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 Pneumatics suction is being used in the food factory for picking and placing the ingredients 

of food. A clean environment inside the food factory is very much needed the maintain the 

quality of packaging food. The present work focuses on the low level of automation so 

that investment cost for processing the raw ingredient goes down. Two double-acting 

pneumatic cylinders, one pneumatic suction gripper, three pneumatic direction control 

valves, one screw compressor, one DC motor, two relays, a Push button, and a 24-volt 

power supply have been used the implement the system. A combination of pneumatic 

actuation and electrical actuation is used for controlling the motion of the system. A simple 

control ON/OFF system was used for the actuation. Pneumatic component drive with the 

help of compressed air via a direction control valve and motor direction control using the 

relay. By pressing the push button whole, the setup can be controlled in a very easier way 

and it is very user-friendly for the operator. Several testings have been done on the setup 

and an excellent result were obtained during execution. 
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1. INTRODUCTION 

 

Food processing and food production are very large 

employment sectors globally. The advancement in sensors, 

actuators, and electronics components, completely replaced 

the manual operation with the advanced automated food 

processing operation. The consumption of packaged food 

products was increasing globally. The automation line is 

fulfilling the demand for food products [1]. In the current 

scenario, industry focus shifted toward the taste and quality of 

the food product. The role of automation in the product layout 

is much more needed for the global optimization of production 

facilities. Safety and environmental protection are also very 

much critical to the worker and the environment [2]. The latest 

trends in food manufacturing have experienced exponential 

growth and become a potential contributor to the economy. 

The large industrial manufacturing company has an advanced 

automated line for food processing. But the low-level food 

supplier was not using the automation line for the food 

proceeding due to the higher investment cost of the automation 

line [3]. The economies of the undeveloped countries are 

increasing these days, the consumers demanded processed 

food as compared to staples. The worldwide food product 

business was reached multi-trillion of dollars and 16 million 

people were involved in this business. A high-end automation 

setup was contributing to a large market [4]. One of the main 

issues in the foodservice industry in food safety and 

contamination. The food industry is responsible for public 

health and safety. Airborne particles, dust, metal 

contamination, and people interaction are arising the problem 

for the food product [5]. Hydraulic system actuation also arises 

the hygienic issues to the food product. Oil mixed with the 

food ingredients and there is a chance of a taste of the food 

product will change. The hydraulic system was not a full-proof 

leakage system. Oil is coming out from the piston-cylinder 

surfaces and the pipe surface. These oils will be mixed with 

the ingredients. A more hygienic and cleaner environment is 

needed for the food industry. The food industry shifted 

towards pneumatic systems. Air is cleaner as compared to 

other modes of a working fluid. Even though the cleaner air is 

mixed with the food ingredients, there are no chances of 

quality and hyenic issues. Based on the different health issues 

and hygienic issues, a pneumatic system setup and drive were 

considered for the present work. 

 

1.1 Research gap 

 

After a detailed literature review, it was found that the large-

scale food industry was implemented the advanced automated 

line for food processing and food production. The low-scale 

food industry and the individual were not able to implement 

the automation line for the food processing due to the high cost 

of investment setup. The present work focuses on low-cost 

automation development so that it can boost up food 

processing and hygienic issues of food production. 

 

 

2. PNEUMATIC MANIPULATOR 
 

A manipulator is a device that consists of joints, links, and 

the end effector. The manipulator motion was controlled with 

the help of different types of actuation systems like electrical 

motor, pressurized hydraulic oil, and compressed air. The 

main component of a pneumatic manipulator is a double-

acting pneumatic cylinder. A double-acting pneumatic 

cylinder is a device that converts the pressurized energy into 

motion with the help of other pneumatic components. The 

pneumatic actuator has mainly three parts. The pneumatic 
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cylinder consists of a piston-cylinder arrangement inside the 

casing [6]. Pneumatic Manipulator consists of two double-

acting pneumatic cylinders, one DC motor at the base, and one 

pneumatic gripper [7]. The pneumatic manipulator has three 

degrees of freedom. One DOF at the base i.e. Revolute in 

nature. The second and third DOF is prismatic. Both the 

double-acting pneumatic cylinder were supported by the 

column and the base motor is supported on the platform and 

with the help of bevel gear motion is transmitted from one 

plane to another plane. Complete details of the pneumatic 

cylinder were shown in Figure 1.  

 

 
Figure 1. Pneumatic manipulator 

 

The maximum stroke of both the double-acting pneumatic 

cylinder is depicted in Table 1. 

 

Table 1. Pneumatic manipulator parameter 

 
S.No Description Stroke length 

1 Pneumatic Cylinder 1 0-70 mm 

2 Pneumatic Cylinder 2 0-100 mm 

3 Pneumatic Suction 2 mm 

4 DC Motor 0-90° 

 

 

3. FORWARD KINEMATICS 

 

 
 

Figure 2. Frame assignment for RPP manipulator 

 

The kinematic model describes the spatial position of joints 

and links, also the position and orientation of the end effector 

[8]. The derivatives of the kinematic model deal with the 

mechanics of motion without considering the forces that cause 

it. The kinematic model is the analytical description of the 

spatial geometry of the motion of the manipulator to a fixed 

reference frame, as a function of time. The definition of a 

manipulator with four joint–link parameters for each link and 

a systematic procedure for assigning right-handed 

orthonormal coordinate frames, one to each link in an open 

kinematic chain, was proposed by Denavit-Hartenberg 

notation [9]. Denavit-Hartenberg method is used to calculate 

the workspace of a pneumatic manipulator. All the joints and 

links are identified and labeled from 1 to 3 respectively. The 

complete frame assignment is shown in Figure 2 from which 

all the joint-link parameters are determined and tabulated in 

Table 2. Applying the algorithm of Denavit-Hartenberg step 

by step, the transformation matrix of each joint can be 

calculated [10]  

 

Table 2. DH parameters for RPR Manipulator 

 
DH Parameters Link 

 1 2 3 

𝜽𝒊 𝜽𝟏 𝟎 𝟎 

𝒅𝒊 0 𝒍𝟏 𝒍𝟐 

𝒂𝒊 0 0 0 

𝜶𝒊 0 0 90 

 

Now, the individual transformation matrices that specify the 

relationship between adjacent links as below: 

 

𝑇1
0 = 𝑅𝑜𝑡(𝑧, 𝜃1) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0,0) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0,0)

∗ 𝑅𝑜𝑡(𝑥, 0) 
(1) 

 

𝑇2
1 = 𝑅𝑜𝑡(𝑧, 0) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0, 𝑙1) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0,0)

∗ 𝑅𝑜𝑡(𝑥, 0) 
(2) 

 

𝑇3
2 = 𝑅𝑜𝑡(𝑧, 0) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0, 𝑙2) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0,0)

∗ 𝑅𝑜𝑡(𝑥, 0) 
(3) 

 

where, 𝑇𝑖
𝑖−1  is a general link transformation matrix relating the 

i-th coordinate frame to the ( i-1)th coordinate frame. 

The workspace created by the RPR pneumatic Manipulator 

was obtained  

 

𝑇3
0 = 𝑇1

0 * 𝑇2
1 * 𝑇3

2  = [

𝑟11 𝑟12 𝑟13 𝒓𝟏𝟒
𝑟21 𝑟22 𝑟23 𝒓𝟐𝟒
𝑟31 𝒓𝟑𝟐 𝒓𝟑𝟑 𝒓𝟑𝟒
0 0 0 1

] 

=[

cos⁡(𝜃1) sin⁡(𝜃1) 0 𝑙2sin⁡(𝜃1)

sin⁡(𝜃1) −cos⁡(𝜃1) 0 −𝑙2cos⁡(𝜃1)
0 0 −1 𝑙1
0 0 0 1

] 

(4) 

 

 

4. PNEUMATIC ACTUATION 

 

A 5 bar compressed air is used to operate the extension and 

retraction stroke of a double-acting pneumatic cylinder. Also, 

the partial vacuum was created by the retraction of the piston 

inside the cylinder. The pneumatic suction was also created 

with the help of pressurized air. Figure 3 shows the pneumatic 

circuit diagram of the double-acting pneumatic cylinder and 

pneumatic suction using an impulse valve [11]. 

The piston rod of the double-acting cylinder extends when 

the push-button is pressed momentarily. The piston rod 

remains extended until the opposite command retract follows 

by briefly actuating another push button. The pushbuttons 

switch the valve solenoids indirectly via relay contacts. 
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Figure 3. Pneumatic circuit for actuation 

 

4.1 Pneumatic suction 
 

Figure 4 shows vacuum cup is used to establish the force 

capability to lift the flat sheet. The cup is made of a flexible 

material such as rubber so that a seal can be made where its lip 

contacts the surfaces of the flat surface of the flat sheet. The 

pressurized air enters from one port and escapes out from the 

other port as shown in Figure 4. The air molecule present to 

the inner layer of pneumatic suction assembly, try to come out 

and it creates a partial vacuum. The magnitude of the force is 

determined by algebraically summing the pressure forces on 

the top and bottom surfaces of the flat surface [12]. 
 

𝐹 = 𝑝𝑎𝑡𝑚𝐴𝑜 − 𝑝𝑠𝑢𝑐𝑡𝑖𝑜𝑛𝐴𝑖 (5) 
 

where, F=the upward force the suction cup exerts on the flat 

sheet. 

𝑝𝑎𝑡𝑚= the atmospheric pressure in absolute. 

𝐴𝑜=the area of the outer circle of the suction cup. 

𝐴𝑖= the area of the inner circle of the suction cup. 

𝑝𝑠𝑢𝑐𝑡𝑖𝑜𝑛= suction pressure. 
 

 
 

Figure 4. Vacuum cup used to lift a flat sheet 
 

When a perfect vacuum exists, the maximum lift force is 

produced. The exact amount of suction pressure developed 

cannot be guaranteed, and the resulting suction force must be 

at least as large as the weight of an object to be lifted. A factor 

of safety is applied [13]. 
 

 

5. ELECTRICAL ACTUATION 
 

The base motor direction was controlled with the help of 

two relays. In this work, no motor drivers were used. In place 

of the motor driver, a relay concept had been introduced to 

control the clockwise and anticlockwise movement of the 

motor. Figure 5 shows the electrical circuit diagram for the 

control of the DC motor [14]. 

 

 
Figure 5. Motor control using relay 

 

The positive and negative terminals of the DC motor were 

connected between the common terminals of both the relay. 

The positive terminal of the power supply is connected at NO 

(Normally open) contactor and the negative supply is 

connected at NC (Normally closed) contactor. The clockwise 

and counterclockwise were controlled by supplied at IN1 

(Input 1) and IN2 (Input2).  A solenoid is controlling the 

direction flows of compressed air by shifting the poppet inside 

the DCV. 

Both valve solenoids Y1 and Y2 and the two relay coils are 

connected to the 0V potential at the bottom bus bar. Push-

button S1 in current path 1 controls relay K1, the normally 

open contact K1 in current path 3 switches the valve solenoid 

Y1. When push button S2 in current path 2 is actuated, relay 

K2 switches, the normally open contract K2 in current path 4 

switches the valve solenoid Y2. Figure 6 shows the electrical 

circuit diagram for controlling the solenoid coil via relay. 

 

 
 

Figure 6. Electrical circuit 

 

 

6. EXPERIMENTAL SETUP 

 

A synergistic integration was established between the 

different sub-components. The experimental setup consists of 

the two double-acting pneumatic cylinders, pneumatic suction 

cup, impulse DCV, DC Motor, Relay, and push button. Figure 

7 shows the schematic setup of each component. A low level 
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of automation can be implemented for picking and placing the 

operation. Figure 8 shows the complete setup of the system 

after integrating each component [15]. 

 

 
 

Figure 7. Set-up 

 

 
 

Figure 8. Experimental setup 

 

6.1 Testing 

 

Several experiments were carried out on the pneumatic 

manipulator. Some experiments were carried out on the 5 bar 

pressure and other experiments were carried out at a different 

range of pressure. Suction cup testing was also done on the 

cardboard box and metallic element. The setup was 

successfully picking the object and there is no interference 

were observed during the experimentation. The sequential 

operation of the pneumatic operation is listed in Table 3. 

 

Table 3. Sequential operation action 

 

S.No 
Push 

Button 
Component Action 

1 S1 Pneumatic Cylinder 1 Extension 

2 S2 Pneumatic Cylinder 1 Retraction 

3 S3 Pneumatic Cylinder 2 Extension 
4 S4 Pneumatic Cylinder 2 Retraction 

5 S5 Pneumatic Suction Start 

6 S6 Pneumatic Suction Stop 
7 S7 DC Motor Clockwise 

8 S8 DC Motor Counterclockwise 

 

The motion of the pneumatic cylinder was observed very 

smooth. Some of the positions were recorded during the 

experimentation as shown in the Figure 9 & Figure 10. 

 

 
 

Figure 9. Initial position 

 

 
 

Figure 10. Final position 

 

 

7. RESULT 

 

After integrating the different components of the system, 

the theoretical workspace evaluated by the mathematical 

expression was verified at a different orientation. The stroke 

length of the pneumatic cylinder was varied from 0 to 70mm, 

the stroke length of the pneumatic cylinder was varied from 0 

to 100mm and the theta1 varies from 0 degrees to 90 degrees. 

The workspace generated by the mathematical expression was 

validated with real-time experimentation. The workspace 

created by the pneumatic manipulator as shown in the Figure 

11 and the same thing were validated. The cardboard sized 

were varied from 5gram to 50 gram in the weight. The 

pneumatic suction force was measured with the help of load 

cell. The variation of suction force was observed during 

experimentation and found that the magnitude was varies from 

0.8 Newton to 1.2 Newton. By changing the weight of 

cardboard, the effect of current was also observed. DC motor 

draws the current form power circuit from 1.1 Ampere to 1.5 

Ampere. No interior singularity was occurring during the 

testing and experimentation. 

 
 

Figure 11. Workspace generated by pneumatic manipulator 
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8. CONCLUSION

The high investment cost setup, quality of food and hygienic 

issues were considered in food processing at the individual 

level. A low level control system had been adopted for the 

operation of pneumatic manipulator. The 5-bar compressed air, 

which is cleaner medium, were used for the movement of the 

pneumatic manipulation. An individual could control the 

pneumatic manipulation system using the push button 

operation. A low level of automation was established among 

the different components.  
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NOMENCLATURE 

𝜃𝑖 Joint angle 

𝑑𝑖 Joint offset 

𝑎𝑖 Link length 

𝛼𝑖 Link twist 

𝑆1 Push stop button 1 

𝑆2 Push stop button 2 

𝐾1 Relay coil 1 

𝐾2 Relay coil 2 

𝑘1 Relay contactor 1 

𝑘2 Relay contactor 2 

𝑌1 Solenoid coil 1 

𝑌2 Solenoid coil 2 

𝐴1 Positive terminal of relay coil 

𝐴2 Negative terminal of relay coil 

𝑁𝑂 Normally open contactor of relay 

𝑁𝐶 Normally closed contactor of relay 

𝐶 Common terminal of relay 

𝐼𝑁1 Input from operator 

𝐼𝑁2 Input from operator 

𝐷𝐶𝑉 Direction control valve 

𝑅𝑃𝑃 Revolute prismatic prismatic 

𝜃1 Joint angle 1 

𝑙1 Maximum stroke movement of pneumatic 

cylinder 1 

𝑙2 Maximum stroke movement of pneumatic 

cylinder 2 

𝑇1
0  Transformation of joint 1 with respect to joint 

0 

𝑇2
1  Transformation of joint 2 with respect to joint 

1 

𝑇3
2  Transformation of joint 3 with respect to 

joint2 

𝑇3
0  Transformation of joint 3 with respect to joint 

0 
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APPENDIX  

𝑇1
0 = 𝑅𝑜𝑡(𝑧, 𝜃1) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0,0) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0,0) ∗ 𝑅𝑜𝑡(𝑥, 0)⁡= [

𝑐𝑜𝑠Ɵ1 −𝑠𝑖𝑛Ɵ1 0 0
𝑠𝑖𝑛Ɵ1 𝑐𝑜𝑠Ɵ1 0 0
0 0 1 0
0 0 0 1

]*[

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

] 

[

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

]*[

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

]= [

𝑐𝑜𝑠Ɵ1 −𝑠𝑖𝑛Ɵ1 0 0
𝑠𝑖𝑛Ɵ1 𝑐𝑜𝑠Ɵ1 0 0
0 0 1 0
0 0 0 1

] 

 

𝑇2
1 = 𝑅𝑜𝑡(𝑧, 0) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0, 𝑙1) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0,0) ∗ 𝑅𝑜𝑡(𝑥, 0) = [

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

]*[

1 0 0 0
0 1 0 0
0 0 1 𝑙1
0 0 0 1

] 

[

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

]*[

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

]= [

1 0 0 0
0 1 0 0
0 0 1 𝑙1
0 0 0 1

] 

 

𝑇3
2 = 𝑅𝑜𝑡(𝑧, 0) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0, 𝑙2) ∗ 𝑇𝑟𝑎𝑛𝑠(0,0,0) ∗ 𝑅𝑜𝑡(𝑥, 0) = ⁡ [

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

]*[

1 0 0 0
0 1 0 0
0 0 1 𝑙2
0 0 0 1

] 

[

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

]*[

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

]= [

1 0 0 0
0 1 0 0
0 0 1 𝑙2
0 0 0 1

] 

 

𝑇3
0 = 𝑇1

0 * 𝑇2
1 * 𝑇3

2 = [

cos⁡(𝜃1) sin⁡(𝜃1) 0 𝑙2sin⁡(𝜃1)

sin⁡(𝜃1) −cos⁡(𝜃1) 0 −𝑙2cos⁡(𝜃1)
0 0 −1 𝑙1
0 0 0 1

] 
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