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ABSTRACT: Recently the pneumatic systems have been widely used in mechatronics equipment's and systems. 

Therefore, minimization of energy consumption during the work becomes considered as a main design objective 

for these equipment's and systems.  This paper proposes a new approach for optimization performance and 

energy efficiency of servo pneumatic systems, which depend on energy saving while it is working with the PID 

controller, that  its own  gain parameters tunes by use particle swarm optimization (PSO) algorithm according to 

the conditions operating   system which used. It was observed that the performances of PID controller with PSO 

optimized parameters perform well in the fields of improving the performance saving the energy of servo 

pneumatic system. It's found the results of theoretically part for the bridging method, the maximum energy 

saving obtained is 15 % at 4 bars. In the experimental part was obtained the maximum energy saving obtained is 

13.3 % at 8 bars. 

INTRODUCTION 

In recent years, public awareness measures have increased dramatically to urge operators and engineers to take 

new measures that help in the areas of reducing energy consumption, saving energy and supporting energy 

efficiency, because no company can pay money for the processes and machinery which energy wasting [1]. For 

industrial equipment's, in general and for equipment used in mechatronics or robotic systems in particular only a 

portion of total produced compressed air is used in an efficient manner. Where this type of systems requires 

energy with high efficiency, because most of its operations are at high accuracy and large production quantities 

in continuous operations for that the minimizing energy consumption during work is a major goal of design for 

these systems, in terms of adjust the speed, quantity and quality of compressed air according to the needs of 

different work [2, 3]. Because, the operating of these systems at high speed may produces loss of energy, as well 

as in the deceleration phases may produces energy surpluses. These losses have repercussions on the amount 

and cost of energy that needed to operate these systems.  

The main goals of saving energy operations are to achieve significant savings in energy consumption, and to 

improve the air supply to the system at any time the working needs it, and this is what makes the life cycle of 

the system components lengthened further and this thing increases the reliability of the systems operation and 

also reduces the costs of operating the systems [4]. There are many studies and methods used to save energy in 

pneumatic systems, for example: To describe the ability of compressed air to do work, a new concept of air 

power, similar to energy but simpler, was proposed by Cai and Kagawa [5, 6].  A group researcher proposed a 

new experimental model to examine the energy efficiency of the traditional pneumatic systems in addition to the 

servo systems, regardless of actuator type [7]. It consisted of two parts, the electric and pneumatic parts. The 

carried experiments have confirmed that this novel experimental model provided adequate results of actuator 

placement and the power efficiency. Some researchers described and compared two different methods to 

estimate compressed air leakage by infrared and ultrasound thermography [8]. Jia. K. et [9].al and Jihong. W. 

et.al [10], use a developing and energy-efficient control strategy for model of the pneumatic cylinder is 

nonlinear to avoiding the solving problem of complicated nonlinear differential equations which transfer to the 

linear system description which lead to weak saving air.  

Khalid .D et.al [11] and Vladislav .B. et.al [12] they worked to reducing pressure difference between pressure 

supply and active pressure line at motion of the stroke start through adding bridging two ways valve with 
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cylinder rod less with horizontal load.  From  above analysis shown that there are some problems in  pneumatic 

systems in the field of saving energy  such as the exhaustion of pressurized air directly to the atmosphere in , 

where this leads to energy waste. In the present study and for saving energy purpose, bridging method was 

designed and used to reducing the flow rate of air consumption in pneumatic servo system. The summarized of 

this method in reduced pressure difference between pressure line and pressure supply for full-length stroke by 

adding one directional control valve between extending pressure line and retracting pressure line and adding 

another in the opposite direction, it will be clarified fully. 

THEORETICAL MODEL AND SIMULATION   

Mathematical model of servo pneumatic system  

Simulation process of this system is needed to understand the system behavior   and evaluate various problems 

& strategies for these systems working [13]. Before simulation process the components of this system must be 

defined and this is done by studying and analyzing the mathematical models for each component in the 

pneumatic systems used, with the assumptions and required derivations for each component of the pneumatic 

systems, we can obtain a mathematical model that represents components of this system as closely as possible a 

true physical model of the system. The changing the of air mass in the chamber lead to changes the pressure, 

and thus changes the net force acting on the piston, this causing movement of the piston and rod connected to it. 

Figure (1) shown the notations that can describe the pneumatic actuator , where i = 1 corresponds to the left 

chamber and i = 2 to the right chamber [14]. 

 

Figure 1. Model of Pneumatic Piston-Load dynamics 

Mathematical model of servo pneumatic system [15].  

According to the Newton's second law, the equation of motion for the piston rod load was derived and can be 

expressed as. 

𝑥 ̈ =
1

𝑀
(𝑃1. 𝐴1 − 𝑃2. 𝐴2 − 𝑃𝑎. 𝐴𝑟 − 𝐹𝑓)                                                                                                                  (1) 

𝑥 ̈ –acceleration of piston;  M- load of mass  ; MP– the mass of piston with rod = 1.165 kg; ẋ– velocity of 

piston; 𝐹𝑓 – friction force ; P1&P2 – are the pressure inside the behind and front chambers respectively; Pа –– the 

absolute ambient pressure; A1 –Actuator cross-sectional area for side 1 = 1.96*10-3 m2 ; Ar –rod cross-sectional 

area = 0.314*10-3 ;  A2 –Actuator cross sectional  area for side 2 A2= A1-Ar=1.96*10-3-0.314*10-3, then the value 

of A2=1.646*10-3 m2 . The boundary conditions from figure (1) equal  

Extend case (1) L ≥ x ≥ 0 

Retract case (2) L ≥ 0.1-x ≥ 0 

Pneumatic cylinder chambers model [15,16] 

Then the changing rate of the pressure on the both sides (1& 2) of pneumatic cylinder can expressed as: 

For chamber 1 of cylinder: 
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�̇�1 =
𝑅𝑇

𝑉𝑜1+𝐴1𝑥
(�̇�𝑖𝑛𝛼𝑖𝑛 − �̇�𝑜𝑢𝑡𝛼𝑜𝑢𝑡) − 𝛼

±𝐴1𝑃1

𝑉𝑜1+𝐴1𝑥
�̇�                                                                                                (2) 

Active length for side1 L = 0.2 m, active area for side1 ,A1 =1.96*10-3 m3, Inactive volume for side1 V01 

=1.6*10-5m3, ambient temperature T=300 k , gas constant R=287 J/kg.k, 𝛼 𝑖𝑛=1.4,   = 2 and 𝛼 = 1.2.  

For chamber 2 of cylinder: 

�̇�2 =
𝑅𝑇

𝑉𝑜2+𝐴2(𝐿−𝑥)
(�̇�𝑖𝑛𝛼𝑖𝑛 − �̇�𝑜𝑢𝑡𝛼𝑜𝑢𝑡) − 𝛼

±𝐴2𝑃2

𝑉𝑜2+𝐴2(𝐿−𝑥)
𝑥     ̇                                                                                      (3) 

The active length for side 2, L = 0.2m, active area for side 2, A2 =1.646*10-3 m2, inactive volume for side1 V02 = 

1.03*10-5m3, ambient temperature T=300 k, Gas constant R=287 J/kg.k ,αin=1.4,αout = 2, α =1.2. 

Pneumatic mass flow rate model [15, 17] 

In pneumatic actuator,  the  mass flows intake or exhaust from the  chambers of cylinder depend only on the 

flow through the valve openings, as presented in Equation (4) in which govern the mass flow rate through an 

area 𝐴𝑣: 

�̇�𝑣={𝐶𝑓  ∗  𝐴𝑣  ∗ 𝐶1 ∗
𝑃𝑢

√𝑇
                                                   𝑖𝑓   

𝑃𝑑

𝑃𝑢
≤ 0.528  𝐶𝑓 ∗  𝐴𝑣  ∗  𝐶2 ∗

  
𝑃𝑢

√𝑇
(

𝑃𝑑

𝑃𝑢
)

1

𝑘 √1 − (
𝑃𝑑

𝑃𝑢
)

(𝑘−1)

𝑘         𝑖𝑓   
𝑃𝑑

𝑃𝑢
 > 0.528                                                                                                          (4) 

Where :( 𝑃𝑢) and ( 𝑃𝑑) are the upstream & downstream pressures, for air the value of (k = 1.4) , T=300 k, 𝐶𝑓 = 

0.25, Pcr = 0.528, R=287 J/kg.k . And 𝐶1& 𝐶1 are constant and calculated as shown below: 

C1=√𝐾

𝑅
(

2

𝐾+1
)

𝐾+1

𝐾−1 =  0.040418,  ;    C2=√
2𝐾

𝑅(𝐾−1)
=  0.156174 

The flow has be considered, as turbulent and compressible due to the gradient of pressure in the valve orifice is 

usually large. The flow will considered as sonic velocity in which depend linearly on the upstream pressure if 

the upstream to downstream pressure ratio is larger than a critical value Pcr. While when smaller than Pcr the 

mass flow rate are nonlinearly on both pressures. In this paper the proportional directional control valve type 

(FESTO MPYE-5-1/8-HF-010-B), was used. This valve operating at voltages from 0-10 volts (or current from 

4-20mA). This valve use to controls the flow rate of air to and from the  chambers of actuator and  its working 

in form of  proportionally with the change in of electrical voltages, where the effective area of valve orifice (𝐴𝑣)  

working as a function of input voltage to the valve and its calculate by using the following relationship [18,19]: 

𝐴𝑣 ≈ 𝑥𝑠
2 ∗

𝜋

4
                                                                                                                                                            (5) 

To determine effective valve area neglect solenoid inductance neglected, and a relation between control spool 

movement xs and the voltage input u is proportional:  

𝑥𝑠 = 𝑐𝑣 ∗ 𝑢𝑠                                                                                                                                                           (6) 

Where:  cv=Ki/Rn  

cv - the valve constant, Ki - current gain and,  Rn - solenoid resistance and 𝑢𝑠 is a Solenoid voltage from (-5 to 5) 

v. 

For extend stroke to calculate �̇�𝑣𝑖𝑛, 𝑃𝑢 = 𝑃𝑠& Pd=P1 and �̇�𝑣𝑜𝑢𝑡 , 𝑃𝑢 = 𝑃2 &    Pd=Pa while in retract for 

�̇�𝑣𝑖𝑛 , 𝑃𝑢 = 𝑃𝑠& Pd=P2 for  �̇�𝑣𝑜𝑢𝑡 , 𝑃𝑢 = 𝑃1& Pd=Pa . 

Pneumatic circuits model 

In pneumatic systems, the primary purpose of their operation is to obtain the highest energy efficiency with the 

least energy loss. To get this end, two pneumatic circuits was designed and used depending on the function of 
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operation, the first circuit use servo pneumatic system (without bridging saving) as shown in figure (2), and the 

others circuit use servo pneumatic system (with bridging saving) as shown in figure (3).In each circuit the 

pressure used was 4 to 8 bar, and for many strokes. To work of these circuits, experimentally a 

MATLAB/SIMULINK working program was design. 

 

Figure 2: Pneumatic servo circuit (without Bridging saving) 

 

Figure 3: Pneumatic servo circuit with Bridging saving 
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The control unit of system 

PID controller  

As it is known, the main goal of the control unit in any system is to monitor the functioning of the system and 

make it more stable to implement the operational requirements of this system. The proportional-integral-

derivative controller (PID controller) is a control loop feedback mechanism (controller) widely used in industrial 

control systems  because of their remarkable effectiveness,  broad applicabilit in different fields and In addition 

simplicity in implementation ,where its  can be usde for pressure control, flow, temperature , humidity , 

electrical signal , position accuracy  or any others types of measurable variables and that can be controlled , So 

this type of controller is very suitable for controlling the operations of pneumatic industrial systems[19]. The 

PID controller algorithm involves three separate constant parameters they are : proportional (P); integral (I) and  

derivative (D).The output of a PID controller is a summation (Σ) of these parameters , and is accordingly 

sometimes called three-term control. PID use the following differential mathematical [20] : 

𝑢(𝑡) = 𝐾𝑝 . 𝑒(𝑡) + 𝐾𝐼  ∫
𝑡

0

𝑒(𝑡)𝑑𝑡 + 𝐾𝑑 .
𝑑

𝑑𝑡
𝑒(𝑡)  

PID controller was used to control the solenoid of electro-pneumatic proportional valve , in order to control the 

linear position of the valve spool tending to govern the flow rate of the air fluid, which passes the valve towards 

the pneumatic cylinder so that the position of the cylinder rod can be proportionally adjusted according to 

business requirements . The   voltage output of PID applied to the solenoid of the proportional valve and the 

feedback signal is a linear position measured by an inductive positional sensor linked with the spool of the valve 

[21]. Transfer function of the process is the relation between piston position and control signal considering the 

piston position as the output and the applied control voltage from the control device. The transfer function of the 

process is obtained as a combination of piston transfer functions which represents relation between piston 

position and pressure in the cylinder chamber and valve transfer functions of the ratio of the chamber pressure 

and control signal on the valve. 

For valve and cylinder are used transfer function is [22]:  

𝑋𝑘

𝑈
(𝑠) =

66

𝑠(1+0.071𝑠)
                                                                                                                                                         (5) 

Where: XK :is the position of cylinder piston  and  U : is valves opening 

A PID controller calculates the value of "error" as the difference between the desired input value and the actual 

output, and then controller attempts to minimize the error by adjusting control parameters and therefore 

adjusting the process control inputs. In this study, the PID controller used for the proportional valve, which was 

included in the model and with the transfer function was developed as shown in figure (4). The PID controller 

makes a control loop respond faster with less overshoot, and then  the position sensor givesth signal of feedback 

to the PID controller, inserted in the forward path. which prompts from the user to modify the parameters of PID 

and the actuators.  

 

 

Figure 4: Scheme of PID unit controller 
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Tuning PID parameters  

Tuning the gain of (PID) controller in a process control system is exceptionally paramount, where the correct 

tuning of these gains would help in a fast and accurate response of control process without steady state error and 

overshoot. In addition, the gains of PID affect the process control system [23]. Therefore, the chosen of used 

method for tuning gains is very important because, the tuning of these controllers is time consuming, not easy 

and generally, the wrong chosen of used method lead to poor performance especially with non-linear systems 

and thus, tuning the correct PID could lead to a good performance of control system. In this paper, the artificial 

intelligence (AI), method of particle swarm optimization (PSO) algorithm for tuning the optimal (PID) 

controller was used .This method has superior features, including easy implementation, stable convergence 

characteristic and good computational efficiency over the conventional methods[24 ,25]. 

Method of particle swarm optimization (PSO) 

The researchers Kennedy and Eberhart proposed & developed a Particle Swarm Optimization (PSO) algorithm, 

which considered one of the most important methods in swarm intelligence, and that is because it is closely 

related to the study of swarms  inspired by the group behavior of animals,  for example bird flocks or fish , that 

follow the style  of finding food through the flocking.  The particle swarm optimization can be considered as a 

global optimization paradigm and that has gained prominence in the last two decades due to for ease of 

application with its ability of works to optimizes solve a wide variety of optimization problems such as  

constrained optimization problems, nonlinear programming, unconstrained optimization problems, multi-

objective optimization, combinatorial optimization problems and stochastic programming ,so it is very suitable 

for scientific research,  and it  has been used with success in various applications in real life[ 26] . 

Particle swarm optimization (PSO) is evolutionary computational algorithm and it's a population based 

optimizer and it has profound intelligent background that can be used by easily and It also has other advantages 

that make it economically inexpensive system such as low construction cost, required  memory is low   and  the 

speed of  CPU not high. The swarm of particles are initialized with a population of random solutions and to 

move for searching new solutions and so be  each particle has a position  vector (Pij) which  is represented the 

position of particle, and velocity vector (Vij) which is represented  the velocity of particle, we conclude from the 

foregoing that, Potential solutions are particles and these particles  moving in the search-space based on a 

formulation over the particle's position. The movements of every particle is affected by its local value, and its 

aim is to reach best-known positions in the search-space with updating better positions found by other particles. 

The algorithm determines the starting position and velocity vectors. With every iterative attempt to find the best 

value, this done by evaluating the position and velocity vectors. The best value of each particle’s, which called 

as local best value and recorded into the (Pbes) matrix. The best value of each particle is updated after each 

iteration if a new best value is found for controlling each particle current and previous positions. In addition, and 

after completion of the every iteration proce, the best position of the swarm, which denoted as (gbest), stored in a 

vector as the best values of the matrix in each iteration. 

The updated velocity value of each particle calculated by using the formulas that given in Equation (6) [25, 27]: 

𝑉𝑖𝑗
𝑛𝑒𝑤= w *𝑉𝑖𝑗

𝑜𝑙𝑑+C1*R1 [Pbestij (old) -𝑃𝑖𝑗
𝑜𝑙𝑑] +C2*R2 [g bestij (old) -𝑃𝑖𝑗

𝑜𝑙𝑑]                                                                 (6) 

Moreover, the value of new swarm position is found by adding the previous position and the newly updated 

velocity is given in Equation (7): 

𝑃𝑖𝑗
𝑛𝑒𝑤 = 𝑃𝑖𝑗

𝑜𝑙𝑑 + 𝑉𝑖𝑗
𝑛𝑒𝑤                                                                                                                                             (7) 

 Where, w - Inertia weight factor ;C1, C2 - Acceleration Constant ; R1, R2 - Random number between 0 and 1; P 

ij - Current position of the  particle ith iteration ; Pbestij - Best previous position of the ith particle and gbestij - Best 

particle among all the particle in the swarming population. 

As it has known, (w) is the parameter of inertia weight that used to controls the exploration and exploitation of 

the search space, and calculated according the following equation: 
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𝑤 = 𝑤𝑚𝑎𝑥 − (
𝑤𝑚𝑎𝑥−𝑤𝑚𝑖𝑛

𝑗𝑚𝑎𝑥
) × 𝑗                                                                                                                              (8) 

Where: wmax and wmin are the initial and final weights respectively; j- is the current iteration number, and ‘jmax’ -

is the maximum iteration number. 

In the problems of optimization, there  are many functions  of fitness  are introduced and used in PSO system to 

obtain  better convergence performance  and  to clarification the behavior of the  controller unit for a wide range 

of  systems  parameter and  changes of load. It should be noted that the choice of right fitness function is very 

important in tuning procedure. Since a proper fitness function reinforces different PSO behavior, so that lead to 

generate fitness value providing suitable performance measure of the problem considered. The error that used in 

fitness function is derived from tie line power and frequency deviations of the control areas and their rates of 

changes according to time. Optimization problem based on minimizing the fitness function to a minimum 

according to the conditions under which the gains of the PID controller (KP, KI and KD) within the minimum 

and maximum. In this study, and to calculate the fitness for particle we used the function (ITSE), which mean 

Time multiplied by the Square Error to evaluate the controller's performance and to minimize system 

fluctuations. The general equation for these criteria is as follows [26, 28]: 

ITSE = ∫
𝑡𝑠

0
𝑡 × 𝑒(𝑡)2𝑑𝑡 

ts- is the simulation time and e(t) - is the error signal. 

MATLAB/SIMULINK of subsystem models 

Based on the mathematical description which explained for the pneumatic system and by using the previously 

mentioned equations , two of the pneumatic circuit was built and solved by using MATLAB/SIMULINK 

PROGRAM , for a different boundary conditions. Where MATLAB-SIMULINK is often used in simulation 

tests because its allows the possibility of examining systems with models having appreciably extending ranges 

of coefficients, in particular for pneumatic systems. Figure (5) described the model of MATLAB-SIMULINK 

program for a  servo pneumatic system without saving  energy this model consist of seven main parts which 

explain the mechanism working for system, which it : the dynamic of piston load part, which describe the forces 

that acting on piston in which the  pressure in each chamber with the load as input in additionthe spool valve 

movement  for determine conditions while velocity of piston  and position as output,for cylinder chamber there 

are  two models to explain and to show the variation in pressure in the inside chambers in which the inlet and 

outlet mass flow rate, feedback of chambers pressure and velocity and position as well as valve spool 

displacement to determine the conditions as input while pressure inside cylinder chamber is output, two models 

for mass flow rate in which describe quantity of mass flow through the valve  and the feedback of the pressure 

chambers , cross section area of valve , pressure supply and valve spool movement to measure the conditions of 

system  as input while mass flow rate through the valve, proportional valve model in which determine valve 

cross section area with voltage input while valve area and spool valve displacement as output, and the  model set 

point in which a minimum and maximum position and feedback position input while set point as output.  

 

Figure 5: MATLAB/SIMULINK program for servo pneumatic system (Without saving) 
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Figure (6) described the model of subsystems program for  servo pneumatic system with bridging saving , and 

use the same previous boundary . 

 

Figure 6: MATLAB/SIMULINK program for pneumatic servo system with (Bridging saving) 

In order to obtain reasonably performance to system, simulation has been performed to investigate the 

performance of the electro-pneumatic subsystem as planned, and to ensure this thing to the system PID 

controller for the proportional valve was included in the model and the transfer function was developed. The 

Position sensor gives a feedback signal to the PID controller, inserted in the forward path. This was 

accomplished by using MATLAB/ SIMULINK, which prompts the user to modify the PID and the actuators 

parameters, and then the results are plotted in MATLAB. The simulation includes two steps, the first one is a 

MATLAB file that has the model of the transfer function and the second one is a SIMULINK graphics model 

that simulates the system step response. 

In this paper, the servo pneumatic system used  PID controller ,which based on  PSO to tuning controller 

parameters. The PSO algorithms working on to find optimum parameters to control the performance of the servo 

pneumatic system and helps the system to  to obtain the highest efficiency at work and in saving energy. Figure 

(7) shows the architecture of the PID unit controller (PID control with transfer function) with PSO algorithms. 

 

Figure 7: PID Controller with PSO algorithms 

In the particle swarm optimization algorithm, the set of parameters as follows: (𝑤) = 0.6, (C1=  C2= 1.4) , ( wmax 

=0.4 and wmin=0.9) and the number of Iteration =10. The value of ITSE = 0.0005, that is mean small percentage 

of error. 

The experimental platform set-up for system 

Physical model has been designed and constructed which required for experimental verification of the 

operability and confirmation of the proposed theoretical provisions and simulation results. Figure (8) show the  

rig  of experimental, which used  to present the experimental work of saving energy  in servo pneumatic system.  
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Figure 8: The rig of servo pneumatic system 

The experimental rig was divided into two parts according to their functional purpose they are the electrical and 

pneumatic part. The first part is the which include   PC, control unit, data acquisition, safety module, proximity 

switch and flow pressure sensors. The second part is the servo pneumatic consists of actuator represented by 

double acting cylinder with single rod type of CDA1-L50-200. For air flow control during the extending and 

retracting strokes of actuator the Festo proportional valve type MPYE-5-1/8-LF-010-B, has been used. For more 

protect to the system from an excessive pressure a Feston on return valve type KAM-08 has been put, the 

pressure regulator type Exp flex AR-200 was utilizing, for adjustable air pressure supply at a limit quantity. A 

Festo flow sensor type SFAB-200U-WQ8-25A-M12 and two Festo pressure sensor type SDE1-D10-G2-HQ4-

C-P2-M8 which used to transfer analog signal to a data acquisition its type NI USB-6212 and then to a PC 

where changes in flow rate and air pressure over time are recorded continuously. A Festo type variable non-

return throttle valve was used to pneumatic system. For control the speed of stroke  in case of extended and 

retraction , with  rang pressure( 0.1 to 10) bar also  Festo position sensor type MLO-POT-225-LWG was used to 

control the accurate  piston   position in the pneumatic cylinder  used in study of servo pneumatic system. 

RESULTS AND DISCUSSION 

Simulation results  

The simulation in figure (9) shows the difference in air consumption of servo pneumatic system by using the 

circuits in figures (2&3) with pressure supply at variable values (4, 6, and 8) bar for ten strokes. It’s clear that 

due to drop in air consumption in both extending and retracting strokes the mean value reduces by using 

bridging method where for pressure supply (4, 6, and 8) bar mean value of flow rate reduces from (5.3 to 4.5, 

7.2 to 6.4, and 10.7 to 9.4) l/min in which this reduction lead to increase air saving15%, 11%, and 12%, 

respectively. 

 

(4 bar) 
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Figure 9: Difference in air consumption at variable pressure 

The experimental results  

Experimentally, and to compare supply pressure effect on flow rate consumption in servo pneumatic system, 

Figure (10) shows at two value pressures (6 and 8) bar and length stroke (10-180) mm. It’s clear that with 

increasing supply pressure, extending and retracting overshoot are increasing. Also valve leakage in the zero 

point increases due to a hard-sealed system. It is a kind of rubber or internally seat in the system, between the 

piston and cartridge. This gap is needed for piston movement. 

(6 bar) 

(8 bar) 



Recovery Energy Residual in Servo Pneumatic Systems by Using PID Controller Based on Particle Swarm Optimization (PSO) 

289 

 

 

 

Figure 10: The flow rate change with time (without saving) 

As previously explained, one of the methods used to reduce the flow rate of air consumption in pneumatic servo 

system is bridging method circuit as shown in figure (3). The results of this method shown in figure (11),where 

it illustrates the difference in the flow rate consumption by using circuit in figures (2&3). In which savings 

concentrated only in reducing altitude of extending and retracting overshoot. As example for 4bar pressure 

supply, constant velocity, five strokes, without load, and T=0.1 second the average height of extending 

overshoot for strokes with and without saving are 139.6 (l/min), 111.3 (l/min) respectively. While in retracting 

overshoot 114.7(l/min) and 95.16 (l/min). On the other hand primary extending overshoot drops from (149 to 

96.28) l/min. This difference saved in airflow rate consumption 21% in both overshoot types. The leakage for 

proportional valve type used increases with pressure supply, which is at (2, 4, 6, and 8) bar equal to (3, 6, 10, 

and 15) l/min respectively. That means there is a leakage at pressure (2, 4) bar. Vladislav Blagojevic et.al [48] 

neglected this leakage to the same type of valve used and they noted the absence of leakage valve in mid 

position at (2 and 4) bar.  For the above reason total air saving is 8% at the expense of increasing operation time 

period by amount equal to 0.5(s). In addition, it is less compared with the results obtained by above reference 

due to neglecting air leakage. 

 

 

Figure 11: The flow rate change with time (with saving bridging method) 

In the end, the summary of the percentage of air saving energy by using bridging method in this paper show in 

Table 1. 

Table 1: Summary of experimental results 

PSS with bridging valve 

(Five stroke) 

Pressure supply(bar) 2 4 8 

Air saving % 8 9.2 13.3 

(6 bar) (8bar) 

(Without saving) 

(With saving) (With saving) 
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Time increment(s) 0.5 1.1 1.75 

CONCLUSIONS 

In this paper a good and actuation method of saving energy   proposed to investigate the amount of potential air 

saving for servo pneumatic system. A pneumatic servo system for bridging method air saving is 15% for 4 bar 

pressure supply while 9% with vertical load at 8 bar pressure supply.  Experimentally in pneumatic servo system 

circuit, to improve efficiency of energy one of the important demands is to get the accurate position at minimum 

time with energy recovery. The using of controller PID demonstrated based on PSO a good result obtained to 

reach accurate position with acceptable position error. The importance of response time at the end of the stroke 

is one of the important observations derived from the study. Where the delay of signal time lead to losses in air 

energy at both extending and retracting side because in drive at extending side un useful pressure accumulate in 

this delay time which lead to increase air consumption at extending stroke as well as increasing required 

pressure to overcome it at retracting stroke and hence increase flow rate overshot .The comparison between 

simulation and experimental results showed that, the some difference between them. It’s due to high air 

compressibility and friction, and some of the assumptions and approximations, which used for the purposes of 

simplification in the work. 
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