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Abstract: The horizontal machine tool has an automatic exchange table, which can be combined with a flexible 
manufacturing system for automatic processing and production. Therefore, it requires higher performance stability than 
other machines. This study analyzes the static and dynamic characteristics of a horizontal machine tool structure. The 
finite element analysis (FEA) method is generally used to analyze the whole machine structure and improve the 
deformation and resonance of the horizontal machine tool. In this study, FEA was applied to the design process of the 
machine tool, including static deformation analysis, modal analysis, transient analysis, and harmonic analysis of the 
machine. The deformation of the whole machine due to acceleration of gravity and cutting force was analyzed. The 
modal shapes generated by the first and third modes directly affected the machining process of the machine tool. To 
further analyze the influence of vibration signal processing on processing quality, transient response analysis was 
carried out on the effect of axial cutting force during machining. Spectrum analysis of the machine was also carried out. 
This study is expected to help the structural design of a horizontal machine tool to improve the dynamic characteristics 
and stability of the horizontal machining system. 
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1. INTRODUCTION 

Several studies on finite element analysis (FEA) 
methods for static and dynamic deformation analysis of 
manufacturing processes have been reported. Wu et 
al. [1] investigated the mechatronics modeling and 
forced vibration of a 2-DOF parallel manipulator in a 5-
DOF hybrid machine tool. Li et al. [2] compared the 
dynamic performance of two 3-DOF parallel 
manipulators and proposed a novel optimization 
method for counterweight masses for the development 
of a new hybrid machine tool. Simon [3] applied the 
thermal analysis of lubrication to investigate the 
influence of the machine tool setting for pinion tooth 
finishing on the lubrication of gears. Ohta and Hayashi 
[4] studied the vibration of a linear-guideway-type 
recirculating linear ball bearing driven at constant 
velocity. Wu et al. [5] reported the stiffness of a 5-DOF 
hybrid machine tool with actuation redundancy. 
Whalley et al. [6] derived the X-Y axes and distributed-
lumped model for a machine tool system. Model 
validations using measured results have also been 
presented. Gegg et al. [7] proposed a simplified 
mechanical model for a machine tool system. The 
states and domains were defined for the boundaries in 
this system. Ericson and Parker [8] applied 
experimental modal analysis to characterize the planar 
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dynamic behavior of two spur-planetary gears. Zhou et 
al. [9] demonstrated that because the machined 
surface is part of the cutter envelope surface generated 
by the cutter motion, it is necessary to calculate the 
envelope surface to obtain the geometric deviation. 
Fujishima et al. [10] studied sensing technologies for 
machine tools and attempted to improve cutting 
efficiency with this sensing system. Guo et al. [11] 
introduces a degradation analysis-based reliability 
assessment method for CNC machine tools under 
performance testing. Kim et al. [12] studied detection of 
chatter vibration that can compensate chatter vibration 
faster and produce processed goods with more 
precision by autonomous compensation. Hong et al. 
[13] Analysis of chatter is affected by the dynamic 
characteristics of machine tool structure.  

Chan et al. [14, 15] discussed the structural 
characteristics of five-axis machine tools and modal 
testing methods to improve the static and dynamic 
characteristics of the entire machine, and optimize the 
base topology for weight reduction. 

In this study, the FEA method is used to analyze the 
static and dynamic characteristics of the horizontal 
machine tool structure. The structural deformation and 
vibration of the machine tool are also analyzed. 

 The technical ability of the machine tool is 
considered an important indicator of an important 
indicator of industrialization. This study mainly analyzes 
the structural characteristics of the horizontal machine 
tool. The FEA method is used to analyze the static and 
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dynamic characteristics of the whole machine structure, 
focusing on the structural deformation and vibration of 
the horizontal machine, which is then used as a 
reference index for the design and development of 
machine tools. The flowchart of this study is shown in 
Figure 1. 

2. FINITE ELEMENT ANALYSIS MODEL 

This study analyzes the structure of the horizontal 
machine tool by importing it into a Workbench CAD 
drawing file to establish the model and material 
properties. The materials used include cast steel and 
gray cast iron; the continuum was segmented by 
cutting the grid and nodes. For the element, the FE 
method was used in parameter-setting to solve for the 
behavior and characteristics of the simulated structure. 
FEA was performed using analysis software to explore 
the structural characteristics of the machine tool. 

The model used in this study using CAD is shown in 
Figure 2. 

 
Figure 2: Horizontal machine tool CAD model. 

2.1. Material Properties 

The materials used in the horizontal machine tool 
include cast steel and gray cast iron. The material 
properties are listed in Table 1. The completed FE 
model is shown in Figure 3. 

Table 1: Properties of Cast Steel Materials 

Cast steel materials	  

Density (kg/m3) 7800 

Young's modulus (Pa) 2.07 × 1011 

Poisson's ratio	   0.28 

Gray cast iron material properties 

Density (kg/m3) 7200 

Young's modulus (Pa) 1.24 × 1011 

Poisson's ratio	   0.3 

 

 

Figure 3: Finite element model of horizontal machine tool. 

 

Figure 1: Flowchart of research. 
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2.2. Finite Element Boundary Condition Setting 

The machine tool has many combined interfaces. 
The linear motion uses a linear guideway. The contact 
between the slider and linear guideway was simulated 
by the spring, whose rigidity was set to 20000000 N/m. 
The fixing method of the relevant interface was based 
on the actual machine combination setup. The 
acceleration of gravity was 9.8 m/s2. The model is 
shown in Figure 4.  

 

Figure 4: Horizontal machine tool boundary conditions. 

3. FINITE STATIC STIFFNESS ANALYSIS 

During the simulated machining process, the 
machine was subjected to a -500 N force along the Z-
axis direction at the point of the tool tip. The analysis 
results show that large deformation occurred at the 
main shaft and rotating base; the maximum 
deformation amount was 30.9 µm. The static stiffness 

analysis results are shown in Fig.5. The deformation of 
components is summarized in Table 2 while the static 
rigidity analysis results are shown in Table 3. 

Table 2: The Deformation of Components 

Structural 
Component 

Total Deformation 
(µm) 

Total Deformation 
(%) 

Housing 10.4 33.0 

Head 9.5 30.7 

Saddle 6.0 19.4 

Base 2.7 8.7 

Index plate 2.9 9.2 

Table 3.6 11.6 

Entire machine 
structure 30.9 100 

 
Table 3: Static Rigidity Analysis Results 

Structural Component Overall Stiffness (Kgf/µm) 

Housing 4.9 

Head 5.4 

Saddle 8.5 

Base 18.9 

Index plate 17.6 

Table 14.2 

Entire machine structure 1.7 

 

4. MODAL ANALYSIS 

The FE method was used to analyze the dynamic 
structure of the machine tool at the frequency range of 

 

Figure 5: Static rigidity analysis and force flow of the horizontal machine tool. 
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0–1000 Hz. The modal analysis results show that the 
vibration mode and natural frequency of the machine 
are 17.1 Hz, 21.9 Hz, and 31.8 Hz, respectively. The 
three-mode shapes are described in Table 4. 

5. CUTTING TRANSIENT ANALYSIS 

Transient analysis was conducted with impact force 
of 500 N, the fixed point was located at the base, and 

Table 4: Modal Analysis and Mode Shape 

 Modal Analysis 

Natural Frequency (Hz) Mode Shape 
 Description 

17.1 

 

The main vibration mode of the first mode 
is the torsion of the column.	  

21.9 

 
 

The main vibration mode of the second 
mode is the torsion of the column and 

saddle.	  

31.8 

 

The main vibration mode of the third 
mode is torsion of the saddle, spindle, 

and column. 
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the impact point of the impact force was at the tool tip, 
as shown in Figure 6. After the simulated cutting impact 
load was applied for 0.05 s, the force responds to the 
ureibration phenomenon within 5 s. From the results 
shown in Figure 7, the amplitude of the transient 
response along the X-axis direction of the tool nose 
point can be determined. 

 

Figure 6: Cutting point of cutting force. 

 

Figure 7: Transient response analysis in the X-axis direction. 

6. CUTTING SPECTRUM ANALYSIS 

The vibration frequency and amplitude of the 
horizontal machine tool along the X-, Y-, and Z-
direction are shown in Figure 8–10, and the dynamic 
characteristics of tool machining were further analyzed. 
It was found that the cutting dynamic performance 
influenced the accuracy and efficiency of the cutting 
process. 

 

Figure 8: Cutting spectrum analysis in the X-direction. 

 

Figure 9: Cutting spectrum analysis in the Y-direction. 

 

Figure 10: Cutting spectrum analysis in the Z-direction. 

7. CONCLUSIONS 

Owing to the rapid development of the machine tool 
industry, requirements such as machine tool accuracy, 
efficiency, shorter delivery time, machine planning and 
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structural configuration, and structural part design and 
analysis have become very important. Thus, further 
analysis of the static and dynamic cutting forces that 
cause machine structure deformation is required. 
Moreover, vibration affects the accuracy of the 
workpiece. This study used FEA to explore the static 
and dynamic characteristics of the horizontal machining 
system, and improvement of the whole machine 
structure, which can help improve related machine tool 
design technologies. 

In this study, the actual machining conditions of the 
machine tool were simulated. Static stiffness analysis 
was carried out when -500 N was applied along the Z-
axis direction at the tool tip point. The maximum 
deformation was 30.9µm. Static deformation analysis 
was used to determine the deformation and dynamic 
stiffness of each component. Vibration frequency and 
amplitude in the X-, Y-, and Z-directions were obtained 
to improve the static the static and dynamic 
characteristics of the overall machine. 
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