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Fig. 1. 3D geometry created in Mimics software based on CT scan images of human femur bone
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Fig. 2. Softwares used in analyzing the problem and its process
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Fig. 3. An example of the output of Deform software in the analysis of bone perforation
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Fig. 4. Temperature rise of the perforation surface versus drilling time
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Table 1. Parameters of Johnson-Cook model for cortical bone [17]
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Table 2. Physical, thermal, and mechanical properties of cortical bone [4, 17, 18, 19]
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Fig. 5. Simulation geometry contains bone, drill, and fluid
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Fig. 6. Investigation of results independent from mesh, (a) Instantaneous convective heat transfer coefficient, (b) Aver-
age convective heat transfer coefficient
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Fig. 7. Meshing, (a) Computational domain, (b) Neighbor surface of drilling hole, (¢) drill
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Fig. 8. Dynamic mesh in two different half cycle of the drill
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Fig. 9. Boundary conditions, (a) Natural convection state, (b) Force convection state
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Fig. 10. Temperature contours in symmetry plane, (a) 4.2, (b) 4.8, (¢) 6.8, (d) 8.4s
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Fig. 11. An example of, (a) Pressure distribution, (b) Streamlines for natural convection in 2.8s(End of simulation
for the feed rate of 150 mm/min and rotational speed of 2000 rpm)
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Fig. 12. Heat generation versus of rotational speed in cortical bone drilling in comparison with experimental
results[8] for feed rate, (a) 50, (b) 100, (¢) 150mm/min
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Table 3. The percentage of difference in heat generation between present studies in comparison with the
experimental results[8]
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Table 4. Average Convective heat transfer coefficient during drilling time for natural cooling
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Fig. 14. An example of the bone temperature and cooling fluid contour in the symmetry plane for feed rate of 50 mm/
min and the rotational speed of 2000 rpm at, (a) 2.4, (b) 4.8, (¢) 6.8, (d) 8.4 s
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Fig. 14. An example of the bone temperature and cooling fluid contour in the symmetry plane for feed rate of 50 mm/
min and the rotational speed of 2000 rpm at, (a) 2.4, (b) 4.8, (¢) 6.8, (d) 8.4 s
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Fig. 15. An example of the streamlines in the forced convection state for normal saline cooling fluid at the end time of
simulation for feed rate of 150 mm/min and rotational speed of 2000 rpm
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Fig. 16. Variations of force convection heat transfer coefficient versus start drilling time of cortical bone for dif-
ferent rotational speeds in feed rate, (a) 50, (b) 100, (¢) 150 mm/min
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Table 5. Average Convective heat transfer coefficient during drilling time for force cooling
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