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Abstract. Comprehensive experiment design in mechanical engineering education is a key step for 
creative teaching in college education. In order to solve the problem, Virtual experiment approach 
based on FEM is proposed. Through modeling, simulation and calculation of the vertical drill, the 
design process of the virtual experiment is illustrated. Compared with traditional experiment teaching, 
students’ innovative thinking and innovative ability are improved by using the proposed approach. 

Introduction 
How to design innovative experiments is one of the key factors for improving mechanical 

engineering students’ creative ability in college education. However, many mechanical engineering 
curriculums are subject to many fields, such as machine, electricity, liquid, control, computer and so 
on, which makes it difficult to carry out comprehensive experimental teaching. To solve this problem, 
the virtual experiment design based on finite element method (FEM) is proposed to help students’ 
innovative thinking, and therefore to improve their creative ability. 

Modeling of Virtual Experiments Design 
In traditional experimental courses of mechanical engineering education, much time is used for 

Narrative introduction and demonstration. Students have few chances to design experiments 
themselves. On the other hand, the lack of laboratory equipments and tools often restricts the 
implementation of comprehensive experiment teaching. Therefore, the design of virtual experiments 
based on FEM is researched in this paper. 

Vertical drill is the typical machine in mechanical engineering curriculums. It is widely used in 
machine working line for producing holes in hard substances. Because of the high rotating speed in the 
drilling process, the vertical drill spindle is subjected to a great deal of stresses, such as bending stresses 
and twisting stresses.  Therefore, the metal fatigue of the spindle is the main problem for vertical drill 
maintenance. If the metal fatigue sign cannot be detected in good time, it may cause spindle fracture, or 
even lead to grave worksite accidents.  For the purpose of illustrating design process of virtual 
experiments, the vertical drill is used as the sample. 

The typical vertical drill is driven by motor through drive belts. The drive belts are connected with 
the drill spindle wheel and the motor spindle, and have vibratory absorption function when drilling. 
Because V belt allows large transmission ratio with compact structure, V belt wheel is chosen in the 
vertical drill. The structure of the drill spindle is shown in Fig. 1, which is supported at two points. One 
point is at the left end which is fixed in the drill, the other point is at the right end which can be moved 
for drilling. 

According to the theory of elastic-plastic distortion, there should satisfy the following relations for 
drilling mechanical properties: 
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Where D is the bit diameter, R is the radius of the spindle, maxn  is the maximum rotation speed, and 

ern  is the rated rotation speed. 
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Fig.1 The spindle structure 

To determine the stress of the drill, it is necessary to calculate the rated power on the drill spindle, 
which is given by equation (2). 
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Where N is the rated power, K is the friction and plastic bending influence coefficient, T is the 
twisting tension, v is the drilling speed, and η  is the transmission efficiency. 

From equation (1) and (2), it can be concluded that the stress of the drill spindle is mainly related to 
drill speed. Therefore, the determination of the spindle stress is the precondition of the strength 
calculation of the bit and other components. In general, the spindle stress is mainly influenced by the 
following factors: 

(1) The drilling speed; 
(2) The materials of drilling and their states; 
(3) The drilling feed rate; 
(4) The diameter of drilling hole. 

Simulation of the spindle 
Because the above factors are very difficult to analyze in the theoretical method, this paper applies 

the approach of finite element simulation. The 3D model of the drill spindle is established by using UG 
software. According to the working parameters, the stress distribution can be simulated, as shown in 
Fig. 2. It is found after simulation that the maximum bending stress distribution position is at the head 
of the spindle and in the middle of the tail, and the max twisting stress distribution position is at the 
connection position of the tail and the head of the spindle. In the continuous rolling process, the 
twisting force is gradually increased with the impact of the bending force. However, the technical 
requirements of the drilling process need to make the stress constant, that is, the stress will not change 
with the increase speed of the drill. As the result, the speed of the drill should be adjusted to adapt to 
the change of the stress. Therefore, the following two factors should be considered in drilling speed 
control: 

(1) The spindle driving torque should not be influenced when adjusting the drilling speed to adapt to 
the stress change; 

(2) To meet the stress change and the adjustment of the spindle speed, tension fluctuations should be 
considered. 

(3) The impact force should be avoided when drilling, which greatly influences the change of the 
twisting stress at the drill spindle. 
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(a) Tail bending stress 

 
(b) Head bending stress 

 
(c) Twisting stress 

Fig.2 Simulation of the drill spindle 

Analysis of the ecentric shaft 
In the drilling process, the tail of the spindle is connected to ecentric shaft for other uses. When 

using ecenric shaft, the force of the spindle is more complex because there is an additional bending and 
twisting composite force, as shown in Fig. 3. To analyze the stress distribution of the eccentric shaft, its 
3D model is established, as shown in Fig. 4. After simulation, it can be found that the stress focus point 
is at the connection position of the eccentric and the spindle. Because the eccentric force of speeding 
drill, there is a downward pressure on the sector block. With the increasing of the speed, the radial 
pressure on the shaft is greatly increasing. In this case, plastic deformation is produced in the spindle. In 
addition, the pressure on the shaft will be too high to discharge the drilled material. Therefore, it is 
important to pay attention to check the connection position of the spindle and the eccentric shaft. By 
using theoretical analysis, computer simulation and finite element method for the drilling process, the 
stress distribution experiment of the mechanism provides guidance for mechanical engineering 
students.. 
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Fig.3 The ecentric shaft 

 
Fig. 4 Stress distribution of the ecentric shaft 

Conclusions 
Because of the flexible configuration ability of virtual experiments, students can design and calculate 

complex mechanical device model without much cost of money and time.  In this case, by using FEM 
computer software, students’ innovative thinking can be developed, which is more important than the 
study of the experiment. 
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