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Abstract: The breakage pattern of unit particles during the production of oral solid dosage forms (OSD) is
closely related to the quality of intermediate or final products. To accurately characterize the particles and study the
evolution law of particle breakage, the Bonding model of the discrete element method (DEM) was used to
investigate the breakage patterns of model parameters, particle shape and process conditions (loading mode and
loading rate) on the dynamic breakage, force-time curve, breakage rate, maximum breakage size ratio and fracture
strength of particles. The results showed that the particle breakage force was positively correlated with normal
strength and bonded disk scale, negatively correlated with normal stiffness per unit area and tangential stiffness per
unit area, and weakly correlated with tangential strength. The particle breakage rate was negatively correlated with
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the aspect ratio of the particles, and the maximum breakage size ratio was positively correlated with the aspect ratio

of the particles; among the three loading modes, the breakage rate of compression breakage model was the largest,

the breakage rate of shear breakage model was the second largest, and the breakage rate of wear breakage model

was the smallest; the maximum breakage size ratio was positively correlated with the loading rate, the loading

mode and the loading rate had no mutual influence on particle breakage rate, but had mutual influence on the

maximum breakage size ratio. The research results will provide a theoretical basis for the shift of OSD from batch

manufacturing to advanced manufacturing.
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Figure 1 Particle template modeling process
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Figure 2 Bonding model schematic. R: Bonded disk radius, L:
Bonded disk length; F: Force applied to the particle; M : Normal
moment applied to the particle; M_: Shear moment applied to the

particle; ¢, and n, definition: Unit vectors in the contact plane
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stiffness per unit area; S, Shear stiffness per unit area; ¢, Normal
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Figure 5 Force-time curve law of particle breakage under different model parameters. A: Normal stiffness per unit area, S ; B: Shear

stiffness per unit area, S; C: Normal strength, o ; D: Shear strength, 7 ; E: Bonded disk scale, R,
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Figure 9 Effect of different loading modes on particle breakage. A: Fracture process patterns for different loading modes (AR = 1, loading

rate: 5 mm-s’'); B: Variation of particle breakage rate and maximal breakage size ratio under different loading modes
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Figure 11 Combined effect of loading mode and loading rate on particle breakage. A: Contour plot of breakage rate of particles at different

loading rates and loading modes; B: Contour plot of maximal breakage size ratio of particles at different loading rates and loading modes
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