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ABSTRACT 
The main objective of this paper is to describe graspingof Different materials like glass, wood, mild steel, tiles, cardboard etc and it 

having different shapes. Contact grippers which using Vacuum Pump and it creates Suction for the lifting of the workpiece in 

Horizontal and Vertical direction.The pneumatic approach is more effective than the magnetic and electrical levitation because of 

its nature like magnetic free, conductive free and thermal effect is less in air, so we can able to use this in any kind of materials like 

magnetic, non-magnetic, rigid, non-rigid, conducting material also. The Principle of Vacuum for handling of workpiece which 

usingVacuum gripper rather than electrical actuators so it is maintenance free and economically good. Best quality of grasping the 

workpiece has been optimized. 
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INTRODUCTION 
 
In all areas of automation technology, Pneumatics customers benefit from expert systems consulting and 

innovative solutions. Pneumatic vacuum components include everything they need to develop a fully 
operational vacuum system. The extensive range of vacuum products corresponds to the specific requirements 
of a wide variety of industry sectors.If such kinds of products are handled by automation systems, sometimes the 
product may subject to deformation while handling. But the human handled these complexities with ease by 
combining Skillful handling capabilities and behavioral models of the product accumulated with experience. 
These defects can be overcome by using contact method of gripping objects. By using this method, the product 
to be handled can be lifted or gripped with touching it by effective grasping material like a suction cup. This 
method provided the way of handling the product without deforming it and sometimes it may provide the drying 
effect.This type of grippers can be used in the automobile and manufacturing industries, which forms one of the 
largest global industry sectors. The major application of contact grippers is in automobile fields.  
 
II.Modeling Of Vacuum Gripper: 

Vacuum gripper design is done by using SOLID WORKS software. Design specification and model is 
given below 

 
Aristo Robot Specifications (6 Axis Articulated Robot): 

Configuration 3 Kg Including Gripper 
Gripper Pneumatic / Electrical 
Link 1 300 mm 



76    Lavanya. D and Ram Manjunathan. N., 2016/ Advances in Natural and Applied Sciences. 10(7) Special 2016, Pages: 75-80 

 
 

Link 2 300 mm 
Joint Actuators Dc servo geared motors 
Vertical Height 400 mm 

Transmission 
Joint 1                    : Gear Train 
Joint 2 & 3             : Ball Screw 
Joint 4, 5 & 6         : Timing Belt Drive 

Position Feedback optical encoder (hp 2 Phase 500 PPR) 

No. Of Axes 
=6 (3 axes waist – shoulder – elbow manipulators with 3 axes     roll – pitch -
roll spherical waist) 
 

Mechanical Payload 
3 Kg including gripper 
 

Tip Speed 0.2 Meter / Sec 

 
Table 1.1: Aristo robot specifications 

Vacuum suction cup material mild steel 
Weight of suction cup 1 Kg 
Height of cup 30 mm 
Outer diameter φ1 84 mm 
Inner diameter   φ2 45 mm 
Step height 8  mm 
Inner hole diameter 12 mm 
Guard diameter 25 mm 
Inner small holes diameter 3   mm 
Depth 13 mm 

 
Table 1.2: vacuum gripper specifications  

Model VE 145 – L 
Free air displacement 12.8 l / min 
Ultimate vacuum 5 Pa 
Voltage 220 V ~ 50 Hz 
Power 1/3 hp 
Oil capacity 300 ml 
Acceleration 5 m / s2 
Speed 1720 rpm 

 
Table 1.3 vacuum pump specifications 
Thebelow fig. 1.2.Shows that the three-dimensional view of vacuum suction cup with the help of solid 

works modeling software. The material of suction cup is mild steel of outer diameter 84 mm and inner diameter 
45 mm and 1 kg of weight takes place. The inner hole diameter is 12 mm and it consists of four small holes for 
high effective suction of 3 mm diameter each. For the detail views are shown in the two-dimensional view of 
vacuum suction cup.  

 

 
 

Fig. 1.1: Two-dimensional view of suction cup 
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Fig. 1.2: Three-dimensional view of suction cup 
 

Fabrication: 
Fabrication of vacuum gripper involves following steps 
1. Fabrication of vacuum suction cup 
2. Assembly of components  
 

Fabrication of vacuum gripper:  
Fabrication was done by using lathe machine. Because this lathe machine will produce complex shape also. 

The vacuum suction cup is fabricated using this machine. In this lathe machine mild steel material is taken as 
suction cup material and specified operations are carried out to make strong and rigid structure of vacuum 
suction cup and in a bottom end of the cup is attached with foam for damage less effective grasping of different 
materials. 

 
Assembly of components: 

Vacuum gripper contains following components 
1. Vacuum pump 
Electric motor specification:- 
Maximum speed of the motor:  1720 RPM 
Input voltage: 220 V 
Input Power:   1/3 Hp 
Motor type: DC supply 
Due to their high compression factor, pumps generate a very high vacuum and, according to the type, have 

a very high suction capacity. Due to this reasons the suction cup effectively grasp in and grasp out different type 
of materials in both horizontal and vertical direction of grasping. 

The assembled vacuum gripper figure is given below 
 

 
 
Fig. 1.3: Assembled vacuum gripper 

 
The fabricated Vacuum gripper attached with the 6 axis robot and lifted the following object given below 
 

 
 
Fig. 1.4: Lifting of square tile piece in horizontal direction using vacuum gripper 
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Fig. 1.5: Lifting of triangular wood piecein vertical directionusing vacuumgripper 
 
III.Model Calculations: 
Theoretical holding force of a suction cup: 

The suction cups not only have to be able to carry the weight of the workpiece but must also be capable of 
handling the acceleration forces. These may never be neglected in a fully automated process. 

To calculate the theoretical holding force, we show and describe the three most important and most 
frequently occurring load cases (handling sequences). 

 
Important: 

For the following, simplified representations of the load cases, the calculation must be based on the worst 
load case with the highest, theoretical holding force. This is the only way to ensure that the suction cup grips the 
workpiece safely during the entire handling process. 

The safety factor is a minimum value of 1.5 for smooth and dense workpieces. A safety factor of 2.0 or 
greater must be used for critical, diverse or varied, porous or rough workpieces. If factors such as acceleration or 
friction coefficient are not known or cannot be deter- mined precisely, a value of 2.0 or higher should also be 
used. 
 
Calculation Of Vacuum Suction Cup: 
Case (i): horizontal suction cup, horizontal force: 

Description of load case: The workpiece (in this case the steel sheet with the dimensions (30mm height and 
84 mm diameter) is lifted from a pallet. The workpiece is lifted with an acceleration of 5 m/s2 (no transverse 
movement). 

To calculate the horizontal theoretical vacuum force by following formulae: 
(FTH)H = m x (g + a) x s 
Where, 
(FTH)H=horizontal theoretical holding Force (N) 
m   = mass (Kg) 
g = acceleration Due to Gravity (9.81 m/s2) 
a = system Acceleration (m/s2) 
s = safety Factor (Minimum Value = 1.5 for critical homogeneous (or) Porous materials (or) Rough surfaces 

= 2.0 (or) higher) 
 
For Glass: 
i) Triangle shape: 

(FTH)H = m x (g + a) x s 
(FTH)H= 0.2 x (9.81 + 5) x 1.5 
(FTH)H= 4.443 N 

 
ii) Square shape: 

(FTH)H= m x (g + a) x s 
(FTH)H = 0.14 x (9.81 + 5) x 1.5 
(FTH)H= 3.1101 N 
 

iii) Circle shape: 
(FTH)H = m x (g + a) x s 
(FTH)H= 0.11 x (9.81 + 5) x 1.5 
(FTH)H= 2.443 N 
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Case (ii): Vertical suction cup, vertical force: 
Description of load case: The workpiece (in this case the steel sheet with the dimensions 30 mm height and 

84 mm diameter) is picked up from a pallet and moved with a rotary motion at an acceleration of 5 m/s2. 
To calculate the vertical theoretical vacuum force by following formulae: 
(FTH)V = (m / µ) x (g + a) x s 
Where, 
(FTH)V=vertical theoretical holding Force (N) 
m   = mass (Kg) 
g = acceleration Due to Gravity (9.81 m/s2) 
a = system Acceleration (m/s2) 
s = safety Factor (Minimum Value = 1.5 for critical homogeneous (or) Porous materials (or) Rough surfaces 

= 2.0 (or) higher) 
μ = coefficient. Of friction= 0.1 for oily surfaces 
= 0.2 to 0.3 for wet surfaces.  = 0.5 for wood, metal, glass, stones 
= 0.6 for rough surfaces 
 

Mild Steel: 
i) Triangle shape: 

(FTH)V   = (m / µ) x (g + a) x s 
(FTH)V= (0.19 / 0.5) x (9.81 + 5) x 2.0 
(FTH)V= 11.25 N 

 
ii) Square shape: 

(FTH)V   = (m / µ) x (g + a) x s 
(FTH)V= (0.29 / 0.5) x (9.81 + 5) x 2.0 
(FTH)V= 17.17 N 

 
iii) Circle shape: 

(FTH)V   = (m / µ) x (g + a) x s 
(FTH)V= (0.27 / 0.5) x (9.81 + 5) x 2.0 
(FTH)V= 15.99 N 
 

Comparision Of Horizontal Vs Vertical Force: 
The Graph was plotted from the above tabulated readings of horizontal force and vertical force for different 

materials (like glass, mild steel, wood etc) and different shapes like circle, triangle and square. The bar chart for 
horizontal and vertical forces are shown in following fig.1.6 

 

 
Fig. 1.6: Comparison of horizontal vs vertical force 

 
The above graph shows that the same size and shape of the material required more force for vertical holding 

and less force required for the horizontal holding. 
 

Conclusion: 
The vacuum gripper was designed and fabricated successfully. The theoretical reading was obtained. 

Fabrication was also done by using lathe machine. The vacuum gripper was attached to 6 axis robot and the 
various objects were lifted in both horizontal and vertical directions successfully.  
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V.Future Work: 
In future, the vacuum pressure is controlled by valves and changing the input vacuum pressure, tabulates 

and plot the graph of the performance of the vacuum gripper.  Best quality of grasping the work piece has been 
optimized using any one of non-traditional optimization techniques like Particle Swarm Algorithm (PSO), 
Artificial Bee Colony (ABC), Neuro-Fuzzy and Evolutionary Algorithm (EA). 
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