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Abstract
Static and Dynamic analysis of machine tool structures plays an 
important role on the efficiency and job accuracy of the machine 
tool. Static analysis is useful for estimating stresses, strains and 
deflections, where as dynamic analysis deals with the prediction 
of natural frequencies and corresponding mode shapes, which 
will inturn, prevent the catastrophic failure of the machine tool 
structures.
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I. Introduction
Finite element is a mathematical method for solving ordinary and 
partial differential equations. Because it is a numerical method, it 
has the ability to solve complex problems that can be represented 
in differential equation form, as these types of equations occur 
naturally

A. Static Analysis
A static analysis calculates the effects of steady loading on a structure, 
while ignoring inertia and damping effects, such as those caused by 
time-varying loads. A static analysis can, however,   include steady 
inertia loads (such as gravity and rotational velocity), and time-
varying loads that can be approximated as static equivalent (wind 
and seismic loads commonly defined in many building codes)
Static analysis is used to determine the displacements, stresses, 
strains, and forces in structures or components caused by loads 
that do not induce significant inertia and damping effects.

B. Dynamic Analysis
Dynamic analysis can be used to determine the vibration 
characteristics (natural frequencies and mode shapes) of a structure 
or a machine component while it is being designed. It also can be 
starting point for another, more detailed, dynamic analysis, such as 
a transient analysis, a harmonic analysis, or a spectrum analysis.
Dynamic analysis is the study of the dynamic properties of structures 
under vibrational excitation.

C. Assumptions
Damping is ignored in a modal analysis.• 
Any applied loads are ignored.• 
If the analysis is a pre-stress modal analysis and the model • 
includes contact connections, their effects are calculated based 
on their status at the beginning of the static analysis.

Modeling of machine components

Fig. 1: Modeling of Column and Knee of a Milling Machine

Fig. 2: Modeling of Ram and Guide of a Shaping Machine

Fig. 3: Modeling of Bed of a Lathe Machine

II. About Ansys
ANSYS is general-purpose Finite Element Analysis (FEA) 
software package. Finite Element Analysis is a numerical method 
of deconstructing a complex system into very small pieces (of 
user-designed size) called elements. The software implements 
equations that govern the behavior of these elements and solves 
them all, creating a comprehensive explanation of how the system 
far too complex to analyze by hand. Systems that may fit into 
this category are too complex due to their geometry, scale, or 
governing equations. 

III. Boundary Conditions for the Milling Machine
The milling machine base is fixed. So the displacement boundary 
conditions applied to the base. i.e. = UY = UZ =0 and rotations 
RX=RY=RZ=0. The displacement constrain applied in fixing the 
base area in all degrees of Freedom.

A. Loads Applied
The loads are applied on the component is its self weight applied 
by the option gravity. 

IV. Boundary Conditions for the Shaping Machine
The shaping machine base is fixed. So the displacement boundary 
conditions applied to the base. i.e. = UY = UZ =0 and rotations 
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RX=RY=RZ=0. The displacement constrain applied in fixing the 
base area in all degrees of Freedom.

A. Loads applied     
The loads are applied on the component is it’s self weight applied 
by the option gravity

V. Boundary conditions for the lathe machine:
The lathe machine base is fixed. So the displacement boundary 
conditions applied to the base. i.e. = UY = UZ =0 and rotations 
RX=RY=RZ=0. The displacement constrain applied in fixing the 
base area in all degrees of Freedom.

A. Loads are applied
The loads are applied on the component is it’s self weight applied 
by the option gravity. 

B. Stress Calculations
After these equations are solved, the element nodal displacements 
q can be obtained. Since Dσ = ε  and Bqε = ,the element stresses 
are given by

DBqσ =      (9)
The three principal stresses can be calculated by using the 
relationships in below Eqs (10) . The three invariants of the (3*3) 
stress tensor are 
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We define 

The principal stresses are given by

VI. Analysis Structures
Static Analysis results for the Milling Machine Component

Fig. 4: Von Mises Stress for Milling Machine Component

Fig 4 shows the von Misses stresses. Von misses stresses are 
combination of tensile and shear stress, and stress in different 
portions of the structures are observed. Value of maximum stress 
is noted as 200.793 N/mm2 

Fig. 5: Von Mises Stress For the Shaping Machine

Fig. 5 shows the Von Misses Stresses. Von misses stresses are 
combination of tensile and shear stress, and stress in different 
portions of the structures are observed. Value of maximum stress 
is noted as 253.926 N/mm2 
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Fig. 6: Von Mises Stress for the Lathe Machine

Fig. 6 shows the Von Misses stresses. Von misses stresses are 
combination of tensile and shear stress, and stress in different 
portions of the structures are observed. Value of maximum stress 
is noted as 342.223 N/mm2 

A. Static Analysis
Basic aim of static analysis is to find out the stresses and 
displacements of structures under static loading conditions.

B. Static Analysis results for the machine components
Table 1: Stresses of Machine Tool Structures

Machine
Machine

VonMises
 Stress
sstresses
Vonmisses

Stresses in N/ mm2

X-direction Y-direction Z-direction

Milling 200.79 141.446 44.936 23.144

Shaping 253.92 138.841 132.116 49.914

Lathe   342.3 278.745 109.989 129.123

Table 2: Deflection Values for the Machine Tool Structures

Machine Deflection (in mm)

Milling 4.189

Shaping 0.47

Lathe 0.42

VII. Dynamic Analysis  

A. Modal Analysis 
 Modal analysis is used to determine the vibration characteristics 
(natural frequencies and mode shapes) of a structure or machine 
components while being designed.
Results of natural frequencies are viewed in general post-processor.
in post processor result summary gives the list of all the sets are 
checked and noted down. And the results are as follows.

5.7 Modal analysis results for the milling machine
Table 3: Frequencies and Deflections for the Milling Machine at 
Various Modes

Modes Frequencies (HZ) Deflection (mm)

 1 3.49 0.057731
 2 5.117 0.081458
 3 7.309 0.149944
 4 8.332 0.08372
 5 10.033 0.093882
6 17.711 0.079172

Above table shows the first six natural frequencies of the structure. 
First natural frequency is found to be 3.49HZ. The important of 
modal analysis comes into picture when doing further dynamic 
analysis. Results of modal analysis become important input in 
dynamic analysis. One to six mode shape plots are shown in 
below figures.

Fig: Mode Shape Of Milling Machine

Frequencies and Deflections for the shaping machine at various 
modes

Modes Frequencies
(HZ)

Deflections
(mm)

 1 5.029 0.057195
 2 9.31 0.068917
 3 13.213 0.118939
 4 20.016 0.320772
 5 23.98 0.067149
6 32.247 0.117925

Above table shows the first six natural frequencies of the structure. 
First natural frequency is found to be 5.029HZ .The important of 
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modal analysis comes into picture when doing further dynamic 
analysis. Results of modal analysis become important input in 
dynamic analysis. One to six mode shape plots are shown in 
below figures

5 Frequencies and Deflections for the lathe machine at various 
modes
Modes Frequencies Deflections  
 1 10.852 0.248626
 2 12.801 0.114557
 3 14.12 0.248381
 4 17.275 0.346235
 5 19.891 0.497771
6 20.662 0.254419

 Above table shows the first six natural frequencies of the structure. 
First natural frequency is found to be 10.852 HZ and the maximum 
frequency is to be noted as the 20.662.

VIII. Conclusion
Above table shows the deflection generated by these components 
after loading. In this paper an attempt has been made to analyze 
both statically and dynamically the three machine tool structures 
milling, shaping, and lathe. It is observed that VonMises stress 
in high for lathe. In all machines, the stresses are high along 
x-direction, is a direction transverse to the longitudinal axis. The 
deflection is observed to be more predominant in milling machine. 
It can be further concluded that the milling machine. It can be 
further concluded that the deflection is increasing with an increase 
in frequency. The frequency analysis has been taken-up for the 
first 5 natural frequencies. 
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