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Abstract: Practical application of this new methodology of appropriate deployment of the holding elements is used to manipulate and 
handle materials with large diameters and perimeters and small thickness. In these cases it is possible to replace the intuitive deployment 
calculation method. The result is a rational determination of the size and number of the vacuum effectors. The article deals with the selection 
of appropriate vacuum holding components and their localization in the handling system that is to hold and move rectangular plates. In this 
article the method of designing and creating the calculation and the program that will make possible the automatic selection of the suction 
elements, as well as their optimal localization in relation with the permitted deflection of the handled object is presented. The presented 
approach helps to simplify the work of a designer in the design of the vacuum grips. It helps the user to select the correct size and number of 
effectors in handling a steel sheet as well as choosing the best location. In the calculations, the dynamic aspect of the problem in hand has 
not been solved or calculated. The safe grip of the object was ensured and secured by a safety factor. The calculation is verified by the finite 
element method (FEM) modeling.  
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1. Method of proposition for the selection and 
deployment of vacuum components of the holding 
systems 

The proposed solutions and the calculations were done for items 
intended for the manipulation of the vacuum effectors according to 
the following conditions: the manipulated object is flat – a metal 
sheet or metal plate, or a part of it, with a maximum dimension of 
1000 x 150 mm, material - steel plate thickness of 0.5 to 5 mm. The 
selection of the required size (diameter) and the number of effectors 
is such to ensure the safe manipulation with the object and the 
optimal deployment is don a according to the permitted deflection 
of the manipulated object, where this value is entered into the 
program by the user [1, 2]. In the case of solving one vacuum 
effector, we can simplify the manipulated object to a circular plate 
held at the center pD . 

Fig. 1: Using one effector 

For the deflection of the plate is true that [4]: 
22

2

4

2 3

2 0,94 2 2 0,89 2-0,53 1,53 - -3,21.ln -3,55 ln - ln
22

.( / 2)
.21,3 0,7

p p p p

p

p

D D D D
D D D DD

D p DY
E hD

D

        
+                          

  
 =

 
+  

  (1) 

The case of holding with several effectors, where the object 
handled is of circular shape of radius R  we suggest the deployment 

of the effectors on a circle of diameter uR . 

Fig. 2: Using several effector 

Solving the following equations we get the equation of deflection 
on the perimeter [4]. 
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And the deflection of the plate in the center is: 
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The total deflection of the circular plate is then expressed as the 
sum of those two deflections: 

Y SY Y Y= +                                                                              (4) 

The problem of rectangular plates can be solved with sufficient 
accuracy, by representing the rectangle as two circular plates with 
diameters responding to the lengths of the sides of the rectangle 
(Fig. 3) [3]. 

Fig .3: Substitution of rectangular plates by circular ones 

 

SCIENTIFIC PROCEEDINGS VIII INTERNATIONAL CONGRESS "MACHINES, TECHNOLОGIES, MATERIALS" 2011 PRINT ISSN 1310-3946

YEAR XIX, VOLUME 1, P.P. 57-60 (2011)57



2. Proposal for automated selection and 
distribution of vacuum components in the holding 
systems 

In this study, the software used was the 2009 version of 
SolidWorks software with an integrated program SolidWorks 
Simulation used for solving model situations. This sub-program 
operates on the principle of FEM. Following the establishment of 
a network of elements, it calculates the parameters in nodes by 
applying specified material properties. The accuracy of the 
calculation is then given by the delicacy of the network. Therefore, 
for these relatively simple cases the criteria selected are very strict 
in addition to the controlled formation of a curvilinear grid. The 
force action is represented by the acceleration of gravity. 

 

Material that was used:  

Metal 11 343.0 heat rolled 

Modul of elasticity E = 2 .105 MP 

Poisson’s ratio  µ= 0,28 

Modul of shear stress G = 8 .104 MPa 

Density ρ = 7, 80 g/mm3 

Tensile strength Rm = 325 MPa 

Yield strength Re = 180 MPa 

 
Fig. 4: Volume network of the plate 

 

2.1  Deflection analysis in the case of using two      
vacuum effectors 

In the case of using two effectors deployed along the length of 
the axis, the regulation of the deflection of the free ends was done 
by changing the distance separating the effectors from each other. 
The contours of the effectors are represented in the images below as 
circles (Fig.: 5, 6, 7, 8, 9, 10, 11, 12). 

Input data: 

- Diameter of effector Dp = 50 mm a 80 mm  
- Number of effectors n = 2 
- Diameter of the pitch circle  
- Du = 100,200,300,400,500,600,800 mm 

 
- Semi-product: 

1) 1000 x 150 x 2 mm 
2) 1000 x 150 x 4 mm 

- Permitted deflection 5 mm 

Output data: 

- deflection Y = 0,6057 mm < YALLOWED = 5mm => meet 
required conditions 

 
Fig. 5: Plate height 2 mm and diameter of vacuum effectors  

           50 mm, distance of vacuum effectors is 100 mm 

 

 
Fig. 6: Plate height 2 mm and diameter of vacuum effectors  

           50 mm, distance of vacuum effectors is 500 mm 

 

 
  Fig. 7: Plate height 2 mm and diameter of vacuum effectors 

           80 mm, distance of vacuum effectors is 400 mm 

 

 
  Fig. 8: Plate height 2 mm and diameter of vacuum effectors  

     80 mm, distance of vacuum effectors is 800 mm 
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Fig. 9: Plate height 4 mm and diameter of vacuum effectors 50 mm, distance 
of vacuum effectors is 100 mm 

 

 
Fig. 10: Plate height 4 mm and diameter of vacuum effectors 50 mm, 

distance of vacuum effectors is 800 mm 

 

 
Fig. 11: Plate height 4 mm and diameter of vacuum effectors 80 mm, 

distance of vacuum effectors is 100 mm 

 
Fig. 12: Plate height 4 mm and diameter of vacuum effectors 80 mm, 

distance of vacuum effectors is 400 mm 

 

To highlight the benefits of using multiple mounting in cases 
with high strain, dependence was obtained between the deflection of 
the free end and distances separating the holding elements (Fig.13). 
The calculation was performed for semi-product of dimensions 
1000 x 150 x 2 mm. When using an element with a diameter of 50 
mm, we obtained 0.6057 mm. As the chart shows the change in 
distance, results in decrease of the value of the deflection. 

 

 
Fig.13: The relation of the deflection Y and the distance between the  

                effectors 
 

3. Experiment 
In this section we compared the deformation obtained from 

simulations in the program SolidWorks as well as the experimental 
values, where we measured the deformation by 3D scanner Leica. 
The studied object is a metal plate (800x150x0.5 mm) and its 
characteristics were verified by a tensile test. 

 

Material that was used:   

Sheet of spring steel (42CrMo4) 

Modul of elasticity E = 2 .105 MPa 

Poisson’s ratio µ= 0,28 

Modul of shear stress G = 8. 104  MPa 

Density ρ = 7, 87 g/mm3 

Tensile strength Rm = 690 MPa 

Yield strength Re = 675 MPa 

 

Later on, a model was created, mashed, and was given boundary 
conditions as well as material type, after which the simulation was 
done to the free end, where the resulting deformation was equal to 
Y=13.03mm (Fig.: 14). 

 

 
Fig.14: Resulting deformation 
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In the last step we manipulated the given plate using the 
robotic arm, where the deformation was observed using the 3D 
scanner manufactured by Leica. The process of finding the exact 
deformation was done after comparing two scans in the program 
PolyWorks/Inspector V 11 (Fig.16). The first scan was done after 
mounting the suckers on the plate position on a straight support, and 
the second scan was done after raising the plate using the robotic 
arm, where the plate itself undergoes deformation. The resulting 
deformation after comparison was Y= 13.379mm (Fig. 15). 

 

 
Fig. 15: Scanned by scanner Leica  

 

 
Fig. 16: Deformation in the program PolyWorks/Inspector V11 

 

With this experiment we proved the correctness of our model, 
since the results obtained from comparing the deformation from the 
simulation and the experiment differed in a value of 0.349 mm, 
which is a negligible value. 

 

4. Conclusions 
The aim of research presented in this paper was to obtain visual 

images, and numerical values while examining the handling process 
when manipulating a metal sheet plate in the form of a rectangle. 
The results obtained are in the image form. They show the plate, 
and the intensity of the deflection all over the plate. Numerical 
values represent deformations of the material.  

In the second part there are presented research results of the 
impact of the diameter variations of the vacuum effectors on the 
resulting deflection. In all the cases studied, the occurring 
deformations were only elastic deformations. The case of using two 
vacuum effectors was analyzed, were the dimensions of the vacuum 
components were chosen in such way to satisfy the force 
requirements for ensuring a safe grip on the manipulated object. 

The presented approach helps to simplify the work of a designer 
in the design of the vacuum grips. It helps the user to select the 
correct size and number of effectors in handling a steel sheet as well 
as choosing the best location. In the calculations, the dynamic 
aspect of the problem in hand has not been solved or calculated. 
The safe grip of the object was ensured and secured by a safety 
factor. 

Practical application of this new methodology of appropriate 
deployment of the holding elements is used to manipulate and 
handle materials with large diameters and perimeters and small 
thickness. In these cases it is possible to replace the intuitive 
deployment calculation method. The result is a rational 
determination of the size and number of the vacuum effectors. 
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