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Abstract. This paper is based on a scientific research, made by the authors, with the aim to reduce the 
designing and execution time of a grabbing device, intended for the handling and transferring operation of a 
car body part. The grabbing device is designed and 3D shaped, presented in the paper, is realized by 
assembling typical elements of constructive types, the alignment and fixation of the handled object in the 
grabbing device being realised vacuum, pneumatically and mechanically. 

 
1. Description and functionality of the designed vacuum grabbing device  
The constructive type of the vacuum grabbing device modular assembly presented in the 
first part of the paper was projected by the authors with the aim of constructive and 
functionality optimization for a more efficient usage in the operations of grabbing, fixing 
and robotic handling of a metallic structure like a auto body rooftop. The Robotic handling 
has as aim the grabbing and transferring the metal structure, from one technological stage 
of manufacturing, such as cold compressing, technological operation made in a 
cambering/molding section, to another manufacturing point situated at a certain distance, 
where the handled object enters into a new phase of technological manufacturing.  
This could be, for example, a department for thermo-chemical treatment, containing the 
stages for degreasing, cleaning-washing followed by a thermo-chemical treatment applied 
before the painting in electrostatic field of the handled element.   
As we mentioned before, it can be observed from the 3D design of the assembly, that the 
component elements of the vacuum grabbing device designed are standardized and 
modulated, and because of this it allows a substantial reduction of the designing time and 
the reduction of the manufacturing time of the product. For this we had at our disposal, for 
documentation, catalogs from different companies devoted to this fields, from which we 
can name the companies TUNKERS, NORGREN, FESTO. 
On a central aluminum extruded profile numbered 14, foreseen longitudinally with a T 
canal on each side, are assembled in order all the typical elements.  
The first components installed are the two lateral devices for grabbing with claws, their 
clamps claws being pneumatically operated, and having the purpose of fixing and unfixing 
the auto body metallic structure, on the central area. 
In picture 1 we can see a upper view of the vacuum grabbing device, and from this point of 
view we can observe the values of the linear and angular values of the mounting and 
associating contact, the composition, distribution and the adjustment of the main 
component elements by which it can be realized the centering, grabbing and fixing the 
auto body element, for the purpose of robotized handling. 
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Picture 1. Upper view of the vacuum grabbing device assembly containing the adjustment rates of 
the principal elements of the assembly 

 
Clamping the metallic structure is realized with the help of two clamping elements, claw 
type, named in the assembly clamping holder 10. These revolving elements make 
simultaneously, under the command of the pneumatically cylinder rod, a quick revolving 
movement at a 900 angle of the clamping holder. Both clamping holders are installed 
sideways, on the surface of the extruded section 14, with the help of some installation 
boards and some assembly elements with thread. The axial distance between the, is 
adjusted at installation, this adjustment being made according the dimension of the 
handled element situated in the grabbing zone. On two areas of the central extruded 
section 14, near the two constriction devices, are installed and fixed two pairs of tubular 
arms 24, 25, and at their end are installed, with the help of intermediary boards in the 
sensor support 6,7,8, the inductive supports 11, and at each tubular rod is installed a 
metallic guider 20,21. 
On the two tubular rods situated near the coupling system of the robots board 1, with the 
coupling element of the robot, are installed, with the help of four mounting support 16, four 
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support arms 17, at which end being fixed four adjustable cup holders 18, and in these 
elements are mounted the four vacuum cups 19. 
At the end of the other grabbing device, situated near the constriction system, on the two 
tubular rods, situated at a established distance, are installed another two vacuum cups. 
The linear and angular measures for installation and the adjustment rates of the measures, 
representing the longitudinal and transversal distances between the cups axis, the vacuum 
grabbing device has been presented on a 2D design of the assembly presented in picture 
1.   
In picture 2 we can see a front view of the 3D design of the vacuum grabbing device 
assembly, the view is presented below, and it presents the fixed object in the device in the 
grabbed position. The two grabbing claws, pneumatically operated, realizes the 
mechanical grabbing of the object, by simultaneous revolving their claws towards inside. 
As a result of this order it is realized the mechanical grabbing of the object, and all the 
cups, which are in composition of the vacuum grabbing device, simultaneously attach to 
the exterior flat surface of the car body element.   

 
 
 
 
 
 
 
 
 
 

Picture 2. Front view of the 3D design of the assembly, the vacuum grabbing system in 
handling position with the grabbed object  

 
From this picture we may observe the position of the cups in contact with the bent surface 
of the car body element, so that the cup axis will be perpendicularly on the bent surfaces 
which will be grabbed. The inductive sensors together with the detectors transmit the exact 
information’s to the robot’s driving system, so that the handled object can be centered and 
fixed by the grabbing device in optimum conditions.  
The energetic connections with the compressed air network of the pneumatic cylinders 
and of the vacuum cups, is realized with different air circuits, which are fixed on the 
structure of the final grabber. The electric and informational connections are realized with 
electric cables, which contain different electric circuits, the interface being a quicker one by 
plugs. 

 
2. Description of the running sequences while fixing and handling the object  
After finishing the position adjustment of the two central grabbing devices, and for the six 
lateral cups, the vacuum grabbing device is installed to the coupling element of the 
handling industrial robot, regularly the ABB robot, and the connection being realized in the 
robot board 1. The robots interface is realized both from a mechanical and energetic point 
of view and from an informational one, too. In the operating system is introduced and 
memorized a computer software, which has been realized by a software programmer and 
based on its operations, the robot will execute the programmed operations. 
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Phase 1. The designed vacuum grabbing device with the two constriction systems  
with the claw support in the open position, is positioned over the sustaining support of the 
auto body roof top element. The five locators, composing the vacuum grabbing device, 
four sideways and one central, together with the 3 inductive sensors, assures the 
centering and the correct position of the locators over the grabbed element, transmitting all 
the necessary information’s to the operating and running system of the robot. 

Phase 2. In the moment of vacuum cups interaction with the plane surfaces of the 
object, with the help of the sensors it sees this position, in the fueling circuit it will be 
created a vacuum. All six cups realize in the first stage a vacuum grabbing of the car body 
rooftop. 

Phase 3. The two sideway constriction devices pneumatically operated, receive 
simultaneously an operating command from a electromagnetic distributor type 5/3. As a 
result of the received command the pistons of the two pneumatic cylinder which compose 
the fixing typical systems, operates over the constriction support type claw, rotating them 
at 900, and so realizing the simultaneous fixing from sides and from a mechanical point of 
view, of the grabbed device.  

Phase 4. The object auto body rooftop is fixed by the vacuum grabbing device and 
the robot continues the handling operation till he reaches in a new programmed position. 

Phase 5. The object reached in the programmed position, after a command given 
by the operating system of the robot, will be released from the device.  

Phase 6. The lateral claws of the grabbing device are opened simultaneously, 
releasing the object, which is still maintained in the fixed position by the vacuum force of 
those six cups. The robot will make a micro movement till the object will be sustained by  
the support, moment when the vacuum is interrupt, the vacuum cups releasing the object 
and puts it, slowly, at the programmed location, and afterwards the robot cycle is restarted. 

 
3. Optimized running of the constriction pneumatic system of the device  

 
The functional optimization is determined with the grabbing force relations developed 
according the compressed air pressure, used for the operation of the constriction system, 
and from the relations between the pressure force and cylinders rod diameter for 
auctioning the claw constriction system.  
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Table 1. 

Pa [bar] 4 5 6 7 8 9 10 

Fp [daN] 200,16 251,2 301,44 351,68 401,92 452,16 502,4 
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Is made the table 2  

 
Tabel 2. 

Dm [cm] 5 6 7 8 9 10 12 

Fp [daN] 196,25 282,6 384,65 502,4 635,85 698,74 1006 

 
Based on the values presented in table 1 and 2, we can realize the constructive and 

functionality optimization of the constriction devices with claw elements, from the structure 
of the grabbing device, pneumatically operated. 

For the pneumatic operation of the closing and opening systems the operation 
pressure is between (4-6) bar, the turning of the closing and opening system from 1800-900 
is 0,6 seconds.   

 
4. Vacuum operation force calculus of the grabbing device  

 
For a secure running of the projected vacuum grabbing device we made a succession of 
calculations, with the aim of precise determination of the fixing forces realized by the 
devices cups in contact with the plane surface of the auto body rooftop. 
The used operation relations have as objective the determination of the minimum diameter 
of the devices cups (D), knowing the handled object weight, in our case the weight of the 
handled object is 120 kg, or determining by the calculus of the grabbing forces (F), 
knowing the dimensions of the cups. 

 
][NAF pSi Δ⋅=          (4.) 

where:  force developed by the cups  −iF
−SA  cups surface  
−Δ p  un-pressure  

For a number of cups is obtained: gmcnDI p ⋅=Δ⋅⋅⋅⋅
⋅

= μπ
4
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where: D – cups diameter  
n – cups number ; (n=6.)  
c – security coefficient; ( 6,04,0 −=c ) 
μ - friction coefficient;(μ  = 0,14) 
m – rooftop weight ; m = (120 Kg) 
g – gravitational acceleration; g = (9,81) 

][81,94 mm
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Using relation (6) we can determine the minimum diameter of the cup as it follows: 

mmD 53,71
92,0

4708
14,05,067,0

81,91204
min ==
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⋅⋅

=
π

     

For security we will chose the constructive diameter of the cup  mmD 85=
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From relation 4 we will obtain the force developed by a cup: 
−Δ p  un-pressure = -0,7  daN/cm2 
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The grabbing vacuum force of the six cups is calculated with the help of relation (4) 

daNF

NF

75,166

45,16677,014,05,06
4
8514,3 2

=

=⋅⋅⋅⋅
⋅

=  

The projected vacuum grabbing device weights approximately 50 kg.  
In picture 3 are presented the 3D and 2D drawings of the standard cylindrical vacuum 
cups, this type of cups being mostly used at the vacuum robot construction and for the 
vacuum grabbing device, having the right shape for grabbing the car body elements.   

 
 

Picture 3. The 3D and 2D drawings of the cylindrical vacuum cups. 
 

5. Conclusions 
The robotisation of the auto body installation lines, brings the economic efficiency growth, 
by dropping the costs, and the realization time for a car body. 
By using the vacuum system for grabbing the handled object, the grabbing device 
presented in the paper, it realizes a quick fixing and unfixing of the device, avoiding the 
object deterioration at grabbing and detaching. The realization concept of the device from 
modular elements brings to the time reduction for execution and so to the cost price 
reduction. The constructive optimization bring many possibilities for easy and quick 
adjusting of the cups positions, so that their axis will be perpendicularly on the grabbing 
surface, avoiding the accidental detachment of the car body element from the device. 
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