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Temperature modeling and sensitivity analysis of robot-assisted
bone milling considering irrigation fluid
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Abstract: In robot-assisted bone milling surgery, the generation of a large amount of heat can easily lead to thermal necrosis. The
irrigation fluid is commonly used to reduce the milling temperature. However, traditional research on bone milling temperature does not
consider the influence of irrigation fluid. To address this, this study proposes a bone milling temperature model that comprehensively
considers the effect of irrigation fluid. First, based on the finite element method, a temperature field model of cortical bone milling with
a ball-end milling cutter is formulated. Then, the convective heat transfer coefficient of the irrigation fluid at different flow rates is
calibrated using the point heat source temperature field theory. The results indicate that, at flow rates of 31. 6, 43.3 and 65 wm’/s, the
convective heat transfer coefficients are 400, 800 and 1 100 W/(m®-°C), respectively. Finally, response surface methodology is
utilized to analyze the effects of various milling parameters on the maximum milling temperature. The analysis shows that milling depth
has the most significant impact on the maximum temperature, followed by irrigation fluid flow rate, feed speed, and milling angle. This
temperature model and the accompanying analysis provide valuable references for selecting preoperative milling parameters and help
reduce the risk of thermal necrosis during bone milling.

Keywords : bone milling temperature; finite element method; thermal parameter identification; response surface method
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Fig. 1 Bone milling process using irrigation fluid
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Table 1 Geometric parameters of ball-end milling cutter
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Table 2 Material property parameters of model
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Table 3 Johnson-Cook model parameters of cortical bone
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Table 5 Parameters of the particle swarm algorithm

e ol
IR AR 100
I Cbicniy 0.9
TR 5
VAN 0.9
PHEATE 0.9
T K 0.1

b g ot B 3 DB I, 43 51 Abaqus A58
Data Matching #5 ¢ Al Optimization 1% #t, FE Data
Matching FEER FF R A st FAUE 52 56 Hh SR AR 90 B2 0l
£ Abaqus BEHeH | 5 SO FRITCA AL i AR L SK AR
HIATRHEE K e 0 T4 A R B b B SRR
FESC h BIRIERTE, fi A B Abaqus BEHRHR AT EL, AKX
D LG AEASE R e 38 IS 58 v SR R L S 8 14 0 FL KR
¥ , i 5 Data Matching 3 FF7EIZAH 1807 ELAL
a5 SR Z [ AR 22 . SR RE bR T 22 B T340 2R
155 45 Optimization e ik B PR AR 22 < 10%
ANSRBRIEZE > 10% , A FDRL 5 RBE D0 AL S35 2002 b A 1E,
ARZEAE Abaqus FHEAT O H . B2 07 HAE S SL 50 il
Z IR AR IEZE /AN 10% , W% A (1H



304 % & L F ¥

a5k

22 RABERREARTRE

FPRRTAR T S — A E TR K, 5K 0
HERESEA— B BT LS PO AT 9200, AR
SRR NI 4 PR

K4 mAESER R

Fig. 4  Set-up for point heat source experiments
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Fig.5 Results of point heat source experiments
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Table 6 Factor design of Box-Behnken experiment
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Table 7 Experimental design and results
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Table 8 Evaluation results of model T,
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Fig. 8 Normal distribution of model residuals
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