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Abstract: A comprehensive performance evaluation method for the tunnel boring machine (TBM)
cutterhead is proposed in this paper. The evaluation system is established on strength and vibra-
tion. Based on fracture mechanics theory, fatigue strength evaluation indices are determined under
critical crack length. The concept of crack regions division is proposed to evaluate fatigue strength
more accurately and specifically. In addition, the velocities in three directions of critical locations
are obtained with dynamics equations. Then, the root-mean-square values of velocities are taken as
the vibration severity indices. Taking the cutterhead of Jilin diversion engineering as an example,
the evaluations of each index are completed; then, the vibration of the TBM cutterhead is meas-
ured and compared with the theoretical calculation results. There are similar change laws between
the theoretical calculation results and the testing results of the cutterhead acceleration, which
proves that the method of calculation of the vibration index is effective, the reliability of the cutter

saddle welding should be paid attention to when the TBM is working, and the condition of vibra-

tion severity of the TBM cutterhead meets the requirements but needs to be improved.
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As a key component of a full face rock tun-
nel boring machine (TBM), the cutterhead plays
the roles of crushing rock and stabilizing the tun-
nel face, which affects the boring performance
and efficiency of the whole machine!'l. A great
number of scholars have conducted research on
the design of the TBM cutterhead system.
Samuel? studied the variation law of cutter load
with site testing on a Robbins cutterhead whose
diameter was 4.1 m, comparing and analyzing
Pressure Balance Shield Machines, Opening Tun-
nel Boring Machines, Single Shield TBMs, and
Double Shield TBMs with the TOPSIS. A calcu-
lation model of the cutterhead’s specific energy®*

was created for evaluating the energy consump-
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tion of a tunnel machine by Cai Zongxi and
Kang Yilan. Sun et al.’¥ studied the simulation
process of rock fragmentation with multi-cutters
and space design. Moreover, based on genetic al-
gorithms and collaborative evolutionary  rein-
forcement learning, the plane layout design meth-
ods of disc cutters were proposed, and the optim-
al design for the master parameter of cutterhead
structures and support ribs was processed.
Besides these theoretical and empirical mod-
els, soft-computing methods have been used to
predict the rate of penetration. Grima et al.ll
utilized a neuro-fuzzy method for TBM perform-
ance prediction. Benardos and Kaliampakos!'*'!
utilized artificial neural networks (ANNs) for
prediction of TBM performance. Zhao et al.l'’” in-
troduced a neural network-based model to pre-
dict the performance of TBMs. Acaroglu et al.l'’l
introduced a fuzzy logic model to predict specific

energy requirement for prediction of TBM
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performance. In another attempt by Yagiz!'!

, two
nonlinear prediction tools (ANNs and non-linear
multiple regression) were presented for the estim-
ation of TBM performance. Torabi et al.l'”! in-
vestigated two main elements of TBM perform-
ance, including the rate of penetration and utiliz-
ation factor, using ANN and regression models.
Ghasemi et al.l') developed a fuzzy logic model
to predict the penetration rate of hard rock
TBMs based on rock properties.

As mentioned above, scholars have studied
rock fragmentation mechanisms, force models of
disc cutters, stochastic loads of excavation, disc
cutters’ plane layouts and so on, using the meth-
ods of similar model experiments, numerical sim-
ulations and field tests. However, the study of
TBM cutterhead performance evaluation is still
uncertain, lacking systematic and comprehensive
theoretical approach, and especially lacking in-
dustry evaluation criteria. Therefore, this paper
builds a multi-hierarchy evaluation system of
TBM cutterhead and completes the evaluation of
the each index individually, which provides an ef-
fective foundation for improving driving speed,
prolonging cutter life and reducing mining costs
of TBMs.

1 Performance Evaluation System
of TBM Cutterhead

1.1 Performance evaluation model of cutter-

head

In order to establish a good performance
evaluation system of cutterheads, scholars have
toured construction sites and enterprises to study
situations of breakage in the construction, and
the requirements and difficulties in the manufac-
turing of TBM cutterheads. It was found that
the cutterheads had intense vibration and the
cutter abrasion was terrible. Furthermore, a large
number of cracks appeared on the surface of cut-
terhead, along with cutterhead local distortion.
As a result, this paper establishes a multi-hier-

archy evaluation system taking fatigue strength

and vibration severity as indices as shown in
Fig. 1.

i | Strength index of ‘ Fatigue strength
Performance of ’ TBM cutterhead index

TBM cutterhead ["} ——— i
i |Vibration index of | iy | Vibration severity
TBM cutterhead index

Fig. 1  Performance evaluation system of TBM cutterhead
1.2 Vibration index

Excessive vibration can damage equipment,
reducing its application and shortening its life.
Vibration severity is recognized as the index of
evaluating vibration. However, the vibration at
various locations is different, so to evaluate vi-
bration more accurately, this paper derives dy-
namic equations using mode superposition meth-
od and finite-element method to obtain situ-
ations of various locations. The specific idea is
shown in Fig. 2.

1.2.1 External excitations of TBM cutterhead
system

Due to complicated geological environments,
a 3D simulation model with multi-cutters is es-
tablished wunder typical geological conditions
based on the procedure of LS-DYNA. Then, the
dynamic loads between the disc cutters and the
surrounding rock are obtained, which are modi-
fied according to the field datal?. Consequently,
the total load of the TBM cutterhead system is
calculated by summing the individual force of
each cutter, which can be external excitations of
the dynamics model.

Theoretically speaking, the disc cutters suf-
fer normal forces F,, tangential forces F,, and
side forces F,when the cutterhead rotates, as
shown in Fig. 3, where p is the radius from the
center of the cutterhead, € is the position angle
of cutters, and g is the tilt angle of the gauge
cutter. For the convenience of load calculation,
the following assumptions are formulated:

(D The total load of cutterhead is equal to
the resultant force of each disc cutter, ignoring
the losses in transfer process.

@ Considering the complexity of actual rock
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Theoretic calculation

Incentive load simulation

=

Finite element method
of dynamics modeling
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The modal superposition method
to solve the vibration response

The vibration intensity of the TBM
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Engineering failure datalstatistics

Statistics of TBM cutterhead
failures caused by the vibration

Determine the checking positions
of vibration intensity
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Fig. 2 Calculation process of vibration intensity

(a) Normal cutters

Y

B-B

(b) Gauge cutters

Fig. 3 Forces of the cutter

breaking load, the mean normal force is equal to
nominal load of the disc cutter, and it is 0.15
times the mean tangential force and 0.1 times the
mean side forcel?.
Calculating formula of the three-direction
load of the center cutter:
F.=—F_ sinf — I, cosf
F. = F.sinf — F, cos @ 1
F,=F,
Calculating formula of the three-direction
load of the face cutter:
F.=F sinf + F, cosf

F. = —F,.sinf+ F, cos® 2)
F,=F,

Calculating formula of the three-direction

load of the gauge cutter:

F. = (F,sinf + F. cos8)sinS — F,cosf3

F, = (F,cos—F._sinf) cos 5 + F, sin 3 (3)

F,=—-F,+ F,sinf
1.2.2 Multi-degree of freedom dynamics equa-

tions of TBM cutterhead

To evaluate the situations of vibration more
accurately, the dynamics equations are estab-
lished by the finite element method and the
mode superposition method. The situations of
various locations are obtained, which lays a
foundation for analyzing subsequent dynamic
characteristics, parameter sensitivity, and many
influence factors in the future work. The process

is shown in Fig. 4.
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External excitations of
TBM cutterhead system

T

Create equation by finite
element method

v

Use mode superposition method to
solve vibration situations

Fig. 4 Calculation process of vibration response
1.2.3 Vibration severity model of TBM cutter-

head

For evaluating the vibration situation more

accurately and specifically, the vibration severity
model of a cutterhead is defined as the average of
vibration severity of each element that is most
likely to fail because of vibration on the cutter-
head.

ZVSDi
Vop = — 4)
n
where
V = Z‘/@Dl 2_|_ ZVyDi 2+ EV;DZ :
s NzDi NyDi NzDi

(5

V.pi» Vypi, and V., are each element’s vibra-
tion velocity in three directions of the locations
prone to vibration failure on the cutterhead.

1.2.4 Locations prone to vibration failure on the
cutterhead

Vibration causes a series of points of dam-
age to the TBM cutterhead in practice, as shown
in Fig. 5.

Through analysis of statistics of TBM cut-
terhead failures in the engineering field, the loca-
tions most vulnerable to vibration failures in-
clude the bolted flange and the gauge cutter
saddle, so they are taken as the checking posi-
tions.

1.3 Intensity index

Strength is the ability to resist damage un-
der load. The shapes of parts change under ex-
ternal load; the parts are broken when the load
exceeds a certain limit. The parts should have
the ability to bear the load in order to ensure
machine work.

Through statistics and analysis for failure of
TBM, it is found that fatigue is the main failure
mode of TBM cutterheads. The failure of TBM
cutterheads is due to cracks. A crack region divi-
sion method is proposed. Then the structural
forms of regions in which cracks appear are meas-
ured and counted, and the breaking loads of dif-
ferent parts in the cutterhead are obtained by
the LS-DYNA simulation, which is incentive
load. The dangerous regions are divided accord-
ing to the differences in stress and structure; a
fatigue strength evaluation model is created
based on Paris crack propagation criterion, which
takes critical crack as evaluation criterion and
takes crack fatigue damage accumulation as ba-
sic variable. To estimate the degree of reliability
of the cutterhead, the TBM cutterhead of the

Jilin water diversion project has been taken as an

example.

Fig. 5 TBM cutterhead’s engineering failures
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D Divide the crack damage regions of the
cutterhead based on the crack region division
method

A number of cracks will arise on the surface
of the cutterhead after a period of time because
of space multi-point impact load in tunneling. It
is found that the frequency of cracks appearing in
the cutterhead and the fatigue crack growth rate
are different owing to different stresses and struc-
tures of TBM cutterheads. The crack region divi-
sion method is proposed in order to evaluate cut-
terhead fatigue and strength more accurately; the

process is shown in Fig. 6.

Detect TBM cutterhead crack
information

7

Summarize main failure
forms of crack

TBM cutterhead force analysis

Situation of force on different
locations of cutterhead statistics

Crack region division

Fig. 6  Division process of crack failure region of TBM cutter-

head

The frequency, size, and locations of cracks
that appear on the TBM cutterhead are estim-
ated by nondestructive detection. Then the loca-
tions which are more likely to crack are analyzed
and summarized.

Rock breaking of center cutters, face cutters,
and gauge cutters is simulated by LS-DYNA to
obtain the load time history, which is used as an
external load to analyze dynamic stress distribu-
tions of the TBM cutterhead.

The regions that develop cracks are divided
according to the different stresses and structures,
to be treated differently.

@ A model for calculating the fatigue
strength of TBM cutterhead

Combined with the Paris criterion to de-
scribe the state of crack propagation, a fatigue
strength calculation model is created according to
the actual situation of TBM cracks, which takes
crack fatigue damage accumulation as a basic
variable. Because the behavior of fatigue crack

growth is characterized by a strong uncertainty,

crack length distribution is assumed to obey a
normal distribution according to J.N.Yang!'™®,
as is shown in Fig. 7. Then, the TBM cutter-
head fatigue strength calculation equations are

created.

Reliability 1
1 ____________________
Reliability

n Cycles >
Fig. 7 Model of crack length interference
The limit state equation for the crack length
model of a TBM is

w(acaao)

where 9 (a.,q,) is fatigue cumulative damage from

—Y(ay,a,) =0 (6)

the initial crack size value a, to the critical value
of a.. Y(ay,a,) is fatigue cumulative damage from
the initial crack size value a, to a, after N stress
cycles.

Based on linear elastic fracture mechanics,
the limit state equation of fatigue fracture reliab-
ility can be expressed as!"’!

da

g(X):L‘:“W—CSM(N—NO) @)

where C, m are material parameters; Y is ran-
dom vector; S is stress amplitude; F' is shape
function.

When fatigue failure occurs, g(X) < 0. The
calculation model of fatigue fracture reliability of

components is

P =P{g(X))0} (8)

2  Engineering Project

The Jilin water diversion tunnel project has
been taken as an example to verify the indices of
the TBM cutterhead above.

2.1 Index of vibration severity
2.1.1 Calculation of external excitations

Based on the field data and simulation load
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of rock breaking under the action of multi-cut-
ters, the load time histories of three types of cut-
ters (center cutters, normal cutters, and gauge
cutters) can be obtained combined with the
above assumptions, partially as shown in Fig. 8.
2.1.2 Vibration response of TBM cutterhead

A TBM cutterhead model is established in
ANSYS workbench. Eight-order vibration mod-
els of the TBM cutterhead are solved as shown in
Fig. 9.

As shown the results above, the first eight-
order natural frequencies are 51.6 Hz, 52.6 Hz,
68.2 Hz, 76.3 Hz, 81.5 Hz, 82.8 Hz, 90.5 Hz, 93.8 Hz,
and the eight-order model of each node can be
obtained by ANSYS workbench.

points of external load. The corresponding ele-
ment number is searched in the ANSYS work-
bench. Take the first six cutters as an example,
as shown in Tab. 1.

Through above analysis, the vibration sever-
ity of the welding point of the cutter saddle and
the bolted flange can be calculated on the basis
of Egs. (4) (5), as shown in Tab.2.

According to the international vibration in-
tensity standard®”,
severity of the TBM cutterhead meets the re-
quirement but needs to be improved.

2.2 Fatigue strength index of TBM cutterhead
2.2.1 Crack region division of TBM cutterhead

in Jinlin tunnel

the condition of vibration

Both sides of the contact between each cut- (D Statistics information of TBM cutter-
ter and the cutter mousing are taken as input head cracks
6 —— Side force 3.0 — Axial force 6.0 —— Rolling force
sl ---- Average value ---- Average value 55 --== Average value
z z z"
sS4t = &50
[ & [
23T 32 245
Q Q Q
— — —
27 4.0
! 0 33 0 5 10
Time/s Time/s
(a) Three-direction load of center cutter
3.5 = 2.8 4.4
—— Side force — Axial force — Rolling force
---- Average value 27 ---- Average value 42+ ---- Average value
Z 30t 4 4
= 2.6 S4.0
[ [ [
= 225 238
025 Q Q
— — —
2.4 3.6
2. . 2. . 4 .
0 5 10 3 0 5 10 3 5 10
Time/s Time/s Time/s
(b) Three-direction load of face cutter
10 — Side force 35 — Axial force 10 — Rolling force
---- Average value 3.0 [ Average value - Average value
z z z
= S2s =
[ 5 [
2 =20 kS
Qo Qo Qo
— — —
1.5 |
. . \
0 0 5 10 0 5 10
Time/s Time/s

Fig. 8

(c) Three-direction load of gauge cutter

Load time histories of three types of cutters
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Fig. 9 TBM cutter disc eight-order vibration model

Tab. 1 Number of excitation elements

Cutter Cutter saddle left-joint  Cutter saddle right-joint

number number number

1 324208, 324209 324210, 324211
2 324238, 324237 324227, 324228
3 324213, 324214 324216, 324217
4 324234, 324235 324230, 324231
5 322742, 322741 322730, 322731
6 322656, 322654 322671, 322672

Tab. 2  Vibration severity calculation results of Jilin water di-
version TBM cutterhead

TBM cutterhead

Vibration intensity/ (mm-s ")

Welding point of cutterhead

4.3

Junction of bolted flanged 3.2

The situation of the crack failure and the

section where the cracks easily exhibit are collec-

ted. The data is shown in Tab. 3.

According to the statistics, the main failure
modes include cutterhead dislocation, center seg-
ment damage, gauge segment fracture, cutter-
head deformation, cutter saddle loss, cutter
saddle deformation, cutter fracture, and mucking
slot, failure.

@ The stress conditions on various loca-
tions of cutterhead are defined by FEM.

This paper applies transient dynamics to the
TBM cutterhead of the Jilin tunnel to perform
stress analysis by taking the three-direction stress
of cutters as the input conditions. The multi-
point distribution stress of the cutterhead is cal-
culated and the mean of the stress time history is
solved, as shown in Tab. 4 and Fig.10.

® Crack regions division of TBM cutterhead
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Based on the data above, the crack-prone re-
gions of the TBM cutterhead are divided by com-
bining the different stress situations and struc-
ture characteristics of each part, as shown in
Tab. 5.

2.2.2 TBM cutter stress amplitude statistics

The stress distribution is obtained with the

rain-flow counting method to count the stress-

time history of each location. As an example, the
stress-time history of the edge plate is shown in
Fig. 11a. The stress amplitude distribution is ob-
tained from the statistics, which is taken as an
input condition to calculate cutterhead fatigue
strength, as shown in Fig. 11b.

From the results, it is known that the stress

distribution of the edge plate obeys a mnormal

Tab. 3 Failure data of cutterhead

Area of crack

Cutter mousing

Bottom partition 800
Support partition 1000
Outside of cutter hole 300

Mucking slot
Cutter mousing
Outside of cutter hole

Joint surface of cutterhead pieces 1300

Crack length/mm
600x120 (cross crack)

450x500 (Rectangular crack)
600 (Arc crack)
300-900 (Arc crack)

Consequence
Deformation /Loss of cutters

Deformation/ Failure of partition
Deformation/ Failure of partition

Loss of cutters

Mucking slot failure
Loss of cutter mousing/ Cutters failure
Loss of cutters /Deformation of cutter mousing

Deformation / Failure of cutterhead

Tab. 4 Stress mean of each region

Region Stress mean/MPa Region Stress mean/MPa
Joint surface of cutterhead pieces 180.64 Cutter hole of edge plate 198.21
Partition crack 82.64 Cutter hole of cutterhead center block 104.55
Upper cover plate of cutterhead center block 73.50 Upper cover plate of edge plate 202.34

9.0
Wi

(a) Stress nephogram of center panel

(b) Stress nephogram of edge plate

(c) Stress nephogram of partition

(d) Stress nephogram of the whole cutterhead

Fig. 10  Force situation of cutterhead by ANSYS simulation
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Tab. 5 TBM cutterhead risk regions division
Region 1 Joint surface of cutterhead pieces Region 6 Outside of cutter hole of edge plate
Region 2 Bottom partition crack Region 7 Outside of cutter hole of cutterhead center block
Region 3 Support bar crack Region 8 Cutter mousing welding crack of edge plate
Region 4 Upper cover plate of cutterhead center block crack Region 9 Cutter mousing welding crack of center piece
Region 5 Upper cover plate of edge plate crack Region 10 Mucking slot welding crack
930 Tab. 6 Each region sensitive site of cutterhead stress
900y Critical
_ 850} Region Stress amplitude Amplitude mean erack
% 80.0 | mean pa,/MPa square error oa,/MPa 4, /mm
© 75.0 f Region 1 76.3 10.5 456
70.0 i Region 2 41.2 11.3 610
65,00 0j5 le 1'5 20 Region 3 36.1 9.6 682
t/s Region 4 444 10.6 637
(a) Dynamic stress time history of edge plate Region 5 2.9 148 546
25 Region 6 101.5 16.7 389
Region 7 52.3 7.4 485
Region 8 94.7 9.8 245
Region 9 53.4 5.8 509
Region 10 94.9 9.7 239

Nr of cycles: 380/10 from half-cycles

50 100 150 200 250 300 350
Historgram of “rainflow” amplitudes
(b) Stress amplitude distribution of edge plate

Fig. 11  Stress amplitude distribution statistics

distribution. The mean and variance of the stress
distribution are calculated with Matlab. The res-
ults are p,,=82.2 MPa and o,,=14.8 MPa. Sim-
ilarly, the results of other locations are shown in
Tab. 6.
2.2.3 Calculation results

The reliability of each region of the five frac-
tion TBM cutterhead in the middle Jilin water
diversion project is 2000000 stress cycles. 2000000
stress cycles of the cutterhead are converted into
the accumulation working time of the cutterhead,

as follows
t =N, T =2000000 x 2 =4000000s 9)

From the parameters of the TBM cutterhead
system, it is known that the cutterhead speed
®=6 r/min, the penetration rate p=10 mm/r,

and the driving speed V=1 mm/s. Changing the

crack growing time into kilometers:
L=V xt=4000000 mm = 4 km QL))
The reliability of each region of the TBM

cutterhead in the middle Tianshan tunnel when
the TBM has driven 4 km is shown in Fig.12.

mm R%

100

O
(=]

80
70
60
50
40
30

Reliability of each TBM cutterhead
region at cycle of 2x10°

RGN1 RGN2 RGN3 RGN4 RGN5 RGN6 RGN7 RGN§ RGN9 RGN 10
TBM cutterhead region with cracks

Fig. 12 Each region reliability of TBM cutterhead when stress

cycles are 2000000 times
The calculation results basically match with
empirical observations when the TBM has driv-

en 4 km.

3 Experimental Verification

3.1 Detection objectives
In order to verify the vibration response results
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of the TBM cutterhead, the vibration condition
of the Jilin TBM cutterhead is measured and
compared with the results of the calculation.
Then the dynamics model is verified to have reli-
ability and validity.
3.2 Sensors selection

Considering the hard working conditions of

the driving site and the limited space for in-

stalling detection equipment, it is not effective to
lay out the lines of detection devices. In addition
to the difficulty and accuracy problem of dis-
placement and speed signal detection on the
TBM cutterhead, wireless acceleration sensors
are chosen to detect three-direction accelerations
of TBM cutterhead. The technical parameters of
the sensors are shown in Tab. 7.

Tab. 7 Technical parameters of the wireless acceleration sensors

Number of  Frequency response Communication Synchronization = Memory Bandwidth
Type Range ability . .. . .
channels (-3 dB) distance precision capacity resolution
A302- Triaxial axi X, Y axis 300 Hz, +2g(3g6g, 300 1 oM 10
EX At axis Z axis 150 Hz 10 g are optional) m e He

3.3 Detection scheme construction

Considering the actual operating mode of
TBM cutterhead, the sensors must be installed in
a closed space to avoid the damage from the rock
slag. Therefore, the acceleration sensors are put
in the inner space of TBM cutterhead, and the

three-direction vibration acceleration signal of

-

the cutterhead is transmitted to a computer by
sensor nodes and a receiving gateway. Finally,
the data acquisition software records and stores
the information. The vibration test schematic of
the TBM cutterhead is shown in Fig. 13a, and

the layout of the sensors is shown in Fig. 13b.

(b) Layout of the sensors

Fig. 13  Data acquisition of cutter head vibration
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3.4 Comparison between testing data and the-
oretical results
To verify the dynamics model mentioned
above, the acceleration of the cutterhead is col-

lected from the excavation site. After eliminat-

Transverse acceleration @ /(m's™2)

-15

t/s
(a) Transverse acceleration

80 82 84 86 88 9.0 92 94 9.6 9.8 10.0

ing the effect of gravitational acceleration, the
stable theoretical calculation results after 2 s are
obtained. The comparison between the two res-

ults is shown in Fig. 14.

~ 25

» | — Test
g 20 —- Theory
S5t

10

IGravitational acceleration

15 1 1 1 1 1 1 1 1 1

80 82 84 86 88 9.0 92 94 9.6 9.8 10.0
t/s

(b) Gravitational acceleration

25
20
15t
10t

—2

Axial acceleration a./(m-s?)

— Test
—- Theory

80 82 84 86 88 90 92 94 9.6 9.810.0
t/s

(c) Axial acceleration

Fig. 14

It can be known from the above comparison
and statistical results:

(D There are similar change laws between
the theoretical calculation and the testing results
of the cutterhead’s acceleration. A high degree of
match between them shows that the calculation
method of vibration response is practical and val-
id to some extent.

@ In the theoretical calculation and the
statistical results of the rain flow counting of the
three-direction accelerations of the cutterhead,
there is a certain error in the mean value of the
amplitude. The longitudinal acceleration error is
the largest, at 39%. Axial error is the smallest,
only 7%. The mean square error of longitudinal

acceleration amplitude is also the largest, which

Comparison between the actual and theoretical results of cutterhead accelerations

is 55%, while the transverse and axial are smal-
ler, at 8% and 12%, respectively.

® Considering the complexity of the TBM
cutterhead structure and hardness of the driving
environment, a lot of actual factors cannot be
considered when establishing the dynamics mod-
el. There are some inevitable errors between the
theoretical calculation and testing results, but
basically they remain on the same order of mag-
nitude and their change laws are similar. The cal-
culation method has theoretical and practical
guiding significance on the structure design and
site operation of the cutterhead.

4 Conclusions

This paper has presented a multi-level evalu-

ation system of TBM cutter performance, and
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takes the cutterhead in the Jilin water diversion
project as an example. The specific conclusions
are as follows:

(O Through the failure statistics of the TBM
cutterhead driving site and the calculation res-
ults of cutterhead stress distribution with AN-
SYS, according to the different structure of posi-
tions that have cracks and different force condi-
tions of cracks, the TBM cutterhead is divided
into different dangerous regions where cracks
may appear. Based on the actual engineering
situation at the Jilin water diversion project, the
TBM cutterhead has been divided into 10 re-
gions, such as the fission junction and the sup-
port rib.

@ With the stress amplitude distribution
and crack parameters of each region on the TBM
cutterhead, the fatigue strength of each region
was calculated with a Monte Carlo simulation of
the cutterhead reliability. After converting the
time into path length, the responsibility when the
TBM was driven 4 km was matched with the cal-
culation results. The fatigue strength reliability
of the cutter mousing welding is 38.37%, making
it the most likely to be a failure area. Measures
should be taken to control the length of the crack
during construction.

@ The dynamics equations of the cutter-
head were established, and the dynamic response
was solved by the modal superposition method.
The dynamics equations were verified by the
comparison between the calculation results and
the vibration collected from Jilin project. The vi-
bration condition of the cutter mousing welding
and the connecting point of the flange bolts was
used as the vibration intensity of the cutterhead.
The results showed that the vibration intensity
of the two places was 4.3 mm/s and 3.2 mm/s,
respectively. Therefore, the vibration intensity of
the cutterhead can meet the requirements.

@ A metal structure fatigue calculation
model of the TBM cutterhead is established in
this paper. But in the process of modeling, the

influence of the welding system on fatigue failure
was not considered. Currently, most calculation
models of crack propagation life are established
on the basis of linear fracture mechanics, so they
need to be further researched.

®) In this paper, the performance of the cut-
terhead is evaluated using vibration and fatigue,
mainly from the quality of the cutterhead. If the
comprehensive performance of the cutterhead is
further evaluated, the driving efficiency and slag
discharge capacity of the cutterhead need to be

supplemented.
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