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A study on the finite element analysis and machining methods for optimum design of pedicle
screw system
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ABSTRACT

The objectives of this research are to develop lumber and lower-thoracic pedicle fixation system for Korean patients. To
achieve the aimed goals, first, optimized shape design process is performed, and finite element methods are applied to
evaluate the mechanical strength of the developed fixation system. Second, appropriate machining experiments are carried
out to develop optimum machining conditions for titanium alloys those are known as one of the most difficult-to-cut material.
As the results of this research, new pedicle screw system, considering the morphological characteristics of Korean patients, is
developed by applying the finite element analysis, optimum shape processing method and optimize design algorithm.
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Fig. 1 3D modeling of pedicle screw
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Fig. 2 Imported ANSYS solid model of pedicle screw

Clamped Area

(a) Case [ : Tensile Load, 900N

(b) Case 11 : Bending Load, S00N

Fig. 3 Simplified ANSYS solid model and boundary
conditions
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Fig. 7 Test equipments for experiments of machining
characteristics of Ti -6A1-4V Alloy

Table 1. Mechanical properties of specimen

Tensile Yielding Elongation | Contraction
strength | strength (%) (%)
(kgf/mm®) | (kgf/mm®) : )
101 90 16 o

Table 2. Chemical compositions of specimen

Chemical composition (%)
Fe Al C H 0 N \Y
0.21 ] 5.80 | 0.08 | 2.48 | 0.0040.0001| 4.19
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Table 3. Cutting conditions
Cutting velocity | Depth of cut Feed rate

(m/min) (mm) (mm/rev)
16~56.5 0.5~2.0 0418~0.97
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Fig. 8 Effect of feed rate variation to the cutting
force
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Fig. 9 Results of surface roughness of machined
specimen
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