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Comparison of Mechanical Performances Between the Two-Stage Cutterhead
and the Flat-Face Cutterhead for Rock Tunnel Boring Machine
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(1. State Key Laboratory of Manufacturing System Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. China Railway Engineering Equipment Co. . Ltd. , Zhengzhou 450016, China)

Abstract: In order to overcome the drawbacks that large cutting load and eccentric load on the TBM’s
large diameter (>>10 m) flat-face cutterhead that will cause excessive deformation of the cutterhead and
damage of the main bearing, a two-stage cutterhead was introduced. The two-stage cutterhead was
designed in grey relational analysis method based on the flat-face cutterhead applied in West Qinling tunnel
project. The mechanical performance analysis models of the flat-face cutterhead and the two-stage
cutterhead under the mixed-face rock ground condition were built to compare the cutterheads’ rock cutting
thrusts and torques, as well as the eccentric forces and moments. And finite element models of the two
cutterheads under uniform rock ground condition were built to compare the cutterheads” deformation and
stress distribution. The results show that the rock cutting thrust, the rock cutting torque, the eccentric
force and moment, the deformation and maximum stress of the two-stage cutterhead are smaller than that
of flat-face cutterhead, which illustrates that the rock cutting loads are distributed into two stages of the
cutterhead, and at the same time, the stiffness of the cutterhead is increased and the stress concentration
and eccentric load of the cutterhead were also decreased.
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