
In medicine there are many surgical procedures that involve the bone tissue, often
entail cutting, drilling or screwing operations of the bone. The success of these
surgeries depends on many factors and the bone damage degree generated during
the drilling. The cutting effort achieved during the drilling process is one of the
problems and is directly related with the drilling parameters [1]. It is essential to
understand and to improve the cutting conditions to minimize the bone damage.

• In the experimental methodology were used three composite blocks from
Sawbones with similar density to the cortical bone.

• During the experimental tests 18 holes with instrumented strain gauges (6 holes in
each composite block) were produced.

• A conventional drill bit with Ø4mm, 30mm of depth and a point angle of 118º were
used in all holes. The distances between the edges of the holes and the strain
gauges were measured.

• Different feed-rates were used for each composite block, in order to evaluate the
influence on the drilling process using the other parameters as a constant.

[1] J. Soriano, et al. 2013. Machining Science and Technology: An International Journal 17:611-636.
[2] M.G. Fernandes, et al. 2015. 6th National Congress of Biomechanics, Rui B. Ruben et al. (Eds), pp231-232.
[3] Y.K. Tu, et al. 2013. Journal of Medical and Biological Engineering 33:269-274.

1. INTRODUCTION

• Main goal was to analysis the stresses during the drilling of composite materials,
through two different methods and different parameters of drilling.

• In the experimental method were used strain gauges to obtain the stresses in the
surface of the three composite blocks with similar density of cortical human bone.

• In the numerical model, 3D dynamic model was built to simulate the drill process.

3- NUMERICAL MODEL: HEAT PROPAGATION

• For numerical method, the LS-DYNA from Ansys program was used to built a 3D
dynamic model to simulate the drilling process.

• The model of drilling consists in the cortical bone and a drill bit, with all variables
involved in the drilling process.

• Different mechanical properties of the materials were considered [2]:
 Drill bit: rigid body with high elastic stiffness;
 Cortical bone: elastic-plastic material, depending on the strain rate and the

failure criterion of the material.
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1.1. Objectives

2. EXPERIMENTAL METHOD

3. NUMERICAL MODEL

• Contact elements were used to simulate the contact between the drill bit and
cortical bone, and defined by the Eroding contact algorithm available in LS-DYNA.

• The frictional contact between the drill-bit and cortical bone was modelled with a
constant coefficient of friction of 0.3 [3].

• The simulations require 72hours on quad-core i7-4790k with 16GBRAM.

4. RESULTS AND DISCUSSION

• In the experimental method were obtained the strains during the drilling depth and
calculated the normal stresses generated in the drilling process. The following
figures show the evolution of stresses obtained in different holes performed with
feed-rates equal to 25, 50 and 75mm/min, during the drill depth.

• In the numerical model were performed different numerical simulations with different
feed-rates to compare the stresses results to the experimental results. The figure
represents the levels of von Mises stresses in different stages of drilling until to
complete the drilling of the cortical bone

5. CONCLUSIONS

• In this study two different methods were used to evaluate the stresses distribution in the cutting region and in vicinity
areas, obtained for different drilling parameters.

• Using different feed-rates it was possible to verify a decrease of stresses and strains in composite materials when the
feed-rate is higher. As foreseen, the normal stresses in the far hole regions were lower than near of the hole region.

• The 3D finite element model proved to be a great analysis tool to simulate the bone drilling dynamic process, useful to
evaluate the performance of surgical tools alternatively to the hard theoretical work.

Parameters

Drill diameter 4 [mm]

Drill length 30 [mm]

Drill speed(ω) 800 [rpm]

Feed-rate (Vf) 25, 50, 75 [mm/min]

Properties Drill bit Cortical bone

Density (kg/m3) 7850 800

Young’s modulus (GPa) 200 16.7

Poisson’s ratio 0.3 0.3

Yield stress (MPa) __ 27

Tangent modulus (MPa) __ 2083.3

Hardening parameter __ 0

Cowper-Symonds model:

C __ 0.13

P __ 0.0001

Failure plastic strain __ 0.0021

• The numerical model was meshed using SOLID164 elements. Several mesh
convergence study was carried out to obtain a more suitable model.

• The composite block was kept fixed in all vertical faces, while the drill bit was
constrained to rotate about its own longitudinal axis.
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Feed-rate
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H1 H2 H3 H4 H5 H6 Average
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(L=3.5mm)
14.32

(L=4.0mm)
13.77

(L=4.0mm)
11.57

(L=5.5mm)
11.52

(L=5.5mm)
11.09

(L=5.5mm)
12.86 12.88

Vf=50
17.90
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10.70

(L=4,0mm)
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12.37 11.85

Vf=75
11.03

(L=3.5mm)
9.07

(L=4.0mm)
8.80

(L=4.0mm)
8.40

(L=4.0mm)
7.48

(L=4.5mm)
7.42

(L=4.5mm)
8.70 8.68

H number of the hole, L distance between edge of the hole and strain gauge

• The results show that generated stresses in the bone increase with tool penetration.
• Through of the different feed-rates, it was found that the increase of feed-rate

decreases the generated stresses in the bone.
• The levels of maximum stress were found in the near vicinity of the drilled area.
• Numerical and experimental model are in agreement.

• To compare the results in both methods were calculated the normal stresses
obtained in each of the holes with strain gauge and the average of the values. The
distance between the edge of the hole and the strain gauge was also considered.
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