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Abstract. This Effects of cutting angle of conical picks affecting on rock breaking capacity was researched
to calculate the low construction efficiency of the conical picks at hard rock cutting. Firstly, according to
the construction situation of the conical picks, the rotary milling test bench of rock was built. Secondly, the
physical and mechanical properties of four kinds of rocks (blue sandstone, red sandstone, limestone, granite.)
were measured, and the brittleness index of the four kinds of rocks was calculated. Finally, four kinds of
rocks were tested at six cutting angles, respectively. The results of the experiments indicate that the radial
force is the largest, the tangential fore is the second, and the lateral force is the smallest in the three-axis of
the pick against the four rocks over 50MPa. With the increase of the rock compressive strength, the ratio of
radial force to tangential force increases gradually. Therefore, more down-force of machine is needed to
improve the impact penetration ability of the pick. Taking milling resistance and specific energy
consumption as index, the cutting angle of 63 for the green sandstone and red sandstone, and the cutting
angle of 58 for the limestone and granite are helpful to improve the operation efficiency of the whole
machine.

1 Introduction
Conical picks are the main milling tools for many rotary
milling engineering machinery equipment such as shearer
drums, roadheader cutting head, and milling wheels of
double-wheel trench cutter. The rock breaking effect
directly affects the efficiency and mining cost of the main
equipment. In recent years, with the expansion of the
application field of the above host products, the milling
objects have become more diverse and the working
conditions have become worse [1]. Especially in the hard
rock condition, the impact of pick is difficult to invade the
rock, the abrasion speed is fast, and the construction
efficiency is low. Therefore, through a large number of
rock milling experiments, it is of practical significance to
study the influence of cutting angle of pick on the rock
breaking ability of different kinds of rock.
In order to further study the rock breaking effect of
conical picks, a large number of theoretical analysis and
experimental researches on rock breaking methods of
picks have been carried out at home and abroad. Evans [2]
first proposed and proved the tangential force prediction
formula acting on the pick. Bilgin [3] established
tangential and normal force prediction formulas based on
full-scale linear cutting experiments. YURDAKUL M [4]
studied the effects of compressive strength, flexural
strength, and point load strength on the specific energy
consumption of cutting based on a large number of
experiments. Liu Chunsheng [5] wedged the rock at
different angles of the pick, and analyzed the force state
*

of the pick. Liu Jinxia [6] proposed a rotary pick force
model of pick picks, and obtained that the cut force has a
complex trigonometric function relationship with the half
cone angle and the cut angle of the pick, Wang Shujing [7]
used a rotating cutting test rig to obtain the cutting threeaxis force during the rock cutting process by using a
combination of experimental research and simulation
analysis. Tiryaki [8] studied the properties of rock texture
coefficient, feldspar content, cementation coefficient,
effective porosity, and pore volume to significantly affect
the specific energy consumption of the cut. Wang Xiang
[9] studied the effects of related angle parameters on
cutting force and specific energy consumption based on
straight-line cutting experiments. Wang Liping [10]
established a calculation model for the peak cutting force
of pick picks considering the brittleness index of coal
rocks.
Unfortunately, most of the above studies only predict
the milling resistance for a specific type of rock, and do
not take into account the effects of the comprehensive
physical index of rock physical characteristics and cutting
angle on the milling resistance and the specific energy
consumption of the milling. Therefore, a rotary milling
test bench for picks is used to carry out rotary milling tests
on 4 different rocks. The effect of the cutting angle and
the cutting ratio on the specific energy consumption of the
cutting is studied, and the data support is improved to
guide the power matching of the whole product, thereby
improving the rock breaking ability of the cutting and the
working efficiency of the whole.
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Corresponding to the three-axis force direction of the pick
tip, the three perpendicular directions of the balance beam
are pasted with strain gauges R1-R12. Three groups of
strain gauges form a full bridge measuring circuit
respectively, which can convert the tangential, radial and
lateral strains of the pick in the milling process into the
electric energy input data collection system, and transmit
them to the computer hard disk in real time for subsequent
analysis and processing.

2 Rotary milling test bench
2.1 Test bench principle and composition.
In the construction process of the milling wheel of doublewheel trench cutter，the pick rotates downward with the
milling wheel. The milling process and milling
parameters of the pick are shown in Fig. 1. The pick
invades the rock with a certain cutting angle, and then
rotates at a certain rotation speed. Ft ， Fr and Fs are
tangential force, radial force and lateral force respectively.
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Fig. 3. The three-axis force testing device
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2.3 Pick-cutting angle tooling.
The test pick is shown in Fig. 4. The cone angle of the
alloy head is 90, the diameter is 22mm, and the height is
10 mm. As shown in Fig. 4, the pick holder with different
angles is designed. The change of the cutting angle of the
pick at different angles is realized by replacing the pick
holder.

Fig. 1. Schematic diagram of cutter milling

To simulate the milling process of the pick, a rotary
milling test bench is set up, as shown in Fig. 2. The rotary
milling test bench includes a drive console car, a rock
clamping device, and a three-axis force test system. The
driving console car is the control center of the entire
milling test bench, which controls the 6 translational
degrees of freedom of the milling wheel and the rotary
motion of the milling wheel; the rock clamping device can
accommodate the largest rock sample size of 500mm X
1000mm X 1000mm, and can achieve 6 Displacement
adjustment with translation accuracy of 1mm. The threeaxis force test system is composed of three-axis force test
device and sensor, multi-channel high-precision data
acquisition system and computer, which can obtain
tangential force, radial force and lateral force in real-time.
The sampling frequency is 256Hz.

Fig. 4. The test pick and cutting angle tooling

3 Analysis of rock physical
mechanical characteristics

and

As shown in Fig. 5, the subjects of this test are natural
blue sandstone, red sandstone, limestone, and granite
stone, respectively cut into a cylindrical standard test
piece with a diameter of φ50mm and a height of 100mm
and a Brazilian disc test piece of 25mm.
Fig. 2. Rotary milling test bench

2.2 The three-axis force testing device.
According to the principle of force transmission, as shown
in Fig.3, the three-axis force test sensor is set between the
pick and the milling wheel, and I-shaped balance beam
structure is used to test the three-axis force of the pick.
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Fig. 5. Rock sample

destroyed stably. When the rock reaches the peak strength,
it does not produce a lot of plastic deformation, and then
brittle failure occurs, which will be accompanied by a
large number of rapid releases of elastic properties in the
process of failure. As an important basic characteristic of
rock post peak failure, it is of great significance for rock
breaking by construction machinery.
With the continuous development of rock mechanics,
many scholars at home and abroad have done a lot of
research on the evaluation of rock brittleness, and given
the corresponding calculation formula of brittleness index.
In this paper, the normalized indexes of peak stress and
residual stress, peak strain and residual strain are
considered. It can be used as a comprehensive evaluation
method of rock brittleness index.

The uniaxial compressive test, triaxial compressive
test and tensile strength test were performed on MTS816
test machine (Fig. 6). Each group used 5 specimens for
repeated tests. The uniaxial compressive test and triaxial
compressive test load rate was 0.002mm/s, the triaxial
compression test uses 4 levels of confining pressure,
which are 5MPa, 10MPa, 20MPa, 30MPa, respectively.
Under each level of confining pressure, 5 experiments are
performed. The tensile strength of the rock was tested
using the Brazilian disc split test method with a loading
rate of 0.001 mm/s. The mechanical properties of the rock
finally obtained are shown in Table 1.
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In the formula, σp and σr are peak stress and residual
stress respectively, εp and εr are peak strain and residual
strain respectively. Bmax and Bmin are the maximum and
minimum values of the brittleness index in rock samples,
BPOST and BE are the post peak brittleness index and pre
peak brittleness index respectively. Bi and BI are the
brittleness indexes of rock samples before and after
standardization respectively; the value range of Bi is 0 ~ 1,
the larger the value is, the higher the brittle failure degree
of rock is.
According to the uniaxial and triaxial compressive
strength test results of argillaceous sandstone, red
sandstone, granite, the peak stress σp, and residual stress
σr, the peak strain εp and the residual strain εr can be
obtained. The brittleness index of the rock can be
calculated, as shown in Table 1.

(c)
Fig. 6. Measurement of physical and mechanical parameters of
rock: (a) Uniaxial compressive strength test (b) Triaxial
compressive test (c) Tensile strength test

Brittleness is an important index to reflect the post
peak failure of rock. When the rock reaches the peak
strength, if the rock produces large plastic deformation, it
will consume a large amount of elastic strain energy
stored in the process of pre peak compression, so that
when the rock is destroyed after the peak, the rock is

Table 1. Physical and mechanical properties of rock
Rock type
Blue
Sandstone
Red
Sandstone
Limeston
e
Granite

Density
(g·cm-3)

Compressive
strength
(MPa)

Tensile strength
(MPa)

Cohesion (MPa)

Internal friction
angle(°)

Brittleness index

2.12

50.06

3.65

16.15

30

0.41

2.22

73.93

4.15

28.3

32

0.45

2.56

84.02

4.85

25.2

42

0.65

2.64

95.07

5.68

22.49

47

0.62
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4 Test method and result analysis
F (KN) is the tangential force during the cutting milling cycle,
L (mm) is the milling length, and V (m3) is the volume of the
rock broken during the cutting milling cycle.
The tangential force is obtained through the three-axis force
test system in real-time. The corresponding rock crushing
volume is scanned by a three-dimensional scanner and the
rock crushing surface is then processed in reverse using
Geomagic software is shown in Fig. 8.

4.1Test method.
Set the rotation speed to 20r/min, fix 4 different rocks in the
rock clamping device in turn, and install 6 sets of installation
tools, such as 50°, 53 °, 55 °, 58 °, 63 °, and 65 °, and adjust
the cutoff. The distance between the tooth tip and the rock
sample ensures that the milling thickness is 4mm. Each
milling angle is repeated for 5 milling tests. The three-axis
force data is collected in real time, and the average value is
calculated. Every two tests are adjusted the lateral distance is
greater than 30mm, which guarantees independent milling for
each test.
(a)

(b)

Fig. 8. Slot volume scanning and calculation

4.3 Result analysis.
(c)

The process of pick-milling to break the rock is mainly two
processes: radial impact intrusion and tangential milling. The
magnitude of the radial force of the pick can reflect the
difficulty of impact penetration. The tangential force of the
pick is mainly used for the work of the rotary milling process,
and the lateral force is used to help generate the lateral crack.
From Table 2 and Figure 7, it can be seen that for four
different rocks with uniaxial compressive strength greater
than 50 MPa, among the three-axis forces acting on the pick,
the radial force is the largest, the tangential force is the second,
and the lateral force is the smallest. With the increase of the
uniaxial compressive strength of the rock, the diameter-to-cut
ratio (ratio of the radial force to the tangential force) gradually
increases, and at the same time is affected by the rock
brittleness index. The limestone rock has the highest degree
of rock collapse. The cutting ratio is slightly larger than the
cutting ratio of 95MPa granite. Therefore, in the case of hard
rock with uniaxial compressive strength greater than 50MPa,
it is necessary to increase the down-force of the whole
machine and improve the power utilization rate of the whole
machine.

(d)

Fig. 7. Rock milling results: (a) Blue sandstone; (b) Red sandstone;
(c) Limestone; (d) Granite

4.2 Calculation
consumption.

of

milling

specific

energy

The specific energy consumption of milling refers to the
energy consumed by the cutting unit to crush a unit volume,
which can truly reflect the construction efficiency of the
milling wheel, and is an important parameter to determine the
construction efficienc

SE =

∑𝑛
𝑖=1 𝐹𝑖 𝐿𝑖
𝑉

(5)

Table 2. Experimental data
Rock type

Uniaxial compressive
strength /MPa

Level of
collapse

Radial force
/N

Tangential
force/N

Lateral
force /N

Diameter-to-cut
ratio

Blue Sandstone

50.06

low

2198

2185

158

1.00

Red Sandstone

73.93

low

4263

2986

267

1.43

Limestone

84.02

high

10555

3831

877

2.76

Granite

95.07

low

15962

5990

1146

2.66
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The cutting angle of the picks determines the attitude of
the picks into the rock, which is one of the key factors
affecting the milling resistance. A reasonable design of the
cutting angle can improve the milling efficiency and pick
losses of the picks. It can be seen from Fig. 9 that with the
increase of the cutting angle, the radial force, tangential force
and milling specific energy consumption of the milling
gradually decrease.
For blue sandstone and red sandstone, the ratios of
diameter to cut are 1 and 1.43 respectively. The radial force
and tangential force affect the rock breaking effect at the same
time. The radial force, tangential force and milling specific
energy consumption need to be considered comprehensively,
and the final optimal cutting angle 63 °should be selected.
For limestone and granite, the cutting ratios are 2.76 and
2.66, respectively. The radial force has a greater impact on
the rock breaking effect. The radial force and the milling
specific energy consumption are mainly considered. The
optimal cutting angle should be 58 °. For different
compressive strength and types of rock, different cutting
angles should be selected to improve work efficiency.

The physical and mechanical parameters of four different
rocks including blue sandstone, red sandstone, limestone, and
granite were tested. The normalized indexes of peak strain
and residual strain were used to analyze and calculate the
brittleness indexes of four kinds of rocks, and the brittleness
indexes of limestone and granite. Compared with blue
sandstone and red sandstone, the brittleness index is more
conducive to rock collapse, and limestone has the highest
collapse degree.
For four different types of rock with uniaxial compressive
strength greater than 50 MPa, among the three-way forces
acting on the pick, the radial force is the largest, the tangential
force is the second, and the lateral force is the smallest. As
the uniaxial compressive strength of the rock increases, the
diameter-to-cut ratio (ratio of the radial force to the tangential
force) gradually increases, and the degree of impact intrusion
is more difficult. Therefore, a larger machine down-force is
required to improve Tooth intrusive ability.
Through analysis and calculation of the cutting resistance
of different cutting angles on the milling resistance and
milling specific energy consumption of 4 kinds of rocks, the
best cutting angle of blue sandstone and red sandstone should
be 63 °, and the best cutting angle of limestone and granite
should be 58 °, is conducive to improving the operating
efficiency of the whole machine.
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