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ABSTRACT: The paper aims to present the comparative analysis of the feasibility for a component from the TMA AL550 flexible 
cell. The component is a key element in the structure of the tool manipulation system. Using the tool manipulation system the ATR 
(TOOL READJUSTMENT FUNCTION) function will be implemented. Due to the restrictions of the weight that can be 
manipulated, the additional components for the tool manipulation system must comply with strict weight limitations whiteout 
affecting functionality and safety of the system.  
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1. THE TMA AL 550 FLEXIBLE CELL 
The TMA 550 flexible manufacturing cell is composed of the 
following components.  

 A horizontal CNC machine (Fig. 1). 
 Two ABB IRB 1600 robots (Fig. 2). 
 One modular system conveyor (Fig. 2). 
 One XY coordinate storage system (Fig. 3). 

 

 
Figure 1. CNC machine 

 
Figure 2. ABB robots and conveyor. 

 
Figure 3. XY coordinate  storage system. 

The automatic tool readjustment function is specific to the 
FMC (Flexible Manufacturing Cell) and FMS (Flexible 
Manufacturing System) and consists of automatic setup of a 
new set of tools in “hidden” time necessary for the next work 
piece. The solutions vary depending on the type of ATC 
mounted on the main machine tool in the cell or sys-tem [1]. 

For the TMA AL550 flexible manufacturing cell. After 
analysing several factors including the layout, available space 
and existing components, the readjustment with reduced 
flexibility using a tool rack type pallet that can be accessed by 
the ATC has been closed. 

This method implies preparing the new tool set onto a pallet 
accessible to the ATC. In order to do this tools have to be 
brought form the storage unit to the machine pallet which is 
equipped with a Tombstone device . Ensuring the compatibility 
of the gripper with all the possible types of tools, a pallet with a 
tool holding device has to be used [4]. 

2. STRUCTURE OF THE TOOL HOLDING 
DEVICE. 

As presented the tool holding device has to ensure the 
possibility of manipulating any type of tool trough the flexible 
manufacturing system.  

The first component of the tool holding system is the pallet, 
which is made out of aluminium alloy type 1060 (fig. 4 and 5). 

 
Figure 4. Aluminium pallet. 
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Figure 5. Aluminium pallet- Dimensions. 

The weight of the pallet is 2 kg. 

The second component of the tool holding device is the tool 
jig. The role of the jig is to firmly hold  de tool in position. 
This is achieved by the two locating pins (marked with red in 
figure6) and two holding brackets (marked with green in figure 
6) 

 
Figure 6. Tool holding device 

The main challenge is to maintain the weight of the system 
under 3 kg. As the pallet is made of aluminium and has a 
weight of 2 kg, the goal is to have the tool holding device at 
1kg. This can be achieved either by changing the shape of the 
device or by using unconventional materials slouch as 
thermoplastic materials for some components in order to 
reduce the weight. 

3. FEM ANALISIS OF THE TOOL HOLDER. 
3.1.  Aluminium alloy 1060. 
In this first case it is analysed the main body of the tool holder 
if is realized using 1060 Aluminium alloy. The shape of the 
main body is presented in figure 7. The analysis is realised 
using the method of FEM . Fundamentals of finite element 
analysis method have been developed starting the 1940 mainly 
in structural engineering through research conducted by 
Hrennikoff and McHenry  betwen 1941-1943.  

 
Figure 7. Main body of the tool holding device. 

For this case we have the following volumetric properties: 
Mass:0.916 kg 
Volume: 340.687 cm3 
Density: 0.002 6 kg/cm3 
The proprieties of the used material are presented in table . 

Table 1. Proprieties of the 1060 Al 
Name: 1060 Alloy 

Model type: Linear Elastic Isotropic 
Yield strength: 2.75742e+007 N/m^2 

Tensile strength: 6.89356e+007 N/m^2 
Elastic modulus: 6.9e+010 N/m^2 
Poisson's ratio: 0.33   
Mass density: 2700 kg/m^3 

Shear modulus: 2.7e+010 N/m^2 
Thermal expansion 

coefficient: 
2.4e-005 /Kelvin 

Mesh Information are presented in table 2. 

Table 2. Characteristics of the mesh. 

Mesh type Solid Mesh 

Mesher Used:  Curvature based 
mesh 

Jacobian points 4 Points 

Maximum element size 7.16171 mm 

Minimum element size 1.43234 mm 

Total Nodes 51786 

Total Elements 32979 

Maximum Aspect Ratio 61.383 

% of elements with Aspect Ratio < 3 96.8 

% of elements with Aspect Ratio > 10 0.409 

% of distorted elements(Jacobian) 0 
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Figure 8. The Mesh structure applied to the analysed body. 

In figure 9 the stress analysis is presented, in table 3 the 
numerical values for the stress analysis are presented. 

 
Figure 9. Stress analysis results 

 
Table 3. Stress analysis results. 

Name Type Min Max 
Stress VON: von 

Mises Stress 
142.711 
N/m^2 
Node: 
15778 

1.07835e+006 
N/m^2 

Node: 7533 

In figure 10 the maximum and minimum point of displacement 
are presented. The numerical values can be found in table 4. 

Table 4. Displacement analysis results. 
Name Type Min Max 

Displacement URES: Resultant 
Displacement 

0 mm 
Node: 7 

0.00077928 
mm 

Node: 126 

 
Figure 10. Displacement analysis results 

As presented in table 4, the maximum displacement in 
0.00077mm which is of negligible value.  Form this point of 
view theis structure configuration and material are suitable to 
use in the flexible manufacturing system. 

In figure 11 are presented the point of minimum and maximum 
for the equivalent strain. The numerical values are presented in 
table 5. 

 
Figure 11. Point of minimum and maximum for the equivalent 

strain 
 

Table 5. Values for the equivalent strain 
Name Type Min Max 
Strain1 ESTRN: 

Equivalent Strain 
2.16365e-

009  
Element: 

23346 

9.02318e-
006  

Element: 
1871 

 



  

35 

3.2. Polyamide 
A polyamide is a polymer containing monomers of amides 
joined by peptide bonds[2]. 

Polyamide family contains several types of structures that can 
be used with rapid prototyping techniques slouch as SLA. 

The  PA 6 polymer hase the following  chemical formula 
[NH−(CH2)5−CO]n 

Stereolithography is the first of rapid prototyping processes 
commercial available on the market and is most common in the 
world also over all other processes.  

The process was developed by the company in Valencia 
California 3DSystems U.S. company founded in 1986 [3]. 

Stereolithography (STL) contains a group of technological 
procedures of depositing layers of thermoplastic material in 
such way that the finished piece has a homogenous structure 
with good physical and mechanical properties.  

In stereolithography the object in build layer by layer by an 
laser using an UV curable  thermoplastics resin in a recipient 
which haze the possibility of realizing an movement on one 
axis corresponding with the layer build-up of the work piece. 

Considering the overall dimension of the piece this is suitable 
for manufacturing using SLA techniques. 

The structure of the analyzed component is presented in figure 
7. 

The volumetric proprieties of the analized components are. 

Mass:0.381 kg 

Volume: 340.687 cm3 

Density: 0.001 kg/cm3 

The proprieties of the used material are presented in table 6 . 

Table 6. Propieties of PA type 6 
Name: PA Type 6 

Model type: Linear Elastic Isotropic 
Default failure criterion: Max von Mises Stress 

Yield strength: 1.03649e+008 N/m^2 
Tensile strength: 9e+007 N/m^2 
Elastic modulus: 2.62e+009 N/m^2 
Poisson's ratio: 0.34   
Mass density: 1120 kg/m^3 

Shear modulus: 9.704e+008 N/m^2 

The mesh characteristics are identical to those presented in 
table 2. The mesh structure is presented in figure 8. 

In table 7 are presented the results (minimum and maximum 
values) for the stress analysis. The graphical results are 
presented in figure 12. 

Table 7. Stress analysis results. 
Name Type Min Max 
Stress1 VON: von 

Mises Stress 
128.21 
N/m^2 
Node: 
15778 

1.07912e+006 
N/m^2 

Node: 7533 

 
Figure 12. Localization of the stress points in the analysed 

component. 

In figure 13 and table 8 are presented the results for the 
displacement. 

Table 8. Displacement analysis results 
Name Type Min Max 

Displacement	   URES: Resultant 
Displacement 

0 mm 
Node: 7 

0.0204968 
mm 

Node: 126 

 
Figure 13. Localization of the displacement points in the 

analysed component. 

The results for the equivalent strain analysis are presented in 
table 9. The localization and distribution of strain point in the 
body of the analysed component are presented in figure 14 

Table 9. Equivalent strain analysis results (minimum and 
maximum values)  

Name Type Min Max 
Strain1	   ESTRN: 

Equivalent 
Strain 

5.91609e-
008  

Element: 
23346 

0.000240489  
Element: 1871 
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Figure 14. Localization and distribution  of the strain points in 

the analysed component 

4. CONCLUSUIONS 
As previously presented an major factor in deciding the type of 
material from which the component will be manufactured is the 
weight of the final piece. 

This is significant because the maximum weight that the ABB 
IRB 1600 robot can handle in 6 kg. (as presented in the user 
manual).  Since the aluminium pallet has 2 kg, and due to 
safety and technological issues this can be changed and the 
average weight of a tool including the ISO standard cone is 3.5 
kg, we can see that the tool holding system must have a weight 
of 0.5 kg.  

If we analyse the two components only form this point of view 
the components made of PA is the better option since the 
weight of the component is 0.381 kg compared to the weight of 
the component made out of aluminium which is 0.916 kg. 

Another factor is the durability of the components. Here we 
have to analyse additional factors. In table 10 is presented a 
comparison of the displacement that occur in the components. 

As presented the maximum displacement takes place in the 
same point (node 126), and the difference between them is 

0.0197 mm. The value is high taking in to account the fact that 
the tool is maintained in position by two locating pins and two 
holding brackets. The displacement that occurs in the 
component made out of the PA6 material could determine the 
holding breakers to not complete the function allowing the tool 
to move out of position during manipulation either by  the 
conveyor or by the robots. 

Table 10. Displacement comparison 
1060 A PA 6 

0.00077928 mm 
Node: 126 (max) 

0.0204968 mm 
Node: 126(max) 

A possibility would be to redesign the component taking into 
account the results of the finite element analysis. In this case 
two options are viable, the firs would be to strengthen to piece 
in the area where the maximum displacement occurred, or to 
change the holding system for the tool in a manner that would 
not be influenced by the displacement. 

In this case the best option would be to make the piece out of 
aluminium and by redesigning to lower the weight under 0.5 
kg. 
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