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Fig. 1 Physical pictures of (a) S*M equipment and (b) grinding disc; schematic diagram of (c) grinding teeth, (d)

grinding chamber, (¢) mathematical model of three-dimensional pruning structure and (f) trajectory of particlel'’!
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Fig.2 Grinding disc model with ((a) fixed; (b) moving) no pile-tooth and ((c) fixed; (d) moving) pile-tooth

Tab.1 Structure parameters of pan

Diameter of pan Slot top width Slot top height
Number of sectors Bevel angle a (°)
(mm) (mm) (mm)
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Fig. 3 (a) Boundary condition setting, (b) grid division, (c) verification of mesh, (d) sampling line of grinding disc gap,

(e) edge line of grinding disc and (f) sampling lines of grinding disc gap
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Fig.4 Simulation results of (a) trajectory and (b) Mises equivalent shear stress
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Fig. 5 (a1)~(d) Grinding chamber view, (az)~(dz) 3D model view, and (a3)~(d3) simulation results of grinding tooth with

different pile-tooth structures
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Fig. 6 Velocity distribution on the gap of grinding disc with different pile-tooth structures
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Fig.7 Trajectory on the gap of grinding disc with different pile-tooth structures: (a) no pile-tooth; (b) pyramid; (c) s-

pyramid; (d) circular cone
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Fig. 8 Shear stress of edge line of grinding tooth with different pile-tooth structures
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Fig. 9 Shear stress of edge line of grinding tooth with different pile-tooth structures
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Fig. 10 Relationship between Mises equivalent shear stress and different pile-tooth structures: (a) shape; (b) height; (c)

density

Tab.2 Maximum equivalent shear stress of model with different pile-tooth structures

Pile-tooth No Circular
Pyramid S-pyramid
structures pile-tooth cone

Maximum shear

6.5 9.6 7.7 1.5
stress /MPa
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Fig. 11 (a1)~(f1) Grinding chamber view, (a;)~(f2) 3D model view, and (a3)~(f;) simulation results of grinding tooth with

different pile-tooth structures height

Tab.3 Maximum equivalent shear stress of model with different pile-tooth structures height

Height /mm 0.2 0.3 0.4 0.5 0.6 0.7
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Maximum shear
8.8 26.6 11.8 8.1 18.0 9.6
stress /MPa
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Fig. 12 (ai)~(e1) Grinding chamber view, (az)~(ez) 3D model view, and (a3)~(e3) simulation results of grinding tooth with

different pile-tooth structures density

Tab.4 Maximum equivalent shear stress of model with different pile-tooth structures density

Distance /mm 4 4.5 5 5.5 6

Maximum shear
26.7 29.1 29.3 28.4 26.6
stress /MPa
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Fig. 14 Grinding verification experiment of (a) not grinding; disc of bevel angle of (b) 30° and (c) new disc. (d)
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Optimization and Theoretical Analysis of the Milling Disc Structure of Solid
State Shear Milling Equipment
Zhanhong Lai, Yijun Li, Qi Wang
(State Key Laboratory of Advanced Polymer Materials (Sichuan University), Polymer Research Institute of
Sichuan University, Chengdu 610065, China)

ABSTRACT: Solid-state shear milling (S*M) equipment, developed based on the principles of solid-state
mechanochemistry, employs a unique three-dimensional shear field, enabling the ultrafine pulverization and

micro-nano dispersion of polymer materials at room temperature. It is thus a crucial technology for waste



BRFHHNESIE

POLYMER MATERIALS SCIENCE & ENGINEERING

plastic recycling. To enhance the grinding efficiency of the S?M equipment, this paper further optimized its
structural design by incorporating pile-tooth structures on the inclined surfaces of the grinding teeth.
Computational fluid dynamics (CFD) simulations, performed using Flow Simulation software, were
employed to evaluate the resulting dynamic shear-stress field. The results demonstrate that key structural
parameters, including the geometry, height, and distribution density of the pile tooth, significantly influence
the generated maximum equivalent shear stress. Under the optimized configuration (the quadrangular prism
pile tooth with a height of 0.3 mm, and an inter-pillar spacing of 5 mm within each column), the maximum
equivalent shear stress reaches 29.3 MPa. These values correspond to increases of 350% over those generated
by a conventional disc design without pile tooth.

Keywords: solid-state shear milling (S*M) equipment; optimization of disc structure; pile tooth; simulation;

maximum equivalent shear stress



