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Experimental Model for Energy Efficiency Examination of
Pneumatic System
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Abstract: In pneumatic systems, which represent large energy consuraeergy

saving is very important. Mostly, the costs of the electevpr used for feeding the
compressors in the production of compressed air amounbtmdr20% of the overall
costs of electrical power for some factory. In order to exarenergy efficiency of
conventional pneumatic system as well as servo system, tiemee actuator type,
in this paper the new experimental model for energy effigiem@mination is pro-

posed. It consists of two important parts, such as electicpneumatic part. The
conducted experiments have demonstrated that this newiegregal model provides
satisfactory results of actuator positioning and ener§giehcy as well.
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1 Introduction

Pneumatic actuators can offer better alternatives to electrical or hydeatliators
for great many applications. Pneumatic actuators have the advantagada (
cost; (b) high power-to-weight ratio; (c) ease of maintenance; (dnhbtesss; (e)
having a readily available and (f) cheap power source. Owing to nuraean-
tages, pneumatic actuators and systems are widely applied in industrial automatio
for the so-called sequential control. Nowadays, increasing demandsesiblect
to accurate positioning, especially in robotics, have generated otheplctath-
niques.

The energy used in the pneumatic system is that of compressed air which is
obtained in special devices called compressors. Mostly, the costs of ttidcele
power used for feeding the compressors in the production of comgrassemount
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to around 20% of the overall costs of electrical power for some fackanythis and
many other reasons it is very important to carefully handle the use of cesgate
air.

Increase of energy efficiency during positioning of pneumatic actustesy
important, and primarily depends on the type of actuator and on the appligidpos
control algorithm. Another problem is that when the piston reverses its mmteme
all the com-pressed air from one chamber is released into the atmosphdtesan
is a great com-pressed air loss.

There are many papers dealing with the position control of the pneumatic actua
tors as well as energy efficiency, including the work by Shearer [M&hnetje [4],
BenDov and Salcudean [5], Wang et al. [6], Maeda et al. [7], Kageial [8], Bo-
brow and McDonell [9], and Richer and Hurmuzlu [10, 11], among ather

In order to examine energy efficiency of conventional pneumatic systemelh
as servo system, no matter on actuator type, in this paper the new experimental
model for energy efficiency examination is proposed. To demonstrate dhe w
of the chosen experimental model, some results of actuator positioning and co
pressed air consumption are shown.

2 Description of experimental model for energy efficiency eamina-
tion

Concept of experimental model for energy efficiency examination is a laodith
the possibility of flexible adjustment for measurement of compressed ainiecgs
tion at various linear and rotary or swivel pneumatic actuators. The pyipar
pose of experimental model, besides the measuring the compressed aimpens
tion, is to provide energy efficiency using energy recovery, bypgghie chamber
executive element. Such experimental model solution provides the possilbility o
checking the energy efficiency of conventional as well as servorpaga systems.

The experimental model for energy efficiency examination consists of two im-
portant parts, such as electric and pneumatic part. Electric part consBG, o
acquisition and control module, amplifier and safety module, position sdtmer,
sensor and limit switches. Pneumatic part consists of the necessary aamgon
for conventional or servo pneumatic system, such as various actua®rsay di-
rectional and proportional valve, 2/2 way valve and tubes. The blogkalia of
experimental model for energy efficiency examination, with all their main cempo
nents, is shown in Fig. 1.

Acquisition and control module is a standard one and in this model itis ED2001.
This module is hosted in PC. Programming of acquisition and control module is
very easy, in some of standard programming languages like C, C++,| a8
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Fig. 1. Block diagram of experimental model.

sic. The key concept of ED2001 is modularity and possibility of using in wiffe
applications [12]. It has 32 digital and 16 analogue inputs and outputslogue
inputs are very useful for signals that from measure value of the positiactua-
tor and compressed air consumption (flow). Analogue outputs are usedrftol
of proportional vale 5/3 way in servo pneumatic system. Digital outputs @@ us
for activation of by-pass vale 2/2 way and digital inputs are used foatdgnom
electrical limit switches in conventional pneumatic system.

Photography of inputs and outputs interface of ED2001 module is shown in
Fig. 2.

P X X

Fig. 2. Photography of inputs/outputs interface of ED2001.

Other components of experimental model for energy efficiency examireaon
explained in following chapters and they are unique.

3 Pneumatic system of experimental model for energy efficiay ex-
amination

As it was explained in previous chapter, the experimental model for wredfig
ciency examination can be used for both conventional and servo pnesysteom.
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In whole pneumatic system the pneumatic components are used and theiistype, e
pecially valves, depends of the system type and they are different iirectonal
and servo systems.

Conventional pneumatic system consists of various actuators (lineaotany r
or swivel), directional valve 5/3 way as supplying valve designated ad¥-pass
valve 2/2 way designated as 1.2, electrical limit switches, flow sensor aad.tub

Fig. 3, shows the conventional pneumatic system as well as pneumatic servo
system with rodless cylinder designated as 1.0 as actuator.

Electrical limit switches

% < F ‘ F Position sensor
""" > R F—
1.0 1.0
| I 1

11 1.1
Flow sensor @ Flow sensor

(@) (b)
Fig. 3. Pneumatic scheme of experimental model for energy efficiexamina-
tion: a) conventional system, b) servo system.

Servo pneumatic system consists of various actuators, by-pass valwe2/2
designated as 1.2, flow sensor and tubes, too. In servo system, inshead/3 way
as supplying valve and electrical limit switches, there are proportionaé &y
way designhated as 1.1 and position sensor, for continual measurenpersitidn.

Experimental model for energy efficiency examination can be used fir bo
ways of control of pneumatic system. The first way of control means traditio
pneumatic system control when by-pass valve 1.2 is not in use and the edmle
trol is depending on activation of supply valve 1.1, no matter on the system typ
conventional or servo. In such way of control, during the directiomgkaof pis-
ton motion, all the compressed air from the previous working chamber iseslea
and a new quantity of air is introduced into the new chamber. Hence, in tradi-
tional method of controlling pneumatic rodless cylinder, there is an irreversib



Experimental Model For Energy Efficiency Examination ... 27

loss of the compressed air energy. The second way of control meargyyesffi-
cient pneumatic system control when by-pass valve 1.2 and supply vdhard
used, no matter on the system type, conventional or servo. Such wantblc
enables the air from the previous driving chambers not to be venteerisibly to
the atmosphere but to be used, in part or entirely, for the reversectiegyamotion
of the actuator piston. This energy efficient control is explained in detaihihier
papers [13-18].

4 Amplifier and safety module

Amplifier and safety module is very important component for properly afig sa
work of experimental model for energy efficiency examination of pneunsgte
tem. The photography of the amplifier and safety module is shown in Fig. 4.

Fig. 4. Photography of amplifier and safety module.

This module is one of the most important components of the measurement and
control chain. It has two purposes: amplifier and safety purpose.

Amplifier purpose. The module has to increase the signals from PC, more pre-
cisely from outputs of interface ED2001, to match the level of activatingassgior
by-pass vale 1.2 and supply valve 1.1. The output signals from inteEB@€01
are from -10to 10 V DC. Activating signals for by-pass vale and direatisapply
valve 5/3 way in conventional system are 24 V DC and for proportionial 538
way in servo system is form 0 to 10 V DC.

Safety purpose The module has to enable the safety operation of ED2001
and PC. It has to convert and decrease signals from sensors &talesél that is
suitable for further processing. The suitable level of inputs of intedE&22001 is
from -10 to 10 V DC, the same as outputs.

The electric scheme of amplifier and safety module is shown in Fig.5.
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Fig. 5. Electric scheme of amplifier and safety module.

The Inputs 1 and 2, figure 4, are used for control signals from ED2adtich
are result of control algorithm implemented in PC. Generated control sfgnal
proportional valve 5/3 way is connected to Input 1, and for directiomaply valve
5/3 to Input 2. Activation signal for by-pass vale from ED2001 is cabtee to
Input R.

The Outputs 1, 2, 3 and 4, figure 4, are directly connected to devices. Th
Outputs 1 and 2 are used for proportional vale 5/3 and directional supdg 5/3.
Outputs 3 and 4 are directly connected on by-pass valve. Output 3+giZeg DC
and output 4 gives -12 V DC. A signal from flow sensor is indirectly amtad to
ED2001 via electronic Trimmer. This device enables converting signal fiomn
sensor to acceptable value from 0 to 10 V DC.

A signals form position sensor and electrical limit switches are connected to
ED2001 via special amplifier that is not a part of amplifier and safety module.

5 Experimental demonstration

A good example for presenting possibilities of experimental model for gredfig
cient examination of pneumatic system is examination of pneumatic servo system



Experimental Model For Energy Efficiency Examination ... 29

with rodless actuator, Fig. 3b. In this example, the pneumatic componentsdre:
less pneumatic cylinder designated as DGPL-18-150-PPV-A-B-KF55Hway
proportional valve designated as MPYE-5-1/8-LF-010-B and 2/2 wapnss valve

with designation MC-2-1/8, all manufactured by FESTO Company. The fiow s
sor is SFE1-LF-F200-WQ8-P2I-M12 with measuring range from O to 1260,

also made by FESTO Company. The HBM position sensor is used for position
purposes and it has a range 200 mm.

In the first test, the traditional way of control was used, without activadion
by-pass valve 1.2. The test was performed with load force F = 30 N amth wh
the roofless cylind-er piston was moving from 50 mm to the desired 100 mm, af-
ter which it was retracted into the initial position 50 mm, again. After achieving
the positions along the stroke length, the rodless cylinder piston should heold th
position during 1 s. The supply pressure was 600 kPa.

In Fig. 6, the results of positioning of the rodless cylinder piston when tradi-
tional control are used, are shown.
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Fig. 6. Diagram of the rodless cylinder piston position and compresséadwir
with traditional control.

The second test has been performed with energy efficient way ofotontren
by-pass valve 1.2 is used and for the same conditions and durations adinstthe
measurements. The conditions for by-pass valve activation are explaidethil
in our previous papers [15, 16, 18].

In Fig. 7, the results of positioning of the rodless cylinder piston whenggner
efficient control are used, are shown.

The results show that energy efficient control of the rodless cylindeibis
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Fig. 7. Diagram of the rodless cylinder piston position and compresséadwir
with energy efficient control.

superior performance of energy consumption in comparison with the traalition
control. When the energy efficient control is used, because the sg/yadve was
activated, the reaching of desired position is slower but in that period thato
need for any energy from supply. It is shown by rectangle in Fig. 7.

Using the experimental model for energy efficient examination of pneumatic
system, in this example, the energy efficient control uses about 35%dess ¢
pressed air than traditional control at the same condition.

6 Conclusion

The paper presents a new experimental model for energy efficientigx@on of
pneumatic system. Architecture of experimental model for energy efficierc
amination is a modular with the possibility of flexible adjustment for measurement
of compressed air consumption (flow) at various linear and rotary are$wneu-
matic actuators. One of the main purposes of experimental model is to provide
energy efficiency using energy recovery. This is the result of tsipgghe cham-
bers actuator, which enables the air from the previous driving chambéts be
vented irreversibly to the atmosphere but to be used, in part or entiretpdae-
verse (retracting) motion of the actuator piston. Also, experimental mobtlgico
provides the possibility of examination the energy efficiency of conventiama
servo pneumatic systems as well.
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The advantages of experimental model for energy efficient examindtoreo-
matic system are shown in Chapter 5, where its performance is used feni-exp
mental verification of energy efficient way of control superiority conegawith
traditional way of control.

According to conducted experiment, the main conclusion of paper is thét app
cation of experimental model for energy efficient examination of pneumgdtern
provides satisfactory results of actuator positioning and energy efficesiwell.
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