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A supporting-thrusting system is the main load-bearing component of a tunnel boring machine (TBM) and the centralization of
vibration response under TBM working. This study combines the structure and working principle of the supporting-thrusting
system. Based on the vibration theory and test results at a construction site, the main inﬂuence factors of the vibration response of
the supporting-thrusting system are the main beam structure, the characteristic parameters of advance cylinder, and the support
pressure to surrounding rock. Under the diﬀerent inﬂuence factors, the vibration response of the supporting-thrusting system is
calculated and analyzed via computer simulation. The results indicate that, under the equivalent input-load on the TBM and
increase in the length of the front main beam, the vibration acceleration at the front area of the TBM increases. The change rate of
vertical vibration will be maximum, while the vibration acceleration at the rear area of TBM decreases. When the structure size of
the thrusting cylinder increases, the vibration acceleration on the main beam decreases and those of the gripper shoe and saddle
frame increase. However, the response to the axis vibration is the most sensitive. As the horizontal support pressure to the
surrounding rock increases, the vibration acceleration on supporting-thrusting system decreases. When the level of support
pressure exceeds 1.6e4 kN, the vibration acceleration changes gradually. These results provide a reference for designing and
operating TBM parameters.

1. Introduction
A full-face tunnel boring machine (TBM) is the key excavating equipment in hard rock-based tunnel construction.
The TBM plays an important role in tunnel constructions
such as the railway, highway, water conservancy, and municipal administration [1–3], Engineering geology is an
important factor that aﬀects the TBM driving eﬃciency.
Rock formations with moderate rock strength and good
integrity are more suitable for TBM construction, and lithology includes granite, limestone, conglomerate, and
sandstone. But the soft soil layer with poor self-stability
cannot meet the TBM construction. As the skeleton of the
TBM, the supporting-thrusting system comprises a shield,
main beam, saddle, gripper shoes, and other parts. During
the process of tunneling, the cutterhead bears the heavy

ﬂuctuating load, which is transmitted to parts such as the
main beam, saddle, and gripper shoes and causes the vibration of entire supporting-thrusting system [4]. On the
one hand, the heavy mechanical vibration generates high
dynamic stresses in the mechanical parts of the TBM and the
abnormal operation of other equipment and can even cause
the failure of components or accidental shutdown. On the
other hand, the high vibration response will cause TBM
stability loss or gripper shoe slipping when the TBM supports the surrounding rock at the horizontal level [5–7]. This
directly aﬀects the stability and safety of TBM tunneling
process.
Currently, concerning TBM load and vibration performance, scholars placed research emphasis on parts such as
the cutterhead, cutters, and main drive. Festa et al. [8]
studied the inﬂuential factors for thrust and torque of the
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cutterhead and established a computation formula for external loads such as the torque, thrust, and overturning
moment. Huo et al. [9] discussed the eﬀect of diﬀerent
factors including the rotation speed of the cutterhead,
cutterhead topology, speed ﬂuctuation, and nonsynchronization of small driving gears on the vibration
characteristics of cutterhead based on the multibody system
dynamics simulation platform ADAMS. In addition, Huo
et al. [10] also established 3D models of both horizontal and
vertical directions to evaluate the vibration characteristics of
disc cutter and node displacement-time curves of vibration.
Ling et al. [11] studied the translating-reversing-overturning
multiple degrees-of-freedom coupled dynamic model of the
TBM cutterhead system and determined the eﬀects of
cutterhead system parameters on the inherent frequency and
issue of sensitiveness. Sun et al. [12] proposed a TBM
cutterhead driving system dynamic model with the generalized hierarchical modeling method and explored the inﬂuence laws of the coupling parameters on the dynamic
response of the cutterhead driving system. Concerning aspects of the dynamic transfer and response of the TBM
supporting-thrusting system, Hassanpour et al. [13] studied
the dynamic characteristics of the TBM supportingthrusting system under diﬀerent geological conditions and
obtained the relationships between the cutterhead’s rotational speed, thrust, and advance speed. Wu et al. [14]
obtained the dynamic speed rigidity, static speed rigidity,
and minimum speed rigidity of a TBM thrust hydraulic
cylinder based on a typical cylinder controlled by the reducing valve. Huang et al. [15] proposed a mechanical
analytical method of an open-type TBM supportingthrusting system, established the cutterhead-main-beamsaddle static equilibrium equation, and obtained the mapping relationship between the thrust propelling the
hydrocylinder and the hydrocylinder force applied on the
shield. Yu et al. [16] obtained the correlation between the
normal contact stiﬀness and the loads, which considers
parameters such as the roughness of the tunnel surfaces, the
mechanical behaviour of rocks, the number of the supporting boots, and composite geologic structures. Xie and
Yu [17] studied the stiﬀness of the surface between gripper
shoes and rocks, and the results demonstrated that stiﬀness
increases with the enlargement of loads on the cutterhead.
Huang et al. [15] presented an approach for force analysis of
gripping–thrusting–regripping mechanism (GTRM) of an
open TBM. At present, scholars’ dynamics research on TBM
supporting-thrusting system mainly focuses on load transfer
and modeling, stiﬀness characteristics, etc., but there is less
research on vibration characteristics and inﬂuencing factors.
In this study, by combining the test results obtained at a
project site through structural analysis and simulation calculation, the vibration response of a TBM supportingthrusting system and its inﬂuencing factors are studied. The
research results will be useful in guiding TBM product
design and construction [18].
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2. Vibration Effect of TBM SupportingThrusting System
TBMs can be classiﬁed into the open-type TBM and shield
TBM. The supporting-thrusting system is the crucial loadbearing component of the open-type TBM. In the design,
cutter head 1 in front of the TBM and main drive 9 are
connected with the construction auxiliary equipment at the
back, which achieves structural connectivity, load transfer,
and energy supply (shown in Figure 1). The supportingthrusting system is part of the TBM mainframe machine,
which mainly consists of structures such as shield 2, front
main beam 3, middle main beam 4, thrusting cylinder 8, and
horizontal support device (including saddle 5, supporting
cylinder 6, and gripper shoe 7). When the TBM moves
forward during the tunneling, the external wall of the shield
is in contact with the surrounding rock of the tunnel, as
shown in Figure 2. The external wall does not only bear the
weight of TBM mainframe machine and a small part of the
rotating torque but also oﬀers protection to the operators
and equipment. The thrusting cylinders at both sides of the
main beam provide the TBM with the forward momentum.
The main beam is of hollow, long, and narrow structure, with
its front part ﬁxed on the central position of the TBM
mainframe machine. The gripper shoes, support cylinder,
and saddle included by the horizontal support device are
arranged at both sides of the main beam, which produce
frictional force with the gripper shoes, tightly supporting the
surface of the surrounding rock. This action provides a
reverse thrust to the TBM tunneling and actions of the
thrusting cylinder. Meanwhile, the horizontal support device
can be axially glided along both sides of the main beam to
accommodate the extension or retraction of the thrusting
cylinder. The coordinate directions quoted in this study are
the X-, Y-, and Z-axes, which represent the horizontal direction, the longitudinal or vertical direction, and the central
axis direction of the tunnel, respectively [4].
From the structural distribution of the TBM mainframe
machine, the vibration from the frontal part of the TBM
mainframe machine is transmitted to the parts at the rear
area of the machine, which further triggers the vibration
response of the supporting-thrusting system. The shield and
horizontal support device are only two fulcrums between
the TBM mainframe machine and surrounding rock.
According to the vibration theory, the distance between two
fulcrums and the stability of the fulcrums will impose a
signiﬁcant impact on the vibration response of the TBM
supporting-thrusting system. Considering the TBM equipment state and test conditions, the vibration acceleration
parameter is used to indicate the vibration response of all the
parts of the supporting-thrusting system during the TBM
tunneling in the actual project. The parameter indicated a
better reﬂection of the impact force of the sudden changes
in the load on the TBM equipment when the cutterhead
breaks the rock.
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Figure 1: Structural drawing of TBM mainframe machine. (1)
Cutterhead, (2) shield, (3) front main beam, (4) middle main beam,
(5) saddle, (6) support cylinder, (7) gripper shoes, (8) thrusting
cylinder, and (9) main drive.

A TBM applied to the tunnel project for irrigation
works in Jilin of China was chosen as the test object. The
total length of this tunnel was 72 km, and three machines of
TBM with the excavation diameter of 7.93 m were adopted.
The buried depth of the tunnel was between 30 and 550 m.
The rock types comprised granite, sandstone, tuﬀ, and
glutenite, with compressive strength values ranging from
40 to 130 MPa. Grades II and III accounted for 84.3%, and a
small part of the fault and structured strata also exists
among them. To obtain reasonable experimental data, the
vibration tests were completed during the TBM tunneling
operations in the stable granite and set up using speciﬁed
working parameters (as shown in Table 1). The average
accelerations of vibration on the main beam and horizontal
support device were 4.11 m/s2 and 0.67 m/s2, respectively.
The test period was 60 s, and the sampling frequency was
10.24 kHz (Figures 3 and 4).
Moreover, in terms of vibration response, there was a
signiﬁcant diﬀerence between diﬀerent areas such as the
frontal part of the main beam (area of shield), the middle
part of the main beam (working area of thrusting cylinder),
and the horizontal support device. The test results showed
the vibration response laws of the structural design characteristics of the TBM supporting-thrusting system under
the exciting force when the cutterhead was operated. To
analyze the diﬀerences between the diﬀerent inﬂuential
factors of vibration response, this study takes the structural
length of the main beam, the size of the thrusting cylinder,
and the support pressure as the objects of analysis. A
computer simulation was adopted, and the input conditions
of calculation were also set according to Table 1. Under the
same condition of exciting force, the vibration response of all
the structures with varying parameters was calculated. The
results provided a theoretical reference data for the optimization of TBM structural design scheme and supervision.
The vibration response on the TBM support thrusting
system was studied by computer simulation following the

main steps: (1) a three-dimensional structure model of the
TBM support thrusting system was established according to
the simulation software analysis. (2) Use ANSYS software to
apply load to the cutterhead, main drive, main beam, and
other components and obtain the maximum deformation of
each component (Figure 5). According to Hooke’s law, the
equivalent structural rigidity of each component can be
calculated.
Additionally, the equivalent stiﬀness of each hydraulic
cylinder was calculated based on the ﬂuid transmission
theory. The equivalent contact stiﬀness between the gripper
and surrounding rock, shield, and surrounding rock was
obtained from the Hertz theory and M-B fractal contact
model. (3) After that, the equivalent damping of each
component was calculated based on the equivalent stiﬀness
and equivalent mass of each component. (4) The structure
model of the cutterhead was imported into the ANSYS
software. Its simulation model for rock-breaking of the disc
cutter based on the HJC constitutive relations was established [19, 20]. After setting the penetration to 6 mm and
cutterhead speed to 5 rpm and selecting granite as the rock
category, the dynamic loads on the TBM were obtained by
simulation. (5) The three-dimensional structure model of
the TBM supporting-thrusting mechanism was imported
into the ADAMS software for the dynamics simulation,
completing the physical parameters (stiﬀness, damping, and
mass) of model setting, ﬂexible joint constraints and
structural motion constraints appending, and dynamic loads
loading in proper sequence (Figure 6). Afterwards, the vibration was simulated, and the parameters of vibration
acceleration on each part of the TBM supporting-thrusting
system under diﬀerent conditions were obtained.

3. Main Beam
Considering the needs for transport, installation, and space
layout in the TBM structural design, the structure of the
main beam generally uses the three-section design of front,
middle, and rear. The bolted connection was adopted between each section of the main beam. Considering that the
length and quality of the front main beam are much larger
than the middle main beam and the rear main beam,
therefore, in this study, the analysis and calculation were
performed with the structural parameters of the front main
beam as one of the inﬂuential factors of the vibration response of the supporting-thrusting system. The design
structure of the front main beam is shown in Figure 7.
For the structural parameters of the TBM with 8 m
diameter, ﬁve group lengths of the front main beam were
referenced, that is, 6.45, 6.95, 7.45, 7.95, and 8.45 m, respectively. As the values varied, the front main beam quality,
equivalent stiﬀness, and equivalent damping were calculated
with diﬀerent lengths (Table 2). The results show that when
the length of the front main beam increases by 31%, the
quality of the front main beam increases by 20%. Both the
equivalent stiﬀness and equivalent damping gradually reduced: for the equivalent stiﬀness, the maximum reduction
was 58% (longitudinal), and the minimum reduction was
29% (reverse); correspondingly, the maximum and
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Figure 2: TBM gripper shoes and shield under working condition.
Table 1: Working condition of one TBM tunnel and its tunneling parameters.
Types of
rock
Granite

Rock mass strength
(MPa)
90∼130

TBM excavation diameter Rotational speed of cutterhead
(m)
(rpm)
Φ7.93
5.0

Penetration
(mm)
6

TBM thrust force
(kN)
10,500

2

10

Vertical acceleration (m/s2)
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Figure 3: Testing value of vibration acceleration on main beam.

Figure 4: Testing value of vibration acceleration on gripper shoes.

minimum reduction of the equivalent damping were 31%
(longitudinal) and 13% (reverse), respectively.
The front main beam, middle main beam, saddle, and
gripper shoes were selected as the test points of vibration
response of the supporting-thrusting system. The simulating
calculation was performed for the vibration response when
the length of the front main beam increased continuously.
The results indicate that as the length of the front main beam
increased, the longitudinal equivalent stiﬀness value of the
front main beam decreased by 58%. As a result, the vibration
acceleration of the self-structure in the Y-axis increases from
3.52 m/s2 to 4.4 m/s2, representing a 31%. However, since the
change in length has a relatively small change in the
equivalent stiﬀness in the X and Z directions of the front
main beam, there was no signiﬁcant eﬀect in the vibration

acceleration at the X- and Z-axes. As the length of the front
main beam increased, the parts such as the middle main
beam, saddle, and gripper shoes moved farther from the
positions of the exciting force. The front main beam used
more vibration energy, which caused the vibration acceleration of the position structure in the rear area of the
supporting-thrusting system to display a generally decreasing trend, in which the decreasing range of the saddle
was the most signiﬁcant. Under the action of the support
cylinder, the gripper shoes tightly supported the surrounding rock, and its absolute value of vibration acceleration was the lowest (the maximum value at the Z-axes was
1.83 m/s2, and the minimum value at the Y-axes was 0.55 m/
s2). The changing range of vibration acceleration on the
gripper shoes was also the lowest, and with the increase of
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Figure 5: Finite element calculation of structural stiﬀness of components.
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Figure 6: Vibration acceleration simulation.

Front main beam

Middle main beam

Rear main beam

the length of the front main beam, in addition to the front
main beam, the vibration acceleration of the three components of the middle main beam, the saddle frame, and the
support shoes all show a slight downward trend (Figure 8).

4. Thrusting Cylinder
7.95 m

Figure 7: Structure of main beam.

The thrusting cylinders were the main bodies of the TBM
propulsion device, which was inclined at approximately 15°
to the centerline of the tunnel (Z-axis). Both ends of the
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Table 2: Characteristic parameter of main beam of diﬀerent length.

Length of front main
beam (m)

Quality
(kg)

6.45
6.95
7.45
7.95
8.45

6.61e4
6.99e4
7.35e4
7.68e4
7.97e4

Lateral
(X)
4.65e8
4.25e8
3.87e8
3.49e8
3.03e8

Equivalent stiﬀness (N/m)
Longitudinal
Axial
(Y)
(Z)
1.51e9
1.19e10
1.32e9
1.14e10
1.14e9
1.06e10
9.90e8
9.53e9
8.65e8
8.78e9

3.99e10
3.65e10
3.40e10
3.22e10
3.08e10

Equivalent damping
Longitudinal
(Y)
4.21e5
3.93e5
3.66e5
3.41e5
3.19e5

(N · s/m)
Axial
(Z)
1.18e6
1.16e6
1.11e6
1.06e6
1.02e6

Reverse
2.16e6
2.07e6
2.00e6
1.95e6
1.90e6

Table 3: The equivalent stiﬀness of propelling oil cylinder under
diﬀerent thrusting strokes.

4.0
Vibration acceleration (m/s2)

Reverse

Lateral
(X)
2.34e5
2.23e5
2.13e5
2.02e5
1.89e5

3.5

Number
1
2
3
4
5

3.0
2.5
2.0
1.5
1.0
0.5
6.5

7.0
7.5
8.0
Length of front main beam (m)

Main beam X
Main beam Y
Main beam Z
Middle beam X
Middle beam Y
Middle beam Z

8.5

Saddle X
Saddle Y
Saddle Z
Gripper shoe X
Gripper shoe Y
Gripper shoe Z

Figure 8: Vibration acceleration.

cylinders were ﬁxed on both sides of the front main beam
and gripper shoes. As the TBM moved forward, the thrusting
cylinder was gradually extruded, and the distance between
the front fulcrum (shield) and rear fulcrum (gripper shoes)
was consistently increased until an excavation cycle ΔL was
completed (the distance of single excavation cycle generally
does not exceed 2 m).
During TBM excavation, the equivalent rigidity of the
thrusting cylinder changes with the change of the cylinder
stroke. According to the formula calculation [21, 22], the
equivalent stiﬀness value k(x) of the thrusting cylinder at
each stroke can be obtained, where the hydraulic oil elastic
modulus β � 1.4 GPa, and the eﬀective area of the propulsion
cylinder cavity A � π × D2/4, the initial stroke of the propulsion cylinder L � 0.15 m, the working stroke of the
thrusting cylinder x:
1
(1)
k(x) � βA
.
L+x
Five groups of parameters, that is, 0.3, 0.7, 1.1, 1.5, and
1.9 m (strokes of thrusting cylinder x), respectively, were
selected as the varying values and the equivalent stiﬀnesses
k(x) corresponding to the thrusting cylinder were calculated

Thrusting stroke (m) x
0.3
0.7
1.1
1.5
1.9

Equivalent stiﬀness (N/m)
6.10e8
3.23e8
2.20e8
1.66e8
1.34e8

(Table 3). In terms of the inner diameter of cylinder barrel,
300, 400, 500, 600, and 700 mm, respectively, were selected,
and the equivalent stiﬀnesses corresponding to the thrusting
cylinder were calculated (Table 4). The results demonstrated
that (1) as the stroke of the thrusting cylinder increases, the
piston rod of the thrusting cylinder continuously extended,
which decreased the equivalent stiﬀness of the thrusting
cylinder from 6.1e8 Nm at the initial position to the
1.34e8 Nm at the fully extended positions. The equivalent
stiﬀness decreased by 78%. (2) With the dimension of
thrusting cylinder enlarging at 230%, the equivalent stiﬀness
of thrusting cylinder rose by 540%.
From Figure 9, the simulation test results of the vibration
acceleration show that as the stroke of the thrusting cylinder
increases because of the decrease in equivalent stiﬀness of
the thrusting cylinder, additionally, the front main beam
gradually shifts away from the fulcrums of the gripper shoes.
Thus, the vibration acceleration of the front main beam
gradually increased. However, due to the vibration energy
expended at the front main beam and the further distance
between the rear parts and the front vibration source, the
vibration acceleration values of the middle main beam,
saddle, and gripper shoes signiﬁcantly decreased. The range
of vibration acceleration on all the parts on the Z-axis was
maximum. The vibration accelerations on the saddle and
gripper shoes were most sensitive to the stroke change on
thrusting cylinder, and the variation ranges were 60% and
52%, respectively, which mainly depended on the spatial
layout and moving direction of the thrusting cylinder.
As shown in Figure 10, the simulation test results of
vibration acceleration indicate that as the dimension of the
thrusting cylinder increases, the vibration accelerations on
the front main beam and middle main beam display a decreasing trend, with the largest drop at approximately 23%.
Moreover, when the diameter of the cylinder tube exceeded
500 mm, the decreasing range became even more signiﬁcant.
As the equivalent stiﬀness of the thrusting cylinder increased, the vibration energy at the front of the TBM was
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Table 4: The equivalent stiﬀness of propelling oil cylinders of diﬀerent speciﬁcations and dimensions.
Number
1
2
3
4
5

Inner diameter of cylinder barrel (mm)
300
400
500
600
700

quickly transmitted to the gripper shoes through the
thrusting cylinder. This transmission also increased the
vibration acceleration values at the saddle and gripper shoes,
with the maximum increase in range exceeding 100%.
Among them, the vibration response at the Z-axis was the
most sensitive to the variations in the cylinder tube diameter.

4.5

Vibration acceleration (m/s2)

4.0
3.5
3.0
2.5

5. Support Pressure

2.0
1.5
1.0
0.5
0.3

0.7
1.1
1.5
Thrust cylinder displacement (m)
Front main beam X
Front main beam Y
Front main beam Z
Middle beam X
Middle beam Y
Middle beam Z

1.9

Saddle X
Saddle Y
Saddle Z
Gripper shoe X
Gripper shoe Y
Gripper shoe Z

Figure 9: Vibration acceleration.

4.0
Vibration acceleration (m/s2)

Equivalent stiﬀness (N/m)
8.61e7
1.53e8
2.38e8
3.45e8
4.67e8

3.5
3.0
2.5
2.0
1.5
1.0
0.5
300

400
500
600
Diameter of cylinder (m)

Front main beam X
Front main beam Y
Front main beam Z
Middle beam X
Middle beam Y
Middle beam Z

Saddle X
Saddle Y
Saddle Z
Gripper shoe X
Gripper shoe Y
Gripper shoe Z

Figure 10: Vibration acceleration.

700

During the TBM tunneling process, the support pressure
was mainly from the shield at the front of the main beam
and the gripper shoes in the middle of the main beam
(Figure 11). The support pressure of the shield mainly includes P1 caused by the weight of the main frame against the
bottom-shield, P2 coming from the lateral-shield cylinder,
and P3 coming from the top-shield cylinder pressure. P4
(the horizontal supporting pressure) refers to the support
pressure generated by two groups of support cylinders
pushing the gripper shoes (Figure 12). By taking TBM with
8 m diameter, the maximum design parameters for the
pressure of weight with the main frame (P1), the pressure on
the cylinder of the lateral-shield (P2), the pressure on the
cylinder of top-shield (P3), and the horizontal supporting
pressure (P4) were 6000, 1000, 1300, and 22,000 kN, respectively. Considering that the P1 value was kept constant
and P3 had a relatively smaller value, the eﬀects of the
variations in values of P2 and P4 on the vibration response of
supporting-thrusting system were analyzed.
Based on the Hertz theory, the contact stiﬀness k between the shield and the surrounding rock and between the
support shoe and the surrounding rock can be calculated by
formula (2) [23], where R1 and R2 are the radius of curvature
of the contact point of the two objects, μ represents Poisson’s
ratio of the material in contact with the object, and E
represents the elastic modulus of the material in contact with
the object.
1/2
⎪
⎧
4
R1 R2
⎪
⎪
⎪
k
�
,


⎪
⎪
3 h 1 + h 2  R1 + R2
⎪
⎨
⎪
⎪
⎪
⎪
⎪
1 − μ2i
⎪
⎪ hi �
, i � 1, 2.
⎩
Ei

(2)

After that, assuming ﬁve groups of data, i.e., 800, 900,
1000, 1100, and 1200 kN, as the support pressure values of
the lateral shield, the corresponding contact stiﬀnesses on
shield-surrounding rock were computed (Table 5). As the
support pressure of the shield increases, the contact stiﬀness
on shield-surrounding rock rises quickly, and the shield
support pressure and contact stiﬀness increased by 50% and
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Figure 11: TBM schematic diagram of support pressure.
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Figure 12: Schematic diagram of supporting pressure.
Table 5: Shield-surrounding rock contact stiﬀness under diﬀerent
shield support pressures.
Number
1
2
3
4
5

Support force of shield
(kN)
800
900
1000
1100
1200

Equivalent stiﬀness
(N/m)
5.49e8
7.99e8
1.04e9
1.30e9
1.56e9

285%, respectively. Taking 14,000, 16,000, 18,000, 20,000,
and 22,000 kN as the horizontal supporting pressure values,
the corresponding contact stiﬀnesses of the gripper shoessurrounding rock were calculated (Table 6). As the horizontal supporting pressure increases, the gripper shoes-

Table 6: The gripper shoes-surrounding rock contact stiﬀness
under diﬀerent horizontal supporting pressures.
Number
1
2
3
4
5

Horizontal supporting force
(kN)
14,000
16,000
18,000
20,000
22,000

Equivalent stiﬀness
(N/m)
2.98e10
3.43e10
3.87e10
4.31e10
4.75e10

surrounding rock contact stiﬀness also increases; they increase by 57% and 59%, respectively.
As seen in Figure 13, the simulation test results of the
vibration acceleration reveal that as the contact stiﬀness on
shield-surrounding rock increases sharply, the vibration
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6. Conclusion

Figure 13: Vibration acceleration.
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the shield, the decrease range of the vibration acceleration on
the main beam was much more signiﬁcant than on other
parts. However, when the support pressure exceeds 1000 kN,
the changes in vibration response tend to be slow.
As observed in Figure 14, the vibration accelerations on
all the parts of the supporting-thrusting system display a
decreasing trend because the contact stiﬀness on shieldsurrounding rock becomes comparatively higher. The vibration responses of all the parts were the most signiﬁcant
especially when the support pressure changed to
14,000–16,000 kN. However, when the support pressure
exceeds 16,000 kN, the variations in vibration response tend
to be insigniﬁcant.
Therefore, the support pressure of the force (1000 kN)
and horizontal supporting pressure (16,000 kN) were the
critical values of inﬂuential factors of the vibration response
under the working condition.

2.4

Saddle X
Saddle Y
Saddle Z
Gripper shoe X
Gripper shoe Y
Gripper shoe Z

Figure 14: Vibration acceleration.

acceleration on all the parts of the supporting-thrusting
system display a decreasing trend, but the reduction range is
narrow, where the maximum vibration acceleration (Y direction) of the front main beam, the middle main beam, the
saddle frame and the support shoe components are 4.92,
3.25, 3.25, and 0.65, and the minimum values are 3.5, 2.9,
and 3.12, 0.63. Moreover, because the main beam is closer to

(1) The inﬂuential factors of vibration response of a
TBM supporting-thrusting system, based on the
analysis of the structural features and their functions
on major components of the supporting-thrusting
system, was studied. By varying the main beam
length and dimension of the thrusting cylinder,
adjusting the support pressure of the shield and
horizontal supporting pressure, and setting the parameters of the TBM, the vibration responses to the
TBM supporting-thrusting system under various
inﬂuential factors were obtained by computer
simulation.
(2) The longer the length of the front main beam, the
smaller the equivalent stiﬀness of the structure,
which increases the support vibration acceleration
while gradually reducing the vibration accelerations
on the saddle and gripper shoes at the rear area of the
front main beam. Considering that the structure of
the front main beam is quite monotonous, and there
are no vital parts arranged in this area, the product
designer may increase the length of the front main
beam appropriately. This will help to reduce the adverse eﬀects caused by the vibration to the more vital
but vulnerable middle main beam and gripper shoes.
(3) When the stroke of the thrusting cylinder exceeds
1200 mm, the vibration acceleration at the front
main beam increases rapidly, and in the process of
the TBM moving forward, the control strategy of
“ﬁrst quick and then slow” should be adopted to
reduce the peak value of vibration acceleration.
(4) Targeting TBM products of 8 m diameter, the
speciﬁcation of the thrusting cylinder with 500 mm
diameter is prioritized. The support pressure of
1000 kN originating from lateral shield and the
horizontal supporting pressure of 16,000 kN directed
from gripper shoes are adopted as the preferred
working parameters under such geological
conditions.
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