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Abstract 
 
 
Damping is a phenomenon which is obviously related with dissipation of vibration 
energy under relative motion in a mechanical system. Without changing excitation 
force in many cases vibration is reduced only by changing mass or stiffness of the 
system just with altering the resonance frequencies. Most of the cases tuneable 
device with vibration or damping materials minimizes mechanical vibration by 
absorbing vibration energy from structure. There are some damping methods 
investigated to control the vibration for example, active, semi-active, semi-passive 
and passive method. Actuators together with sensors and analog or digital controllers 
are involved in active damping control of vibration. Active method cancels the 
disturbance caused by vibration by producing an out of phase actuation. Passive 
control mechanism doesn’t include the real time active algorithm which must exist in 
active method. Passive method includes damping device within the structure aiming 
to control or isolate energy dissipated from vibration.  
 
There are several kinds of damping materials used as a passive control of vibration 
such as tuned mass dampers, shunted piezoelements dampers, viscous dampers 
and viscoelastic dampers. This thesis deals with the last one that is viscoelastic 
damping. Viscoelastic materials are used as the joint interface which has both 
viscous and elastic properties. To examine how this interface materials affect the 
whole structure a prototype design of different geometric shaped joints are made by 
solid edge software. The geometric shapes of joint interface are flat, conical and 
spherical. Two types of experiment (theoretically and experimentally) are done to find 
out the frequency response function of the structure. First one is finite element 
modeling with comsol multiphysics 4.3a and second one is with LMS Test Lab which 
consist high sensitivity accelerometer sensors.  
 
This is proved from the both experiments that joint interface material greatly affect the 
dynamic characteristics of the whole structure. Although there are some quantitative 
difference in results between the simulation and test lab, the results show similar 
trends. This conclusion is drawn from the comparative study between the simulation 
and test lab results. 
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Chapter – 1: Introduction and Background 
 
Nowadays, advancement of technologies is very fast. Machines, engines, generators 
and even little tools are made to be competent on products’ life cycle, accuracy, 
precision, robustness and so on. In order to make a product or mechanical structure 
more robust, the design of that must be considered both statically and dynamically. In 
case of making a robust design, operation conditions must be considered. Vibration 
is one major problem that has to be encountered during design process. The so 
called chatter (self-excited vibration during machining) is generated from both 
machine structure and workpiece structure. There are many methods invented to 
minimize chatter and one of those is by adding high damping materials into the joint 
interface. This study is focused on analyzing the way of using the high damping 
materials more effectively. 
 
 
1.1 Vibration free machining process is just a dream 
 
Vibration in the machining process is the result of dynamic interaction between 
machine tool structures. The main source of this vibration is the dynamic force. This 
dynamic force which is generated between the tool and workpiece varies greatly 
during machining process. Variation of the cutting force induces discontinuous 
impacts to the insert and workpiece, breaks the cutting edge and damages the 
workpiece surface. 
 
Vibration might be defined; oscillations that occur about equilibrium point, for 
example periodic motion of a simple pendulum. Any mechanical structures under 
cyclic load will start to vibrate. This type of mechanical phenomenon creates 
problems during machining tooling design are directed towards minimize its dynamic 
movement under cyclic loading. The effects of vibration are severe. It promotes tool 
wear by the way damage machining products. Vibration in machining creates extra 
noise among moving parts and also it dissipates energy. Vibration is a result of 
uneven friction and imbalance among rotating parts in a machining structure. 
 
Machining system vibration can be classified into 3 types below 
 
◙ Free vibration (machining system vibrates freely under an input force with its 
natural frequency) 
 
◙ Forced vibration (caused by dynamic exciting force such as, (a) alternating cutting 
force (b) Internal source of vibration (c) External disturbances transmitted by the 
machine foundation) 
 
◙ Chatter or self excited vibration (generated due to relative movement between 
the workpiece and machine tool)  
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1.2 Background 
 
To avoid chatter during machining process there are few commonly used actions are 
below; 
 
1. Adjusting cutting speed,  
2. Reducing nose radius of the inserts,  
3. Reducing depth of cut 
4. Changing spindle speed 
5. Decreasing tool overhang length etc.  
 
Another way of minimizing vibration is to utilize damping materials into the joint 
interface of mechanical structures and it is the focus of this thesis study. 
               
In order to enhance the performance of the structure against vibration, researchers 
are trying to increase the machining process’s damping capacity by Active damping 
method or Passive damping methods These two damping methods improve the 
machining process stability through improving the FRF (frequency response function) 
of the structures. 
 
Damping treatment utilizes the high damping material in two different ways: 
          • Constrained layer damping application (this damping treatment applies the 
high damping material in the regions where oscillation strain energy is concentrated) 
          • Tuned dampers application (transfers the vibration energy to extra features 
on the structure and thus reduces the vibration energy of the component under 
concern) 
 
Viscoelastic material is one of the widely used damping materials. This material 
possesses high damping property and it can also adapt to structures very easily. 
Another method to reduce vibration in machining might be to use magneto 
rheological fluid while controlling input current to the fluid in order to increase the 
stiffness and damping. Damping effect of a structure can come from the materials of 
the structure itself and the damping property of the joint interface. If bolts are used in 
the joint of a mechanical structure then static stiffness decreases in compared to a 
single unit on the other hand dynamic stiffness benefits the structure in terms of 
damping in the interface area. 
 
 
1.3 Objectives and Scope of Study 
 
In this study viscoelastic damper is added as a joint interface in a mechanical 
structure. With two different thickness of viscoelastic materials and three different 
types of load condition the structure is analyzed. This structure is made of structural 
steel, and then viscoelastic material is added in between the upper and lower 
interface. By keeping same height and same area of that structure the joint interface 
is designed into three different shapes such as, flat, conical and spherical. So by 
default the viscoelastic damper also got the same shape of that joint interface.  
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Target of this thesis is to find out the most robust design which is less vulnerable to 
dynamic force. To do this the whole study is furnished based on some key objectives 
that are below. 
 
(İ) Theoretical Finite element modeling 
 
This finite element modeling is done by Comsol Multiphysics 4.3b. There are two 
different types of modeling widely used here such as time dependent modeling and 
frequency domain modeling. For this case frequency domain study (frequency 
response analysis) is selected which solves for the linear response from harmonic 
load.  
 

(İİ) Practical investigation with LMS Test Lab (TL) 
 
Structural analysis is also done by LMS Test Lab which is a complete portfolio for 
noise and vibration testing. In this study the base fixture is attached on a table with 
20 Nm torque and for investigation one shaker and 3 different measurement 
channels are used. Shaker and Accelerometers with high sensitivity are used here for 
measurement. 
   
(İİİ) FRF calculation and comparison 
 
From the both methods up here the target is to build frequency response function 
(FRF) graph. Displacements versus solver frequency graph are made for 3 degrees 
of freedom from both finite element simulation and test lab. Then a comparative study 
of frequency response function is taken from those methods just to check the fidelity 
of data. Another comparative study is taken from finite element simulation of two 
different thicknesses of joint interface materials to check how damping materials 
affect the structure. 
 
1.4 Document overview 
 
A brief overview of this document after this chapter above is discussed here under 
chapter wise. 
 
Chapter-2: Theoretical background is discussed in this chapter a bit elaborately. 
Specially theories behind FRF (frequency response function) equation are discussed 
here; undamped, damped and forced vibration. Viscoelastic materials and finite 
element method are also discussed in this chapter. 
 
Chapter-3: Design of the structures is cited clearly here. The structure contains base 
fixtures and workpiece. Fixture has three different geometric shaped joint interfaces 
that are clearly shown in this chapter. 
 
Chapter-4: This chapter provides experimental procedures of finite element 
simulation and frequency response function graphs. Solver frequency is plotted along 
X axis and along Y axis displacement amplitude (X, Y and Z component) is plotted.   
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Chapter-5: LMS test lab software is used for the real experiment so experimental 
procedures are expressed clearly in this chapter. The motto is to find out frequency 
response function graphs same as previous chapter.  
 
Chapter-6: Comparative study is the main subject of this chapter. First comparison is 
taken between simulation and experimental results of all geometric shapes. Second 
comparison is discussed between two different thicknesses of viscoelastic material 
interface consisting structures. 
 
Chapter-7: Discussion, conclusion and future work are discussed in this chapter.    
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Chapter – 2: Theoretical Background 
 
A basic mechanical structure consist several things such as tool, tool holder, machine 
tool, workpiece fixture and workpiece etc. Dynamic behavior greatly depends on the 
interaction between the mechanical structure and cutting process while machining. 
Characteristics of five things such as excitation force F, its frequency f, damping 
factor c, stiffness k and mass of the structure determine the dynamic behavior of a 
mechanical structure. Force goes as the input of a mechanical structure and vibration 
comes as an output. If vibration occurs in a machining system then it modulates the 
whole cutting process such as vibration modulates depth of cut, chip thickness, 
cutting speed etc.          
 
2.1 Theories behind vibration 
Several theories exist behind vibration some are discussed here. 
 
2.1.1 Undamped single degree of freedom mechanical system 
 
This the most simple form of mechanical vibration where a mass travelling back and 
forth through its equilibrium point under the action of a moment or restoring force that 
tends the mass to return to its equilibrium position. The example of this type of 
restoring mechanism is oscillation of simple pendulum under the action of gravity and 
a spring which exerts force that is proportional to the displacement of the mass.  
When there is no external force then undamped single degree of freedom mechanical 
system might be represented by mass and spring. 

 
The solution of this equation might be assumed  

 
Where X0 is the amplitude and  is found by solving the above 

equation. Where ω0 is circular frequency in rad/sec. 
 
2.1.2 Harmonic oscillation 
 
Could be represented by sine or cosine function 

 or,  
Where A is amplitude of the oscillation and circular frequency, ω = 2πf. 
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Fig 2-1: Harmonic function in time 
domain 
 
If initial phase shift ɸ then the equation 
comes in time domain  

 

 
Fig 2-2: Vector representation of 
Harmonic function 
 
With initial phase shift it might be 
represented  

 
 
2.1.3 Damped SDOF mechanical system 
 
When damper is added with mass and spring then the damped single degree of 
freedom mechanical system could be represented   

 
If the solution is considered;  

then velocity comes  and acceleration  

By replacing in above equation 

 

  [By replacing  and damping ratio, ] 

) 

So the solution,  where damped natural frequency,  

2.1.4 Forced vibration SDOF mechanical system 
 
When excitation harmonic force is added with damper, mass and spring 
then the system becomes forced SDOF system. Here ω is variable excitation 
frequency. So the equation of motion can be expressed as below 
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By considering the mass consisted system is oscillating with the same frequency of 
the excitation force then the solution of the above equation is 

 By differentiating velocity  and acceleration  

By replacing those in the above equation; 

 

So,  this is a complex function which is called transfer function 

(TF) where F0 is the input which is the amplitude of the excitation force and X0 is 
output. 

By replacing  and damping ratio,  in the transfer 

function  this is a complex function so it has 

both magnitude and phase. 

So the magnitude  where  is 

frequency ratio.  

And the phase shift,  

2.2 Frequency response function (FRF) 
 
Fundamentally a frequency response function is a mathematical representation of the 
relationship between the input and the output of a system. The transfer function 
discussed above is the mathematical deduction of FRF. 

Frequency response function could be possible between two points on a structure.  It 
would be found out by attaching an accelerometer at a particular point and excite the 
structure at another point with a force gauge instrumented hammer. Then by 
measuring the excitation force and the response acceleration the resulting frequency 
response function would describe as a function of frequency the relationship between 
those two points on the structure. 

The basic formula for a frequency response function is 

 

Where, 
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 is the frequency response function. 

is the output of the system in the frequency domain. 

And where  is the input to the system in the frequency domain. 

Frequency response functions are most commonly used for single input and single 
output analysis. 

 
2.3 Viscoelastic materials (VEM) 
 
Viscoelastic materials have an interesting mix of material properties that exhibit 
viscous behavior as well as elasticity. The viscous behavior is like the gradual 
deformation of molasses and the elasticity is like a rubber band that stretches 
instantaneously and quickly returns to its original state once a load is removed. The 
clearest way to visualize the behavior of a material containing both elastic and 
viscous components is to think of a spring (exerting forces to return to its unstressed 
state) in series with a dashpot (a damper that resists sudden motion, similar to the 
pneumatic cylinder that prevents a storm door from slamming shut). With these 
properties, the stresses of a viscoelastic material gradually relax over time when a 
constant displacement is applied. Conversely, under a constant applied force, elastic 
strains continue to accumulate the more it is deformed. Various materials exhibit 
viscoelasticity, with deformation depending on load, time and temperature. That is, 
given enough loading over a period of time, many materials will gradually undergo 
some level of deformation — and the process may speed up as the material gets 
hotter. For example, an amorphous solid such as glass may act more like a liquid at 
elevated temperatures, at which its time-dependent response can be measured in 
seconds. On the other hand, at room temperature, its stiffness is much greater, so 
glass may still flow, but the time dependent response is measured in years or 
decades. 
 
Viscoelastic behavior is similarly found in other materials such as wood, polymers, 
human tissue and solid rocket propellants, to name a few. Because of this complex 
behavior, the use of linear material properties is generally inadequate in accurately 
determining the final shape of a viscoelastic material, the time taken to arrive at that 
geometry, and the stresses on the part. In these cases, the material’s viscoelasticity 
must be taken into account in the simulation. [3] 
 
The Youngs modulus and Isotopic structural loss factors are listed below for the 
viscoelastic material. 
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Table 2-1: Loss factor and Young’s modulus of Viscoelastic materials 

Frequency (Hz) Loss Factor Young’s Modulus (Pa) 
5 0.80 1043000 

10 0.90 1490000 
50 1.00 3874000 

100 1.00 5960000 
200 0.95 8940000 
400 0.90 12218000 
600 0.80 15496000 
800 0.75 16390000 

1000 0.75 17 880 000 
1500 0.65 22 350 000 
2000 0.60 28 310 000 
2500 0.58 29 800 000 
3000 0.55 32 780 000 
4000 0.50 41 720 000 

 

Loss Factor was basically introduced for damping in viscoelastic substance. When 
oscillation is steady state then loss factor is defined in terms of energy concept.  

 

Where D is energy dissipated per cycle or opposite means, the equivalent amount of 
energy needed to maintain steady state oscillation. And W indicates the energy 
associated with vibration it might be stored energy. Like damping ratio ζ in SDOF 
viscous model loss factor η is the most general measurement index in a mechanical 
system associated with damper. For material testing or in case of composite structure 
evaluation loss factor could be used.    

Young’s Modulus or elastic modulus is the quantitative characteristic of materials 
which is the ratio of stress over strain along the same axis.  

Young’s modulus,   

Where, F is Force applied on object, A0 is original cross section area, ΔL is change in 
length and L0 is original length. 
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2.4 Finite Element Method (FEM) 
 
Finite element analysis is a method for finding out numerical solution of differential 
equations. In the beginning it was thought that finite element method is an application 
for civil and aircraft structures. Analogous idea of FEM is construction of a big circle 
by connecting many tiny straight lines. Technically FEM includes various methods of 
connecting many simple element equations over many small subdomains to a more 
complex equation over a larger domain. The most essential characteristic of FEM is 
Mesh Discretization which is the division of a continuous domain into a set of discrete 
sub-domains or into finite traingular subregions to solve second order Partial 
Differential equation (PDE). 

So there are two steps involved in finite element methods are,  
Step–1: The big domain of selected problem is divided into a lot of small subdomains, 
every subdomain contains a set of element equations for the main problem.  
Step–2: For the final calculation to recombine all sets of element equations into one 
global system of equations which has well known solution techniques and very easy 
to find out numerical solution from initial values of the selected problem. 

There are some advantages for division of a big problem into a lot of finite element, 
1. Simple and more accurate representation of complex geometry. 
2. Dissimilar material properties are included. 
3. Total solution can be represented simply. 
4. Local effects are captured accurately. 
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Chapter – 3: Design of the Fixtures and 
Workpiece 

 

3.1 Design of the models 

Initially there are 4 different fixtures (Base) are drawn 3 of them possess 3 different 
shaped viscoelastic material interface (a).Flat Interface (b).Conical Interface (c). 
Spherical Interface and the last one is without viscoelastic material (d).Single 
component fixture. Secondly a workpiece is also designed with a plate at the bottom 
just to attach with the base fixtures designed up. Then finally this workpiece is 
assembled on the top of each fixture. Based on the design of viscoelastic material 
joint interface in total 8 models (4 models for base fixture and 4 for base fixture with 
workpiece) are found which will be investigated. All fixtures and models are designed 
by Solid Edge ST4 software, snapshot pictures are provided below.  

3.2 Design of Fixtures (Base)  

(a). Flat Interface: It consists of three components bottom part, viscoelastic material 
interface and top part. Bottom part has 300mm diameter 20mm high added with a 
portion of 250mm diameter 30mm high. Viscoelastic material interface has 250mm 
diameter and 1.14mm (another one 0.39mm) high. The diameter of top part is 
250mm and height is 20mm pictures of those parts are below. 

Fig 3-1: Bottom Part (Flat) Fig 3-2: Viscoelastic Material (Flat) 
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Fig 3-3: Top Part (Flat) Fig 3-4: Assembled Flat Profile 

 

 (b). Conical Interface: Diameter and edge height of the bottom part are same as of 
Flat interface only the top face of the bottom part is conical, face angle is 7.31° from 
top plane. So the height from the bottom plane to centre of the top plane becomes 
35mm. Viscoelastic material interface is also cone shaped here same angle 7.31° 
and 1.14mm (another one 0.39 mm) height. Just to make same area of all shaped 
viscoelastic material interface the centre of the conical shaped viscoelastic material 
interface consists 16mm hole. Top part has 250mm diameter and 20mm height and 
bottom plane is 7.31° inclined to downwards. 

 

Fig 3-5: Bottom Part (Conical) 

 

Fig 3-6: Viscoelastic Material (Conical) 
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Fig 3-7: Top Part (Conical) 

  

Fig 3-8: Assembled Conical Profile 

 
(c). Spherical Interface: The edge height of the bottom part is 50 mm and the edge 
diameter is 250 mm. In the centre of the top plane exists a sphere whose radius is 
528.33mm so the height from bottom plane to centre comes 35 mm. Viscoelastic 
material interface here is also spherical shaped of 528.33mm in radius, to make 
same area of all other 3 shaped interfaces a hole of 29.96mm diameter is made at 
the centre of viscoelastic material interface. Top part is as usual 20mm high, 250mm 
diameter and in the bottom plane a sphere of 528.33mm is made downwards.  
 

 

Fig 3-9: Bottom Part (Spherical) 

 

Fig 3-10: Viscoelastic Material 
(Spherical) 
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Fig 3-11: Top Part (Spherical) 

  

Fig 3-12: Assembled Spherical Profile 

 

 (d). Single block without Viscoelastic materials: This is only one single block of 
71.14 mm (also another one 70.39mm) in total height. Bottom block is 20mm high, 
300mm diameter and the top block is 250mm diameter with 51.14mm (another one 
50.39mm) in height. This one will be considered in the experiment just to make a 
comparison among those four models (especially with viscoelastic material interface 
and without it) drawn above. 

 

Fig 3-13: Single block without Viscoelastic materials 

3.3 Design of Workpiece and Whole Model (Assembled) 

The workpiece contains two parts one is plate just to attach the workpiece with the 
base fixture and the other one is workpiece itself the figure below shows clearly. The 
plate is 140mm diameter and 10mm high. In the top it has 4 holes of M10 bolts to 
attach with base and in the bottom it has 4 holes of M6 bolts to attach with workpiece. 
The dimension of workpiece is 70X70X150mm.  
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Fig 3-14: Plate (for attachment) 

 

Fig 3-15: Workpiece (Block) 

 

Fig 3-16: Assembled Plate and 
Workpiece block 

  

Fig 3-17: Whole Assembled Model 
(Fixture with Workpiece block) 
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Chapter – 4: Theoretical Analysis (Simulation) 
 
4.1 Basic considerations of the models 

The theoretical analysis of this thesis is basically done by simulation software named 
Comsol Multiphysics 4.3a. A comparison is made here among 4 models of same 
area and volume. These assembled models consists same area and same volume 
but only the difference the joint interface what is added in between the lower and 
upper part. These interfaces are made of viscoelastic material of different geometric 
shapes such as flat, conical and spherical shapes. So these Flat, Conical, Spherical 
and the last model used here is only single component without viscoelastic material 
just to compare how they behave under different load condition. These models are 
drawn with Solid Edge ST4 software and then imported those to Comsol 4.3a 
software for simulation. The constraint considered here at this moment is whatever 
the geometric shape of the design is, the entire diameter, height and the area of 
viscoelastic material is constant. 

4.2 Simulation procedure 

As per above discussion this is clear that 4 different models of base structures are 
used here for finite element modeling. Just to compare and select the best design, 
two different experiments are used in this study one is finite element analysis by 
Comsol Multiphysics and the other one is measurement with LMS Test Lab. Now the 
simulation process will be discussed here. For the simulation process it was 
recommended to use Comsol Multiphysics 4.3a.  
 

 
Fig 4-1: Schematic picture of finite element simulation by Comsol 
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The design is done with Solid Edge ST 4 then the model is imported to Comsol 4.3a 
for structural analysis. The simulation process is applied based on a lot of parameters 
and steps those are below. 
● Step-1: To generate Model builder in the beginning 3D is selected in the model 
wizard structural mechanics is added under solid mechanics physics then frequency 
domain is selected as this study type. 
 
● Step-2: To build finite element model the geometry is imported to comsol from an 
importable version (parasolid, step) of solid edge and then union form is selected so 
the different parts of the geometry are now unite into one but still shows different 
domains. 
 
● Step-3: Now materials is selected for different domains basically two different 
materials are used here one is Steel AISI 4340 from the material library and the other 
one is viscoelastic materials which is created as a new materials by using materials 
property. This viscoelastic material is used only where the joint interface of flat, 
conical and spherical profile exist but there is only one model is used for analysis 
where no damping materials are used. Material properties for the Steel AISI 4340 
are,  
 
Density – 7850 Kg/m3 
Isotopic structural loss factor – 0.01 
Youngs modulus – 205x109 Pa 
Poissions ratio – 0.28 
 
And the properties of viscoelastic materials are, 
Poission’s ratio – 0.49 
Density – 950 Kg/m3 
Isotopic structural loss factors and Youngs modulus are listed above table 1 under 
viscoelastic materials. 
 
● Step-4: Under solid mechanics damping properties are set from materials then the 
bottom plate is selected as a fixed constraint of every model. The most important 
parameter here to be applicable is point load. The load is applied 1 N along X, Y and 
Z directions respectively. 
 
● Step-5: Meshing was the trickiest step in this simulation because of a very thin 
interface of 0.39 mm and many bolts holes which are very narrow. Free triangular 
and free tetrahedral mesh was mostly used here. The mesh elements for base 
structure were approximately 25000 and for the whole model were 35000.   
 
● Step-6: Study step contains frequency domain and solver. Frequency range is 
started from 0 Hz and ended till 4000 Hz; the frequency step is 20 Hz here. Then the 
simulation is run. 
 
● Step-7: When study is finished then some graphs are taken what is called FRF 
(frequency response function). When force applied along X direction then in the 
graph displacement amplitude X component is chosen along Y axis and in X axis 
solver frequency is taken, in the same way if force is applied along Y direction then 
displacement amplitude Y component is taken along Y direction and Z axis as usual. 
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Finally from those plots the data is exported to excel to compare among other 
models.    
 
4.3 Simulation result: Fixtures (base)  

From simulation many results could be taken for example deformation, mode shapes, 
line graph, point graph etc. Among those only point graph is taken for this study along 
X axis solver frequency and along Y axis displacement amplitude that is called FRF 
(Frequency Response Function). 

 
Fig 4-2: Comparative FRF, X Component of Base Fixtures 

 
As per discussion about the graph above it is clear that the displacement of the single 
component structure is almost 0µm in the whole frequency range, though this can’t 
be chosen for the base structure that will be discussed later. Among other three 
profiles spherical shaped viscoelastic fixture gives the lowest peak displacement of 
0.00148µm at 1740 Hz. The other two shaped fixtures contain almost same 
displacement i.e. displacement of flat profile 0.00161µm at 2720 Hz and the conical 
profile is 0.00176µm at 2300 Hz. Note that in this case applied force is 1 N along X 
axis and the displacement amplitude is taken along X direction as well. So the 
selected profile in this case should be Spherical.     
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Fig 4-3: Comparative FRF, Y Component of Base Fixtures 

 
Here force is applied along Y direction only 1 N and the displacement is taken along 
Y direction also. In this case displacement is very little over the 4000 Hz of all 4 
shapes. Single component fixture contains almost 0µm, spherical contains the 
maximum peak displacement here 0.00189µm at 2100 Hz the other two 
displacements are 0.00141µm and 0.00143µm for conical and flat respectively. 
 

 
Fig 4-4: Comparative FRF, Z Component of Base Fixtures 

 
In this graph the displacement amplitude is taken along Z direction and the force is 
applied 1 N along Z axis. Here also the peak displacement is not so high, it lies below 
0.00001µm. Conical profile contains maximum peak displacement of 0.0000073µm at 
2120 Hz, second highest is flat 0.0000044µm at 2520 Hz then spherical contains the 
lowest peak displacement of 0.0000018µm at 1860 Hz and the single component as 
usual almost 0µm. 
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Summary of the result of base structure is below when applied force 1 N along X, Y 
and Z axes and displacement amplitude is taken also along X, Y and Z direction 
respectively. Amplitude unit is µm (1µm = 10-6m) and frequency is Hz. 
 
Table 4-1: Summary of the simulation result of the base fixtures  
 

Specification Profile Frequency Displacement (µm) Selection 

Displacement 
Amplitude X 
Component 

Flat Profile 2720 0.00161   
Conical Profile 2300 0.00176   
Spherical Profile 1740 0.00148 Spherical Profile 
Single Component 0-4000 ~~ 0.00001   

  

Displacement 
Amplitude Y 
Component 

Flat Profile 2500 0.00143   
Conical Profile 2120 0.00141 Conical Profile 
Spherical Profile 2100 0.00189   
Single Component 0-4000 ~~ 0.00001   

  

Displacement 
Amplitude Z 
Component 

Flat Profile 2520 0.0000044  
Conical Profile 2120 0.0000073   
Spherical Profile 1860 0.0000018 Spherical Profile 
Single Component 0-4000 ~~ 0.0000010   

    
Final Selection (based on minimum displacement) Spherical Profile 

                                  

4.4 Simulation result: Fixture (base) with Workpiece 

Now the simulation result of the other case will be discussed. Here the workpiece is 
attached on the top of base fixtures of all the 4 models and applied force same as 
above 1 N along X, 1 N along Y and 1 N along Z axis. When 1 N force is applied 
along X axis then the displacement amplitude is measured along X axis, when force 
is along Y then displacement is taken along Y direction and Z axis the same. 
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Fig 4-5: Comparative FRF, X Component of Fixtures with Workpiece 

During the previous discussion above displacement amplitude graph of base 
structure it is said that single component means fixtures without viscoelastic material 
can’t be taken for a specific reason. Now it’s time to discuss that reason clearly with 
proof. From the figure above, it is clear that the maximum peak displacement 
appears for the single component structure which has a far difference from that of 
others. It has a sudden sharp pick between 1850 and 1950 Hz which is 0.287µm at 
1900 Hz. Amazing thing here the second highest pick of flat profile is 0.022µm at 
1340 Hz which is 13 times less than that of single component structure. That’s why 
the fixture without viscoelastic materials interface couldn’t be accepted for machine 
tool. Then the rest two is almost similar for the conical displacement is 0.014µm and 
for spherical is 0.017µm. So in this case conical profile could be chosen being the 
minimum peak displacement. 
 

 
Fig 4-6: Comparative FRF, Y Component of Fixtures with Workpiece 
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Same 1 N force is applied along Y direction at the top of the workpiece and the 
displacement is taken along Y direction here. For the single component fixture a 
catastrophic change between 1850 and 1950 Hz is seen same as before, it has 
maximum of 0.276µm displacement at 1920 Hz. Second highest is flat 0.021µm at 
1320 Hz and the other two is for spherical 0.016µm at 1980 Hz and conical at 1420 
Hz displacement is 0.013µm. For the same reason of minimum peak displacement 
conical shape is selected here.   
 

 
Fig 4-7: Comparative FRF, Z Component of Fixtures with Workpiece 

 
In the graph above it is clear that in compared to single component structure the 
other 3 profiles are very little. The displacement amplitude along Z axis is the 
minimum for the flat profile which is 0.0018µm at 1300 Hz and the other two fixtures 
of spherical interface VEM contains 0.0034µm at 2000 Hz and conical shaped 
viscoelastics has 0.0021µm at 2140 Hz. The mystery again for the single component 
structure with the almost same frequency 1880 Hz makes the maximum peak 
displacement of 0.0443µm which is about 13 times bigger than that of second highest 
spherical. 
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The summary of the three graphs above where 1 N force is applied on the top of the 
work piece along X, Y and direction also displacement is taken along X, Y and Z axes 
respectively. 
 
Table 4-2: Summary of the simulation result of the fixtures (base) with workpiece. 
 

Specification Profile Frequency  Displacement (µm) Selection 

Displacement 
Amplitude X 
Component 

Flat Profile 1340 0.022   
Conical Profile 1400 0.014 Conical Profile 
Spherical Profile 2200 0.017   
Without VEM 1900 0.287   

  

Displacement 
Amplitude Y 
Component 

Flat Profile 1320 0.021   
Conical Profile 1420 0.013 Conical Profile 
Spherical Profile 1980 0.016   
Without VEM 1920 0.276   

  

Displacement 
Amplitude Z 
Component 

Flat Profile 1300 0.0018 Flat Profile 
Conical Profile 2140 0.0021   
Spherical Profile 2000 0.0034   
Without VEM 1880 0.0443   
        

Final Selection (based on minimum displacement) Conical Profile 
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Chapter – 5: Experiment with LMS Test Lab and 
Accelerometer 

 
After finite element analysis (FEA) with comsol multiphysics this is logical that to 
validate these data with another experiment. This experiment is investigated on all 
the models that were in finite element simulation. To do this real experiment LMS 
Test Lab software is used and to find out accelerence high sensitivity accelerometers 
are used. The sensitivity of the accelerometer used in this experiment is 942mV/g. 6 
pieces of M12 bolts are used to attach the fixtures with the table of Mazak machine 
(just for getting a rigid contact) in the laboratory. Applied torque is 20Nm to the bolts 
and table.  
 
5.1 Experimental procedures 
 
There are several steps in the experiments are used to find out frequency response 
function graph. It doesn’t matter need to follow the steps exactly but needed to fix the 
things down correctly to draw the results precisely. 
 

1. Channel Setup: To excite the whole structure one point is selected as an 
excitation point and just opposite another point is measuring point. One 
hammer with aluminum tip is used to apply force. The sensitivity of the 
hammer is 2.24mV/N and this is input 1. Input 2 is an accelerometer sensor 
which is placed on the measuring point and the sensitivity is 942mV/g. The 
axes are selected here for applied force +X measuring input is also +X, for +Y 
input force measurement is also taken from +Y and Z axis respectively. Input 
mode here is ICP. Measured quantity of input 1 is force and input 2 is 
acceleration. 

2. Then Calibration is checked based on all input and sensors.  
3. Impact Scope: Bandwidth 4096Hz, spectral lines 1024, Resolution 4Hz and 

acquisition time is 1/4 = 0.25 are selected here. Ranging also can be set in this 
stage. 

4. Impact Setup: 4 steps are included here, Trigger, Bandwidth, Windowing and 
Driving points. System needs to detect how hammer hit the object therefore to 
set scope it is needed to press start scope hit the point about 5 times then stop 
scope after that apply suggested the system take the average. Bandwidth is 
checked by pressing start hitting by hammer about 5 times then stop then 
press use scope settings. Windowing also the same procedure as before 
press start under measurement hit about 5 times then stop and apply 
suggested. Driving points is the most important sub step here first of all 
ranging is set here. Press start ranging hit the point about 5 times then set 
ranges and stop ranging if the input level shows green more than 50% filled 
otherwise need to do that again. Ranging is done so that the system knows 
the range of applied force then do the preliminary measurement by applying 5 
hits. In the setting here all overloads and double impacts are ignored.   

5. Measurement: Before doing the real measurement it is needed to take a look 
on range button if all looks green and shows more than 50% filled up then go 
further otherwise need to do re-ranging. In the real measurement also hit 5 
times and then take the frequency response function graph which is 
acceleration over frequency. 
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6. Navigator:  To get the FRF graph first press create picture then under run drag 
FRF graph on the picture window. In this graph acceleration is along Y axis 
and frequency is along X axis but to compare this result with the simulation it 
is needed to get the graph amplitude over frequency so by integrating 2 times 
of Y axis the desired FRF is found this procedure is called conditioning in test 
lab. 

7. By the above described way 8 different set up is repeated to find out FRF from 
4 different fixtures (Base) and 4 different whole models. Every set up of 
experiment is repeated at least 2 times just to avoid experimental errors.   
 

Fig: Force Y and Response Y Direction Fig: Force Z and Response Z Direction 

Fig 5-1: Schematic view of experimental set up 
 
5.2 Comparative FRF analysis of Fixtures (base) 
 
FRF graph of all 3 axes are presented below; displacement amplitude in logarithmic 
scale is set along Y axis of all graph just to show a clear difference among 4 models.   
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Fig 5-2: Comparative FRF, X Component of Base Fixtures  

 
In this case 1 N force is applied on the top of base structure along X direction. Within 
120 Hz there are big fluctuations of amplitude is found. This might be happened due 
to vibration and noise of the bed on what those fixtures is attached. If this primary 
fluctuation is ignored then it is clear that single component without viscoelastic 
damping materials has the lowest displacement of about 0.0005µm only but this one 
won't be considered because after attaching workpiece on its top it gives the worst 
result. Among all other models Flat interface of viscoelastic material gives the 
minimum peak displacement of 0.00227µm at 1244 Hz. Spherical displacement is 
0.00318µm at 1088 Hz and Conical displacement is 0.00357µm at 1080 Hz. 
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Fig 5-3: Comparative FRF, Y Component of Base Fixtures  

 
In this case 1 N force is applied in the top of base structure along Y axis and 
displacement amplitude is taken along Y direction as well. If the big fluctuation in the 
beginning is ignored i.e. within 100 Hz then still is seen that single component has 
the minimum peak amplitude about 0.00102µm. Among other 3 interfaces of 
viscoelastic damper flat remains minimum peak amplitude of 0.00253µm at 600 Hz 
then the second highest is spherical 0.00342µm at 600 Hz and the worst one is 
conical amplitude is 0.00381µm at 848 Hz. 
 

 
Fig 5-4: Comparative FRF, Z Component of Base Fixtures  
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1 N force is applied here along Z direction and the measurement is taken also along 
Z. In this case Flat profile is even better than single component which gives the 
minimum peak displacement about 0.00060µm at 2704 Hz frequency where as single 
component gives 0.00114µm at 680 Hz. Between two other profiles spherical still 
better than conical which gives 0.00701µm at 2520 Hz on the other hand conical 
gives the highest displacement of 0.01022µm at 2172 Hz. 
 
Table 5-1: Summary of the test lab result of the base fixtures 
 
Specification Profile Frequency (Hz) Displacement (µm) Selection 

Displacement 
Amplitude X 
Component 

Flat Profile 1244 0.00227 Flat Profile 
Conical Profile 1080 0.00357   
Spherical Profile 1088 0.00318   
Single Block 1260 0.00050 

  

Displacement 
Amplitude Y 
Component 

Flat Profile 600 0.00253 Flat Profile 
Conical Profile 848 0.00381   
Spherical Profile 600 0.00342   
Single Block 612 0.00102   

Displacement 
Amplitude Z 
Component 

Flat Profile 2704 0.00060 Flat Profile 
Conical Profile 2172 0.01022   
Spherical Profile 2520 0.00701   
Single Block 680 0.00114   

Final Selection (based on minimum displacement) Flat Profile 
 
5.3 Comparative FRF analysis of whole model (Fixture with 
Workpiece) 
 
Workpiece is attached with a plate by 4 pieces of M6 bolts where applied torque is 
14Nm. The plate with workpiece is attached with the base fixture by 4 pieces of M10 
bolts where torque is 20 Nm. 
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Fig 5-5: Comparative FRF, X Component of Fixtures with Workpiece 

 
Rest of the experiments are done on the whole model means the workpiece is added 
here on the top of base structure and force is applied on the top of workpiece. The 
FRF graph above is the first experiment where 1 N force is applied along X axis and 
the displacement amplitude is masured along X direction as well. The graph shows 
single component means one block without viscoelastic interface is the worst 
because it gives the maximum peak displacement about 0.4176µm at 772 Hz 
frequency. Both conical and spherical interface model gives almost same result. For 
conical displacement is 0.1105µm at 724 Hz and for spherical 0.1134µm 
displacement at 732 Hz. Flat profile here doesn’t give good result its peak 
displacement is 0.1438µm at 692 Hz. All the results here described for the first mode 
shape. 
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Fig 5-6: Comparative FRF, Y Component of Fixtures with Workpiece 

 
FRF graph above depicts displacement amplitude Y component and the force is 1 N 
along Y direction. It is not considerd here also within 100 Hz result because of 
experimental error. The best result shows here also Conical profile which gives the 
minimum peak displacement 0.0615µm at 792 Hz. Then the second best is spherical 
almost same result as conical which is 0.0619µm at 800 Hz then flat one gives 
0.1041µm at 764 Hz. The worst one still single component the maximum 
displacement here is 0.1353µm at 840 Hz. 
 

 
Fig 5-7: Comparative FRF, Z Component of Fixtures with Workpiece 
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This is the last model of the experiment which shows a FRF graph of displacement Z 
component against 1 N force along Z axis. If the starting fluctuation is not considered 
of amplitude within about 100 Hz then it is clear that single component gives the 
maximum displacement of 0.0280µm at 784 Hz. The best result is got from conical 
interface viscoelastic fixture which gives minimum peak dispalcement of 0.0113µm at 
1768 Hz then spherical profile gives 0.0129µm at 1792 Hz and Flat interface gives 
0.0137µm at 1880 Hz. 
 
Table 5-2: Summary of the test lab result of the fixtures (base) with workpiece. 
 
Specification Profile Frequency (Hz) Displacement (µm) Selection 

Displacement 
Amplitude X 
Component  

Conical Profile 724 0.1105 Conical Profile 
Flat Profile 692 0.1438   
Spherical Profile 732 0.1134   
Single Block 772 0.4176 

Displacement 
Amplitude Y 
Component 

Conical Profile 792 0.0615 Conical Profile 
Flat Profile 764 0.1041   
Spherical Profile 800 0.0619   
Single Block 840 0.1353 

Displacement 
Amplitude Z 
Component 

Conical Profile 1768 0.0113 Conical Profile 
Flat Profile 1880 0.0137 
Spherical Profile 1792 0.0129   
Single Block 784 0.0280   

Final Selection (based on minimum displacement) Conical Profile 
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Chapter – 6 : Comparison Results - Simulation 
and Experimental  

 
Finally, some comparasions are drawn between the two results above one from 
simulation and the other from real measurement by accelerometer sensors.  
 
6.1 Comparison FRF graph of Fixtures (base) 
 
Down here it is clearly depicted how the response from simulation differs from that of 
accelerometer. 12 pictures down shows comparative FRF according to axes.  
 

  

  
Figure 6-1: Comparison of X component between Simulation and Test Lab (Base 

Fixtures) 
 
The figures up shows comparison of FRF along X axis. Here force is also applied 
along X axis. Simulation and test lab result almost similar in conical case a bit 
different about flat case. But in spherical interface there is a big difference, even the 
resonance frequency is shifted greatly from one another.  
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Figure 6-2: Comparison of Y component between Simulation and Test Lab (Base 

Fixtures) 
 
Here the discussion is about Y axis, the big difference exists on single component 
test lab amplitude is much higher than that of simulation also big difference on 
spherical interface where in simulation it shows clear peak but in test lab no clear 
peak is shown. Other two interfaces shows almost similar result of both experiments. 
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Figure 6-3: Comparison of Z component between Simulation and Test Lab (Base 

Fixtures) 
 
Along Z direction, all interfaces has some difference of results between the 
experiments. This is really strange for single component structure in simulation it has 
no clear peak but for experiment it shows a peak displacement.  
 
6.2 Comparison FRF of whole model (Fixture with Workpiece) 
 
Comparison of whole model depicts here also based on axis, how each model differ 
from simulation to test lab? 
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Figure 6-4: Comparison of X component between Simulation and Test Lab (Fixture 

with Workpiece) 
 
In all models test lab got little bit higher in amplitude and resonance frequency differs 
a bit in all cases. Test lab shows a big fluctuation of displacement in the beginning 
but after 100 Hz it is very clear.    
 

  



36 
 

  
Figure 6-5: Comparison of Y component between Simulation and Test Lab (Fixture 

with Workpiece) 
Along Y axis spherical interface shows approximately same displacement of both 
experiments other models has distinct difference test lab amplitude is a bit higher 
than that of simulation without single component fixture case. Resonance frequency 
shifted to low in test lab even in the spherical case too. 

  

  
Figure 6-6: Comparison of Z component between Simulation and Test Lab (Fixture 

with Workpiece) 
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Results show very strange along Z axis. In every model it has a big difference. 
Amplitude is got in simulation is much less than that of test lab. In simulation there 
are sharp peak is found without single component but in test clear sharp peak and 
resonance frequency is found. 
 
6.3 Comparative FRF of VEM between 1.14 mm and 0.39 mm (Base) 
 
Two sets of simulation is done with two different thickness of viscoelastic material of 
same fixtures. The thicknesses of viscoelastic damping materials are 1.14 mm and 
0.39 mm. Comparative FRF graphs are shown below.  
 

 
Fig : FRF of Flat XX 

 
Fig : FRF of Conical XX 

 
Fig : FRF of Spherical XX  

Fig : FRF of without VEM XX 
Figure 6-7: Comparison of X component between 0.39 & 1.14 mm of VEM (Base 

Fixtures) 
 
A distinct difference is found between two different thickness of viscoelastic material 
interface used in the base fixture. Lower thickness of VEM gives better stiffness for 
all the fixtures. For flat fixture 0.39 mm VEM gives 0.0016 µm peak displacement on 
the other hand 1.14 mm VEM gives 0.0044 µm peak which is more than double than 
before. For conical VEM fixture 0.39 mm gives 0.0018 µm and the other one 0.0045 
µm peak displacement. Same for spherical case 0.39 mm VEM gives better result.  
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Fig : FRF of Flat YY 

 
Fig : FRF of Conical YY 

 
Fig : FRF of Spherical YY 

 
Fig : FRF of without VEM YY 

Figure 6-8: Comparison of Y component between 0.39 & 1.14 mm of VEM (Base 
Fixtures) 

 
In case of Y displacement of base fixture 0.39 mm VEM consisting structure gives 
lower peak displacement than that of 1.14 mm of VEM consisting fixture. For all the 
geometric shapes 1.14 mm VEM interface gives about 5 times higher peak 
displacement than that of 0.39 mm VEM structure. The highest difference exists in 
spherical case where 0.39 mm VEM gives 0.0019 µm and 1.14 mm VEM gives 
0.0079 µm peak displacement. 
   

 
Fig : FRF of Flat ZZ 

 
Fig : FRF of Conical ZZ 
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Fig : FRF of Spherical ZZ 

 
Fig : FRF of without VEM ZZ 

Figure 6-9: Comparison of Z component between 0.39 & 1.14 mm of VEM (Base 
Fixtures) 

The graph above shows Z displacement where lower thickness VEM structures 
doesn’t have any clear peak amplitude but still lower thickness gives lower 
displacement amplitude means better stiffness.  
 
6.4 Comparative FRF of VEM between 1.14 mm and 0.39 mm 
(Fixture with Workpiece) 

 
Fig : FRF of Flat XX 

 
Fig : FRF of Conical XX 

 
Fig : FRF of Spherical XX  

Fig : FRF of without VEM XX 
Figure 6-10: Comparison of X component between 0.39 & 1.14 mm of VEM (Fixtures 

with Workpiece) 



40 
 

The comparison graph is about X component and experimented on fixture with 
workpiece of all geometric shapes. Like before here also 0.39 mm VEM attached 
fixture with workpiece gives better result than that of 1.14 mm VEM. The most 
considerable result found for spherical interface for 0.39 mm VEM interface maximum 
peak displacement found 0.0169 µm and for 1.14 mm VEM that is 0.0612 µm which 
is about 4 times bigger than before.  
 

 
Fig : FRF of Flat YY 

 
Fig : FRF of Conical YY 

 
Fig : FRF of Spherical YY 

 
Fig : FRF of without VEM YY 

Figure 6-11: Comparison of Y component between 0.39 & 1.14 mm of VEM (Fixtures 
with Workpiece) 

 
These figures above is along Y component for all structures. Here also lower 
thickness of VEM containing structure gives better stiffness for example, for flat case 
the difference is less than double but both for spherical and conical shaped interfaces 
the amplitude difference is more than double. Another notification is even for the solid 
structure less height gives better result than that of higher height. 
 



41 
 

 
Fig : FRF of Flat ZZ 

 
Fig : FRF of Conical ZZ 

 
Fig : FRF of Spherical ZZ 

 
Fig : FRF of without VEM ZZ 

Figure 6-12: Comparison of Z component between 0.39 & 1.14 mm of VEM (Fixtures 
with Workpiece) 

 
Distinctable diffrence is seen for the Z displacement also. Although 0.39 mm VEM 
consisting structure doesn’t show any clear peak amplitude but atleast it lies below 
than that of 1.14 mm VEM consisting fixture with workpiece. 
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Chapter – 7 : Discussion, Conclusion and 
Future Work 

 
7.1 Discussion 
 
To make the study more practical both theoretical finite element simulation and real 
experiment with LMS test lab were investigated within the same frequency range and 
same constrains. The main focus of this study is the analysis of FRF (Frequency 
Response Function) graph displacement amplitude against frequency. The result 
differs a bit from the simulation and the real experiment because of some 
experimental errors or limitations. 
 
Rigidity of the bottom plate: In the theoretical simulation, the bottom part remains 
as a fixed constraint so no effects from environment affect the structure but in the real 
case there are some effects from the bottom table such as noise and vibration. It is 
very difficult to minimize the vibrational effect of bottom table on the whole structure 
to zero, so some difference is there. Note that the fixture is attached with a rigid table 
of a machine structure with bolts and a definte torque. 
 
Thickness of viscoelastic materials: One single layer of 1.14 mm thickness of 
viscoelastic material is used in the simulation on the other hand in the real 
experiment three sheets of viscoelastic materials are used. Every single sheet of the 
viscoelastic damping material is made by one layer of 0.25 mm aluminium and one 
layer of 0.13 mm of real viscoelastic material so intotal 3 layers consist 1.14 mm but 
the real viscoelastic materials are 0.39 mm there. 
 
Area of Viscoelastics: Another cause of difference is area of viscoelastic materials. 
Just to draw more precise result same area of viscoelastic material interface is used 
in the simulation but in the practical case it was not possible because of making the 
interface manually. But it was made as close as possible. 
 
Dimensional context of conical and spherical interface: From the section view of 
conical and spherical interface base fixtures shown down, it is clear that there are 
very small difference exist between them. Characteristics of those are below: 
 

1. Low cone angle i.e. 7.31° 
2. Low damping material interface height i.e. 15 mm 
3. Low open contact area for conical 201 mm2 and for spherical 705 mm2 
 

So the response found from those fixtures is almost same in both simulation and test 
lab experiments.  
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Figure 7-1: Spherical Interface (Section 

View) 

 

 
Figure 7-2: Conical Interface (Section 

View) 

 
For the base structure the real experiment shows the without viscoelastic single block 
fixture is the best in compared to given deformation of the other 3 models then Flat 
interface viscoelastic fixture gives the better result. So if any workpiece is not 
attached on the top of the fixtures then single block structure is suggested to use in 
order to avoid more deformation. But when it is needed to attach workpiece on the 
top of fixtures then single component is no longer good. In this case the experiment 
gives two very similar interface one is conical interface and the other one is spherical 
interface viscoelastic fixture. All three FRF shows two modes if only the first mode is 
taken into consideration then it comes two point one is deformation and the other one 
is resonance frequency. Based on the deformation context among those fixtures then 
obviously comes conical interface for its minimum displacement over all 3 axes. As 
this is a very small change so it is very difficult to select the best profile but within this 
small change of resonance frequency spherical interface viscoelastic fixture’s trend is 
rightwards which gives more stable structure than that of conical one.  
 
But for the second mode shape conical is the best both in compared to minimum 
displacement amplitude along all 3 axes and also stable resonance frequency.     
 
 
7.2 Conclusion 
 
If the result is taken based on only X axis means when 1 N force is applied along X 
axis and the dispacement is also taken along X axis then summery table is below. 
  
Table 7-1: X Component results for final selection 
 
Model Procedure Frequency Amplitude  Selection 

  
Fixtures (Base) Simulation 1740 0.00148 Spherical Interface 
Fixtures (Base) Test Lab 1244 0.00227 Flat Interface 

  
Fixtures with Workpiece Simulation 1400 0.014 Conical Interface 
Fixtures with Workpiece Test Lab 724 0.1105 Conical Interface 
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If the decision is taken based on the minimum displacement which is found from all 
three axes then comes below.  
 
Table 7-2: Summary for final selection  
 
Model Procedure Selection 

  
Fixtures (Base) Simulation Spherical Interface 
Fixtures (Base) Test Lab Flat Interface 

  
Fixtures with Workpiece Simulation Conical Interface 
Fixtures with Workpiece Test Lab Conical Interface 
 
Finally it could be suggested that within this dimension of fixtures and workpiece 
CONICAL interface gives best result . If some one only want to use base fixture then 
either FLAT or SPHERICAL interface is ok. From the both experiment these two 
shapes gives almost similar amplitude but in considering the resonance frequency 
SPHERICAL shows more stable. 
  
 
7.3 Future Work 
 

1. By changing the dimensions (diameter and height) means increasing or 
decreasing of both base fixtures and workpiece. By this way it is very easy to 
find out the optimum design. 

2. By changing thickness of viscoelastic materials, increasing or decreasing 
layers of that. Two different thicknesses (1.14 mm and 0.39 mm) of 
viscoelastic damping materials are used here in the finite element simulation. 
By analyzing those results it is clear that 0.39 mm of viscoelastic dampers 
gives better stiffness to the structure than that of 1.14 mm dampers.  

3.  By doing a series of experiments with different dimensions of base fixture and 
workpiece of different shapes a summary can be drawn which shape of which 
dimension fits best with the real environment. Same experiments can be taken 
by changing the thickness, dimension, and the position of the viscoelatstic 
materials and summary might be drawn. 

4. Fidelity of those results could be checked in the real machining environment 
just to compare how much theoretical result conforms to the real case.  

5. Could be added both active damping and passive damping method in one 
machine structure so that both can control vibration more effective way. 

6. In machining Magneto rheological fluid might be used while controlling input 
current to the fluid of a mechanical structure with viscoelastic damping 
materials interface.  
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