturing
of the pre-cutting machine.

Keywords

pre-cutting machine, cutting depth, cutting spacing, layout

1 Introduction

The mechanical pre-cutting method can be applied to dif-
ferent strata [1, 2] which is suitable for excavation proj-
ects with a relatively short excavation distance and a small
excavation scope. The mechanical pre-cutting method is
mainly carried out by the pre-cutting machine. For soil
strata, pre-cutting method means that a certain broadband

groove is first cut with the pre-cutting machine cutters

(a) Pre-cutting machine used in soil strata

before tunnel excavation. Meanwhile, concrete is injected
with the appropriate equipment installed on the pre-cut-
ting machine to form a concrete supporting layer, as shown

in Fig. 1(a). Mechanical excavation can be started when
gtoove (@ —

/l\

explosive

the strength of the concrete supporting layer has reached
a certain degree, and the concrete supporting can be per-
formed for a second time, if necessary, after the mechan-

ical excavation has been started. This can effectively pre-

(b) Pre-cutting machine used in rock strata
vent surface settlement and guard against landslides in the Fig. 1 Pre-cutting methods using pre-cutting machine within two kinds

construction process. of strata
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For rock strata, pre-cutting method means that a certain
broadband groove is also cut with the pre-cutting machine
cutters before tunnel excavation, as shown in Fig. 1(b).
Then, the tunnel face is excavated through the drilling and
blasting method and further supporting measures may be
taken to prevent landslides. This can effectively eliminate
the damage caused by drilling and blasting to the sur-
rounding rock, and reduce noise and vibration.

Mechanical pre-cutting method was first introduced
in the USA [2]. In 1950, the Silas Mason Co. introduced
the mechanical pre-cutting method successfully as a tun-
neling technique to the construction of twelve circular
tunnels with excavated diameters in the order of 10 m
through chalk, at the Fort Randall Reservoir Project on the
Missouri River at Pickstown, S. Dak., U.S.A. Then in 1969,
the French engineer adopted this method to successfully
solve the problem of blasting vibration in the construction
of rock tunnels in urban areas, which led the method to
regain focus. Since then, this method has been evolved and
developed in France and three generations of pre-cutting
machines have been developed. In the early 1980s, Japan
also introduced the technology of mechanical pre-cutting
method and the advanced support construction technol-
ogy which was suitable for the situation of Japan [3]. Then,
in 1991, the construction test was carried out in Japan
with the curve shaped pre-cutting machine. In China, the
mechanical pre-cutting method and pre-cutting machine
were developed in the 1980s to 1990s. In view of the sit-
uation of tunnel engineering in China at that time, China
Railway Construction Research Institute proposed the
research scheme of the pre-cutting machine and its con-
struction technology based on soil and soft rock tunnels [4].
The design and trial manufacturing of the working head of
the pre-cutting machine were completed at that time, but
the research was suspended due to various reasons.

Recently, the pre-cutting machine is becoming val-
ued by many construction enterprises due to its ability to
effectively prevent surface settlement and reduce vibra-
tion in the tunnel construction, which will greatly promote
the development of the mechanical pre-cutting method
and pre-cutting machine.

For the mechanical pre-cutting method and pre-cut-
ting machine, there have been a few reports mainly cover-
ing the following research results. Walsum [2] introduced
the development course and construction method of the
mechanical pre-cutting method, and analyzed the advan-
tages which make this method different from other tunnel
excavation methods. Tonon [5] studied the mechanism of
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stratum deformation during the construction with mechan-
ical pre-cutting method; Du et al. [6] explored the mech-
anism of controlling the deformation of soft surrounding
rock after the construction with mechanical pre-cutting
method. Hao et al. [7] put forward a set of design methods
for the pre-cutting machine based on soil mechanics and
shield machine design method and analyzed the functions
of the 9 sub structures of pre-cutting machine.

Pre-cutting machine mainly uses its cutter driven by
the chain to cut the rock and soil continuously. As the
pre-cutting machine cutter is the key component for slot-
ting, its working conditions are directly related to the slot-
ting efficiency as well as to the reliability and safety of the
pre-cutting machine. Therefore, it is necessary to master
the cutting characteristics of the cutter before the design
and construction with the pre-cutting machine.

Currently, research on the rock cutting characteristics of
the cutter is mainly focused on the tunnel boring machine
and coal mining machine. For example, Cho et al. [8] car-
ried out a series of linear cutting tests and investigated the
optimum cutting condition of a disc cutter. Geng et al. [9, 10]
investigated the dynamic process of rock breaking by
normal and edge disc cutters, and obtained the cutting
characteristics under different cutting conditions. Zaré
and Mikaeil [11] used discrete element method to simu-
late the rock cutting process by disc cutter and obtained
the optimal cutting condition. Liu et al. [12, 13] discovered
the rock breaking characteristics with different confin-
ing stresses and cutting sequence induced by disc cutter
based on indentation tests. Zhang et al. [14] performed a
series of rock cutting tests by disc cutter considering the
effect of free surface. Baker and Gertsch [15] conducted
the rock cutting tests under water by the drag cutter of the
shield, and studied the cutter force and cutting efficiency.
Xia et al. [16] investigated the cutting force of the drag cut-
ter under different cutting parameters based on the rotary
cutting machine. Copur et al. [17] conducted the rock
cutting tests by conical pick and studied the cutting per-
formance under different cutting patterns. Qiao et al. [18]
established a coal-rock constitutive model with finite ele-
ment method for rock cutting by conical pick and investi-
gated the rock cutting force. Li et al. [19] studied the rock
cutting characteristics of conical pick by discrete element
method. Jeong and Jeong [20] provided the rock chip char-
acteristic produced by conical pick based on rock cutting
tests. Wang et al. [21] and Li et al. [22] carried out a series
of rock cutting tests by conical pick and presented the rock
breaking characteristic under different confining stress.
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The above research on the cutting characteristics of the
cutter installed on the tunnel boring equipment and coal
mining machine is of great value for reference. However,
as the cutting mode, cutting conditions and the structures
of the pre-cutting machine cutter are different from those
of the traditional cutter of the tunnel boring equipment
and coal mining machine, the cutting characteristics and
cutting rules related above traditional cutter can not be
applied to pre-cutting machine cutter directly. Thus, it is
very necessary to master the cutting characteristics of the
pre-cutting machine cutter to design the structure of the
pre-cutting machine cutter head and cutter layout effec-
tively. In this paper, the experiments of cutting rock-like
material which replaces the rock with a full-scale pre-cut-
ting machine cutter are carried out through the linear cut-
ting machine, the cutter forces and the specific energy
of the pre-cutting machine cutter under different cutting
parameters are investigated, and a new kind of layout plan
for pre-cutting machine cutters is proposed to provide ref-
erence for the design of the pre-cutting machine head and
the layout of the cutter.

2 Experiment setup

2.1 Experiment equipment

The linear cutting machine is presented in Fig. 2. With an
overall size of about 5 m x 3.2 m X 3.5 m, the linear cutting
machine mainly consists of three parts: hydraulic system,
testing system and mechanical cutting system [23].

The hydraulic system can control the cutting device to
move in three directions including vertical direction, lon-
gitudinal direction and horizontal direction.

The testing system is composed of a three-direction
force sensor and a computer with embedded testing soft-
ware. The three-direction force sensor is installed on the

cutting system to collect the cutter force including normal

l hydraulic.

system.

Fig. 2 The linear cutting machine

force, cutting force and side force, as shown in Fig. 3(a).
Then the computer can display the measured value of cut-
ter force through the embedded testing software.

The mechanical cutting system utilizes the rails with four
corners and eight sides to achieve reliability and stability,
which enables the system to bear large torque and ensure
the rigidity of the cutting mechanism. Meanwhile, the cut-
ting system adopts the positioning mechanism of mechan-
ical screw which can ensure a constant cutting depth. The
three-direction force sensor and the pre-cutting machine
cutter are mounted on the cutting system through bolts.

2.2 The pre-cutting machine cutter

The pre-cutting machine cutter is composed of the hard
alloy cutter bit, the cutter body and the cutter base, as
shown in Fig. 3(b). The hard alloy with high wear resis-
tance and long service life is welded on the cutter body.
This cutter is used in the whole cutting experiments to con-
duct the cutting tests and its specific geometric parameters
are shown as follows: the front angle (8) and lateral edge
angle (o) are 120° and 95°; the width (d) and height (h) of
the cutter are 22 mm and 87 mm, respectively. The mean-
ings of each parameter are shown in Fig. 3(a).

2.3 Rock sample

It is difficult to get the same rock as what is cut by the
pre-cutting machine in the construction site. Thus, the
rock-like material composed of cement and sand is used
to replace rock in the cutting tests. According to the con-
struction geological exploration report from a project to be
constructed by pre-cutting machine in china, the uniaxial
compressive strength of the rock is about 15 MPa. Then,
the rock-like material was made based on lots of propor-
tioning experiments and mechanical test experiments to

Cutting E
direction JJ
f

Normal
force

force

(b) Physical picture

(a) Model picture
Fig. 3 The pre-cutting machine cutter



Table 1 Mechanical parameters of rock sample
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Table 2 Cutting parameters used in cutting tests

Density (kg'm™) 1953 Cutting parameters Parameter values
Young's modulus (GPa) 0.85 Cutting depth (mm) 3,6,9,12,15
Uniaxial compressive strength (MPa) 14.91 Cutting spacing (MPa) 5, 10, 15, 20, 25
Brazilian tensile strength (MPa) 1.10

match the rock in actual engineering. The size of the rock-
like material sample is 470 mm x 470 mm x 300 mm and
its main mechanical parameters are listed in Table 1.

2.4 Cutting scheme

The completed sample was put into the steel box and fixed
by tightening the bolts. Before cutting tests, multiple cuts
of the sample were made at the required cutting depth and
cutting spacing to create an original damaged rock surface
comparable to that in actual field conditions, as shown in
Fig. 4. The cutting speed of the pre-cutting machine cutter
is set to 15 mm/s in these cutting tests. The cutting depth
used during testing is 3, 6, 9, 12, 15 mm, and the cutting
spacing used during testing is 5, 10, 15, 20, 25 mm, as
shown in Table 2. The cutter forces and rock chips are col-
lected during cutting process. The specific energy is cal-
culated by Eq. (1), which is used to describe the rock cut-
ting efficiency, and the greater the specific energy is, the
lower the cutting efficiency will be [24].

SE:K:F_J:FC_”)’

1% v m

o o0

M

where SE denotes the specific energy, w denotes the cut-
ting work, v_denotes the rock breaking volume, F, denotes
the cutting force, / denotes the cutting stroke, p denotes
the rock density, m denotes the rock breaking mass.

Fig. 4 Original damaged rock surface before cutting

3 Experimental results and analysis

3.1 Rock cutting process by the pre-cutting machine
cutter

Fig. 5 illustrates the rock breaking process in the time
sequence by the pre-cutting machine cutter when the cut-
ting depth and the cutting spacing are 9 mm and 15 mm
respectively. The fine rock chips are produced around the
cutter edge firstly, and some fine rock chips fly away from
the rock surface quickly due to the high contact stress
between the cutter edge and rock, as shown in Figs. 5(a)
and (b). Then a big rock chip can be observed and it will
fly towards the right groove produced by previous cut-
ting with the rapid movement of the cutter, as shown in
Figs. 5(c) and (d). It indicates that the previous cutting can
promote the rock breaking when the cutting spacing is
proper at a given cutting depth.

The rock chips with different sizes were collected,
as shown in Fig. 6, it can be observed that the number
of large rock chip accounts for the smallest proportion.
Furthermore, the broken surface of the big rock chip is
very uneven and has no obvious friction marks, as shown
in Fig. 7. It implies that the breaking mechanism of the big
rock chip produced is dominated by tensile failure rather
than shear failure.

(c) Time=4.5s

Fig. 5 Rock breaking process induced by pre-cutting machine cutter

(d) Time=5.5s
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Fig. 6 Rock chips produced by pre-cutting machine cutter

Fig. 7 Big rock chip produced by pre-cutting machine cutter

The cutter forces during cutting process are shown in
Fig. 8. The cutter forces present an obvious fluctuating
change with the increase of the cutting time. Meanwhile,
the cutting force, the normal force and the side force
increase and decrease simultaneously with the same
change trend. The side force of the cutter fluctuates around
zero with the increase of cutting time due to the random
rock breaking on both sides of the cutter edge, indicating
the direction of the side force changes with cutting time.
However, the direction of the cutting force and normal
force remains unchanged. Additionally, the cutting force is
obviously greater than the side force and the normal force.
It implies that the cutting force is mainly responsible for
rock breaking for the pre-cutting machine cutter. Thus,
only cutting force is investigated in the following sections
in this paper. It should be noted that the peak values of the
cutter forces correspond to the generation of big rock chip
[18, 25], as presented by three ovals in Fig. 8, causing the
cyclic occurrence of large and small rock chips, which is
consistent with the above analysis about rock chips.
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Fig. 8 Cutter forces with time when the cutting depth is 9 mm and the
cutting spacing is 15 mm
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Fig. 9 The relationship between average cutting force and cutting depth

3.2 Influence of cutting depth on cutting force

The relationship between the average cutting force and
cutting depth is shown in Fig. 9. Overall, the cutting force
increases almost linearly with the increase of the cutting
depth, regardless of the cutting spacing. Furthermore,
it can be concluded that the large cutting spacing corre-
sponds to a relatively large gain in the magnitude of cutting
force compared with the small cutting spacing. For exam-
ple, in the case that the cutting spacing equals to 10 mm,
the cutting force increases from 0.83 kN to 1.80 kN as the
cutting depth increases from 3 mm to 15 mm, correspond-
ing to little gain in the magnitude of cutting force, approx-
imately 0.97 kN. However, under the circumstance that the
cutting spacing equals to 20 mm, the cutting force increases
from 0.96 kN to 3.52 kN when the cutting depth increases
from 3 mm to 15 mm, corresponding to a large gain in
the magnitude of cutting force, approximately 2.56 kN.
In other words, the larger the cutting spacing is, the increase
of cutting force caused by the cutting depth is greater.



The main reason for this is that there is a strong interac-
tion between two cutting grooves when the cutting depth is
narrow. Thus, the front cuts have a great influence on the
subsequent cutting processes, leading to a small increase
of cutting force caused by the increase of the cutting depth.
On the contrary, when the cutting spacing is wide, the
increase of the cutting depth can increase the cutting force
obviously as it only exists a slight interaction between two
cutting grooves, resulting in a large increase of cutting
force caused by the cutting depth. Additionally, when the
cutting spacing is 5 mm, the cutting force first increases
and then decreases with the increase of the cutting depth.
It can also be explained by the strong interaction between
the cutting grooves that only a little bit of rock material is
cut away by the cutter due to the narrow cutting spacing
although the cutting depth increases to a large value with
15 mm, causing a decrease in cutting force.

3.3 Influence of cutting spacing on cutting force

The changing trend of the cutting force with the cutting
spacing is illustrated in Fig. 10. It can be found that there
is a positive correlation between the cutting force and the
cutting spacing as the cutting depth is at a large value, i.e.
12 mm and 15 mm. However, when the cutting depth is at
a little value, such as at 3 mm, 6 mm and 9 mm, the cutting
force first increases and after that it remains at an approx-
imate constant with the increase of the cutting spacing.
It can be revealed that, for a given cutting depth, the rock
ridge between two cutting grooves shows breaking exces-
sively, followed by breaking properly, and then no breaking
with the increase of the cutting spacing. When the values
of the cutting depth are 3 mm, 6 mm and 9 mm, the rock

4 —&— D=3mm
—&— D=6mm
—d— D=9mm

3 | ——D=12mm

—4—D=15mm

Cutting force (kN)
(5]

S(mm)

Fig. 10 The relationship between average cutting force and cutting

spacing
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ridge can not be cut away as the cutting spacing increases
to 20 m. Therefore, the cutting force keeps at an approxi-
mate constant with the further increase of cutting spacing
since there is no mutual interaction between adjacent cut-
ting grooves. However, when the cutting depth equals to
a large value, such as 12 mm and 15 mm, there is always
mutual interaction between adjacent cutting grooves as
the cutting spacing varies from 5 mm to 25 mm, leading
to a continuous increase in cutting force with the increase
the cutting spacing.

According to the above analysis, it can be concluded
that both the cutting depth and the cutting spacing have
a positive impact on the increase of the cutting force gen-
erally. However, for the little value of the cutting spac-
ing, such as 5 mm in this paper, the cutting force first
increases and then decreases with the increase of the cut-
ting depth due to strong interaction between adjacent cut-
ting grooves. Meanwhile, for the little value of the cutting
depth, such as 3 mm, 6 mm and 9 mm in this paper, the
cutting force increases first and then keeps at an approx-
imate constant with the increase of the cutting spacing
since there is no mutual interaction between adjacent cut-
ting grooves when the cutting spacing increases to a large
value, such as 20 mm in this paper.

3.4 Influence of cutting depth on specific energy

Fig. 11 depicts the relationship between specific energy
and cutting depth. When the value of the cutting spacing
is 10 mm, 15 mm, 20 mm and 25 mm, the specific energy
decreases nonlinearly with the increase of the cutting depth,
but the rate of decrease gradually slows as the value of the
cutting depth is more than 12 mm. It indicates that the cut-
ting depth can not improve the cutting efficiency effectively

35
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Fig. 11 The relationship between specific energy and cutting depth
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when the cutting depth increases to a certain extent.
However, as described in Section 3.2 that the cutting force
increases linearly with the increase of cutting depth when
the value of cutting spacing varies from 10 mm to 25 mm.
Therefore, considering the comprehensive effects of cutting
force and cutting efficiency, the cutting depth should be
controlled at about 12 mm that corresponds to a relatively
high cutting efficiency and a relatively low cutting force.
In the case that the cutting spacing equals to 5 mm, the
specific energy first increases and then decreases with the
increase of the cutting depth. The lowest specific energy,
12.99 MJ/m?, is achieved when the cutting depth is 12 mm.
This result can be explained by the fact that the rock cut
by cutter has broken excessively since the oversized cut-
ting depth, 15 mm, accompanied with little cutting spacing,
15 mm, is adopted, resulting in strong interaction between
adjacent cutting grooves, and additional energy consump-
tion that corresponds to a high specific energy.

3.5 Influence of cutting spacing on specific energy
consumption

Variation in specific energy with a change in cutting spac-
ing is plotted in Fig. 12. On the whole, for a given cutting
depth, the specific energy shows a trend of decreasing first
and then increasing to a high level with the increase of the
cutting spacing. It implies that there exists an optimal cut-
ting spacing to achieve the highest cutting efficiency corre-
sponding to the lowest specific energy for a giving cutting
depth. The values of the optimal cutting spacing are about
10 mm, 13 mm, 15 mm, 20 mm, 24 mm when the values
of cutting depth are 3 mm, 6 mm, 9 mm, 12 mm, 15 mm,
respectively. It can be explained that, for a given cutting
depth, the rock ridge is extensively broken into small and
thin chips when the cutting spacing is too narrow, so high
cutting energy is consumed to produce additional crushing
surface of the rock. When the cutting spacing is too large,
the rock ridge between adjacent cutting grooves can not
be detached by the cutters, and the big and effective rock
chips can not be produced, causing an increase in specific
energy. However, when the cutting spacing is proper that
can well match with the cutting depth, the rock ridge can be
cut away properly, and the thick and large rock chips can be
formed with the minimum specific energy. In this sense, an
optimum cutting spacing for the pre-cutting machine cut-
ter can be designed to adapt the actual cutting conditions
based on test results. Additionally, it should be pointed out
that the optimal cutting spacing has an increasing trend
with the increase of the cutting depth, as shown in Fig. 12.

3.6 Influence of cutting spacing/cutting depth on
specific energy consumption

The optimum ratio of cutting spacing to cutting depth
(8/D) is the dimensionless ratio at which the cutting opera-
tion gives the minimum specific energy values. Bakar and
Gertsch [15] pointed out that the optimal S/D of a pointed
tool is between 1.5 and 3. Balci and Bilgin [26] noted
that the optimal S/D of a drag cutter is between 1 and 5.
Cho et al. [8] stated that the optimal S/D of a disc cutter is
between 10 and 20.

Fig. 13 shows the relationship between specific energy
and S/D for the pre-cutting machine cutter. When the
value of the S/D is more than 2, the specific energy is
generally high that corresponds to relatively low cutting
efficiency for the pre-cutting machine cutter. It is mainly
caused by the fact that the interaction between adjacent
cutting grooves is weak when S/D is in this range, and
thus adjacent cuts of the pre-cutting machine cutter can
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Fig. 12 The relationship between specific energy and cutting spacing
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not collaborate to cut rock. When the S/D is less than 1, the
specific energy is also reached at a relatively high value
represented low cutting efficiency. It can be explained that
the interaction between adjacent cutting grooves is too
strong when the value of S/D varies in this range, lead-
ing to rock breaking excessively and an increase in cutting
energy. When the S/D changes between 1 and 2, the spe-
cific energy of the pre-cutting machine cutter keeps at a
relatively low value accompanied with large and thick rock
chips, as stated in Section 3.5. Therefore, when designing
the cutter layout of the pre-cutting machine and carrying
out the construction of cutting, it is necessary to control
S/D within 1~2 to improve the cutting efficiency.

To illustrate the relationship between specific energy
and S/D clearly, two kinds of typical cutting states at dif-
ferent S/D are shown in Fig. 14. As shown in Fig. 14(a), the
cutting depth is 3 mm, the cutter spacing is 15 mm, and
the S/D is 5 which is far more than 2. There is no obvi-
ous interaction between the adjacent cutting grooves and
the rock ridge can be found obviously, causing a high spe-
cific energy of the pre-cutting machine cutter. As shown
in Fig. 14(b), the cutting depth is 6 mm, the cutter spacing
is 5 mm, and the S/D is 0.83 which is less than 1. Under
this circumstance, the rock between two cuttings breaks
excessively and the cutting efficiency is also relatively low.

4 Discussion and application

According to the study in Section 3.4, when the cutting
depth exceeds 12 mm for the pre-cutting machine cutter,
the increase of cutting depth cannot improve the cutting
efficiency significantly, but will greatly increase the cutting
force. Therefore, the cutting depth should be controlled at

@S/D=5

(b) S/D=0.83
Fig. 14 Two kinds of cutting states at different S/D
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about 12 mm. Based on the conclusion in Section 3.5, the
optimum cutting spacing is approximately 20 mm when
the cutting depth is 12 mm. Therefore, the cutter layout
plan of the pre-cutting machine can be obtained, as shown
in Fig. 15. Cutters are lined up orderly along the cutting
direction, the row spacing (RS) is designed at 80 mm to
remove fragments more easily, and the adjacent cutting
spacing (CS) is designed at 20 mm to guarantee the cut-
ting efficiency. The cutters are symmetrically arranged
to ensure the balance of cutter forces. Only one cutter is
arranged to slot in the first row, and its force and wear will
be relatively larger than those of other cutters. To over-
come this problem, another cutter is arranged to reduce
the wear of the middle cutters in the middle position of
the sixth row that has three cutters, as shown in Fig. 15(a) .

It is worth noting that, to increase the width of the
groove, the cutters laid in the fifth and sixth rows should
be inclined to ensure the cutter head can cut the rock out-
side the chain plate and increase the width of the cutting
groove. The cutter height should also be highly consistent
with the cutter height of the front rows and the CS is also
maintained at 20 mm. Then, every six rows of cutters are
arranged in sequence until the entire chain plate is covered.

The layout plan of the pre-cutting machine cutter
mentioned above is adopted in the manufacturing of the
pre-cutting machine by China Railway Construction
Heavy Industry, as shown in Fig. 16(a). This pre-cutting
machine is composed of cutters (1), a front column (2), a

Cutting direction.

-

=71 N
= J1 N

(b) Layout plan in three-dimension

Fig. 15 Layout plan of cutters
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cutter beam (3), a driver's cab (4), an electrical system (5),
a rear pillar (6), a frame (7), a walking mechanism (8),
and other components. This pre-cutting machine has been
used to cut tunnel in China, as shown in Fig. 16(b). The
engineering results show that the pre-cutting machine
with the cutter layout plan mentioned above has high cut-
ting efficiency and cutting reliability, which is very suit-
able for cutting this kind of rock ground.

5 Conclusions

In this paper, the rock cutting tests by the pre-cutting
machine cutter under different working parameters are
carried out and a kind of layout plan of cutters is proposed.
The main conclusions can be drawn as follows:

1. The formation of rock chips induced by the pre-cut-
ting machine cutter is dominated by tensile failure.
The cutter forces in three directions show fluctuating
change during cutting process and the cutting force
is larger than the normal force and side force which
is mainly responsible for the rock breaking.

2. The cutting force increases with the increase of cut-
ting depth and cutting spacing generally. However,
for a little value of cutting spacing, the increase of
cutting depth has a negative effect on the increase of
the cutting force when the cutting depth is achieved at
a relatively high value. Furthermore, for a given cut-
ting depth, the cutting force will keep at an approx-
imate constant rather than continuous increase with
the increase of the cutting spacing when the cutting
spacing increases to a relatively large value, at which
the rock ridge can not be cut away.

3. The specific energy presents a decreasing trend with
the increase of cutting depth. But the rate of decrease
gradually slows when the cutting depth is more than
12 mm. For a given cutting depth, there exists an
optimal cutting spacing to achieve the highest cut-
ting efficiency, and the optimal cutting spacing
increases with the increase of cutting depth.
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