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ABSTRACT 
The objective of this paper is discussing about the performance of non contact swirl vane gripper. The swirl vane gripperuses 

vanes for creating swirling movement for lifting the work piece without making contact with work piece. The vanes design is 

changed and few modifications are done by comparing the existing design. The grippers are the end arm used in various 

automations for the material handling. Non contact grippers are mostly equipped in place where the finishing of the surface of the 

object should be high e.g. solar panels, medical equipments. The vane gripper is the new trend in non contact grippers which made 

use of the vanes for generating the swirling air flow which in turn establish a lifting force. The lifting force created by the swirling 

flow is used to lift the flat object of appropriate weight accordingly with some criteria i.e. lifting force, gap distance between the 

work-piece and the gripper, rotating speed of the vanes. The vanes design used in the gripper has been modified and experiments 

have been done considering various parameters. The modification of the vane model, comparison of the pressure distribution of 

the gripper while lifting the object and various parameters are discussed in this paper. 

 

KEYWORDS:  Photovoltaic (PV) array, Maximum PowerPoint Tracking(MPPT), Differential Evolutionary (DE) Algorithm, 

Partially shaded conditions, Cuk DC-DC Converter. 
 

INTRODUCTION 
 

The gripper is grouped as contact and non-contact grippers. Different types of contact grippers uses there 
power sources in many ways like electricity, magnets, compressed air.  There are many advantages for the non 
contact gripper over contact gripper.In contact grippers the work piece is made in contact with the gripper, in 
many case there is a chance of damage of the work piece while handling directly. While using magnetic or 
electric gripper there is a disadvantage of handling conductive material, magnetic materials. In these cases the 
non contact gripper is introduced in order to handle the work piece without any damage or scratches. Bernoulli 
gripper, Swirl vane gripper, Vortex grippers are in the group of non contact gripper.  

In the manufacturing of semiconductor wafers the raw material are transfer by means of contact grippers 
which affect the surface finishing of the glass material due to static electricity and some corruption in the 
materials. So to facilitate the damages made in finishing of object, grippers without any acquaintance with the 
work piece is established. This gripper is free from the influence of magnetic and electric damages made to the 
workpiece [1]. The pneumatic grippers are used in various field where direct contact with work piece is to be 
avoided, but these grippers use pneumatic methods i.e. the compressed air, which having enormous 
disadvantages that the economical cost will be high. The subsistence of the compressor and compressed air is 
must in this case. The thrashing of energy is too high also the upholding of these grippers need more concern [2-
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8]. The function of swirl vane gripper
gripper are also useful that the other grippers consume more power in terms of mechanical energy, electrical 
power for the compressing air or th
swirl gripper only needs less than 2W for lifting 0.2N lifting force. The Vane grippers used for lifting the 
semiconductor wafers, solar panels where the surface finishing should not be 
swirl vane gripper, the design of the vanes are modified and the gripper is fabricated using Rapid prototyping 
machine. The performance of newly modified gripper is compared with the existing design so as to check the 
increase in the efficiency of the gripper after changing the vanes model.

 
II.Design Of Existing Vane Gripper:

The schematic diagram of the gripper
a motor, vanes and a closed chamber where the vane is fixed. The top region of the gripper is provided with the 
perforations for the circulation of the air
vanes are designed in ABS plastics. A motor is mounted at the top of the swirl chamber which is coupled with 
the vanes. The rotation of the motor causes the vanes to rotate which creates the swirl flow inside the chamber. 
The centrifugal force is created by the swirling m
chance of vacuum is created in the center region of the chamber. When work piece is brought nearer to the 
gripper the pressure drop will automatically creates a lifting force which lifts the wor

 

 
Fig. 1: The schematic diagram of the gripper with already designed vane model

 
The upper perforations are used for letting the air inside the chamber. While lifting the work piece there 

will be a gap maintenance between gripper and the work piece. [9]. The fabricated prototype of the swirl vane 
gripper is shown in the fig.2 the gripp
Deposition Method. The gripper vanes aligned as that the vanes are perpendicular to the axis of the cylinder and 
the vanes are padded at the top.  

 

 
Fig. 2: The fabricated prototype of the swirl vane using ABS plastic with Fused deposition method

 
III.Modified Vane Design: 

The design of the vanes used in the swirl vane gripper is modified on the account of increasing the 
efficiency of the gripper. So a new model is proposed and it is designed in Dassult Solidworks 

Motor 
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function of swirl vane gripper is not interrupt by the magnetic field or any electrical effects. The vane 
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perforations for the circulation of the air. The top region of the chamber is closed. The chamber and the swirl 

. A motor is mounted at the top of the swirl chamber which is coupled with 
the vanes. The rotation of the motor causes the vanes to rotate which creates the swirl flow inside the chamber. 
The centrifugal force is created by the swirling motion which pulls the air in the central region so there is a 
chance of vacuum is created in the center region of the chamber. When work piece is brought nearer to the 
gripper the pressure drop will automatically creates a lifting force which lifts the work piece. 

 

The schematic diagram of the gripper with already designed vane model 

The upper perforations are used for letting the air inside the chamber. While lifting the work piece there 
will be a gap maintenance between gripper and the work piece. [9]. The fabricated prototype of the swirl vane 
gripper is shown in the fig.2 the gripper is fabricated with the ABS plastic material and is done by the Fused 
Deposition Method. The gripper vanes aligned as that the vanes are perpendicular to the axis of the cylinder and 

 

prototype of the swirl vane using ABS plastic with Fused deposition method

The design of the vanes used in the swirl vane gripper is modified on the account of increasing the 
efficiency of the gripper. So a new model is proposed and it is designed in Dassult Solidworks 
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swirl vane gripper, the design of the vanes are modified and the gripper is fabricated using Rapid prototyping 
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is given in the fig.1.  It consists of 
a motor, vanes and a closed chamber where the vane is fixed. The top region of the gripper is provided with the 

. The top region of the chamber is closed. The chamber and the swirl 
. A motor is mounted at the top of the swirl chamber which is coupled with 
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The upper perforations are used for letting the air inside the chamber. While lifting the work piece there 
will be a gap maintenance between gripper and the work piece. [9]. The fabricated prototype of the swirl vane 

er is fabricated with the ABS plastic material and is done by the Fused 
Deposition Method. The gripper vanes aligned as that the vanes are perpendicular to the axis of the cylinder and 

prototype of the swirl vane using ABS plastic with Fused deposition method 

The design of the vanes used in the swirl vane gripper is modified on the account of increasing the 
efficiency of the gripper. So a new model is proposed and it is designed in Dassult Solidworks 2013. The 
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assembled diagram of the modified gripper is shown below in the fig.3, the assembled diagram of the swirl vane 
gripper with modified vane design is shown. The pattern of the perforation is changed, so the negative pressure 
region will be equally spread to the all regions of the chamber. The design is then converted to .STL format and 
the model is fabricated in the rapid prototyping machine. The materials used for the production of the gripper 
and the vane are ABS plastic. The photography of the gripper whose vane design is modified is shown in the 
below figure 3. The prototype is then tested and compared with the existing design model. The comparison 
details are further discussed in next chapter in this paper.  

 

 
Fig. 3: The assembled view of the swirl vane gripper with modified vanedesign 

 
Fig. 4: Specification of New vane design 

 

 
Fig. 5: Fabricated prototype of modified swirl vane gripper 
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Comparison Of The Grippers: 
The specifications of both the grippers are given below in the table.1 The difference between the grippers 

are thevane thickness and the design of the vanes. In existing mode the vanes are normal to the cylindrical axis 
and the thickness is given as 2mm, here the vane setup is changed to curved structure so that the angle between 
the vanes get increased and the area between the vanes also get increased which ensures the more amount of air 
is blown away from the center due to the centrifugal force at the center of the swirl chamber so the chance of the 
pressure drop get increased.  
 
Table 1: The Specifications of both the grippers 

Criteria Existing model Modified model 
Fabrication material ABS ABS 
Fabrication Technique Fused Deposition modeling Fused Deposition modeling 
Outer diameter of the chamber Ø90mm Ø90mm 
Inner diameter of the chamber Ø 75mm Ø 75mm 
Outer diameter of the vane Ø 70mm Ø 70mm 
No. of perforation in top of the chamber 08 08 
Thickness of the vane 2mm 1mm 
No. of unit in vane setup 08 08 

 
Pressure measure for lifting the work piece with different gap height and constant motor speed. It is noted 

that as the clearance getting higher the pressure value getting lower which means the negative pressure inside 
the chamber get reduced as the clearance value is higher. The Table 1. shows the comparison between the 
specifications of the two grippers.  Table 2. gives the details of the pressuresrequired by the grippers for lifting 
the work piece.  
 
Table 2: Performance Comparison of the grippers 

Speed of the motor (rpm) Clearance (mm) Pressure required to lift the work piece (KPa) 
Existing model Modified model 

3000 

1 0.399 0.322 
1.5 0.341 0.304 
2 0.214 0.122 
2.5 0.099 0.082 
3 0.0843 0.049 

7000 

1 0.736 0.701 
1.5 0.637 0.51 
2 0.412 0.333 
2.5 0.304 0.275 
3 0.237 0.2177 

12000 

1 1.186 1.236 
1.5 1.08 0.9414 
2 0.892 0.7845 
2.5 0.74 0.5923 
3 0.5923 0.255 

 
RESULT AND DISCUSSION 

 
The Pressure value required to lift the object is experimentally calculated and the values have been plotted 

in graph. The pressure difference value differs for both the gripper for certain speed and clearance value. It is 
noted that the pressure value decreases as the clearance value getting increased. This is because that more the 
clearance value higher the area between the workpiece and gripper which reduces the pressure drop inside the 
chamber of the gripper so the value of lifting force also getting lower. The graphical representation of the 
pressure difference value is given in below chart.Fig.4 The pressure required for the lifting of the object with the 
clearance of the work piece and the gripper is plotted. 
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Fig. 6: Graph plotted for the Lifting pressure vs. Clearance value for the 3000rpm motor speed 
 

 
 
Fig. 7: Graph plotted for the Lifting pressure vs. Clearance value for the 7000rpm motor speed 

 

 
 
Fig. 8: Graph plotted for the Lifting pressure vs. Clearance value for the 12000rpm motor speed 

 
Conclusion: 

In this paper, the advantages of the swirl vane gripper over other grippers are discussed. Moreover in the 
swirl vane gripper the vanes are the important part which causes the swirling flow by the rotation motion given 
by the motor. So the idea is to alter the design of the vane design in order to increase the working efficiency of 
the gripper.. The pressure measurement experiment is done for both the grippers, the values of the pressure 
required for lifting the object in accordance with various speed of the motor and the clearance value are 
experimentally found. The following conclusions are noted. 1. The Pressure required for lifting the object is 
getting decreased as the clearance value getting higher. 2. The speed of the motor is key criteria in the working 
of the swirl vane gripper. As the speed increases the rotation of the vanes increased the centrifugal force get 
increased so the pressure of the center region of the chamber is dropped more. The performance measure of both 
the grippers have been experimentally calculated and compared. The conclusion shows that the lifting 
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forcerequired for lifting the object is higher in the case of existing design when comparing with the new model. 
So there will be power consumption by using the new modeled vane gripper. 
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