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Abstract: The natural frequency in a micro drill into bones was investigated in this article. During actual service, the 
spinning speed subjected to some small fluctuation in a drilling process can't keep perfect constant, so the micro drill 
may be broken in this process. Therefore, the natural properties of this micro drill must understand. For the sake of 
increasing demand for better quality and higher production rate, the dynamic properties in a drilling bone process must 
be to pay much attention. In this article, a pre-twisted beam is used to simulate the drill. The drilling force is measured 
by using drilling bone experiment. The effects of spinning speed and pre-twisted angle of the drill in dynamic 
properties are considered to study. [Life Science Journal. 2009; 6(4): 28 – 33] (ISSN: 1097 – 8135) 
Keywords:  Micro drilling, Bones, Natural properties. 
________________________________________________________________________________________________ 
1. Introduction 

For surgical operation, microsurgery is popularly 
employed to remedy some sickness, because it is more 
safe and rapid fully recover from an illness. However, a 
little microsurgery is used to remedy the brain illness. 
For this, a micro drilling for cranial bones, microsurgery 
for cranial bones, is considered to study. Drilling is 
frequently employed for metal cutting operation. In the 
manufacturing, the drilling operation is conducted on an 
extensive variety of machine tool, which includes 
drilling machine, milling machine, machining center and 
so forth. A precisely drilled hole leads to a high quality 
product and its accuracy is based upon the drilling 
process [1, 2]. A point has to be particularly mentioned, 
the most of holes location errors, reaming and fracture of 
drill may occur at this process, when the drill is exactly 
drilling into a work piece. To improve the performance 
and capability of the drilling, it is necessary to 
understand the dynamic characteristics of process for 
drilling. Hence, due to drilling process, a time dependent 
instability problem of a drill is consider to present. In this 
present investigation, the dynamic instability caused by 
rotating speed and thrust force is also considered to study 
in this drilling process.  
_____________________________________________
_ *Corresponding Author: huangbw@csu.edu.tw 
Dr. Bo Wun Huang 

 
In a real drilling process, keeping a spinning speed 

perfect constant is almost impossible because of the 
drilling speed subjected to some small fluctuation. 
Theoretically, at some specified rotation speed, this small 
speed fluctuation may lead the system to a dynamic 
unstable condition. Most of the studies about instability 
in a system focus on time independent problem [3-6]. Only 
a few studies on the time dependent instability in the 
drilling process have been conducted. Even if the 
instability lead to undesirable effects such as chatter and 
drill breakage etc., It is found that traditional analysis of 
drilling has focused on drill itself, such as [7-10]. Many 
papers [6, 8, 11, 12], reported the vibration in a pre-twisted 
beam, which was modeled as a drill. The effects of 
pre-twisted angle, spinning speed on vibration in a drill 
had been presented. Buckling load and natural frequency 
of a drill bit also had been investigated, as [13-15].  

Previous researchers have studied mathematical 
models of complex drill bit to estimate natural frequency 
or cutting property. The effects of complex geometry or 
cutting chip on cutting and dynamic property of drill bit 
were paid attentions to research. Even a variation in 
geometry or symmetry error can make a very strong 
influence on cutting and dynamic property of a drill, 
such as [16-19]. Such models can provide competently 
useful information to design a drill bit. Some 
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investigators turn their interest to the instability of a drill, 
as [12, 20, 21]. Results indicate that the effects of spinning 
speed, pre-twisted angle and axial force may change the 
dynamic instability.  

So far, a study dynamic property in the micro 
drilling with bones has not found by authors yet. The aim 
of this paper is to consider the dynamic property in micro 
drilling bones process to present. 

 
Fig. 1. The schematic diagram of the body for drill 

 
2 Theory and Formulations 

The effect of complex cross-section of drill has 
been studied [22]. A little difference between the 
complex and rectangular cross-section on the dynamic 
characteristic of a drill has been found. For the sake of 
convenience, in this article, the simple pre-twisted beam 
with a rectangular cross-section is employed to simulate 
a drill. The drill, a cantilever pre-twisted beam, with a 
spinning speed Ω  is illustrated in Fig. 1. The length 
of the drill is L.  and t b  are used to denote the 
thickness and breadth of the drill respectively. In this 
study, the deflection components ( ),v r t  and ( ),u r t  
denote the two transverse flexible deflection of the drill.  

The equation of motion of a spinning drill is 
displayed as 
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where a symbol prime ( )'  denotes a partial derivative 
with respect to r. In this equation, E and μ  are the 

Young's modulus and mass per unit length respectively, 
and xxI , yyI  and xyI  are the moments of area. 
Consider the drill to be pre-twisted with a uniform twist 
angle β , and then the area moments of inertia at the 
position r can be derived as 
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, and ,  ,  xx xy yyI I I  are the moments of mass. 

Boundaries of the drill can be displayed as  
0,      at    0s s s su v u v r′ ′= = = = =  (4a) 
0,      at    s s s su v u v r L′′ ′′ ′′′ ′′′= = = = =  (4b) 

The purpose of this investigation is to present the 
dynamic property in a micro drilling with bones. In a 
mathematical sense, a thrust force can be employed to 
simulate this drilling process. Considering the axial 
cutting force, the equation of motion can be rewrite as  
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where P  is the drilling bones load.  
The solutions for the above eigenvalue problem are 
expressed as  

1

( , ) ( ) ( )
m

i i
i

u r t p t rφ
=

= ∑  (6a) 

1

( , ) ( ) ( )
m

i i
i

v r t q t rφ
=

= ∑  (6b) 

where ( )i rφ  are the comparison functions of 
equations (5a) and (5b), and ( ), ( )i ip t q t  are the 
corresponding weighting coefficients, which are to be 
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determined. Five exact solutions of a uniform cantilever 
beam, ( )i rφ  in transverse direction are used to 
discrete the equations of motion.  

An application of the Galerkin's method, the equations 
of motion can be derived in matrix form as 
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To emphasize, these matrices can be illustrated to go 
into details as follows,  
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The eigenvalue problem equation can be rewritten as. 

[ ]{ } [ ]{ } 0A V B V+ =&  (14) 

 
3 Results and Discussion 

The dynamic properties in a micro drilling bones 
process were investigated in this study. D=1.0mm, 
d=0.3mm, L 5.5mm= , , .t 0 24mm= , .b 0 5mm=  
and ( ).01800 5 712 rad mmβ = . In this work, the 
sinbone bone replacement, Purzer produced, is 
employed to study instead of real bone.  

 

Fig. 2. Experiment setup in a micro drill with bones 
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Fig. 3. The variation in drilling force with different 
rotating speed. 

Figure 2 shows the experiment setup in a micro drill 
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with bones. In this figure, the sinbone bone replacement 
drilled by a micro drill is found. The variation in drilling 
force with different rotating speed is illustrated in Fig. 3. 
The rotating speed from 4000 rpm to 20000 rpm is 
considered in this work. Experiment analysis shows that 
the drilling force may decreased as the rotating speed is 
increased. In this investigation, the rotating speed 15000 
rpm is employed to study the natural properties of a 
micro drill with a bone. As the rotating speed 15000 rpm 
considered, the drilling force 1.286 N can be obtained.  

Figure 4 displays the natural frequency of a micro drill 

drilling into a bone. Only the lower mode is considered 

in this work. In this figure, the first order mode natural 

frequency 50315 Hz and the second order mode natural 

frequency 53453 Hz are found. The effect of rotating 

speed on natural frequency of a micro drill with a bone 

is studied. Figure 5 shows the natural frequency of a 

micro drill drilling a bone with different rotating speed. 

The first order mode natural frequencies may be 

depressed and second order mode natural frequencies 

may increase as the rotating speed is increased. Finally, 

the pretwisted angle effect is considered to study. The 

effect of pretwisted angle on natural frequency of a 

micro drill with a bone is displayed in Fig. 6. Numerical 

analysis shows that the first and second order mode 

natural frequencies will toward a higher frequency 

domain if the pretwisted angle is increased.  
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Fig. 4. Natural frequencies of a micro drill drilling a 
bone. 

 

Fig. 5. Natural frequencies in a micro drilling bone 
process with different rotating speed. 

 
Fig. 6. Natural frequencies in a micro drilling bone 

process with different pretwisted angle. 
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4 Conclusions 

The dynamic property of a micro drill with a bone 
was investigated. The major conclusions drawn from the 
analysis and numerical results obtained in this study are 
summarized as follows: 

(1) The analysis results indicate that a study of the 
dynamic drilling characteristics is necessary to 
improve drilling into a bone performance and 
capabilities, especially for high speed drilling.  

(2) Experiment analysis shows the drilling force will be 
depressed as the rotating speed is increased if a 
micro drill drills into a bone.  

(3) The effects of spinning speed and pre-twisted angle 
drastically change dynamic properties of a micro 
drill drilling a bone. 
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