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The Influence of Drill Bit Structure and Drilling Parameters on
Bone Drilling Process
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Abstract: Objective To make drilling mechanical and thermal analysis of bones with different drill bits and drilling
parameters, so as to reduce the drilling force and drilling temperature in drilling process and decrease the damage
to surrounding bone tissues. Methods The bone driling model was established by finite element simulation
software AdvantEdge. By comparison with the pig femur drilling experiment, the simulated and experimental
results of standard twist drill and three standard multi-facet drills at different speeds and feed rates were analyzed.
Results The simulation and experiment comparison showed that the influences of drill bit structure, drilling
speed, feed rate on drilling force and drilling temperature were consistent, and the established simulation model
was credible. Conclusions Under the same drilling conditions, the multi-facet drill for drilling rubber had lower
drilling force and drilling temperature than the standard twist drill. The research findings provide theoretical basis
for the application of multi-facet drill in fracture surgery.
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Tab.1 Property parameters of bone materials

W ORERL o SRERY M/
(kgm™) H/GPa O [We(m-C) '] [KJ-(kgeC) ']
1 800 13.8 0.35 0.434 1.26
& 2 Johnson-Cook #&8 5%
Tab.2 Parameters of Johnson-Cook model
A/MPa B/MPa n ¢ m T,/C
50 101 0.08 0.03 1.03 875
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Fig.1 Mesh model of drilling bone
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Fig.2 Experimental device of bone drilling
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Tab.3 Structural parameters of multi-facet drills

o B, BERKE/ @/ (°)

" - mm mm HNTIEE T 71 & LAIE I DRIy N I £ A1 )5 f Ny
AR, 5 1.5 125 65 8 -10 10 18
AT DL SR, 5 2.0 110 65 40 -5 22 27
AR BTl 5 1.5 125 65 10 -10 10 18

R AR R I2H6T5 125, 0 FEAH R B 0 25 18 1 0 HL
S0 4 2R B Bl 0 A B R AR A e 2 S
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RPN S BRI S R R — S s R  A
FLIR Bk  AHABFLIAIEE R T 4 mm, B HMRHIG R
FARF PR B AR S 3 000 o/ min; B H
20108 h B A T A AR AL, R4S U AN R BT
SE MBI ZH0n R 4 Fs
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Tab.4 Drilling parameters
- i B/ Rl Sk 2
(remin"") (mm-r")

BRUERRAE Sl 700 0.03

PEA R 1 100 0.07
EERiIR) Bopiia 1 500 0.11
BIBHEE 1 900 0.15
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Fig.3 Simulation curves of drilling force for different drill types

(a) Standard twist drill, (b) Multi-facet drill for

drilling bakelite, (c¢) Multi-facet drill for drilling plexiglass, (d) Multi-facet drill for drilling rubber



B H,%. $TBEMMEHISEX BRI R 20
CHENG Xiao, et al. The Influence of Drill Bit Structure and Driling Parameters on Bone Drilling Process 399

140, 140 140 140

—=—700 r/min, ——1 100 r/min 120 ¥ 120 120

120 1500 t/min v 1 900 r/min =
Z100 2100 Z 2100 2100
2% — F%0 / E 80 R

= o E y

- v =60

£ 60 _— & 60
£ 40 / £ 40 E 40
20 Fy €5
0 30 70 110 150 0 30 70 110 150 0 30 70 110 150 ¢ 30 70 110 150
A (um 1) HESEE/(um T PR /(um ) FEABE/(um 1)
(a) FRAEBRAE G (b) BEBEA TR (o) B A DL BTG (d) BRI TS

E 4 ATEEEEALIEHE]T
Fig.4 Experimental drilling force for different drill types (a) Standard twist drill, (b) Multi-facet drill for drilling bakelite,
(¢) Multi-facet drill for drilling plexiglass, (d) Multi-facet drill for drilling rubber
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Fig.5 Peak of simulated drilling temperature for different drill types (a) Standard twist drill, (b) Multi-facet drill for drilling bakelite ,
(¢) Multi-facet drill for drilling plexiglass, (d) Multi-facet drill for drilling rubber
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Fig.6 Experimental drilling temperature of different drill types (a) Standard twist drill, (b) Multi-facet drill for drilling bakelite,
(¢) Multi-facet drill for drilling plexiglass, (d) Multi-facet drill for drilling rubber
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