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The low production capacity of capped bottles of beer in a brewery industry is as a result of low 
precision experienced in electro pneumatic actuator based robotic bottle capper. This is surmounted 
by introducing enhanced precision of an electro pneumatic actuator based robotic bottle capper for 
an increased output using fuzzy controller. It  is done in this way, characterizing an electro pneumatic 
actuator based robotic bottle capper, establishing low precision of an electro pneumatic actuator 
based robotic bottle capper at a reduced output from the characterized data, developing an electro 
pneumatic actuator based robotic bottle capper rule base to enhance precision at an increased output 
from the established data and designing a SIMULINK model for an enhanced precision of an electro 
pneumatic actuator based robotic bottle capper for an increased output using fuzzy controller. The 
results obtained are, the highest conventional precision in electro pneumatic actuator based robotic 
bottle capper is 94.4% while that when fuzzy controller is incorporated in the system is 97.32%. With 
these results obtained, it shows that the percentage improvement in electro pneumatic actuator 
based robotic bottle capper precision when fuzzy controller is imbibed in the system is 2.92%, the 
highest conventional quantity of crates of bottles an electro pneumatic actuator based robotic bottle 
capper could cap is 27000crates. On the other hand, the highest quantity of crates of bottles an 
electro pneumatic actuator based robotic bottle capper could cap is 27840crates when fuzzy 
controller is incorporated in the system. The percentage improvement in production capacity when 
fuzzy is inculcated in the system over the conventional method is 3.1% and the highest conventional 
number of bottles capped by electro pneumatic actuator based robotic bottle capper is 324000 bottles 
while that when fuzzy controller is injected in the system is 333900 bottles. With these results 
obtained, It shows that the percentage improvement in the production of capped bottles when fuzzy 
is incorporated in the system is better than the conventional method by 3.1% 

ABSTRACT 
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1. Introduction 

Servo pneumatic actuators with force control are applied in the following fields: dynamic and static material test 
systems, spot-welding equipment, vehicle suspensions, manipulator grippers, physiotherapy and assembly robots, 
paint spraying systems, and others (Chiavervini and Sciavicco, 2012). Force or torque is a function of the load on the 
actuator. According to Belforte et al (2015), a pressure regulator is commonly used to control the pressure in a 
circuit and a pneumatic cylinder or motor converts this pressure into a corresponding force or torque. Also, a 
directional control valve can be used in certain instances. The force or torque can be sensed by a force cell, which is 
installed between the load and pneumatic cylinder rod (pneumatic motor shaft), or by a pressure transducer that 
measures the pressure in the actuator working chambers. The feedback signal from the sensor is analyzed by the 
control system, which controls the pressure regulators or control valves. As with a position and velocity circuit, the 
regulator or valve is actuated to achieve the desired pressure. 

2. Methodology 

To characterize an electro pneumatic actuator based robotic bottle capper. 

Table 1 To characterize an electro pneumatic actuator system 

DIMENSIONS OF A 
CAP 

HEIGHT OF AN 
APPROPRIATE CAP 

HEIGHT OF AN IN 
APPROPRIATE CAP 

DIAMETER OF AN 
APPROPRIATE CAP 

DIAMETER OF AN 
IN APPROPRIATE 
CAP 

Height of a cap 8.5mm 9mm 26mm 29mm 

To   evaluate the circumference of an appropriate cap of a bottle 
Circumference of a bottle cap = 2pir --------------1 
Circumference an electro pneumatic actuator would cover to cork the precise cap of a bottle becomes 
Circumference an electro pneumatic actuator would cover to cork the precise cap of a bottle = 2 x 3.142 x 26/2 
Circumference an electro pneumatic actuator would cover to cork the precise cap of a bottle = 81.69mm 
To evaluate the area an electro pneumatic actuator would cover to cork the precise cap of a bottle 
Area an electro pneumatic actuator would cover to cork the precise cap of a bottle = pir2 
Area an electro pneumatic actuator would cover to cork the precise cap of a bottle = 3.142 x 132 

Area an electro pneumatic actuator would cover to cork the precise cap of a bottle = 3.142 x 13 x 13 
Area an electro pneumatic actuator would cover to cork the precise cap of a bottle = 531mm2 
To   evaluate the circumference of an inappropriate cap of a bottle 
Circumference of an inappropriate cap of a bottle = 2pir 
Circumference of an inappropriate cap of a bottle = 2 x 3.142 x 29/2 
Circumference of an inappropriate cap of a bottle = 2 x 3.142 x 14.5 
Circumference of an inappropriate cap of a bottle = 2 x 3.142 x 14.5 
Circumference of an inappropriate cap of a bottle = 91.1mm 
To evaluate the area an electro pneumatic actuator would cover to cork in appropriate cap of a bottle 
The area an electro pneumatic actuator would cover to cork in appropriate cap of a bottle=pir2-----------.2 
 Area an electro pneumatic actuator would cover to cork in appropriate cap of a bottle = 3.142 x 14.52 
Area an electro pneumatic actuator would cover to cork in appropriate cap of a bottle=660.6mm2 
To evaluate the percentage of precision in the circumference of corking a cap of a bottle  
Circumference of an electro pneumatic actuator that would grip cork to have precise capping of the bottle = 
81.69mm 
Circumference of an inappropriate gripping the cap of a bottle = 91.1mm 
% of precision in the circumference of corking a cap of a bottle = 
Circumference of inappropriate corking - Circumference of an appropriate corking x 100% 
                                          Circumference of inappropriate corking                                        1 
% of precision in the circumference of corking a cap of a bottle = 91.1mm -81.69mm x100% 
                                                                                                                              91.1mm               1 
 % of precision in the circumference of corking a cap of a bottle = 
  9.41mm x 100% 
   91.1mm       1     
   % of precision in the circumference of corking a cap of a bottle = 9.9% 
   To evaluate the percentage of precision in the area of corking a cap of a bottle   
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  Area an electro pneumatic actuator would cover to cork the precise cap of a bottle = 531mm2 
 Area an electro pneumatic actuator would cover to cork in appropriate cap of a bottle=660.6mm2 

% of precision in the area of corking a cap of a bottle = 
Area of inappropriate corking - Area of appropriate corking x 100% 
             Area of inappropriate corking                                               1 
% of precision in the area of corking a cap of a bottle = 660.6mm2 - 531mm2 x100% 
                                                                                                          660.6mm2                1              
  % of precision in the area of corking a cap of a bottle = 129.6mm2   x      100%  
                                                                                                    660.6mm2             1 
% of precision in the area of corking a cap of a bottle = 19.6% 
 
To evaluate the percentage of precision in the time of corking a cap of a bottle   
1bottle of beer will be conventionally corked at a time of = 0.1333s 
1bottle of beer will be corked at an optimized time of = 0.007515s 
% of precision in the time of corking a cap of a bottle = 
Conventional corked time of a bottle – Optimized corked time of a bottle x100% 
                                     Conventional corked time of a bottle                                 1 
% of precision in the time of corking a cap of a bottle = 0.1333s - 0.007515s x 100% 
                                                                                                                   0.1333s              1 
% of precision in the time of corking a cap of a bottle = 94.4% 

Table 2 Ama brewery beer production capacity data 

SPEED REV/PM NUMBER OF CRATES 

PRODUCED 

TIME OF PRODUCTION 

(hr) 

1350 27000 12 

1 crate = 12 bottles 
27000crates = 12 x 27000 = 324000 bottles 
12hrs = 324000 
 324000 bottles = 43200seconds 
1 bottle = 43200/324000 
1bottle = 0.1333s 
1000 bottles = 0.1333 x 1000 
1000 bottles = 133.3s 
1350rpm = 27000 crates = 324000bottles 
324000 bottles = 1350rpm 
1 bottle = 1350/324000 
1 bottle = 0.004167rpm 
1000bottles = 0.004167 x1000 = 4.166667rpm 

Table 3 To establish low precision of an electro pneumatic actuator based robotic bottle capper at a reduced output 
from the characterized data. 

PRECISION IN CAPPING A 
BOTTLE 

NUMBER OF CRATES 
CAPPED 

NUMBER OF BOTTLES 
CAPPED 

94.4% 27000 324000 

To develop an electro pneumatic actuator based robotic bottle capper rule base to enhance precision at an increased 
output from the established data. 
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Fig 1 developed model predictive controller fuzzy inference system that will enhance the capping precision 

mechanism of an electro pneumatic actuator system 

Fig 1 shows developed model predictive controller fuzzy inference system that will enhance the capping precision 
mechanism of an electro pneumatic actuator system. Fig 1 has two inputs of capping precision and production 
capacity. It also has an output of results. 
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Fig 2 developed model predictive controller rule base that will enhance the capping precision mechanism of an electro 
pneumatic actuator system 
 
In fig 2 the rules that enhances the efficacy of an electro pneumatic actuator system in its capping mechanism is 
detailed in table 1 
 
Table 4 Detailed developed model predictive controller rule base that will enhance the capping precision mechanism 

of an electro pneumatic actuator system 

1 If capping precision is high 
increase 

And production capacity is 
low increase 

Then, result is bad 

2 If capping precision is 
moderate increase 

And production capacity is 
moderate increase 

Then, result is bad 

3 If capping precision is high 
maintain  

And production capacity is 
high maintain 

Then, result is good 

 

 
Fig 3 Simulated rule base that enhances the efficacy of the increase in precision of an electro pneumatic actuator 
based robotic bottle capper for an increased output 
To design a SIMULINK model for an enhanced precision of an electro pneumatic actuator based robotic bottle capper 
for an increased output using fuzzy controller 
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Fig 4 designed SIMULINK model for an enhanced precision of an electro pneumatic actuator based robotic bottle 
capper for an increased output using fuzzy controller.  

The results obtained after simulation are as shown in figures 5, 6 and 7. 

2.0 Discussion of Result 
Table 5 Comparing conventional and fuzzy controller precision in electro pneumatic actuator based robotic bottle 

capper 

Time (s) Conventional precision in electro 
pneumatic actuator based robotic 
bottle capper(%) 

Fuzzy controller precision in 
electro pneumatic actuator based 
robotic bottle capper(%) 

0 0 0 
1 60 61 
2 80 82 
3 90 91 
4 94.4 97.32 
10 94.4 97.32 
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Fig 5 Comparing conventional and fuzzy controller precision in electro pneumatic actuator based robotic bottle 
capper. The highest conventional precision in electro pneumatic actuator based robotic bottle capper is 94.4% while 
that when fuzzy controller is incorporated in the system is 97.32%. With these results obtained, it shows that the 
percentage improvement in electro pneumatic actuator based robotic bottle capper precision when fuzzy controller 
is imbibed in the system is 2.92% 

Table 6 Comparing conventional and fuzzy controller number of crates capped by electro pneumatic actuator based 

robotic bottle capper 

 
Time (s) Conventional number of crates 

capped by electro pneumatic 
actuator based robotic bottle 
capper(Number) 

Fuzzy controller number of crates 
capped by electro pneumatic 
actuator based robotic bottle 
capper(Number) 

0 0 0 
1 17000 18000 
2 23000 24000 
3 26000 27000 
4 27000 27840 
10 27000 27840 
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Fig 6 Comparing conventional and fuzzy controller number of crates capped by electro pneumatic actuator based 
robotic bottle capper 
 
In figure 6 the highest conventional quantity of crates of bottles an electro pneumatic actuator based robotic bottle 
capper could cap is 27000crates. On the other hand, the highest quantity of crates of bottles an electro pneumatic 
actuator based robotic bottle capper could cap is 27840crates when fuzzy controller is incorporated in the system. 
The percentage improvement in production capacity when fuzzy is inculcated in the system over the conventional 
method is 3.1% 
 
Table 7 Comparing conventional and fuzzy controller number of bottles capped by electro pneumatic actuator based 

robotic bottle capper 

 
Time (s) Conventional number of bottles 

capped by electro pneumatic 
actuator based robotic bottle 
capper (Number) 

Fuzzy controller number of bottles 
capped by electro pneumatic 
actuator based robotic bottle 
capper (Number) 

0 0 0 
1 80000 100000 
2 180000 200000 
3 260000 260000 
4 324000 333900 
10 324000 333900 
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Fig 7 Comparing conventional and fuzzy controller number of bottles capped by electro pneumatic actuator based 
robotic bottle capper. 

In fig 7 the highest conventional number of bottles capped by electro pneumatic actuator based robotic bottle 
capper is 324000 bottles while that when fuzzy controller is injected in the system is 333900 bottles. With these 
results obtained, it shows that the percentage improvement in the production of capped bottles when fuzzy is 
incorporated in the system is better than the conventional method by 3.1% 

4.0 Conclusion 

The low production capacity of capped bottles of drinks in the brewery industry is as a result of low precision of an 
electro pneumatic actuator based robotic bottle capper. This is resolved by introducing enhanced precision of an 
electro pneumatic actuator based robotic bottle capper for an increased output using fuzzy controller. To achieve 
this, it is done in this procedure, characterizing an electro pneumatic actuator based robotic bottle capper, 
establishing low precision of an electro pneumatic actuator based robotic bottle capper at a reduced output from 
the characterized data, developing an electro pneumatic actuator based robotic bottle capper rule base to enhance 
precision at an increased output from the 1 3.1% and the highest conventional number of bottles capped by electro 
pneumatic actuator based robotic bottle capper is 324000 bottles while that when fuzzy controller is injected in the 
system is 333900 bottles. With these results obtained, it shows that the percentage improvement in the production 
of capped bottles when fuzzy is incorporated in the system is better than the conventional method by 3.1% 

  

0 1 2 3 4 5 6 7 8 9 10
0

0.5

1

1.5

2

2.5

3

3.5
x 10

5

n
u
m

b
e
r 

o
f 

b
o
tt

le
s
 c

a
p
p
e
d
 b

y
 e

le
c
tr

o
 p

n
e
u
m

a
ti
c
 a

c
tu

a
to

r 
b
a
s
e
d
 r

o
b
o
ti
c
 b

o
tt

le
 c

a
p
p
e
r(

N
u
m

b
e
r)

 

Time(s)

 

 

Conventional number of bottles capped by electro pneumatic actuator based robotic bottle capper(Number)

Fuzzy controller number of bottles capped by electro pneumatic actuator based robotic bottle capper(Number)



 American Journal of Applied Sciences and Engineering | Imp. Factor: 3.1251 
Vol. 2, No. 7 | 2021 | pp. 39-50 

https://airjournal.org/ajase 
 

ACADEMIC INK REVIEW | OFFORDILE, EKEH, & CHUKWUMA 2021  
 

48 

Reference 

Bardelli, R.; Dario, P.; DeRossi, D.; Pinotti, P.C. (2017). Piezo- and pyroelectric polymers: skin-like tactile sensors for 
robots and prostheses. In 13th ISIR  

Brady, M.; Hollerbach, J.M.; Johnson, T.L.; Lozano-Perez, T.; Mason, M.T. (2012).  Robot Motion: Planning and 
Control MIT Press. 

Clocksin, W.F.; Bromley, J.S.E.; Davey, P.G.; Vidler, A.R; Morgan, C.G. (2009). An implementation of model-based 
visual feedback for robot arc welding of thin sheet steel. IJRR 4, (1), 13-26. 

Gruver, W.A. et al. (2013). Evaluation of commercially available robot programming languages. In 13th ISIR Chicago, 
pp. 12.58-12.68. 

Hirose, S.; Ikuta, K.; Umetani, Y. (2015). A new design method of servoactuators based on the shape memory effect. 
RoManSy 84 5th CISM-IFToMM Symp. Kogan Page, London, 339-350. 

Kobayashi, H. (2013). On the articulated hands. Robotics Research: the 2nd International Symp. MIT Press, pp. 293-
300. 

Lhote, F.; Kauffmann, J-M.; Andre, P.; TailJard, J-P. (2009). Robot Components and Systems Kogan Page, London, 

Lozano-Perez, T. (2014). Robot Programming Massachusetts Institute of Technology AI Memo number 698. 

 Paul, R.P. (2010). Robot Manipulators: Mathematics, Programming and Control MIT Press, Massachusetts  

Sutherland, I.E. (2016). A Walking Robot the Marcian Chronicles Inc., P.O. Box 10209, Pittsburgh, PA 15232  

Vertut, J.; Coiffet, P. (2009). Teleoperations and Robotics: Evolution and Development Kogan Page, London. 

Acarman, T., Hatipoglu, C., and Ozguner, U. (2011), A Robust Nonlinear Controller Design for a Pneumatic Actuator, 
Proceedings of the American Control Conference, 6, pp. 4490—4495. 

Ahn, K.-K., Pyo, S.-M., Yang, S.-Y., and Lee, B.-R. (2003), Intelligent Control of Pneumatic Actuator Using LVQNN, 
Science and Technology, Proceedings KORUS 2003, The 7th Korea-Russia International Symposium, 1, pp. 
260–266. 

Andersen, B. (2009), The Analysis and Design of Pneumatic Systems. Krieger Publishing, 302 p. 

Anglani, A., Gnoni, D., Grieco, A., and Pacella, M. (2002). A CAD Environment for the Numerical Simulation of Servo 
Pneumatic Actuator Systems, Proceedings of 7th International Workshop on Advanced Motion Control — 
AMC’02, pp. 593–598. 

Backe, W. (2002), Application of Servo-Pneumatic Drives for Flexible Mechanical Handling Techniques, Robotics, (2)1, 
pp. 45–56. 

Backe, W. and Ohligschlager, O. (2005). A Model of Heat Transfer in Pneumatic Chambers, Journal of Fluid Control, 
20, pp. 61–78. 

Balandin, D. (2001), Optimal Protection from Impact, Shock and Vibration, T&F STM, 472 p. 

Barth, E.J., Zhang, J., and Goldfarb, M. (2003), Control Design for Relative Stability in a PWM-Controlled Pneumatic 
System, Journal of Dynamic Systems, Measurement, and Control, 124(3), 504–508. 

Basso, R. (1999), A Simplified Model Simulating the Dynamic Behavior of an Electro-Pneumatic Proportional Valve 
for Pressure Control, International Journal of Modeling and Simulation, 13(2), 77–81. 

Belforte, G., Romiti, A., Ferraresi, C., and Raperelli, T. (1984), Pneumatic Cylinder with Dynamic Seals, Journal of Fluid 
Control, 15(4), 42–50. 



 American Journal of Applied Sciences and Engineering | Imp. Factor: 3.1251 
Vol. 2, No. 7 | 2021 | pp. 39-50 

https://airjournal.org/ajase 
 

ACADEMIC INK REVIEW | OFFORDILE, EKEH, & CHUKWUMA 2021  
 

49 

Belforte, G., D'Alfio, N., and Raparelli, T. (2015), Experimental Analysis of Friction Force in Pneumatic Cylinders, 
Journal of Fluid Control, 20(1), 42–60. 

Belforte, G. (2000), New Developments and New Trends in Pneumatics, Proceedings of the Sixth Triennial 
International Symposium on Fluid Control, Measurement and Visualization, Sherbrooke, Quebec, Canada. 

Belforte, G., Raparelli, T., Viktorov, V., Eula G., and Ivanov, A. (2009), Theoretical and Experimental Investigations of 
an Opto-Pneumatic Detector, Journal of Dynamic Systems, Measurement, and Control, 122(1), 168–173. 

Caracciolo, R., Gallina, P., and Gasparetto, A. (1998), Fuzzy Control of a Pneumatic Actuator, Proceedings of 
Symposium on Robot Control, France, 1, pp. 275–281. 

Chiavervini, S. and Sciavicco, L. (2012), The Parallel Approach to Force/ Position Control of Robotic Manipulators, 
IEEE Transactions on Robotics and Automation, 9(4), 361–373. 

Chillari, S., Guccione, S., and Muscato, G. (2001), An Experimental Comparison between Several Pneumatic Position 
Control Methods, Proceedings of the 40th IEEE Conference on Decision and Control, USA, pp. 1168–1173. 

Daerden, F., Lefeber, D., Verrelst, B., and Van Ham, R. (2001), Pleated Pneumatic Artificial Muscles: Actuators for 
Automatisation and Robotics, IEEE/ASME International Conference on Advanced Intelligent Mechatronics, 
Italy, pp. 738–743. 

D’Amore, M. and Pellegrinetti, G. (2001), Dissecting High-Performance Electrohydraulic Valves, Machine Design, 
April 5, pp. 84–88. 

Davis, S.T. and Caldwell, D.G. (2014), The Bio-Mimetic Design of a Robot Primate Using Pneumatic Muscle Actuators, 
Proceedings of the 4th International Conference on Climbing and Walking Robots, CLAWAR 2001, Germany, 
pp. 197–204. 

DeRose, D. (2003), Proportional and Servo Valve Technology, Fluid Power Journal, March/April, pp. 8–12. 

Goodman, R.B. (1999), A Primer on Pneumatic Valves and Control, Krieger Publishing, Melbourne, FL, 95 p. 

D. Q. Mayne, J. B. Rawlings, C. V. Rao, and P. O. M. Scokaert. (2016). Constrained model predictive control: Stability 
and optimality. Automatica, 36(6), 789–814,  

M. Farina and R. Scattolini. (2012). Tube-based robust sampled-data MPC for linear continuous-time systems. 
Automatica, 48(7), 1473–1476,  

R. R. Bitmead, M. Gevers, and V. Wertz. (2004). Adaptive Optimal Control – The Thinking Man’s GPC. Prentice-Hall, 
New York. 

V. Nevistic and J. A. Primbs. (2007). Finite receding horizon linear quadratic control: A unifying theory for stability 
and performance analysis. Technical Report, California Institute of Technology, Pasadena, CA. 

J. B. Rawlings and K. R. Muske. (2003). The stability of constrained receding horizon control. IEEE Transactions on 
Automatic Control, 38(10), 1512–1516. 

P. O. M. Scokaert and J. B. Rawlings. (2008). Constrained linear quadratic regulation. IEEE Transactions on Automatic 
Control, 43(8), 1163–1169. 

D. Q. Mayne and H. Michalska. (2000). Receding horizon control of nonlinear systems. IEEE Transactions on 
Automatic Control, 35(7), 814–824. 

S. V. Rakovi´c, B. Kouvaritakis, M. Cannon, C. Panos, and R. Findeisen. (2012) Parameterized tube model predictive 
control. IEEE Transactions on Automatic Control, 57(11), 2746–2761. 

H. Li and Y. Shi. (2014). Event-triggered robust model predictive control of continuous time nonlinear systems. 
Automatica, 50(5), 1507–1513. 



 American Journal of Applied Sciences and Engineering | Imp. Factor: 3.1251 
Vol. 2, No. 7 | 2021 | pp. 39-50 

https://airjournal.org/ajase 
 

ACADEMIC INK REVIEW | OFFORDILE, EKEH, & CHUKWUMA 2021  
 

50 

L. Fagiano and A. R. Teel. (2013). Generalized terminal state constraint for model predictive control. Automatica, 
49(6):2622–2631. 

H. Chen and F. Allg¨ower. (1998). A quasi-infinite horizon nonlinear model predictive control scheme with 
guaranteed stability. Automatica, 34(10), 1205–1217. 

R. Findeisen, T. Raff, and F. Allg¨ower. (2007). Sampled-data nonlinear model predictive control for constrained 
continuous time systems. In Advanced Strategies in Control Systems with Input and Output Constraints, 
Lecture Notes in Control and Information Sciences, New York: Springer-Verlag, 346, pp. 207-235. 

S. Yu, M. Reble, H. Chen, and F. Allg¨ower. (2011). Inherent robustness properties of quasi-infinite horizon MPC. In 
Proceedings of the 18th IFAC World Congress, pages 179–184, Milano, Italy. 

J. B. Rawlings and D. Q. Mayne. (2009). Model Predictive Control: Theory and Design. Nob Hill publishing, Madison, 
Wisconsin. 

D. M. Raimondo, D. Limon, M. Lazar, L. Magni, and E. F. Camacho. (2009). Min-max model predictive control of 
nonlinear systems: A unifying overview on stability.  Journal of Control, 15(1), 1–17. 

D. L. Marruedo, T. ´Alamo, and E. F. Camacho. (2002). Input-to-state stable MPC for constrained discrete-time 
nonlinear systems with bounded additive uncertainties. In Proceedings of the 41st IEEE Conference on 
Decision and Control, pages 4619–4624, Las Vegas, Nevada, USA. 

 


