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Abstract: 

In one assignment an experimental modal analysis is performed on a 
structure of aluminium with T shape, fixed by its lower end on the table 
in the lab. When the structure mounted on the table according to the 
original drawing, the bending mode disappeared. The aim of this work is 
to explain this behaviour. Finite element modal was performed on the 
structure with free-free boundary conditions and an experimental modal 
was performed on the table in the student lab. FRF coupling was 
achieved between the updated modal of the structure and the 
experimental modal of the table by two points. A new finite element 
modal was performed on the structure with restrain boundary conditions. 
The bending mode shape appeared in both cases.   

Keywords: 

Aluminium structure, Steel table, Experimental verification, Finite 
element method, FRF-coupling. 
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1. Notation 
A r                         Residues of mode r. 

E                            Young’s modulus. 

f                              Frequency 

Hpq                        Frequency response functions. 

p                             Response position 

q                             Excitation position  

I                             Area moment of inertia. 

rQ                           Scaling constant. 

r                              Mode number 
 
ρ                                  Density 
 
ν                              Poisson’s ratio 
   

rλ                            Poles  

rζ                            Relative damping 
    

rω                            Undamped resonance frequency for mode r  
ω                             Undamped resonance frequency  
 
 
{ }ψ r                        Product of the mode shape vector  

 

Abbreviations 

A                            Substructure 1 

B                            Substructure 2 

DOF                      Degree of freedom 
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{ }F (f)                  Excitation force. 

FEM                     Finite element method 

FRF                      Frequency response function 

h (t)                       Impulse response function-matrix 

RDOF                   Rotational degree of freedom 

TDOF                   Translational degrees of freedom 

{ }V (f)                   Response (velocity).  

Y (f)                       Frequency response function 

Y AB
1−                    The inverse of FRF of the assembled system. 

Z                            Apparent mass-matrix. 

 

Indices 

i                             Position of the accelerometer 

j                             Excitation point. 
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2. Introduction  

Any physical system can vibrate. The frequencies at which vibration 
naturally occurs, and the mode shapes which the vibrating system assumes 
are properties of the system, and can be determined analytically using 
Modal Analysis. 

Analysis of vibration modes is a critical component of a design. Structural 
elements such as complex steel floor systems, complex mechanical device 
or a complicated structure can be particularly prone to observable vibration, 
or disturbing sensitive equipment. The vibration modes in structural 
components or mechanical support systems can shorten equipment life, and 
cause early or completely unexpected failure, often resulting in risky 
situations.  

Detailed modal analysis determines the fundamental vibration mode shapes 
and corresponding natural frequencies using techniques such as Finite 
Element Analysis. 

In this work we study a structure of two aluminium beams which are 
attached together by bolt channel joints, to form a T shape see figure 2.1. 
The two arms have the same cross-section.  

 

Figure 2.1.The structure of aluminium. 
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2.1 Project description 

In one of the course assignment we performed an Experimental modal 
analysis on the beam structure to validate and improve an FE-model. Both 
beams in the structure (vertical and horizontal) were 1000 mm length as 
illustrated in figure 2.1.The structure was fixed by its lower end on the table 
so that the fixed part on the table was 350 mm long which means that the 
rest of the vertical part was 650mm. We used a hammer to excite the 
structure to get the frequency response functions and estimated the 
resonance frequencies, damping and the mode shapes for the first two 
modes by using the Modaltool toolbox. 

 A comparison between the experimental and theoretical results which we 
found by modelling using I-deas simulation was performed and the 
theoretical model updated to fit the experimental result.  

But when the structure was mounted on the table according to the original 
drawing, that includes the length of vertical beam is 450mm (not 650mm) 
out of the table. And the fixed part was 550mm (on the table) - with the 
same length for the horizontal beam (1000 mm), in frequency range 
between 30-40 Hz, the bending mode disappeared. 

The task of the project is to model the structure in free-free boundary 
conditions with 1000mm length for both vertical and horizontal beams. The 
modelled structure should be coupled with the experimental modal of the 
table by FRF-coupling. The structure should be modelled again with 
clumped boundary conditions. A comparison between the results should be 
performed.  The behaviour of the system should be explained.   
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3. Fundamentals 
3.1 Experimental Modal Analysis  
Modal analysis is the procedure of determining a structure's dynamic 
characteristics; such as, resonant frequencies, damping values, and the 
associated mode shapes. 

This analysis is performed while the test article is not running. A series of 
frequency response functions are measured at various geometric locations 
using either an impact hammer or an electro-dynamic shaker to supply an 
input force. Responses are measured in the X, Y, and Z directions with 
motion sensors, typically accelerometers. A frequency response function is 
the response per unit force over the frequency range of interest. 

Modal analysis software curve fits these data to determine the unique mode 
shape associated with each of the resonance. Animated mode shapes are 
then shown on a computer screen.  

 

3.1.1 Principles of Modelling 

A model always has a scope, purpose and viewpoint. Sometimes these are 
stated clearly. Often they are implicit or assumed. 

Any model is an abstraction; that is, it ignores certain state variables of the 
system being modelled and represents other state variables. The criterion 
for deciding which state variables to represent is the viewpoint. Thus if a 
person wishes to use the model rather than the reality in order to ask 
questions concerning some property (or for some purpose) because with 
respect to that property (or for that purpose) the model is as good as the 
reality. 

 

3.1.2 Modelling Purpose 

We are modelling because we want to take informed action.  We intend to 
use these models to support design decisions, and planning decisions. 

Furthermore, the modelling process may have some useful features. 
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• Where different stakeholders have different views of a situation, 
these differences can be represented and discussed.  

 

• Modelling is a way to know what the requirements might be, 
and whether such generated requirements fall within the scope 
of the system. Or whether the scope has to be changed in order 
to include them.  

 

• The model supports or stimulates organizational learning, and 
also allows the observers to develop knowledge that may be 
applicable elsewhere. 

3.2 Preparations before measurements 

3.2.1 Suspension of the structure 

There are two ways to suspend the structures, the first way is by suspended 
the structure under free-free conditions. It is always butter to make it under 
free-free conditions, because this is the easiest boundary condition to 
achieve for the measurements. The suspending is achieved by soft rubber 
cords. The rubber cords should be sufficiently soft so that the rigid body 
modes (resonance between the mass of the entire measurement object and 
the stiffness of the suspension) are below 1/10 of the structural resonance 
with the lowest frequency. Then effects of the rigid body modes on the 
modes of interest are negligible. The rubber cords should not be attached 
directly onto the structure, as this could add damping to the structure. 
Instead, a thin strong cord such as fishing-line or metal wire should be used 
closest to the structure.    

The second way is to suspend the structure as it is in its operating 
conditions. In our modal I chose to test the table as it is in its operating 
condition, because of the difficulties such as the heavy weight and the form 
of the table, and not free-free.  

 
3.2.2 The number of points 
The number of points which we need to get a good approximation in an 
experimental modal varies depending on the eventual use of the dynamic 
modal. The set of required points can be stated as follows, in order to have 
a sufficient dynamic model; there must be points to describe  
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1. All DOFs where forces are applied to the system 

2. All DOFs where response needs to be measured 

3. All DOFs where structural modifications are considered.  

 

3.2.3 Reference point 

The reference point is the accelerometer point. We can use the finite 
element model of the structure used to select the reference point. 
But if only one reference points used, it must be sure that all modes of 
interest are included in the selected reference point. This means that the 
reference point must not be near a nodal line for any mode. 
 
3.2.4 Impact excitation 
 
There are two types of excitation for the measurement of frequency 
response for modal analysis: impact and shaker excitation. In the impact 
test an impulse hammer is used to excite the structure under test. Impulse 
excitation is simpler than shaker excitation. The structure does not need to 
be loaded by a force transducer and mounted to a shaker. Impulse 
excitation is preferred her because the measurements are fast, it is easy to 
change the excitation point. 
 
 
3.2.5 Accelerometer considerations 
 
The mounting of the accelerometer by wax effect the measurements 
because the mount itself will naturally have certain stiffness. But we can 
improve the measurements by cleaning the surface and make it smooth. 
Other conditions which affect the accelerometer are the temperature, the 
strain in the base. The mass of the accelerometer should be less than 10 
percent of the apparent mass in the measurement point.  
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4. The experimental modelling of the table 
4.1 The table description  
The table is made of steel with almost rectangular shape supported by a 
very stable steel structure of solid beams which makes it very stable. See 
figure 4.1.  

 

 
Figure 4.1.The table in the student lab. 

 

Beside the table, there are some of heavy steel pieces which are used to fix 
the aluminium structure on the table and during the measuring we 
considered them as a part of the table. That means they were on the table 
when we took the measurements. See figure 4.2. 

 
Figure 4.2.Shows the accelerometer, the hammer and the heavy steel pieces 
which were used in the measurement. 
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The dimensions of the table are as follows: 

                                      The board                       the supports beams 

Length                            1480 mm                           1240 mm 

Width                             1160 mm                            910 mm 

Thickness                       15 mm                                ---- 

Cross-section                   ----                                   55X50 mm              

Height From the floor   650mm                             650 mm  

        

4.1.1 The steel properties 

Physical and mechanical properties are going to be dependent on chemical 
composition.   More carbon, less carbon, more nickel, less nickel, etc. are 
going to influence what kind of steel we have. However, mechanical 
properties can be greatly influenced by how they are treated during 
manufacturing. Steels can be quenched in water to give one value of 
hardness, whereas they can be quenched in oil to give a different value for 
hardness. For the table no one know which steel it is we suppose the table is 
carbon or alloy steels.    

The following table shows the properties of the steels: 

 

Properties Carbon 
Steels 

Alloy 
Steels 

Stainless 
Steels 

Tool 
Steels 

Density (1000 kg/m3) 7.85 7.85 7.75-8.1 7.72-
8.0 

Elastic Modulus (GPa) 190-
210 

190-
210 190-210 190-

210 

Poisson's Ratio 0.27-
0.3 

0.27-
0.3 0.27-0.3 0.27-

0.3 

Thermal Expansion (10-6/K) 11-16.6 9.0-
15 9.0-20.7 9.4-

15.1 

Melting Point (°C)     1371-   
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1454 

Thermal Conductivity (W/m-K) 24.3-
65.2 

26-
48.6 

11.2-
36.7 

19.9-
48.3 

Specific Heat (J/kg-K) 450-
2081 

452-
1499 420-500   

 

 

4.2 other equipments  
The other equipments that we used are:  
1-signalCalc mobilyzer dynamic signal analyzer, 

2-Accelerometer Kistler 8772A5,  

3-excitation hammer with Force sensor PCB 086C03, SN11312, and 
modaltool 

4- Heavy pieces of steel which used before to fix the structure.  
Se figure 4.2 shows the equipments during the work in the laboratory.  
 
4.3 Description of measurement procedure: 
 
The test consist of two measurements  first one includes four points and this 
measurement was performed to se how the table vibrates in the first and 
second mode shapes in an interesting frequency range between 30Hz - 
40Hz. The second measurement includes two points which we need to 
connect the structure with it by FRF-coupling.  
I chose all points as reference points in both measurements that mean we 
measured the response at all points 1,2,3,4 for the first measurement and 1, 
2 for the second one with changing the hitting position from point to point 
one by one 
 
4.3.1 The dimensions of the points 
 
1- The dimensions of the four points 
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In the beginning we had to choose the measurements points on the table.  
We chose four points to measure. If we consider the origin in the left-lower 
corner of the table. The length of the table in x-direction and the width in y-
direction then the first two points (point 1 and point 2) were at 515 mm in 
y-direction and 700 mm in x-direction for point 1, and 745 mm for point 2. 
Point 3 and 4 were at 13 mm in y-direction and 745 mm in x-direction for 
point 3 and 700 mm for point 4. In this way the dimensions between the 
points it selves were as follows: 
 
1- The dimension between Point1 and point 2 zero in y-direction and 45 
mm in x-direction. 
 
2- The dimension between Point 3 and point 4 zero in y-direction and 45 
mm in x-direction.  
 
3-The dimension between Point 1 and 4 zero in x-direction and 502 mm in 
y-direction. 
 
4-The dimension between Point 2 and point 3 zero in x-direction and 
502mm in y-direction. 
2- The dimensions of the two points 
 
I chose the first point (point no.1) at 722.5mm in x-direction and 515 mm in 
y-direction. 
Point no.2 was chosen at 722.5 mm in x-direction and 13 mm in y-
direction. That means the dimensions between point 1 and point 2 is: 
Zero on x-axis and 502 in y- axis. 
   
4.3.2 The general procedure 
 
In these measurements we fixed the attachments which we used to fix the 
structure of the beams on the table because they were very heavy. It 
weights more than 10 kg. 
Two channels of the mobilyzer were activated, channel (1) for the 
excitation force signal and channel (2) for the response signal. The F span 
was 160Hz and the number of frequency lines 2000.      
We mounted the accelerometer (by wax) on the corresponding points of 
interest. In the beginning we chose the accelerometer with 97mv/EU, but it 
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was difficult to find a good signal, therefore we changed it to a cubic one 
with 1000 mv/Eu which is much more sensitive than the first one.   
 We mounted the accelerometer at point 1 and excited in the same point and 
then excited at the other points consequently to get the FRFs (H11 H12 
H13 H14), then we mounted the accelerometer at point 2 and excited at all 
points in the same way as in point 1. The excitation as we said was 
achieved by an impact hammer with intermediate softness tip (the red one). 
The average was 3 hits and the duration time was 12 s. As we know we 
should connect our measurements with the results of an FE model of the 
aluminium structure therefore we had to choose a set of points that 
represents the connection with the T-beam. The excitation force measured 
by the force sensor of the hammer .By this way we obtained the FRFs as 
accelerance (acceleration/force) which were measured by the mobilyzer and 
exported as universal files. 
 
An example of the measurements is shown in the following figures  
 

 
 
Figure4.3. Shows the input signal (force) in time domain.  
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Figure 4.4.Shows the acceleration in time domain.  
 

 

 
 
Figure 4.5. Shows the input signal in frequency domain.  
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Figure4.6.Shows the output signal in frequency domain  
 
 
4.4 The parameter extraction 
 
4.4.1 Parameter extraction-theoretically 
 
From the modal analysis theory, the frequency response function can 
expressed as follows: 
 

                           (4.1) 
 
[H (jw)] = the frequency response function matrix (FRF) 
  r = mode 
 A r = residues 

rλ = poles (eigenvalues) 
 
The poles are given as 

                     (4.2) 
Where: 
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  rζ  = relative damping 

rω   = undamped resonance frequency  
 
While the residue matrix is given as 
 

                 (4.3) 
 

Where  

rQ = a scaling constant. 
 
{ }ψ r = a product of the mode shape vector (eigenvector) 
 
 
If equation (3) is expanded we get 
 

          (4.4)     
 
 
 
 
The impulse response matrix h (t) is given as  
 

                 (4.5) 
 
most of the recently curve fitting algorithms do not assume the poles as 
complex conjugate pairs as in equations(4.1)and (4.5) but, instead they use 
a different formulation using a sum from 1 to 2N so the equation (4.5) is 
written as  
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                                                          (4.6) 
        
This approximation makes it possible to check if the curve fit result give 
complex conjugate poles, which is a quality check of the pole.  
 
All of the coefficients in the mode shape vector can be obtained from one 
column or one row of the residue matrix, as is clear from residue matrix in 
equation (4.4).but this application can be true only if the poles are not 
repeated that means every pole must be unique. 
If two or more poles are equal, the respective modes will turn out to be 
combined. In order to separate these combined mode shapes, we have to 
use a number of rows or column equal to the combined modes or the 
number of the repeated poles .In modern experimental modal analysis  
several rows or columns are used and this called the multiple reference 
modal analysis. 
 
 
4.4.2 Parameter Extraction –using the modaltool toolbox 
 
The frequency response functions (FRF) were measured in the mobilyzer 
and exported as universal files. We converted the universal files into 
MATLAB files by univread function. In the beginning I took four points on 
the table to estimate the resonance frequencies, relative damping and the 
two first mode shapes. For the four points we got directly the Hnm, where n 
is the accelerometer position and m the excitation position. We have got:  
 
H11, H12, H13, H14, H21, H22, H23, H24, H31, H32, H33, H34, H41, 
H42, H43andH44. In the same way we have got the FRF for the two points 
(H11, H12, H21, H22). In this way we obtained all the elements of FRF –
matrix. We converted the FRF as acceleration into mobility by cvfrfa2v 
function.  
The program calculated the impulse response function matrix h (t) from the 
FRF matrix. To find the poles it is important to find the best assumption 
for the modal order and for this purpose we use the so called mode 
indicator functions MIF. The mode indicator function MIF is the sum of the 
imaginary parts of the FRFs divided by the sum of the absolute values of 
FRFs. 
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The MIF will shows peaks at frequencies where global modes (modes 
where most measured DOFs move are located).  

 After finding the poles by using the function complexp we founded the 
frequency in Hz and damping in percent of critical damping from complex 
poles in radians by using function poles2fd. 
By using the function pol2resf we estimated the residues for the impulse 
response functions, using estimated Poles.  
By using the function animcalc the program calculated the graph 
information.  
 

4.4.3 The results 

 The result for the measurements of four points on the table is presented in 
figure 4.7, which shows the bending mode for the table at resonance 
frequency equal to 26.1543 Hz and figure 4.8, shows the torsion mode 
shape at frequency equal to 31.4826.    

 

 
Figure 4.7.The bending mode for the table in free-free boundary condition. 
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Figure 4.8.The tensional mode shape for the table in free-free boundary 
condition.  
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5. FE model for the beam structure 

 
5.1 The beams-structure description  
 
The structure includes two aluminium beams, which are connected by two 
channel joints to form as we said T-shape. The length of both of the beams 
is 1000mm.The two beams have the same beam section, a wide flange 
beam, as shows in figure 5.1. 
 
 

 
 
Figure 5.1.Shows the beams-section. 
 
 
5.1.1 The properties of Aluminium 
 
Aluminium is the third most abundant element in the Earth's crust and 
constitutes 7.3% by mass. In nature however it only exists in very stable 
combinations with other materials (particularly as silicates and oxides).The 
main properties which make aluminium valuable material are explained in 
the following table which shows some of properties of Aluminium and their 
benefits:  
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1. Lightweight The specific gravity of 
Aluminium is 2.7, about one-third that 
of iron (7.9) and copper (8.9).  

This feature is particularly 
important in transportation 
industries. It contributes to energy 
saving in transporting, increasing 
loading capacity and speed.  

   

2. Excellent corrosion resistance When 
Aluminium is exposed to air, a thin 
oxidised film forms on the surface 
protecting the metal from corrosion.  

This feature is utilised in 
construction, buildings …ext.  

3. Easy to form Aluminium into various 
forms. It also displays excellent 
machinability and plasticity in bending, 
cutting, and drawing.  

This features is very important in 
all industries 

4. Strong at low temperatures while 
steel becomes brittle at low 
temperatures. 

Aluminium can be used in extreme 
environments  

5. Easy surface treatment Aluminium 
can be easily chemically and 
electrochemically surface treated or 
painted.  

Above all, anodising treatment and 
dyeing can bring about excellent 
corrosion resistance and a wide 
range of colour variations.  

  

 

Due to this unique combination of properties, the variety of applications of 
aluminium continues to increase. It is essential in our daily lives. We can 
not fly; go by high speed train, high performance car without it. And with 
this very low specific weight of 2.7 g/cm3. The use of aluminium in 
vehicles reduces dead-weight and energy consumption while increasing 
load capacity. 
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 Figure 5.2.Example of the aluminium application 

The physical Properties of the aluminium as follows: 

 
Density / Specific Gravity (g.cm-3 at 20 °C) 2.70 

Melting Point (°C) 660 

Specific heat at 100 °C, cal.g-1K-1 (Jkg-1K-1) 0.2241 (938) 

Electrical conductivity at 20°C 
(% of international annealed copper standard) 

64.94 

Thermal conductivity (cal.sec-1cm-1K-1) 0.5 
 

5.2 Modelling in I-DEAS and updating procedure 
We modelled the structure by using I-deas simulation. The first model was 
in free-free boundary conditions and not clumped in any boundary. We 
took it with its original dimensions. The vertical beam is 1000 mm length 
and the horizontal one is 1000 mm. The element in the model was chosen 
as beam element (with one dimension). We chose the material of the beam 
as aluminium and gave the physical properties (which we loaded from the 
net) like modulus of elasticity which equal to (7e+007) and Poisson ratio 
(0.33) and shear modulus (2.63158e+007) and mass density (2.7e-006). We 
created free boundary conditions defining the solution type to be normal 
mode dynamics using Lanczos solver. 

 We used our experience and results which we got from same assignment 
(which is mentioned above) to update the modal by modelling the bolt 
channels as lumped masses and changing the stiffness by using two springs 
between the lumped masses and the vertical beam and two between the 
lumped masses and the horizontal one with stiffness value in X, Y, Z-
directions equal to 10000, 7000, 5000. See figure 5.3.     
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The second model was clumped in two points which are represented the 
connection points in the structure.    

 
   

Figure 5.3.The upper part of the modelled –updated structure.   

5.2.1 Results  

For the free-free boundary conditions structure, figure 5.4 and 5.5 show the 
two first modes with the following frequencies.  

Mode              Frequency 

 1                  0.0000251979      Hz      

 2                  0.00000824732    Hz    
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Figure 5.4.The first mode shape 

 

 

Figure 5.5.The second mode shape  
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For the structure with restrain boundary conditions, figure 5.6 shows the 
FRF for point 3 which is at 800 mm form the lower fixed end of the 
structure. First peak is at 35Hz and the second one is at 63Hz.  

 

Figure 5.6.The simulation FRF of point 3 on the structure.  

 

5.3 FRF from the I-DEAS model 

To obtain the frequency response functions from I-deas model, the response 
analysis-task can help us. We started it and created frequency function after 
giving our data and selecting creating by equation, we create event. 

We estimated the FRFs by applying the force and take the response in the 
points that should be use to connect the structure to the table (connection 
points). We chose the direction of the force in Z-direction. To get the 
response we use the nodal function and the response is acceleration. The 
FRFs are exported as universal files and we convert it to MATLAB file in 
the same way as before by univread function. In the following figure an 
example of the FRF which we have got. 
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Figure 5.4 an example of FRF in I-deas. 
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6. The FRF-coupling 
The principle of the FRF-coupling is to connect two or more substructures 
together by their FRF –matrices, means that every component represented 
by its FRF-matrix [H]. This matrix describes the frequency dependent 
interaction between force input DOFs, the response DOFs and the coupling 
DOFs connecting the component to other components. To explain how the 
connection between two substructures occurs, we assume that we have two 
bodies, body A and body B. and they are connected by point β .  

For each body:      

 

{ }V (f) =Y (f).{ }F (f)            (6.1) 

 

Yij (f) = Vi(f) / Fj(f)             (6.2) 

 

{ }F (f) =Y 1− (f). { }V (f)       (6.3) 

 

Z (f) = Y 1− (f)                        (6.4) 

Or        { }F (f) = Z (f). { }V (f) 

Z AB = ZA +ZB          

                                               (6.5) 

Y AB
1−  = Y A

1− + Y B
1−  

 

H= (Y AB
1− ) 1−                        (6.6) 
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6.1 The result of the FRF-coupling 

6.1.1 Connecting the table with the beam structure 

The experimental FRF of the table and the analytical FRF of the structure 
from I-DEAS simulation at free-free boundary conditions are coupled 
together by FRF-coupling in MATLAB as follows: 

1- Converting the FRF- universal files to MATLAB files using univread. 

2- Loading the files to get the [H]-matrix for the table and for the structure. 

3- Invert [H]-matrix of the table and invert [H]-matrix of the structure to 
get the apparent mass-matrices ZA and ZB for the table and the structure 
respectively. 

4- Adding together the apparent mass-matrices ZA and ZB to get the 
apparent mass -matrix ZAB of the assembled. 

 5- Invert the apparent mass-matrix ZAB to get the frequency response 
matrix [H] for all the system.  

6.1.2 The result 

The result of the FRF-coupling is represented in figure 6.1 the graph shows 
the frequency response function for point 3(H33).  

 

Figure 6.1.Frequency response function for the assembled at point 3 (H33). 
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As can be seen in figure 6.1 there is a lot of noise in the lower frequencies 
between (0-10 Hz). There are two peaks the first one at (32 Hz) and the 
second one at (45Hz).     
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7. Conclusion 
The aim of the work was to investigate the table in the lab and explain its 
dynamic behaviour by experimental analysis for the table and combine it 
with theoretical analysis (FEM) for the aluminium structure using I-DEAS 
simulation.  

The two substructures were connected together by FRF-coupling method. 
To get the frequency response function-matrix of the assembled and from it 
get the frequency response function of point three which represents the test 
point of the structure to indicate if the mode shape disappears at this point.   

 A new simulation modelling of the structure was performed with 
restraining two points (the connection points) in the structure in all six 
degrees of freedom (translational and rotational degrees of freedom).The 
frequency response function of point 3(H33) was obtained.   

Figure 7.1 shows that both of frequency response functions has two mode 
shapes and that means the bending mode shape did not disappear in the 
interested frequency range. 

 
Figure7.1. Comparison between substructures and simulations FRFs.  
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7.1 Comparison between FRFs of the test point 
 
The two frequency response functions for point 3, the assembled FRF (solid 
line), and the simulation FRF (dashed line) are shown in figure 7.1.In the 
interested frequency range which is between 0 Hz to100 Hz 
 
As can be noted in figure (7.1), the frequency response function of point 3 
which was obtained from FRF-coupling and the frequency response 
function which was obtained from I-DEAS simulation, differ a lot. 
The peaks of the simulation-FRF (dashed line) are higher than the peaks of 
the coupled –FRF (solid line) because no damping used in the simulation-
model.  
The first peak of the FRF-coupling is at (32Hz) and the second one is at 
45Hz. While the first peak of the simulation-FRF is at 35Hz and the second 
one is at 63Hz. These differences between the two FRFs are because of 
many reasons.   
 
The uncertainty of the measurements which is a result of ignoring 
RDOFs in the experimental modelling, which have a very important role 
and cause an error in the assembled system. But the possibilities for 
measuring RDOFs are very limited and in some cases are impossible 
therefore the attempt has to be disregarded and restricted to the translational 
degrees of freedom (TDOF) only. To get good result in the assembled 
system both TDOFs and RDOFs have to be measured and measured with 
high accuracy. In the simulation model all degrees of freedom were 
restrained. Another reason is the error of mass loading of the steel pieces 
(the attachments) which were very heavy. The error of the mass loading of 
the accelerometer, a possible calibration error and the sensitivity of the 
force transducer which has error of 15% are other reasons to make error in 
the measurements.  
Some errors can be regarded in the measurements technique also like the 
difficulties to take the measurements exactly in the points where the 
accelerometer fixed, at the same time we could not consider the table as 
thin plate and fix the accelerometer on the other face. This forced us to take 
the reading not exactly at the interested points but as near as possible to it, 
this certainly leads to fault.  
. 
For the simulations model the frequency range which was chosen between 
0 Hz to 500 Hz and this is a low frequency range. This can cause error in 
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the modes and this error increases with decreasing of frequency rang and 
vice versa. To get a good approximation a high frequency range has to be 
chosen.  
 
The result obtained can not be trusted and therefore have to be checked. 
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8. The used function in the toolbox 
UNIVREAD    

 Reads universal files type 58. The files are saved as ufxxxx.mat where 
xxxx is the sequence number. The sequence numbers are automatically 
incremented from the first seqno. The mat file consists of Header, X-axis 
and Data. 

UNIVREAD picks out all type 58 records from a Universal File 

IMPRESP     

Impulse response calculation from Frequency Response Function 

[h, t, fs] = impresp (H, f) 

h:  impulse response matrix 

Size of h:   [2*(length (f)-1), M, R] 

 t: time vector in seconds 

 fs: sampling frequency in Hz for h 

 H:   FRF matrix from one or more references 

 H may be 3d for more references than one 

 [N, M, R] = size (H); N = number of frequencies; M = number of meas               

 DOFs; 

  R = number of reference 

  f   frequency vector in Hz 

MODEIND1    

Mode Indicator Function 1 

 mif = modeind1(H) 

 mif = sum (imag (H))/sum (abs (H) 

H     FRF mobility matrix (columns) 

 

COMPLEXP   

Estimation of poles with complex exponential, global method 
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poles = complexp(h,fs,hN,N,MIF,f,flow,fhi) 

Poles complex poles in radians 

h:    matrix of impulse responses for mobility FRF, may be 3D 

fs    sampling frequency in Hz for h 

hN    number of samples to use in h, typically several 100   

N     maximum order in estimation 

MIF   MIF to have as display background 

f: frequency axis for MIF 

flow:  low frequency for display Hz 

fhi:   high frequency for display Hz 

 

 

POLES2FD   

 Poles to frequency and damping 

 [Freq, zeta] = poles2fd (poles) 

 Freq resonance frequencies Hz in column vector 

 Zeta damping column vector % of critical damping 

 Poles complex pole vector in radians 

 

 

POL2RESF    

Estimation of residues with given poles, frequency domain 

Residuals are used 

 [residues, residuals] = pol2resf (H, f, poles, flow, fhi, disptime) 

 Residues   in displacement/force format matrix (columns) 

 Residuals the residuals are saved for display purposes 

 H  mobility FRF matrix (columns) from one or more references 

 H may be 3d for more references than one 
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 [N, M, R] = size (H); N = number of frequencies; M = number of meas    

  DOFs; 

  R = number of references  

  [P, M, R] = size (residues); P = number of poles (resonances); 

 M = number of meas DOFs; R = number of references  

  f          frequency axis for H in Hz 

  Poles      complex pole vector in radians 

  flow       low frequency for curve fit in Hz 

  fhi        high frequency for curve fit in Hz 

 disptime   display time in seconds, zero for no display 

 

 

ANIMCALC       

Create animation data for mode shape  

 Unreformed (black) and deformed (red) 

  To be used by animate 

 [gpoint,G,ref] = animcalc (geodef, plotseq, mode, scale, refpnt) 

 geodef geometry definition matrix  

 plotseq plot seqence vector 

 mode    vector to plot 

 scale   constant  (about 0.2 recommended) 

 refpnt  point number for marked point, 0 if none 
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