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PRELIMINARY REMARKS

An in-depth look into automation of products / systems, from small to larger industry, 
pneumatics offers support for quick, economic and functional solutions of both simple and 
complex problems.

Until now, pneumatics is the most frequent used application intermingled with electronic 
technologies, due to its large variety of components (lightweight properties, safety, relia-
bility, compatibility with other technologies, etc.).

Although some limits to pneumatic components do exist, a balanced approach is neces-
sary to identify performances that may not be possible and at the same time focus on the 
real possibilities that pneumatics can offer.

By means of this training manual we intend to introduce knowledge, trusting that it might 
stimulate and help to grow further knowledge of pneumatic solutions.
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WARNING

Improper use of the products described in this catalogue may be hazardous to people 
and/or property.

The technical information described for each product in this catalogue may be subjected 
to change at any time; the company reserves the right to make manufacturing modifica-
tions without prior notice.
All products included in this catalogue, as well as its information and technical characte-
ristics and specifications, must be examined and studied by a technical representative of 
the company using the product, ensuring that the product is in accordance to the applica-
tion for which the product has been designed. In particular, the users shall assess the ope-
rating conditions of each product according to how it shall be used, analysing the informa-
tion, as well as its technical qualities and specifications in view of the specific applications, 
and ensure that all the conditions regarding the safety of people and/or property shall be 
considered while the product is being used. Should the user have any doubt, contact our 
technical office.

Pneumax S.p.a shall not be held responsible for any damages caused by any improper 
and/or unsafe use of products with the Pneumax trademark.

Pneumax S.p.a shall not be held responsible for any faults resulting from any modifications 
or alterations carried out by the customer and/or his third parties.

The customer/users will be the only persons responsible for the correct implementation of 
suitable technical measures in order that the products may function under warranty and 
safely.
The user shall always be in charge of validating the applications.

The information mentioned may be subjected to modifications without prior notice.
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Chapter 1

“SI” INTERNATIONAL UNIT SYSTEM

                             1.1  “SI” Base units 
 1.2 “SI” Derived units; multiples and submultiples
 1.3 Temperature scales

 1.1  SI BASE UNITS

The SI international system is a system that values all physical magnitudes by means of 
measuring units, technically established and internationally accepted.
It is based on seven base units (see table) from which the units of all the other magni-
tudes are a consequence.

     SI UNITS                      ADMITTED UNITS 
 MAGNITUDES NAME SYMBOL NAME SYMBOL       RATIOS

 Length  meter m
 
 Mass kilogram kg
    Gram g   1 g = 0,001 kg
    Ton t   1 t = 1000  kg
 
 Time  seconds s
    minute min   1 min = 60 s
    hour day h   1 h = 3600 s
     d   1 d = 86440 s
 
 Electric current 
   intensity ampere A
   
   Temperature Kelvin K
    Grad Celsius °C  0 °C = 273,15 K
 
 Brightness Candela cd

   Quantity of material mole mol

Celsius
degrees 
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Capitolo 1

Sistema internazionale 
e unità di misura "SI"

1.2 DERIVED UNITS

The accepted units related to the pneumatics sector are described in the following 
table.

     
                                      SI UNITS                              ADMITTED UNITS  NAME SYMBOL NAME SYMBOL    
 
 Force Newton N
   [kgm/s2]                                                   
 
 Pressure Pascal Pa
   [N/m2]
    bar bar 1 bar = 100000Pa
    millibar mbar 1 mbar = 100Pa
 
 Work, Energy Joule J
 Heat                              [Nm]       kilowatt-hour kwh 1 kwh = 3,6 MJ
 
 Power Watt W
   [J/s]   1 W = 1 J/s
 
 Frequency Herz Hz
   [1/s]
 
 Volume cubic meter  l  1 l = 1 dm3       
    Liter m3 1 m3 = 1000 l

 
In some applications, the force is still expressed in kp (kilopond).
The N (Newtons) are now used commonly; please see below the ratio between the 
two magnitudes:                 

1 N = 0,102 kp
1 kp = 9,81 N (approximately 1 kp = 10 N)

                                                                                           
                                                                                                 F
In fact, the acceleration in a material point is equal to:  a =  
             m
Where:
F = force acting on the material point, is expressed in N
m = mass of the material point, is expressed in kg
a  = acceleration in m/sec2 
                                m
Therefore:                                            F = m x a = kg
                                  s2 
In vacuum environments, or when there is no air resistance, the motion of all bodies 
will accelerate in a uniform manner downward (a = constant); this acceleration is cal-
led gravity acceleration and is indicated with a “g”.

RATIOSMAGNITUDES

Chapter 1

“Si” international 
unit system
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Near the earth’s surface we have:  g = 9.81 m/sec2 

The weight force F is the force that acts on a body in free-fall and is equal to: 
F = m x g 
In the SI system, the force F is expressed in N and the surface in m2, and therefore 
the pressure p shall be:
                                                F (force) N
                                    p =                                         = Pa (Pascal)   
 A (surface)  m2 

SI Measuring units, multiples and submultiples
                    
                    MULTIPLICATION FACTOR                 PREFIX          SYMBOL
  

 1012 = 1.000.000.000.000 Tera T
 109 = 1.000.000.000 Giga G
 106 = 1.000.000 Mega M
MULTIPLE       103 = 1.000 Kilo k
 102 = 100 Hecto h
 101 = 10 Deca da 
 100 = 1 
 10–1 = 0,1 Deci d
 10–2 = 0,01 Centi  c
 10–3 = 0,001 Milli m
 10–6 = 0,000 001 Micro µ
 10–9 = 0,000 000 001 Nano n
 10–12= 0,000 000 000 001 Pico p
 10–15= 0,000 000 000 000 001 Femto f
 10–18= 0,000 000 000 000 000 001 Atto a
The dimension scale referred to the most used measuring unit, the meter, is described below 
as an example:

                                               Tm = Tetrameter= 1012 m
                                                Gm = Gigameter = 109 m
                                                  Mm = Megameter = 106m
                                                    km = Kilometer     = 103 m
                                                       hm = Hectometer = 102 m
                                                         dam = Decameter = 101 m  
                                                           m = Meter 
                                                         dm = Decimeter = 10–1 m
                                                       cm = Centimeter = 10–2 m
                                                     mm = Millimeter = 10–3 m
                                                  µm = Micrometer = 10–6 m
                                               nm = Nanometer = 10–9m
                                            pm = Picometer = 10–12m
                                          fm = Femtometer = 10–15m
                                       am = Attometer = 10–18m

Magnitudes may be measured in accordance with multiples and submultiples of the 
different units. The previous table illustrates their related names and symbols.

Chapter 1

“Si” international 
unit system
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Sistema internazionale 
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1.3  TEMPERATURE SCALES

  

 Kelvin Celsius Fahrenheit

 0 K -273,15 °C -549,67 °F

 273,15  K 0 °C 32 °F

0 K =  absolute zero
0 °C = 32 °F, melting point of ice at atmospheric pressure

– Kelvin scale called thermodynamic scale is used in physics;
–  Celsius scale, is the most often used temperature scale and this temperature range 

is expressed in centigrade degrees;
–  Fahrenheit scale, another temperature scale is used where the atmosphere’s ther-

mal condition is generally close to freezing point. 

Using the Celsius scale has the inconvenience of applying the symbol + or – before 
the number that represents the temperature’s degree.
Temperature conversion: ratio
 
 °F –32
                                      °C =                          °F = 1,8 x °C + 32
 1,8                                                                                                                                                  
                                    

 °F –32 
                                      °K =                  + 273     K = °C + 273
 1,8

 

Chapter 1

Internationales 
SI-Einheitensystem

Chapter 1

“Si” international 
unit system
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Chapter 2

ATMOSPHERE – AIR

                                        2.1   Air composition
                                        2.2  Air

  

2.1 AIR COMPOSITION

The matter that surrounds us materializes in three defined forms such as:

– Solid: it has a defined shape and volume;
– Liquid: it has a defined volume, and it adopts the shape of the container that confi-

nes it;
– Gaseous: it has no shape and no volume, filling any available space entirely.

The molecules of solid bodies are provided with a great cohesive force that determi-
nes their shape.
Otherwise, the molecules of gases have repulsive forces that tend to separate them. 
Therefore, a gas may be only kept in a container by filling its volume entirely, inde-
pendently from its shape and whatever the amount of gas is. Liquids and gases sha-
re fluidity, and for this reason they are defined as fluids.

2.2 AIR

A gaseous envelope surrounds the earth and is held closely by the force of gravity 
during its rotating and revolving movements.
This envelope is the atmosphere and the gases that compound it are the air.
Atmospheric air is a mixture of gases; its composition is almost constant up to an al-
titude of about 20 km.
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Chapter 2

Atmosphere – Air

The following elements are dissolved in air: 

 Element Volume

 Nitrogen 78 %

 Oxygen 21 %

        Rare gases and others    1 %

Small variations occur in the air’s composition due to the presence of solid particles 
such as dust and crystals, or due to traces of other gases such as carbon monoxides, 
nitrogen oxides, ammonia, etc.
Moreover, atmospheric air contains water vapors that determine its humidity levels.
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Chapter 3

ATMOSPHERIC PRESSURE 

 3.1   Air weight
 3.2 Torricelli’s experience
 3.3  Pressure measuring unit

3.1 AIR WEIGHT

Solid bodies have their own weight, and gaseous bodies such as air also have their 
own weight.
If we weigh an empty cylinder, and then fill it with gas and proceed to weigh it again, 
we will notice a difference in its weight. The cylinder weighs more when it is full.
Furthermore, air, that is a mixture of gases, has its own weight and the load that its 
mass exercises on the earth’s surface and on everything that is in its contact is huge.
In 1630, the physicist Evangelist Torricelli from Faenza demonstrated that the atmo-
sphere (that is, the air surrounding the earth) weighs 1.033 kg on each cm2 of surface 
measured at sea level (zero altitude).
This is the definition of ATMOSPHERIC PRESSURE.

Now we have to make a consideration: if the average man’s skin surface is about 1.5 
m2(15000 cm2) and, if the weight of the atmosphere equal to 1.033 kg presses on each 
cm2 , 15500 kg would be the weight on the whole body’s surface.
But the atmospheric pressure acts in every direction and, is also pressing on the body 
internally with the same value, it is therefore balanced.
In addition, the blood’s circulation produces a pressure that is slightly higher than the 
one of the atmosphere in the internal walls of the vessels.
For these reasons, such a huge weight does not crush us.
One of the atmospheric pressure’s features is its capability of changing according to 
the altitude at which it is measured.
Pressure decreases at higher altitudes than above sea level because the air stratum is 
thinner and it therefore weighs less.
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Chapter 3

Atmospheric pressure

                                  ALTITUDE PRESSURE  TEMPERATURE
 m  Mpa  °C

 0 0,1013 15
 100 0,1001 14,4
 200 0,0989 13,7
 500 0,0955 11,8
 1000 0.0899 8,5
 1400 0,0856 5,9
 1800 0,0815 3,3
 2000 0,0795 2
 2400 0,0756 -0,6
 3000 0,0701 -4,5

3.2 TORRICELLI’S EXPERIENCE

Take a transparent tube of about a meter long, closed at one end and open at the 
other one (figure 3.2), fill it entirely with mercury (Hg) and close the opened end with 
your finger. Turn it upside down and immerse it into a container with more mercury 
and we can see that, after having removed our finger from the open end, part of the 
mercury in the tube passes to the tub.
The mercury stops passing to the tub when the tube’s level has reached a certain 
point.
In fact, measuring the difference between the tub’s level of the mercury and the mer-
cury in the tube we can notice that this difference is about 76 cm.
The reason why the mercury has not been emptied into the tub is due exclusively to 
the atmosphere’s air weight.

                                       

 

Hg 

760mm
mm 

sezione interna  
1cm2 
 
 
 1 cm2 

Internal section
1 cm2

760 mm
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Chapter 3

Atmospheric pressure

As previously said, the air exercises a pressure equal to 1.033 kg on each cm2, and th-
erefore, this pressure shall also be exerted on the surface of the mercury contained in 
the tub.
The upper part of the tube, after having being turned upside down, is completely 
empty of mercury and air. A vacuum has been created, and the atmospheric pressure 
is totally lacking.
In this case, the atmospheric pressure inside the tube, instead of exercising its action 
from its top and from its bottom, acts only from the bottom toward the top.
As the experiment shows, this thrust on the surface unit is equal to the weight of the 
mercury column according to the tube’s section.

Atmospheric thrust = 10,033 kg/cm2

 
Gesamtgewicht der

 Weight  (kg)
 

Quecksilbersäule       
=    = 1,033 kg/cm2

  Section (cm2)

                       
                                                       vacuity

                                               

 

Hg 

760mm 

 
 
 1 cm2 

Press. Atmosf. 

In the Torricelli’s tube, the mercury rises due to the atmospheric pressure

Proceeding with the same operations, employing water instead of mercury and using 
an 11 meter long tube, we can see that the water level inside the tube will reach 10.033 
m from the surface of the tub.
This thrust, according to the tube’s section, is equal to 1.033 kg on 1 cm2 surface.

Atmospheric 
pressure

760 mm

1 cm2

Unit weight of 
the mercury column
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Chapter 3

Atmospheric pressure

 

3.3 PRESSURE MEASURING DEVICES     

we refer to pressures we must distinguish:

– Atmospheric pressure, a pressure caused by the air’s weight (about 1 kg/cm2);

– Gauge or Relative pressure, a pressure higher than the atmospheric pressure, that is 
measured by instruments called manometers (pressure gauges);

– Absolute pressure, the sum of the two previous pressures (gauge pressure + atmo-
spheric pressure);

– Depression, a gauge pressure lower than the atmospheric pressure measured by 
instruments called vacuometers. Its maximum value is referred to barometric vacuum 
or absolute vacuum.

In the international system (SI), the atmospheric pressure at sea level is equal to

100.000 Pa 
Which are equivalent to 0,1 Mpa

In the physics system, this pressure is equal to 

101.325 Pa = 0,1013 MPa
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Chapter 4

PRESSURE
MEASURING DEVICES

                                              4.1 Manometers
 3.2  Vacuometers or vacuum gauges

4.1 MANOMETERS OR PRESSURE GAUGES

Industrially, gauge pressure is measured with instruments called manometers, of which 
the most used one is the Bourdon. It is based on the elastic deformation of a tubular 
metal spring with lens section, folded in a semicircular shape and subjected entirely to 
the pressure exercised by the fluid.
An end of the spring is open, and after having fixed it to an externally threaded sleeve 
in order to fasten the instrument, it remains connected to the fluid of which we want 
to measure the pressure.
The other end is closed, and is free to move under the action of the fluid that presses 
against it internally, and therefore tends to straighten it out causing a movement of 
the closed end that is proportional to the applied pressure.
By means of the engagement with a sector roller, the movement of this non bonded 
end is amplified in such a way that an indicator fixed on the roller’s axis shows the 
pressure value.

                         
         

                                                            Bourdon Manometer  
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Chapter 4

Druckmessgeräte

      

4.2  VACUOMETERS OR VACUUM GAUGES

Vacuometers are manometers that measure pressures lower than the atmospheric 
pressure.
In industrial facilities, depression is measured with Bourdon instruments that may be 
graded in decibars, in cm of mercury or mm of water, according to the purpose for 
which they are to be designed.
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Chapter 5

PHYSICS OF GASES

 5.1 Cohesive forces – repulsive forces
 5.2  Boyle-Mariotte’s law
 5.3  Gay-Lussac’s law
 5.4  Humidity of the air

5.1 COHESIVE FORCES – REPULSIVE FORCES

The atmospheric air is a gaseous compound made up by molecules, such as solid 
bodies.
The molecule is the smallest combination of atoms that constitutes a chemical com-
pound.
As has been already said:
In solids, the molecules are subjected to high intensity attracting forces that make 
them cohesive, forcing them to maintain in a specific position.
In liquids, this intensity is not so intense, and therefore the cohesive forces are weak.
Liquids in fact have their own volume and they adopt the shape of the container that 
encloses them.
In gases, as well as in air, no cohesion exists among the molecules, and they are free to 
move in such a way that their relative distances change continuously.
This force, called repulsive force, tends to separate them increasingly from the adjoi-
ning ones, being the reason why gases have no shape or their own proper volume, and 
tend to occupy all the available space.
In their movement, these molecules collide with themselves very fast, drift away from 
each other, and remain in constant contact with the container that encloses them.
Molecular collision releases a force on its wall, and the sum of all these collisions on the 
contact surface expresses the pressure.
The pressure appears with forces that act from inside to outside of the container.
The total volume of the gas molecules is very small when compared with the volume 
of the tank that contains them, so it is possible to decrease their reciprocal distances 
by means of compression, thickening many molecules into a specific volume, in such 
a way as to obtain higher pressure.
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Chapter 5

                              Physics of gases

During this operation, we will notice a temperature increase within the tank.
The base physical laws that bind the parameters of the gaseous status, pressure, vo-
lume and temperature are two:

Boyle-Mariotte’s law
Gay-Lussac’s law

5.2 BOYLE-MARIOTTE’S LAW

At a constant temperature, the volume of a perfect gas enclosed in a container is in-
versely proportional to the absolute pressure, which means that for a specific amount 
of gas, the product of the volume by the absolute pressure is constant:

p1 x V1 = p2 x V2 = p3 x V3 =                         = constant

5.3 GAY-LUSSAC’S LAW

The volume of an amount of gas at a constant pressure is directly proportional to the 
temperature:

V1  :  V2 = T1  :  T2

And consequently, at constant volumes, any pressure changes are directly proportio-
nal to the changes in temperature:

p1  :  p2 = T1  :  T2

From which we may notice that passing from an initial pressure to a higher final pres-
sure there shall be an increase in temperature and inversely, passing to a lower pres-
sure the temperature decreases.
Compression generates heat and expansion absorbs heat.

Boyle-Mariotte and Gay-Lussac’s laws are valid in an exact way only in the case of 
perfect gases. Real pure gases such as hydrogen, oxygen, nitrogen or mixtures of ga-
ses such as air follow the laws mentioned above with a good approximation, especially 
when the pressures are moderate and the temperatures are not very low.
In pneumatics, temperature changes are very low, while changes in pressure and volu-
me are remarkable. Therefore, Boyle-Mariotte’s law is basic for measuring the greater 
part of pneumatic transmission components, from tanks to actuators
. 
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Chapter 5

Physics of gases

5.4 HUMIDITY OF THE AIR

A certain percentage of water vapor is always present in the atmospheric air.
When the atmospheric air turns cold, it reaches a point where the water vapor satura-
tes. Any further decrease in the temperature implies that all the water may not remain 
in the form of vapor.
The quantity that may remain depends on the temperature.
The following table shows the maximum amount of water contained for each m3 of air, 
expressed in grams within temperatures ranging from –40°C to +40°C.
An m3 of compressed air is able to contain the same amount of water than an m3 of 
air at atmospheric pressure. The data in this table is referred to the air in atmospheric 
conditions at the indicated temperatures.

Temperature °C       0 +5 +10 +15 +20 +25 +30 +35 +40
 
g/m3 atmospheric  4,98 6,86 9,51 13,04 17,69 23,76 31,64 41,83 54,11

Temperature °C       0 -5 -10 -15 -20 -25 -30 -35 -40

g/m3 atmospheric   4,98 3,42 2,37 1,61 1,08 0,7 0,45 0,29 0,18

5.4 HUMIDITY OF THE AIR

The relative humidity is the ratio between the content of water in the atmospheric air 
at a determined temperature and the content of water at the saturation point expres-
sed as a percentage.

 
 Content of water in the air
                                    U.R. =                                                  x100      
 Content at saturation

Example: 
Temperature 20°C    U.R. 60%
How much water is contained in 1 m3 of air?

17,69 x 0,6 = 10,61 g/m3

When compressed, its capacity to contain water vapor depends exclusively on its vo-
lume, which shall be evidently reduced; therefore the water shall condense at constant 
temperatures.
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Physics of gases

Example: 
5m3 of atmospheric air at 20°C with U.R. 60% are compressed at 6 relative bars.
How much water will condense?

At 20°C, 5m3 of air may contain no more than 10.61 g/m3 x 5m3 = 53.05 g
The volume compressed at 6 relative bars shall be:

 p1
                                p1 x V1 = p2 x V2 as resoult            V1 = V2
 p2

 1,013 atmospheric bars.
                                      x 5 = 0,722 m3

 6 + 1,013

0.722 m3 of air at 20°C contain no more than 17.7 g/m3 x 0.722 m3 = 12.78 g

The amount of condensed water shall be 53.05 g – 12.78 g = 40.27 g

The condensed water shall be removed before being injected into the network.
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Chapter 6

PRESSURE

          6.1   Pressure

 6.1 PRESSURE

Pressure is indicated with a “p” and is the physic magnitude that expresses the distri-
bution of a force on the surface on which it is applied.
Its value is determined by the force that acts statically on a surface unit. 
Therefore, pressure p is a force F exercised perpendicularly by a fluid on the surface 
unit A of a body and this means:

F
              P =

A

In the SI system, the pressure is measured in N (Newtons) per m2, and the name Pascal 
(Pa) is assigned to this unit

1 N
          1 Pa = 

m2

Actually, Pa being a very small measuring unit, we generally use its multiples, such as 
kPa.
Currently, the bar is still used and admitted by the IS system, as a pressure measuring 
unit.

1 bar = 105 Pa

In Anglo-Saxon countries, the measuring unit used is psi (pound/inch2):

1 psi = 0,07 bar
 14,5 psi = 1,00 bar
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Chapter 6

Pressure

The following table compares the different measuring units used as pressure measu-
ring units.

 Pressure kPa bar psi kg/cm2

 1 kPa 1 0,01 0,145 0,102

 1 bar 100 1 14,5 1,02
 
 1 psi 6,9 0,069 1 0,07
 
 1 kg/cm2 98 0,0981 14,2 1 

Except for any different prescriptions, by fluid power we always mean the relative 
pressure whenever we refer to the operating pressure of any equipment or system.
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Chapter 7

FLOW RATE OF GASES

 7.1 Normal liter
 7.2 Flow rate

7.1 NORMAL LITER

In the SI system the flow rate of gases, and therefore of air, is expressed in:

 m3/s bzw. m3/h (volumetric flow rate)
 kg/s bzw. kg/min (massive flow rate)

Practically, in pneumatics, we refer to air at its free state and therefore, we employ the 
normal liter, identified symbolically as Nl.
It should be preferable to use the lower case letter in order not to confuse it with N 
(Newtons), yet the use of the upper case letter is common.
Employing the cubic meter as a volume measuring unit, we can speak of a normal 
cubic meter (nm3).
The normal liter is generally used as a measuring unit and the international system 
admits it the same as the bar due to its practicality.

7.2 FLOW RATE

The volume of fluid that passes across a section in a given time unit is defined as the 
volumetric flow rate Q.

                                                            V          m3

   Q =             [         ]
                                                             t           s

The flow rate may be calculated by multiplying the speed of the fluid by the area A of 
the passed section.

Q = u x A
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Flow rate of glases

Being the speed u expressed in m/s and the area in m2, we shall have:

                                                         m 
  m2 = m3/s
 s

In the SI, the measuring unit of the flow rate is m3/s, and it may be expressed also in 
l/s (liters per second) where 

1 l/s = 1 dm3/s

Calculation of a gaseous fluid’s flow rate is difficult because its speed involves many 
parameters due to its compressibility.
The following diagram shows the ratio between pressure and flow rate during its pas-
sage through a 1 mm2 section hole.

                                                                                                                                                                                             

The area delimited by the dotted line highlights the area where the air reaches a very 
high speed, that is close to the speed of sound (sonic stream), a speed that cannot 
increase even if the difference of pressure should increase.
Within this area, the curves adopt a vertical run.
With a difference of pressure equal to zero between inlet and outlet, we shall have 
no flow rate. Introducing ΔP we shall notice a flow rate that shall be as high as great 
the ΔP is. Air in fact shall flow increasingly faster across the hole until its speed equals 
about 340 m/s, as the speed of sound.
From this moment onward every increase in ΔP shall produce no flow rate increase 
since the air has reached its maximum speed.
For example, with an inlet pressure equal to 6 bars and an outlet pressure equal to 5 
bars (ΔP=1 bar), from the diagram we can notice a flow rate of about 55 l/min for a 
section equivalent to 1mm2.

P(bar)                                                               Opening cross section = 1mm

Q(I/min.)
Flow rate

In
le

t p
re

ss
ur

e
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Flow rate of glases

If a device has a section equal to 5 mm2, it shall be sufficient to multiply the resulting 
value by five in order to know the flow rate of this section. 

                                            5 x 55 = 275 l/min

Appealing to the calculating formula referred to the capacities for subsonic streams:

 
 
                       Q = 22,2 x S x         (P2 +1,013) x (P1 – P2)

 Q = 22,2 x 5 x         (5 +1,013) x (6 – 5)     =  272,187 l/min

The value obtained is very similar to the one detected using the diagram.
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Chapter 8

PNEUMATICS

                    8.1   Pneumatic automation
                    8.2  Pneumatic automation circuit structures 

8.1 PNEUMATIC AUTOMATION

Pneumatic technology is no longer represented only by a cylinder and its respective 
control valve, but is something quite more complex.
Interfacing with other technologies, such as electronics, allows pneumatic automation 
to obtain results that were unthinkable a few years ago.
In fact, pneumatic automation is able to satisfy a great part of the emerging needs 
and, in certain cases, is irreplaceable.
Pneumatics is easily employed wherever an automated movement is needed.
Its limited costs and high reliability, that determine lower producing costs and best 
quality, are a few other reasons for its increasing employment.
The productive sectors involved are uncountable, and only to mention a few examples, 
we can find pneumatics acting in sectors such as assembling machines, wood working 
machines, food and textile machines, packaging machines etc.
Compressed air must not be considered as a low expense to produce. Actually, com-
pressed air is an expensive operation, but the advantages counterweigh its production 
costs.

8.2 PNEUMATIC AUTOMATION CIRCUIT STRUCTURES 

If we consider the structure of any modern automatic equipment it shall be easy to 
observe how many different elements and components coexist: electric, mechanic, 
pneumatic and hydraulic.
Within this context, pneumatics finds its role and its reason for development, because 
each of the different technologies offers advantages that make it more suitable for 
some applications than others.
This explains why, even when each of the aforementioned technologies may be able to 
carry out by itself an entire installation, practically, the greatest part of these systems 
are hybrid in order to make best advantage of the features offered by each of these 
elements.
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The diagram displayed below describes the circuit structure of a pneumatic automa-
tion system, from the source of compressed air to the operating connections of the 
different components and their respective dialogues with their interfacing elements. 
In this structure diagram we notice the entire sequence made by the fluid in order to 
start-up and activate a system, a machine or an automatic device.

 Downstream  at its use (6 bar pressure)

                    Stroke limiters Power Hydraulic 
                    or sensors  circuit  Pneumatic

                    Interfaces 
                    or sensors  Controlling                                   
    circuit               Fluidic 
                             Pneumatic logical
                    Interfaces                          Hydraulic 
                    or sensors                          Electric
    Controlling       PLC
                                circuit               Electro-pneumatic 
                    Interfaces                          Electro-hydraulic
                    or sensors
    Air-condit-
    ioning               pneumatisch
    circuit
Upstream

 
                    Dialogue               Type of            Fulfillment system 
                                                                                                circuit
      

                         Atmospheric air

MACHINE / SYSTEM

ACTUATORS (cylinders)

POWER DISTRIBUTORS 

AUXILIARY 
DISTRIBUTORS VALVES

AUXILIARY CONTROL 
DISTRIBUTORS

AIR TREATMENT

COMPRESSORS
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 9.0 Producing compressed air
 9.1 Compressors
 9.2 Classes of compressors
 9.3 Tanks
 9.4 Refrigerators and dryers

9.0 PRODUCING COMPRESSED AIR

Today, compressed air is an essential element for the greater part of any industry.
The machines that produce air are known as compressors that, activated by engines, 
capture the atmospheric air and, once it has been compressed, transfer it to the users.
Those operators who deal with automation systems are not generally considered to 
be competent in the sector involved with compressing air or its production, but a ba-
sic knowledge must be part of any specialist’s experience and is useful to understand 
the compressed air automation method.
Before entering into the different kinds of compressors, let us look at their pneumatic 
features and their magnitudes. 

 Suction pressure  Pa
 Discharge pressure  Pe
 Suction flow rate  Q (nm3/s)
  Discharge flow rate  Ql (m3/s)
 Compression ratio  r = Pe/Pa (Pascal)

As has already been said, the term normal (n) expresses the volume of air under nor-
mal conditions, which means atmospheric conditions with the temperature at 20°C, 
and therefore nm3 and nl.
The power needed to compress a volume of air at the discharge pressure is obtained 
by means of the following formula:

N = Q x Pa x 3,5 x ( r 2,85 – 1 )
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An increase in the compression ratio decreases the performance η that must not to be 
lower than 0.7 with a compression ratio r lower than 5.
The following graph allows a quick choice of the power applied to the compressor, in 
accordance with the volumetric flow rate during suction.

                  

  
                     

9.1 COMPRESSORS

Compressors are divided into volumetric and dynamic.
Volumetric compressors are employed in pneumatic transmissions, which are divided 
into reciprocating and rotary.
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9.2 TYPES OF COMPRESSORS

Reciprocating compressors are divided into two categories: piston and membrane 
compressors.
Piston compressors are employed in the greater part of pneumatic applications, while 
the second ones, membrane compressors, do not have much importance and are only 
used in certain simple hobby applications.
Volumetric rotary compressors come in three types: gear or lobe, vane and screw 
compressors.

Reciprocating piston compressors

They adapt to the generation of low, medium and high pressures.
Multistage compressors are used to generate high pressures.

                   

Up to 1 bar mono-stage
Up to 15 bar two-stages
Over  15 bar three or more stages

The operating principle is based on a system including a cylinder and a piston that 
flows alternatively inside it, activated by a rod and crankshaft transmission.
Two valves on the cylinder’s head control air flow during suction and compression.
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The system may be refrigerated either with air or with refrigerating liquid.
Reciprocating compressors need to be connected to a tank since their operation is 
intermittent.
When the set-up maximum pressure has been reached within the tank, an electric 
contact activated by a pressure switch blocks the motor’s feeding and thus stops the 
compressor.
When the pressure decreases to a second set-up value (minimum value), a pressure 
switch will activate the motor’s electric circuit, thus restarting the compressor.

Rotary vane compressors

These kinds of compressors include a cylindrical envelope (stator) where a drum (ro-
tor) rolls eccentrically and this body is contains radial grooves. In these grooves, thin 
steel plates flow rate and during rotation they move toward the stator as a result of 
the centrifugal force. By means of slits made on the stator, the air is suctioned by the 
vanes to a higher volumetric condition, and is progressively compressed during the 
rotor’s rotation.
At the point of maximum volume reduction, the compressed air is carried to a second 
opening located on the stator and sent forward to be used.
These compressors are defined as continuous duty compressors, meaning that they 
keep working even when there is no downstream air demand.
In this situation, the suction valve, which is controlled by a spring checked piston, is 
closed and the compressor keeps on operating idle.
The rotary vane compressor also has the possibility of working without the downstre-
am storage tank, thanks to the automatic suction regulating system.

                                  

Vane compressor

Vanes

Lubrication

Stator

Rotor

Discharge

Intake piston
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Rotary screw helical compressor 

Screw compressors show performance features that are similar to the previous ones, 
but these stand out due to their quietness, thanks to the low number of bodies in 
contact during rotation.
They include two screw rotors with parallel axis, with their respective clockwise and 
anticlockwise propellers that roll opposite to each other.
Abundant lubrication is necessary in order to avoid air leaks and ensure rotor refrige-
ration.
The suctioned air is compressed owing to the particular shape of the screws that 
reduce the volume progressively, transporting it from one end to the other, or rather, 
from the suction port to the end user port.
As the vane compressor, it may work idle, being equipped with the same suction 
control device.
Rotary compressors are able to supply excellent capacities with pressures close to 10 
bars.

Lobe compressors 

These compressors are not often used due to their modest performance. In fact, they 
generate pressures up to a maximum of 3 bars with poor capacities.
Two gears are assembled rigidly on each of the two lobes and are free to roll. In their 
rotation they suck up the air and carry it from the inlet to the discharge.
The coupling between the two lobes is very precise, and does not allow leaks between 
inlet and outlet. Compression is not carried out in the chamber but at its discharge, 
and this explains its poor capacity to supply relatively high pressures.

                           
                                          

9.3 TANKS

The tank has the function of storing the compressed air and returning it to the users 
whenever they may need it.

Lobe compressor
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The compressor is to be chosen according to the flow rate method, and the tank 
must be able to supply sufficient air to the system during the compressor’s idle pha-
se.
Storage of air inside the tank also allows removing impurities that are mixed in the 
incoming air by the compressor, depositing them at the bottom.
These impurities, such as condensation, dust, oil, etc., shall be released at regular in-
tervals by means of an automatic discharge valve placed at the bottom of the tank.

Sizes

Compressor tanks may be calculated simply, with a reliable approximation, using the 
following formula:

C = Q / 60

Where C = capacity in m3 of the tank Q = flow rate in m3/hour

If a piston compressor has a flow rate equal to 50 m3/hour, it shall need a downstre-
am tank with a capacity equal to 0.83 m3 (830 liters).
We shall choose a standard 1000 liter tank.

Rotary compressors equipped with suction regulation should not need the 
downstream tank, but the following formula may be used whenever necessary:

C = Q / 600

For a vane compressor with the same flow rate as the previous one, the tank shall 
need 0.083 m3 (83 liters).
We will choose a standard 100 liter tank.

It is worth noting that tanks with a capacity greater than 25 liters are subjected to 
testing by the bodies mentioned above to ensure safety.

9.4 REFRIGERATORS AND DRYERS

During compression the air’s temperature increases to such values that it acquires an 
absorption rate higher than the value of the water vapor contained at the moment of 
its suction from the atmosphere. It is absolutely necessary to eradicate the possibility 
that water contained in the air may be sent through the distribution ducts.
If warm air enters directly into the distribution network, and subsequently cools du-
ring its travel through the pipes, the dew point decreases and the water vapor con-
denses in the pipes, this water will flow with the air and result in water supplied to the 
equipment.
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Multistage compressors are equipped with inter-stage refrigerators with their res-
pective water separators, but the dehumidification is not complete since the com-
pressed air at the final stage still has a high temperature.
The greater part of the water must be removed before the air enters into the distri-
bution network.
This removal is obtained by chilling the air with specific devices called final coolers, 
that are installed between the compressors and the tanks.

These coolers may be:
Water circulation, air circulation or refrigerating cycle coolers.
The latter are equipped with a coil containing cooling liquid that favors the dew 
point, bringing the air’s temperature that circulates in the refrigerator down to about 
+ 3°C. Because the temperature decrease, the condensed water settles in a cont-
ainer and is discharged by a water separator, equipped with an automatic discharge 
valve.
Dryers produce more loaded dehumidification, using substances that exploit the ca-
pacity of capturing the vapor contained in the air.

Dryers may be:
Absorption or adsorption dryers.
Absorption dryers exploit the hygroscopic principle (capacity to absorb humidity) of 
certain materials such as caustic soda. The hygroscopic components will have to be 
substituted regularly because they absorb the water in the air and become satura-
ted.
Adsorption dryers exploit the principle of adhesion (capacity of keeping the water 
on its own surface) of materials such as silica gels.
They are regenerated regularly with air that blows the adsorbing element.
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 10.1 Piping
 10.2 Distribution networks
 10.3 Water separators
 10.4 Head losses and sizing

10.1 PIPING

In industrial applications, pipes must be sized properly for electric and water systems. 
The type of system may change according to its use and applications, but in each case 
it must satisfy needs such as:
– Minimize pressure drops between the compressor and the end users 
– Reduce air leaks in joints and keep leaks to a minimum
– Ensure that water is removed by employing water separators.
The compressed air is distributed to the point of use by means of a series of main pi-
ping systems that represent the system’s arteries.
Sizing of this piping must be performed in such a way that, even in the farthest point 
of the network, flow rates and pressure are maintained within acceptable ranges, and 
any pressure drops resulting from head losses are to be kept within values around 0.3 
bars.

10.2 DISTRIBUTION NETWORKS

Building a compressed air distribution system depends on many factors such as: size 
and structure of the environment, number of draw off points, their disposition, etc.
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Except for new installations, more often than not, the network is the result of further 
extensions, and is therefore branched. Its size is usually not supported by specific 
calculations, but is carried out based on the needs existing at the moment of its ex-
tension.
The best method is to design the main piping with a closed loop in mind, in order to 
connect it with other parallel piping to the main pipeline, in order to obtain a mesh 
overhanging the surface to be serviced. With other small derivations, air may be avai-
lable at every point.
This system has the advantage of offering the air at several parallel ways where to flow 
with a remarkable reduction of head losses.
The piping must be installed in such a way that it will not obstruct the movement of 
hoists or any other suspended loads, and must be painted blue, in accordance to the 
regulations that the colour blue identifies compressed air ducts.

                         

a) Open loop
b) Closed loop with mesh prearrangement
c) Branched
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The piping’s layout must be planned at a 1 to 2 % inclination in the direction of the air 
flow, and must include water collecting wells (also called water traps) at the end of 
each course of the duct, with the possibility of draining downward and must be easy 
to discharge the moisture.
The pipes that deliver air to the users of the air must be detached from the main duct 
at the upper wall, by means of elbow connections (based on the shape of the connec-
tion), in order to prevent water from reaching the users.
The recommendations mentioned regarding branched, open loop or closed loop net-
works are described in the following figures.

Shut-off valves are installed at the most suitable points of the network, which are 
useful to section off different areas for any eventual maintenance and/or extension 
activities, without the need to deactivate the entire system.

10.3 WATER SEPARATORS

Once the water has been separated from the compressed air, and once it settles in the 
pipes, it is collected in traps equipped with a device called a water separator.                         

Slope 2% Slope 2%

Slope 2%

Elbow shaped connection
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Automatic discharge is always advisable in these units, because they are frequently 
located in very inaccessible places, and a simple manual discharge tap would not be 
very practical.

10.4 HEAD LOSSES AND SIZING

A difference of pressure is necessary to maintain an air flow through a piping system, 
in order to overcome friction resistance due to tube wall roughness and the connec-
tions. The degree of pressure drop depends on the tube’s diameter and length, its 
shape, the roughness of its walls and on the speed of the fluid that passes through it.
A pressure drop is an energy loss, and therefore increase operating costs.
An installation is accurate when the head losses that occurs in the piping, from the 
compressor’s tank up to the users, is about 10000 – 30000 Pa (0.1 – 0.3 bars) and it is 
usually advisable that it should not be higher than 5% of the operating pressure. The 
speed of air in the piping must not be greater than 10 m/s. Introducing the piping’s 
length we must consider its connections and fittings. For ease of calculation, any head 
losses determined in these elements are equalized for a tube whose length presents 
the same head losses.
The section of the main duct depends on:

– Pressure rates
– Difference of pressure between compressor and the last end user point

Scaricatore automatico di condensa

Serbatoio

Compressed air

Condensation

Connection pipe Air compensantion pipe

Body

Floater

Maxiumum level

Manual drainSpring

Condensation
output port

Poppet

Connection harm

End cap

Tank

Condensation automatic drain
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– Maximum sudden flow rate, counted with the maximum number of working end 
users
– Total main duct length
– Connections, shut-off valves, curves etc. that determine pressure drops.

Suppose having a distribution network that must supply 10nm3/min and imposing a 
0.1 bar pressure drop for an equivalent tube length equal to 200m, with a respective 
operating pressure equal to 7 bars.
Therefore, for each meter of piping we will have a pressure drop equal to 50 Pa.

                                             10000 Pa / 200m = 50 Pa/m

In the chart, join the required 10 nm3/min flow rate value to the vertical right axis 50 
Pa (head losses). The matching point located at the central vertical axis determines 
the internal diameter of the tube.

                 Cart to determine air duct tube diameters for a gauge pressure equal to 7 bars
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Considering the piping’s length, we must ponder that head losses due to connections, 
shut-off valves, etc., as has been said, are equalized to the length of a tube that pre-
sents the same loss features, and they shall be counted along the entire line.
The following table shows head losses in branch tubes and in the most common val-
ves with equivalent length.

      Equivalent length in m of tube
                        
 Valves, etc.           Internal diameter of the tube in inches
                                                
  1 1 ,5 2 3 1/4 4 5 6

 Membrane valves 1,2 2,0 3,0 4,5 6 8 10                  

 Gate valves 0.3 0,5 0,7 1,0 1,5 2,0 2,5

 Elbow connections 1,5 2,5 3,5 5 7 10 15    
 
 T connections 2 3 4 7 10 15 20

 Reductions  0,5 0,7 1 2 2,5 3 3,5 
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COMPRESSED AIR TREATMENT 

Once the compressed air is distributed, it needs further treatment in order to be ade-
quate to the pneumatic equipment it will supply with air. This means to remove any fo-
reign particles suspended in the air with suitable filtration and to reduce and stabilize 
the pressure, which in networks is variable, at a lower and constant value than the one 
existing in the distribution system. Whenever necessary, lubricant mist and micro-mist 
oil shall be supplied to the moving parts of the devices.
The structure of an air treatment device is:
–  Filter
–  Pressure regulator and manometer
–  Lubricator (whenever necessary)

11.1 FILTERS

Filters remove solid particles as well as the humidity condensed from the compressed 
air.
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It is known that air does not contain only water vapor, but also solid particles and de-
graded oil vapors produced by the compressor, etc.
The task of any filter, at the user’s point, is to clean the air completely from the mo-
ment it is placed in-line, after the suction and line filters have carried out the first 
rough filtering. 

 

Scarico manuale 

  

                                                                   
 

Scarico automatico  

           

OUTIN OUTIN

 

Vane baffle 

Separating screen

Manual drain

Automatic drain
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Referring to the figure, the air enters through the top of the device (IN) and finds a 
fixed baffle with inclined vanes that force it to rotate rather violently. Water drops and 
large solid impurities are projected against the glass wall by the centrifugal force and 
fall to its bottom due to gravity.
The glass’s content is protected from the turbulent upper area by a separator which 
behaves as a screen, keeping the lower part stagnant. This allows the water to remain 
at the bottom without being sucked into the network.
Before leaving the device the air is forced to pass through a filter cartridge in order to 
remove the smallest impurities, and then it flows toward the outlet (OUT). Cartridges, 
or filter elements, are classified based on their porosity, which determines the smallest 
impurity particles that they are able to retain. For example, a 50 micron filter retains all 
the particles that have a rated diameter equal to or larger than 50 microns.
Cartridges for greater filtrations are also designed: 5 and 20 microns.
The cup is manufactured with transparent high-resistance materials such as polycar-
bonate or nylon and is protected by shockproof techno-polymer casings. Certain me-
tal protections have been designed for greater sizes or for particular applications.
A water discharging device is placed at the lower part of the cup, which may be a 
simple manual tap or an automatic float tap.

Manual discharge Automatic discharge
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For applications where better filtration is needed, we can use a filter that is able to 
remove oil particles and residual micro condensation from the air, favoring agglome-
ration of the liquid particles in order to produce drops that fall to the bottom of the 
glass. The cartridge’s porosity, made with enveloped fibers, is equal to 0.1 micron and 
allows having 99.97% air technically free of oil. These filters employ the coalescence 
physical principle, which is why they are called coalescent micro-filters.
But it is necessary that these filters be preceded by a pre-filter with a 5 micron filtrati-
on value in order to avoid early contamination of the coalescent cartridge.

 
  

The pre-filter retains solid impurities with a rated diameter equal to 5 or more microns, 
and the other filter, in addition to retain remaining solid impurities up to 0.1 microns, 
transforms the suspended water and oil particles into liquids, carrying them to the 
bottom of the glass.
It is useful to remember that all filters need regular maintenance by removing and 
substituting any dirty cartridges and emptying the liquids stored in the cup when the 
discharge is manual.
A full cartridge produces higher head loss levels than normal under equal flow rate 
conditions.
Their sizing is performed considering the required capacities and pressure drops ac-
cepted between their inlet and outlet.
In order to function smoothly, the filter must have a pressure drop of at least 0.1 bars.
In their technical datasheets, the manufacturers point out data regarding flow rates 
and drops under different operating pressures, obtainable from diagrams that assist 
correct choice of the device.

5 micron coalescent
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These diagrams are helpful in order to choose the right filter.
If the flow rate requirements may call for a 900 Nl/min standard filter with an opera-
ting pressure of about 6 bars, rising from the axis of the flow rate up to the respective 
6.3 bar curve, we can detect a pressure drop equal to 0.35 bars at the respective ver-
tical axis. This means that during absorption of the mentioned flow rate, the pressure 
of the filter downstream has decreased to about 5.9 bars.
Moreover, the diagram shows that if the air requirements should increase considerab-
ly, the drop also increases and should turn intolerable when its value is about 1 bar. In 
these cases it is necessary to choose a greater sized device.
For coalescent filters with equal size, the flow rate is lower due to cartridge porosity 
and it is therefore advisable to follow the indications described in the respective dia-
gram for optimal operation.
All flow rate and drop values included in the area below the dotted line are to be con-
sidered correct.

11.2 PRESSURE REGULATORS

A pressure redugulator is a device that allows reducing and stabilizing the air pressure 
available in the system.
It works according to the proportionality principle of supplying a pressure at its outlet 
that is proportional to a reference signal.
Its employment is always necessary to supply the correct downstream pressure in 
order for the equipment to function properly.
In most cases the reference signal is constituted by the force produced by charging a 
spring with a regulation screw.
As high is the produced force, as high shall be the pressure returned at the outlet.

                                                                                                                      

Operation

In order to set up a secondary pressure that shall be mandatorily lower than the ope-
rating pressure, we must act on a screw that loads the regulating spring, which, acting 
on a membrane, pushes a shaft integrated to a shutter.

Chapter 11
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This action allows opening an air passage from the entrance toward the outlet. We 
shall call the first pressure P1 and the second pressure P2.
P2, that feeds the equipment downstream, rises and starts to react on the lower sur-
face of the membrane contrasting the force of the spring that acts on the upper part.

                                         

Once a balance between the two forces has been reached, the shutter valve returns 
to the closed position. When consumption is required, P2 decreases together with 
the opposing force on the lower part of the membrane. The shutter moves downward 
opening a passage that allows compensating the consumption.
The shutter remains closed without any air consumption.

Relieving Function

If for any reason pressure P2 should increase more than the set-up value, the membra-
ne rises moving away from the shutter’s shaft.
A small hole made at the center of the membrane is opened discharging the excess to 
the atmosphere through a hole made on the bell.
This function is known as relieving.

 

 

 

Funzionamento 

 

 

Per impostare una pressione secondaria, che dovrà per forza essere minore di quella di 

alimentazione, bisogna agire su di una vite che carica la molla di regolazione la quale, 

agendo su di una membrana, spinge un’asta solidale con un otturatore. 

Questa azione permette l’apertura di un passaggio d’aria dall’ingresso verso l’uscita. 

Chiameremo P1 la pressione primaria e P2 la pressione secondaria. 

P2, che alimenta l’impianto a valle, sale e comincia a reagire sulla superficie inferiore 

della membrana contrastando la forza della molla che agisce sulla parte superiore. 

 

 

 

 

 

 

 

 

 

 

 

 

                                          

 

 

 

 

 

 

                                   

Al raggiungimento dell’equilibrio tra le due forze la valvola ad otturatore si riporta 

nella posizione di chiusura. Quando è richiesto un consumo, P2 diminuisce e con essa 

la forza antagonista sulla parte inferiore della membrana. L’otturatore si muove verso 

il basso aprendo un passaggio che permette di compensare il consumo. 

Senza consumi d’aria l’otturatore è chiuso. 

 

 

 

 

 

                                                       57  

 

P1 
P2 

P1 

P2 

                  

 

 

Funzione relieving 

 

 

                               

           

 

 

 

Se per qualsiasi motivo la pressione P2 dovesse salire al di sopra del valore impostato, 

la membrana si solleva allontanandosi dall’astina dell’otturatore. 

Un piccolo foro,  praticato al centro della membrana, viene liberato scaricando 

l’eccesso all’atmosfera attraverso un foro presente sulla campana. 

Questa funzione viene chiamata relieving. 

 

Compensazione della portata 

 

Con consumi di aria elevati, l’otturatore è molto aperto e la molla che agisce sulla 

membrana è estesa tanto quanto la corsa effettuata dall’otturatore stesso. 

La forza esercitata dalla molla è più debole se paragonata a quella espressa ad 

otturatore chiuso ( valore impostato ). 

L’equilibrio tra le due forze ( molla/pressione P2 ) avviene ad un valore più basso. 

Se osserviamo il diagramma vedremo che la pressione equivalente alla forza 

sviluppata dalla molla si attesta ad un valore molto più basso di quello di taratura. 

Sarebbe necessario aumentare la portata ad un valore più elevato di quanto sia il 

consumo. Per fare questo occorre sfruttare il principio fisico del tubo Venturi. 
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Flow Rate Compensation

With high air consumptions the shutter is opened significantly and the spring that 
acts on the membrane is extended according to the run performed by the shutter.
The force exercised by the spring is weaker than the one with the closed shutter (set-
up value).
The balance between the two forces (spring/pressure P2) is produced at a lower value.
Observing the diagram, we can see that the pressure equivalent to the force produced 
by the spring stands at a much lower value than the calibrating one.
It would be necessary to increase the flow rate to a higher value than the one of 
consumption. In order to do that, it is necessary to use the Venturi tube’s physical 
principle.

Diagram of the spring and its equivalent pressures

                     

                

                         
It is useful to remember that the Venturi principle is based on the decrease of the 
section in a tube crossed by both liquid and gaseous fluids.einem flüssigen oder gas-
förmigen Medium durchströmt wird.
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   Flow rate, Pressure and Speed 
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p1 > p2 Q1  = Q2
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The figure described in the previous page schematizes the constriction condition of 
a section of this tube and the passage of fluids from sector 1 to sector 2. The fluid’s 
speed increases immediately after this constriction and pressure P2 decreases with 
respect to P1, keeping the flow rate unchanged. The pressure increases again when the 
section returns to its initial value, sector 3.

                                                                                        

OUTIN OUTIN

As we can see, the chamber of P2 is no longer in direct contact with the lower part of 
the membrane. In fact, a third chamber, P3, has been created that is connected to P2 
by means of a small hole placed in the constriction point toward the outlet, recreating 
the Venturi tube’s situation.
In a similar instance, the part below the membrane “feels” a lower pressure than the 
real outlet pressure (P2) forcing the spring to open more and consequently the shut-
ter does so as well.
This allows to increase the flow rate and supply more air than the one consumed. A 
tube, with an angled end and directed toward the outlet, placed at the center of the 
flow rate near the constriction, enhances the Venturi effects, balancing the flow rate 
properly.

Pressure compensation (shutter balancing)

The inlet pressure P1 is subjected to fluctuations existing in the distribution network 
that affect the regulated pressure P2. In fact, we notice certain pressure increases in 
P2 when P1 decreases, as well as certain decreases in P2 when P1 increases. Different 
values for surfaces that are exposed to the pressure on the two shutter faces cause 
this phenomenon. These opposite forces must be equalized in order to cancel each 
other, so that inlet pressure fluctuations do not influence the regulated outlet pressure.

 

 

 

 

                   

   
 

E’ utile ricordare che il principio di Venturi  è basato sulla diminuzione di sezione in 

un tubo attraversato da un fluido qualsiasi, sia esso liquido che gassoso. 

Nella figura è schematizzata la situazione della restrizione di sezione di detto tubo e, 

dal settore 1 il fluido transita nel settore 2. La velocità del fluido aumenta 

immediatamente dopo la restrizione e la pressione P2 diminuisce rispetto a P1 

rimanendo invariata la portata. La pressione aumenta nuovamente quando la sezione 

ritorna al valore iniziale, settore 3. 

 

 

 

                                                                                        

OUTIN OUTIN

 
Come si può notare, la camera di P2 non è più in diretto contatto con la parte inferiore 

della membrana. E’ stata infatti creata una terza camera P3 connessa a P2 attraverso 

un piccolo foro situato nel punto di restrizione in direzione dell’uscita ricreando la 

situazione del tubo Venturi.  
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Reducer size

The reducer must be sized in order to satisfy the required flow rate with an acceptable 
set-up pressure drop. The device’s flow rate capacity depends on its size and the data 
is described in the diagrams that pneumatic equipment manufacturers include in their 
own technical datasheets.
 
                       

The curve represented in the diagram is divided into three sectors:

1) Initial condition, with the shutter open and with a small opening that does not allow 
any adjustments, since the air flow rate demand is very low. Any response in case 
of changes to air flow rate demand is impossible.

2) Usable regulation range

3) Critical condition where the shutter is completely opened with maximum air flow 
rate demand. The air reaches its maximum allowed speed and pressure P2 decrea-
ses sharply.

The area marked with number 2 is the one described in reducer choice diagrams. 
Areas 1 and 3 are cut because they represent unsuitable conditions for proper device 
operation.
A large regulation range requires a spring with reacting features stronger than those 
expected for a lesser range, since available space for the spring housing is fixed.
If, for example, we would set up a pressure equal to 1.5 bars at outlet P2, we should 
use a spring calibrated and regulated from 0 to 4 bars and not one with a maximum 
regulation from 0 to 12 bars.
Even if apparently a more rigid spring should satisfy the expected regulating con-
ditions, we must consider that compressing it slightly it should produce a sufficient 
force on the front part of the membrane in order to impose the planned 1.5 bars outlet 
pressure.
The shutter should open a small opening and the operating situation illustrated in the 
diagram should be produced at sector 1, which is not a correct condition, as already 
said.
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Otherwise, a spring calibrated from 0 to 4 bars needs a greater compression ratio to 
produce the same reaction and, allowing a larger shutter run, it works in correct ope-
rating conditions in area 2 of the diagram. It is easy to guess that if we want to work 
with a regulated pressure near 4 bars using the same spring, we should move to area 
3 of the diagram and any further flow rate demand shall not be met.

Characteristic curves 

           

              

          Flow rate curves and their respective drops in P2 under different operating pressures

                    Variation of the downstream pressure P2 based on pressure P1 variations

 

 

Curve caratteristiche 

 

 

 

                          
 

      Curva di portata e relative cadute in P2 a differenti pressioni di alimentazione  

                      

                           
  

Variazione della pressione a valle P2 in funzione della variazione della pressione P1 
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Variazione della pressione a valle P2 in funzione della variazione della pressione P1 
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The first diagram refers to the choice of the regulator based on the necessary flow 
rate.
If the requested consumption should be equal to 400 Nl/min, and if we should regu-
late the outlet pressure to 6.3 bars with P1= 7 bars, during the absorption of this flow 
rate we will have a pressure drop in P2 of about 0.3 bars. Increasing the flow rate, the 
drop also increases naturally.
The second diagram shows the influence of the operating pressure on the set-up 
pressure P2. A fixed consumption is forced at different regulated pressures in order to 
verify that variations to the set-up value at different P1 pressures shall be produced.
The ideal characteristic should be a line parallel to the axis of the upstream pressures, 
because it would mean a perfect balance of the initial curve where the operating pres-
sure and the regulated pressure have the same value.

Hysteresis

Hysteresis is the phenomenon that influences the performance of both P1 and P2.
In a mechanical transmission system hysteresis is caused by the friction of moving 
bodies.

                     

                       

In a pneumatic system hysteresis is produced by frictions of gaskets, as well as the 
unilateral deformation of frontally sealed gaskets when they are compressed on the 
gasket’s seat, as well as to mechanic resistances caused by membrane deformations.
To this purpose, they are not flat but wavy in order to reduce this resistance to a ma-
ximum. Hysteresis comes from the Greek “histerein” that means be back or to come 
too late. If we consider a 10 wagon train as an example, when marching forward, the 
locomotive, representing the dominant value, has a certain distance with respect to 
the last wagon. Marching backward, this distance decreases.
It is due to the fact that the wagon coupling has a certain movement and that back-
ward they touch their buffers.

 

 

 

Il primo diagramma si riferisce alla scelta del riduttore in funzione della portata 

necessaria. 

Se il consumo richiesto fosse di 400 Nl/min, e regolassimo la pressione in uscita a  6,3 

bar con P1= 7 bar, durante l’assorbimento di questa portata avremmo in P2 una caduta 

di pressione di circa 0,3 bar. Incrementando la portata aumenta naturalmente la 

caduta. 

Il secondo diagramma mostra l’influenza della pressione di alimentazione sulla 

pressione P2 impostata. Si impone, a diverse pressioni regolate, un consumo fisso e si 

verifica quale sia la variazione del valore impostato alle differenti pressioni P1. 

La caratteristica ideale sarebbe una linea parallela all’asse delle pressioni a monte 

perché significherebbe un perfetto bilanciamento a meno del ricciolo iniziale della 

curva dove, pressione di alimentazione e pressione regolata hanno il medesimo valore. 

 

Isteresi 

 

L’isteresi è il fenomeno che influisce sulle caratteristiche P1/P2. 

In un sistema di trasmissione meccanico l’isteresi è dovuta ai giochi e dagli attriti 

degli organi in movimento. 

 

                      
 

                        

 

In un sistema pneumatico ciò è dovuto agli attriti delle guarnizioni, alla deformazione 

unilaterale delle guarnizioni a tenuta frontale quando vengono compresse sulla sede di 

tenuta ed alla resistenza meccanica dovuta alla deformazione della membrana. 
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This is useful to explain the two different values of P2 at the same P1 if it is considered 
to be an upward rather than downward P1 set-up value.
P2 always follows the variation of P1, that is the dominant variable, with a small delay.
As steeper are the curves, higher is the influence of P1 on P2, as well as larger is the 
space between the two curves, and stronger is the hysteresis effect.

Repeatability

This term defines the deviation from the set-up value of P2 when the operating pres-
sure P1 is removed and then restored.
It is expressed as a percentage of the P2 set-up value.

Other regulators

Sometimes we could use particular regulators that include a manometer (pressure 
gauge) in the regulating knob that marks the secondary pressure.

This avoids drilling the machine’s control panel savings time and money. The diameter 
of the manometer is obviously reduced in order to allow its direct housing. This kind 
of solution is not advisable when it is necessary to read the pressure on the dial from 
considerable distances.
Whenever it is necessary to power a set of regulators with the same line, we can use 
equipment designed for this purpose, and that may be assembled easily and quickly 
in modules on the common supply line.
The outlet, which in standard regulators is opposite and in line with the feeder, is 
located on the side normally used for the manometer at 90° with respect of the feed 
supply.
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Even in miniaturized versions, similar solutions that include the modular assembly sys-
tem with its own incorporated pressure indicator are possible.

Precision regulators 

Precision pressure regulators guarantee maintenance of the set-up secondary pressu-
re at an almost perfect value, if their performance is kept within the limits recommen-
ded by the technical datasheet.
Its operation is based on the same principle of standard regulators, with the difference 
that control of the secondary pressure is assigned to a double membrane system. The 
first membrane in the upper part, pushed by the spring, intercepts an air leak (5 Nl/
min) by means of a sphere on a calibrated hole.
                         
                                                                                     

 

 

 
 

 

Riduttori di precisione                  
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Assemblaggio 
modulare con 
inserto a d  x 

                 

 

 

I riduttori di pressione di precisione garantiscono il mantenimento della pressione 

secondaria impostata ad un valore pressoché perfetto se la prestazione è mantenuta 

entro i limiti consigliati dalla documentazione tecnica. 

                             
                                                                                      

Il funzionamento si basa sul medesimo principio del riduttore standard con la 

differenza che il controllo della pressione secondaria è affidato ad un sistema a doppia 

membrana. La prima membrana nella parte superiore, spinta dalla molla, intercetta 

una fuga d’aria ( 5 Nl/min ) tramite una sfera su di un foro calibrato. 

Questo crea nella camera sottostante  una pressione che agisce sulla parte superiore 

della seconda membrana la quale spinge verso il basso l’otturatore. Dall’ingresso IN 

l’aria è libera di fluire verso l’uscita OUT ed alimentare il circuito a valle. La parte 

inferiore della seconda membrana “ sente “ il valore di pressione in uscita e la forza di 

reazione generata controbilancerà alla fine quella che insiste sulla parte superiore 

chiudendo l’otturatore. Qualsiasi richiesta d’aria all’utilizzo sbilancerà il sistema ed 

immediatamente l’otturatore si aprirà per sopperire alla richiesta. 

La prontezza nella risposta è caratteristica fondamentale di un apparecchio di questo 

tipo, sia in alimentazione che in scarico. Al contrario del riduttore standard, quello di 

precisione, ha una via di scarico di notevole portata permettendo un pronto ripristino 

dei valori impostati anche in caso di sovra pressioni a valle.                              
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This creates a pressure in the chamber below that acts on the upper part of the se-
cond membrane that pushes the shutter downward. The air is free to flow from the 
inlet IN toward the outlet OUT powering the downstream circuit. The lower part of the 
second membrane “feels” the outlet pressure value and, finally, the generated reacting 
force shall counterbalance the force produced on the upper part of the membrane, 
thus closing the shutter. Any air request from the user shall overbalance the system 
and the shutter shall open immediately in order to meet the request.
For what concerns its power and discharge, prompt response is a basic feature for 
this kind of devices. In opposition to the standard regulator, the precision regulator’s 
discharger has a remarkable flow rate, allowing proper restoration of set-up values 
even in downstream overpressure cases.
                             

As we can see from the example shown in the first diagram, the downstream pressure 
remains constant and with significant absorptions of air before decreasing quickly 
when it reaches the critical flow rate. In fact, the run of the flow rate curves is almost 
parallel to the horizontal axis. For what concerns the discharge diagram, we can notice 
the substantial flow rate in different downstream set-up pressure situations.

 

 

                            

             
   

Come si può notare dall’esempio mostrato sul primo diagramma, la pressione a valle 

rimane costante anche con notevoli assorbimenti di aria prima di decadere 

rapidamente al raggiungimento della portata critica. L’andamento delle curve di 

portata è infatti quasi parallelo all’asse orizzontale. Per quanto riguarda il diagramma 

lo scarico si può vedere la notevole portata nelle diverse situazioni di pressione 

impostata a valle. 

 

 

 

 

11.3  Lubrificatori 

 

Il lubrificatore ha la funzione di inviare olio di lubrificazione verso le apparecchiature 

dell’impianto quando questo sia necessario. 

Ormai, la lubrificazione tende ad essere sempre meno usata in quanto gli apparecchi 

che vengono utilizzati sono idonei al funzionamento senza apporto ulteriore di olio 

lubrificante. La necessità di lubrificare nasce in applicazioni particolari, quali 

prestazioni a frequenze elevate oppure in presenza di attuatori con lunghe corse e 

velocità elevate di attuazione. 
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Come si può notare dall’esempio mostrato sul primo diagramma, la pressione a valle 

rimane costante anche con notevoli assorbimenti di aria prima di decadere 

rapidamente al raggiungimento della portata critica. L’andamento delle curve di 

portata è infatti quasi parallelo all’asse orizzontale. Per quanto riguarda il diagramma 

lo scarico si può vedere la notevole portata nelle diverse situazioni di pressione 

impostata a valle. 
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dell’impianto quando questo sia necessario. 
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che vengono utilizzati sono idonei al funzionamento senza apporto ulteriore di olio 

lubrificante. La necessità di lubrificare nasce in applicazioni particolari, quali 

prestazioni a frequenze elevate oppure in presenza di attuatori con lunghe corse e 

velocità elevate di attuazione. 

 

 

 

 

 

79                                                            69 

 

Portata in scarico (Nl/min.)

Pr
e

ss
io

ne
 a

 v
a

lle
 (b

a
r)

Curve di portata in scarico (17312A.C)

5

1200

1

4

3

2

300 600 900 18001500 2100

7

8

6

10

9

Pressione di alimentazione (7 bar)

Portata (Nl/min.)

Pr
e

ss
io

ne
 a

 v
a

lle
 (b

a
r)

Curve di portata (17312A.C)

24000

1

600 1200 1800

2

3

5

4

6

36003000

Flow rate curves (17312A.C)
Operating pressure (7 bar)

D
o

w
ns

tr
ea

m
 p

re
ss

ur
e 

(b
ar

)

Flow rate (Nl/min.)

Discharge flow rate curve (17312A.C)

D
o

w
ns

te
am

 p
re

ss
ur

e 
(b

ar
)

        Discharge flow rate (Nl/min.)

Chapter 11

Compressed air
treatment and use

Pneumatic Guide_GB.indd   57 15/04/2015   08:45:51



58

11.3 LUBRICATORS

Lubricators have the function of sending lubricating oil to pneumatic system’s whe-
never needed.
Currently, lubricators tend to be used less frequent because some devices employed 
are suitable to operate without any further lubricating oil. The need for lubricators is 
sustained in particular applications, such as high-frequency performances or for actu-
ators with long running and high actuating speeds.
Once a system is supplied with lubricants it will need to be lubricated always, even if 
the equipment is declared to be in conditions to operate without new lubricant supply.
In fact, the oil tends to wash away the greases used for moving parts during their as-
sembly, and therefore, if no lubrication is supplied, after certain movements dry ope-
rating condition would take place.
Lubricators use the Venturi principle to operate, and therefore they need to be cros-
sed by an air flow to begin the phenomenon.

                       

The design shows lubricators performance schematically, and how the oil mist is trans-
ported suspended along the compressed air ducts.
It produces a difference of pressure between sections A1 and A2 of the tube. In section 
A2 the pressure decreases and the flow speed increases. This difference in pressure 
causes the oil in the tank to be sucked rising along the small tube.
A flow control valve measures the oil introduced into the area where the air moves fas-
ter. The air breaks the drops and the smaller parts are dragged with it in suspension. 
The air and oil mixture may cover relatively large distances (up to 10 or 12 meters) but 
this depends on the system’s structure.

Venturirohr

A1

A2

P

Regulating  valve 

Tank

Venturi tube
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This distance may be drastically reduced if the air flow should happen to pass through 
elbow, T and other similar connections. We must consider that the greater part of the 
lubricating oil shall be sent to those circuit areas where greater flow rate absorption 
exists.

                                

Always use oil that is compatible with the mixtures for the gaskets used in the equip-
ment to be lubricated. Non compatible oil generates irreversible damages, causing vo-
lume swellings or reductions in the gaskets with which it enters into contact. Jamming 
or excessive air leaks are the most commonly produced damages.
Therefore, no lubrication may be better than using oil that is not suitable.
Being easily pulverized by compressed air oil is not enough, but it must also possess 
other qualities needed for best lubrication such as purity and stability against oxida-
tion.
Oils for motor vehicle cannot be used due to their additives that restrain viscosity 
changes over a large range of temperatures, or that avoid production of foams, etc.
A viscosity that ranges between 23 and 32 cSt (centiStokes) allows effective pulveri-
zation and produces a sound film. 
The oil flows along the piping’s internal walls but it may find obstacles such as elbow, 
T and other similar connections that prevent the farthest points from being lubricated. 
For this reason, a system operating with lubricants must be designed carefully.
The used oil is expelled by means of discharging valves and when sent to the environ-
ment. It could be harmful to the environment if its concentration is higher than 5 mg/
m3. It is advisable to use cleaners for the discharged oil that assist with separation of 
the oil from the air, and then collecting it in a cup.
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The inside view of the lubricator highlights the cup containing the oil with its respec-
tive suction hose, and the transparent drip in the upper part that enables seeing the 
oil flow, with its own regulating valve. Instead, lateral magnification shows the Venturi 
valve (the arrows mark flow direction) with the central hole that represents the restric-
tion. Some flexible lateral vanes allow the passage of higher flow rates than the Venturi 
valve’s capacity.
In fact, the air climbs over the constriction, folding the vanes and ensuring the neces-
sary flow rate. The oil supply is regulated by the user, who shall dose the number of 
drops needed for proper lubrication by means of the regulating knob.
About 10 oil drops per each m3 of consumed air are enough to feed the system to be 
lubricated. A check valve along the suction hose prevents the oil from returning to the 
cup when no air demand exists. The amount of oil in the volume units remains cons-
tant even if the flow rate changes. Reliable calculations or systems for establishing the 
right amount of oil to be sent to the system do not exist. Very often, we find the right 
amount of oil due to experience gained over time. Oil flow should be kept constant 
over time. Regular checks must be carried out in order to control that the lubricator 
cup contains lubricating oil, and if this is not possible, the lubricating system shall be 
equipped with an indicator marking low cup oil levels.
It is absolutely not recommended to use lubricators in devices that may have small ca-
librated orifices or holes, such as precision regulators, proportional valves etc., becau-
se the oil could obstruct the air passage thus hindering their operation. Lubricators 
are used less frequently thanks to enormous progress in lubricating greases that offer 
high adhesive capacities. This allows them to remain longer at the lubricating point, 
for which they are defined as being long-term greases.
With these greases and suitable gaskets, all lubricating devices may operate without 
being supplied with any further lubricating oil.

 

 

 

L’olio utilizzato viene poi espulso attraverso gli scarichi delle valvole e, se disperso 

nell’ambiente, può risultare nocivo alla salute se la sua concentrazione supera i  

5 mg/m
3
. E’ consigliabile utilizzare dei depuratori di scarico che separano l’olio 

dall’aria e lo raccolgono in una tazza. 

 

 

 

 

 

 

                          
 

 

Lo spaccato del lubrificatore evidenzia la tazza contenente l’olio con il relativo tubo di 

aspirazione ed il gocciolatoio trasparente nella parte superiore che consente la 

visualizzazione del flusso di olio, con la propria valvola regolatrice . L’ingrandimento 

laterale mostra invece la valvola Venturi ( le frecce indicano la direzione del flusso ) 

con il foro centrale che rappresenta la restrizione. Delle alette flessibili laterali 

consentono il passaggio di portate più elevate rispetto alla capacità della valvola 

Venturi. 

 72 
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Curve characteristics                   

                    
            

Choice of the lubricators is determined by the flow rate value needed to power the 
system and by the respective head losses.
The diagram shows that different head losses exist at equal flow rates under three 
different operating pressures.

11.4 4 F.R.L. GROUPS

Conditioning groups constitute an essential unit that ensures a dry and clean air sup-
ply to the pneumatic components, with regulated pressure and lubrication whenever 
necessary.

                                                     

                                                                                                

 

L’aria infatti scavalca la restrizione piegando le alette assicurando la portata 

necessaria. L’apporto di olio è regolato dall’utente che dovrà dosare, tramite la 

manopola di regolazione, il numero di gocce sufficienti per la corretta lubrificazione. 

Circa 10 gocce di olio per ogni m
3 

  di aria consumata  bastano per considerare il 

sistema lubrificato. Una valvola di non ritorno lungo il tubo di aspirazione permette 

all’olio di non tornare verso la tazza quando non ci sono richieste di aria.  La quantità 

di olio nell’unità di volume è costante anche al variare del flusso. Non esistono calcoli 

o sistemi sicuri per stabilire la giusta quantità di olio da inviare nell’impianto, molto 

spesso la si trova grazie all’esperienza e tale quantità è bene che sia costante nel 

tempo. Una verifica periodica deve essere fatta per controllare che la tazza contenga 

olio lubrificante, se ciò non fosse possibile, bisogna dotare il lubrificatore di un 

indicatore che segnali un livello troppo basso dell’olio nella tazza.  

E’ assolutamente sconsigliato l’utilizzo del lubrificatore in presenza di apparecchi 

dotati di piccoli orifizi o fori calibrati come riduttori di precisione, valvole 

proporzionali etc. perché l’olio potrebbe ostruire il passaggio dell’aria 

compromettendone il funzionamento. 

Il lubrificatore trova sempre meno utilizzo grazie ai grandi passi in avanti compiuti dai 

grassi lubrificanti i quali sono dotati di capacità adesive elevate. Questo consente una 

lunga permanenza nel punto di lubrificazione tanto da definirli di lunga durata. 

Gli apparecchi lubrificati con questi grassi, ed adeguate guarnizioni, possono 

funzionare senza apporto di ulteriore olio lubrificante.     

                                      

Curve caratteristiche                      
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They include a filter, a pressure regulator and a lubricator system interconnected in a 
single block. They are called F.R.L. indiction the initials of the single components, and 
they are mounted upstream of the equipment in the mentioned order.

11.5 CHOOSING THE F.R.L. GROUP

The diagrams of use drafted by the companies of this sector must be analyzed in 
order to choose a group, taking into account all the necessary requirements for their 
proper operation.
These requirements involve required filtering degrees, necessary air flow rates, re-
duced pressure and any eventual lubrication needs.
A proper sized group shall be chosen based on these principles.
In many cases, a block with supplementary exits is interposed between the regulator 
and the lubricator system in order to allow air withdrawal free of lubricants.
Other devices may be added to complete the chosen group that, even if they are not 
applied to treat compressed air, perform other tasks and make the composed group 
functional to this purpose.
These devices are:

11.6 GRADUAL STARTER (PROGRESSIVE START)

When a circuit is fed with compressed air after being discharged completely (E.g. a 
machine starting up in the morning) the pressure supplied by the pressure regulators 
fills the entire system and the actuators with completely chambers empty (atmosphe-
ric pressure).
Unwanted movements of the machine’s parts should be produced even with no mana-
geable speeds. All this could damage the machine, besides being dangerous.
The air must be introduced into the circuit gradually in order to avoid malfunctions, 
making all the points of the circuit to be reached by the same pressure simultaneously.

                                             

pneumatic activation
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Any eventual irregular positions assumed by the actuators due to the absence of pres-
sure in the circuit are to be restored “gently”, in order to avoid violent displacements 
that may cause damages.
Their activation may be carried out sending an electric or pneumatic signal to the 
device.
The gradual starter includes two valves properly connected to each other that allow 
sending compressed air to a circuit with gradual intake up to a pre-established pres-
sure level and then full pressure may be released quickly.
Usually, this device is the last element of the conditioning group.

 at rest active with active with deactivated in 
  gradual release full release discharging phase
                                                                                                                  downstream

Referring to the symbols, we can easily understand how it works. 
When control 12 is activated, the air passes from the feeding point 1 to the entrance of 
the upper valve by means of a flow regulator, and then is free to flow toward outlet 2. 
The flow regulator manages the gradual process. The outlet port 2 is also connected 
to the lower valve’s control attachment point. When the latter reaches its switching 
pressure level it opens the passage toward its outlet, which was closed until that mo-
ment, and that now feeds the upper valve directly, overriding the variable throttle. 
Therefore, full pressure is sent toward the circuit. The group is then completed by 
inserting a shut-off and dump valve before the filter, which enables disconnecting the 
entire system, including the conditioning group, from the distribution line.

11.6 SHUT-OFF VALVE

This valve may be equipped with an opening on the activating knob that allows in-
serting a padlock. Only the person in charge of maintenance who keeps the keys 
shall be able to restart the system, and carry out the maintenance procedures, so no-
body may pressurize the system during this operation.

 

 

Eventuali posizioni irregolari assunte da attuatori a causa della assenza di pressione 

nel circuito, vengono ripristinate in maniera “dolce “ in modo da prevenire 

riposizionamenti violenti con danni alle cose. 

L’attivazione può essere effettuata inviando all’apparecchio un segnale elettrico 

oppure pneumatico. 

L’avviatore progressivo è costituito da due valvole, connesse tra loro opportunamente 

che permettono di inviare aria compressa ad un circuito con immissione graduale fino 

ad una soglia di pressione prefissata, dopo di che, liberare la pressione piena in modo 

rapido. 

L’apparecchio viene generalmente montato come ultimo elemento del gruppo di 

condizionamento. 

 

 

 
 

 

  

 

 

 

Riferendoci ai simboli si può facilmente comprendere il modo di funzionamento. 

Quando attivato il comando 12, l’aria dalla alimentazione 1 si presenta all’ingresso 

della valvola superiore attraverso un regolatore di flusso ed è  libera di fluire verso 

l’uscita 2. 

Il regolatore di flusso ne gestisce la gradualità. La bocca di uscita 2 è anche connessa 

con l’attacco di comando della valvola inferiore. Al raggiungimento della soglia di 

pressione di commutazione di quest’ultima, la valvola apre il passaggio , fino a quel 

momento chiuso, verso la sua uscita che ora alimenta direttamente la valvola superiore 

scavalcando la strozzatura variabile. La piena pressione è così inviata verso il circuito. 

Il gruppo è poi completato inserendo prima del filtro un valvola di intercettazione e 

scarico che permette di disconnettere dalla linea di distribuzione l’intero impianto ivi  

compreso il gruppo di condizionamento. 
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                                             1 3

2

 
                                 
The following figure shows a complete modular group assembly. The simplified sym-
bol represents only the filter + regulator + lubricator.

                                     

11.7 FILTER REGULATOR

The filter regulator is a device that integrates a filter and a pressure regulator in the 
same body.
The combined unit maintains the technical features of each device. 
As we see in the figure, the filter is located in the lower part with the same perfor-
mance of its respective size, the air being carried to the upper part where the regu-
lator is located, that sends the regulated pressure toward the outlet. This unit allows 
cost savings and a reduction of space.
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11.8 PRESSURE BOOSTER

The filter regulator is a device that integrates a filter and a pressure regulator in the 
same body.
The combined unit maintains the technical features of each device. 
As we see in the figure, the filter is located in the lower part with the same perfor-
mance of its respective size, the air being carried to the upper part where the regu-
lator is located, that sends the regulated pressure toward the outlet. This unit allows 
cost savings and a reduction of space.

 

                                                  

The operating principle is based on the pumping effect of a four-chamber cylinder, 
where two chambers alternatively push and compress the air present in the multip-
lying chamber, and the last chamber is set up for discharge.
A fluctuating circuit in the intensifier’s central part, controlled by the end-of-travel 
sensors, allows sending air alternatively to the two sides of the device by means of a 
distributing valve.
Four check valves connected properly between each other allow sending air toward 
the outlet preventing its return.
The system shall fluctuate continuously until the force generated in the two thrust 
chambers by the respective pistons counterbalances the force generated in the com-
pression chamber by its own piston.
This means that the pressure generated by the force acting on each piston shall be 
double with respect to the pressure that generates the same force acting on two pis-
tons. Therefore, we shall have a double pressure at the outlet with respect to the inlet 
pressure.
Sometimes it may occur that a higher pressure in a single point of the system than 
the one used in the remaining part must be necessarily available, and the booster may 
solve the problem without need of sizing the entire circuit, including the compressor, 
for the higher used pressure.
But we must consider that this equipment must be used only to intensify the pressu-
re and, having knowledge of the interested user’s consumption, a tank with a proper 
accumulation volume must be included. This tank shall proceed to supply high air 
pressure whenever the interested user may demand.

 

 

 

Nella quasi totalità dei casi il fattore moltiplicativo corrisponde a due. Questo 

significa che la pressione erogata in uscita è di valore doppio rispetto a quella di 

alimentazione. 

 

 

      

                                                   
 Il principio di funzionamento  si basa sull’effetto pompa di un cilindro a quattro 

camere dove alternativamente, due camere spingono e comprimono l’aria presente 

nelle camera di moltiplicazione e l’ultima è posta in scarico. 

Un circuito oscillante nella parte centrale del moltiplicatore, controllato da sensori di 

fine corsa, permette di inviare alternativamente aria ai due lati dell’apparecchio 

tramite una valvola di distribuzione.. 

Quattro valvole di non ritorno opportunamente collegate tra loro permettono di inviare 

l’aria verso l’uscita ma ne impediscono il ritorno. 

Il sistema così concepito oscillerà in continuazione sino a quando la forza generata 

nelle due camere di spinta dai rispettivi pistoni controbilancerà quella generata nella 

camera di compressione dal proprio pistone. 

Questo significa che la pressione che genera la forza agendo sul singolo pistone dovrà 

essere doppia rispetto a quella che genera la medesima forza agendo su due pistoni. In 

uscita quindi otterremo una pressione doppia rispetto a quella in ingresso. 

Alcune volte può accadere che sia necessario avere a disposizione in un solo punto 

dell’impianto un pressione più alta rispetto quella di utilizzo nella parte rimanente ed 

il moltiplicatore  può risolvere il problema senza dovere dimensionare tutto il circuito 

per la pressione più alta di utilizzo ivi compreso il compressore. 
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This procedure is necessary, because in the face of air absorptions, the booster will 
keep fluctuating pursuing the consumption without ever reaching the desired pressu-
re value.

As we can see in the diagram, if for example we follow the curve referred to 4 bars in 
feeding, the double value of the outlet pressure is only kept with zero flow rates. Intro-
ducing the consumptions, the outlet pressure decreases, and with absorptions equal 
to 300 Nl/min the multiplication factor becomes one. The booster keeps pumping 
without obtaining any results.
Therefore, it is necessary to proceed, as has been already said, considering that the 
device also needs a certain time to load certain volumes at the desired pressure values.
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We can calculate the time needed to fill a given volume in order to pass from the initial 
pressure to the final pressure by means of the booster (ratio equal to 2).

P1   =  inlet pressure of the booster
P2’ =  initial pressure in the tank
P2”=  final pressure in the tank
V   =  volume of the tank

First, calculate the ratio K’ between the initial pressure in the tank and the inlet pres-
sure of the booster (P2’/P1).
And then calculate the ratio K” between the final pressure in the tank and the inlet 
pressure of the booster (P2”/P1).
Identify the intersection point K in the graph, referring the value of K’, with the curve 
and go down to read the respective time T’.
Repeat the operation this time using the value of K” and read the respective time T”.
Now apply the following formula:

 V  
                                                    T =                (T” - T’)
 10 

We thus obtain the total time needed to take the volume V from pressure P2’ to the 
final pressure P2”.
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SUMMARY OF SYMBOLS

   

                    
 

 

 

 

Riepilogo simboli 

 

 

    

                     
  

 

  

 

 

 

 
 

 

 

 

 

 

 

 

F,R.L simbolo semplificato 

 

 

 

Filtro con scarico manuale 

Filtro con scarico automatico 

Riduttore di pressione 

lubrificatore 

Filtro riduttore integrato 

Moltiplicatore di pressione 

Filter with manual discharger

Filter with automatic discharger

Pressure regulator

Lubricator

WF.R.L. simplified symbol

Integrated Filter regulator

Pressure booster

 

 

Riepilogo simboli 

 

 

    

                     
  

 

  

 

 

 

 
 

 

 

 

 

 

 

 

F,R.L simbolo semplificato 

 

 

 

Filtro con scarico manuale 

Filtro con scarico automatico 

Riduttore di pressione 

lubrificatore 

Filtro riduttore integrato 

Moltiplicatore di pressione 
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F,R.L simbolo semplificato 

 

 

 

Filtro con scarico manuale 

Filtro con scarico automatico 
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lubrificatore 

Filtro riduttore integrato 

Moltiplicatore di pressione 
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F,R.L simbolo semplificato 

 

 

 

Filtro con scarico manuale 

Filtro con scarico automatico 

Riduttore di pressione 

lubrificatore 
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Chapter 12

FITTINGS

 

FITTINGS, TUBES AND QUICK COUPLINGS

Pneumatic circuit components are connected to each other by means of fittings, 
which are tubes that transport the signals and feed the valves and actuators.
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Chapter 12

Fittings

The most commonly used fittings are known as quick couplings. Connecting and dis-
connecting them is extremely swift and the tubes used for these types of fittings are 
plastic (Nylon or Polyurethane).
The fitting has a seal ring inside and elastic pliers for stopping the tube. The tube is 
pushed up to the snubbers and the pliers, and keeps it in its place. In order to extract 
the tube it is necessary to push the ferrule that comes out from the fitting’s top end 
and pull it in order to disengage the elastic pliers from the tube. The tubes employed 
must be calibrated.
The tubes that may be connected to the fittings have different diameters, and owing 
to their size, they match the fitting’s threads.

Thread   M5   receives tubes with 4-5 and 6 mm external diameter
Thread  G1/8  receives tubes with 4-5-6-8 mm external diameter
Thread  G1/4  receives tubes with 4-5-6-8-10 and 12 mm external diameter
Thread  G3/8 receives tubes with 8-10-12 and 14 mm external diameter
Thread  G1/2  receives tubes with 12 and 14 mm external diameter

Fittings with all the tube sizes mentioned above are also available without threads 
because they are intermediate sections, and they are equipped with quick couplings 
at all available ports.
They may be elbow, T or Y and straight fittings with reduction of tube diameter at one 
of the two ports, etc.
There are several available versions for a complete range of fittings, and the materials 
used for their construction are metals such as brass with nickel plating surface treat-
ments, carbon or stainless steels, and finally and more often, techno-polymers.
There are also three piece fittings that may be used with rigid types of tubes in appli-
cations where plastic tubes would be impossible.
They are made of three pieces that are the fitting body, a metal olive to be inserted 
at the tube’s end in order to allow its sealing, and a ferrule to close it, with a base to 
lodge the olive, and threads that match the body’s threads.
Push-in fittings are available for plastic piping. In fact, the tube is inserted into a hose 
shank with a swelled end. The pushed-in tube is then stopped with a tightening nut.
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Chapter 13

PNEUMATIC DEVICES
 

 13.1 Pneumatic cylinder features
 13.2 Linear cylinders
 13.3 Single-acting cylinders
 13.4 Double-acting cylinders
 13.5 Stroke limiter cushioning
 13.6 Magnetic ring cylinders
 13.7 Hollow through piston rod cylinders
 13.8 Tandem cylinders
 13.9 Multi-position cylinders
 13.10 Oval and square cylinders 
 13.11 Twin rod cylinders
 13.12 Compact and short-stroke cylinders
 13.13 Rodless cylinders
 13.14 Fixing standards and components
 13.15 Stroke limiter sensors
 13.16 Sizes
 13.17 Rotary actuators
 13.18 Manipulation, pliers or clamp fingers, transfer units
 13.19 Speed regulation and mechanical stop of the rod

OPERATING PNEUMATIC ELEMENTS

The operating pneumatic elements (actuators) are the final bodies of a system that 
carry out mechanic work and perform many operations.
The actuators that carry out displacements or rotations with alternative movements 
are called cylinders.
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Chapter 13

Pneumatic devices 

13.1 PNEUMATIC CYLINDER FEATURES 

Pneumatic cylinders, if properly sized, are devices that do not suffer overcharges, pro-
duce high speeds, may perform quick direction reversals, do not in any way influence 
the working environment, produce easily controlled forces and speeds, and have defi-
nite simple maintenance requirements. 
They are made by a jacket (barrel) that is usually cylindrical inside a piston anchored 
to a rod with sealing gaskets.
On both sides of the barrel there are two closing covers. One of them has a central 
hole that allows the rod to come out.
The covers, defined as heads, are anchored to the barrel mechanically.

                      

The figure shows the cylinder’s configuration schematically.
The movement of the rod in both directions is activated by sending compressed air al-
ternatively to the previous chamber or to the next chamber by means of the threaded 
holes on the covers connected to the two cylinder chambers.

13.2 LINEAR CYLINDERS 

Cylinders are linear when they perform a rectilinear movement with their own rod, 
from the retracted rod position (-) to the extended rod position (+) and vice versa.
They carry out mechanic work exercising a proper force on the implementation point.
The force produced by a pneumatic cylinder stems from:

Force = Pressure x piston area 

The produced force is not the same in both directions because in the return direction 
(-) we must deduct the area occupied physically by the rod from the piston’s rated 
area.
The force obtained by multiplying area and pressure is a theoretical force, because we 
must deduct the force needed to overcome frictions from this value as well as the one 
needed to move the weights of both rod and piston
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Elementi pneumatici di lavoro 

 

Gli elementi pneumatici di lavoro ( attuatori ) sono gli organi finali di un sistema che 

compiono un lavoro meccanico svolgendo molteplici funzioni. 

Gli attuatori che compiono spostamenti o rotazioni  con movimenti alternativi vengono 

chiamati cilindri. 

 

13.1 Caratteristiche dei cilindri pneumatici 

 

I cilindri pneumatici, se dimensionati correttamente, sono apparecchi insensibili a 

sovraccarichi, sviluppano velocità elevate, possono effettuare rapide inversioni di 

direzione, non influenzano in alcuna maniera l’ambiente in cui lavorano, forza 

sviluppata e velocità possono essere facilmente controllate ed hanno requisiti di 

manutenzione decisamente semplici. 

Sono costituiti da una camicia generalmente cilindrica all’interno della quale scorre un 

pistone ancorato ad uno stelo con guarnizioni di tenuta. 

Sui due lati della camicia vengono posti due coperchi di chiusura, uno dei quali con un 

foro centrale per permettere la fuoriuscita dello stelo. 

I coperchi, definite testate, sono ancorati meccanicamente alla camicia. 

                         

 

 

                        
 

 

Il disegno mostra la composizione del cilindro in modo schematico. 

Il movimento dello stelo nelle due direzioni viene attivato inviando aria compressa 

alternativamente nella camera anteriore o nella camera posteriore attraverso i fori 

filettati ricavati sulle testate comunicanti con le due camere del cilindro. 
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Frictions are caused by the friction of both the piston and rod sealing gaskets. But we 
must distinguish between breakout friction, known through the definition of adheren-
ce, and dynamic or sliding friction.
When the piston remains in one of two positions during a given span of time, the sea-
ling gaskets compressed on the barrel wall and rod surface tend to expel the lubricant 
interposed between them and the sliding surface along the sealing generatrix. These 
conditions are influenced by the elastic properties of the materials (hardness and ela-
sticity) and by the status of the surfaces (roughness). Therefore, the lubricating con-
ditions no longer exist, and at pickup they must pass over the surfaces with almost no 
lubrication. Immediately after, normal hydrodynamic conditions are restored and the 
friction value decreases drastically.
Usually, its value decreases when the speed increases.
Moreover, at pick up the barrel suffer elastic deformations that cause resistance to 
motion, thus causing efficiency losses.
All this must be considered whenever choosing a cylinder, assessing that about 15% of 
the theoretical force is lost due to the mentioned reasons.
From the point of view in employing and using linear cylinders, we must distinguish 
two macro cylinder classes:

– Single-acting
– Double-acting

Substantially, cylinders include two covers, a barrel, a rod integrated to a piston, a rod 
guide bush and sealing gaskets for both the piston and rod, that is also equipped with 
a dust scraping ring.

13.3 SINGLE-ACTING CYLINDERS 

A single-acting cylinder produces its thrust in only one direction. The rod places itself 
in the resting position due to a spring or to an external force.
They may be divided into thrust or tension single-acting cylinders.
They are used for operations such as tightening, ejections, pressing, etc. that are per-
formed without any loads anchored to the rod’s thread.
In fact, the spring is sized only in order to reestablish the rod/piston equilibrium. 
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Sostanzialmente i cilindri sono costituiti da due testate, una camicia, uno stelo solidale 

ad un pistone, una bronzina di guida dello stelo e dalle guarnizioni di tenuta del pistone 

e dello stelo che è anche provvista di un anello raschiapolvere. 

 

 

13.3 Cilindri a semplice effetto 

 

Un cilindro a semplice effetto sviluppa la spinta in una sola direzione. Lo stelo si 

riposiziona nella condizione di riposo per mezzo dell’azione di una molla o per l’azione 

di una forza esterna. 

Si distinguono in cilindri  a semplice effetto in spinta o in trazione. 

Sono utilizzati per applicazioni quali serraggi, espulsioni pressature etc. quindi senza 

carichi ancorati al filetto dello stelo. 

La molla infatti è dimensionata solo per riposizionare l’equipaggio stelo/pistone. 

                     

  

 

  
 

               

Le immagini  qui  riportate   mostrano 

Le due versioni dei cilindri a semplice 

effetto, la prima in alto la versione  in 

spinta e la  seconda  in trazione con  i  

relativi simboli grafici. 

Si  ricorda  che i  cilindri  a  semplice  

effetto sono limitati nella corsa proprio per la presenza della molla che per propria 

natura non consente lunghezze illimitate e deve comunque essere alloggiata all’interno 

del cilindro stesso. Tranne casi particolari sono di piccolo alesaggio con corse brevi.  

 

13.4 Cilindri a doppio effetto 

 

Questo tipo di attuatore sviluppa una forza sia in spinta che in trazione inviando 

pressione alternativamente ai due lati del pistone. La forza in spinta e quella in trazione 

sono di diverso valore come già detto. 

 

 

 

 

Chapter 13

Pneumatic devices 

Pneumatic Guide_GB.indd   73 15/04/2015   08:46:06



74

The figures reported herein show the two versions of single-acting cylinders, the first 
one above is the thrust type and the second one is the tension type with their respec-
tive graphic symbols. 
We remind that single-acting cylinders are limited in their stroke, because the presen-
ce of the springs does not allow unlimited lengths due to their nature, and must be 
lodged inside the cylinder, except for certain particular cases where they have a small 
bore with short strokes.

 

13.4 DOUBLE-ACTING CYLINDERS

This type of actuator produces both thrust and tension forces sending pressure alter-
natively to the two sides of the piston. As previously said, the thrust and tension forces 
have different values.
They carry out different kinds of operations and, in this case, the load may be bound 
to the rod. It is possible to move the applied load controlling the speed easily by me-
ans of proper device sizing.
Cylinders usually have the task of stopping the load entrusted to the covers, that re-
present the gauge block of the stroke limiter.

  
                                                               

   Cushioned double-action 
 with air-cushion 
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Sostanzialmente i cilindri sono costituiti da due testate, una camicia, uno stelo solidale 
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Le applicazioni sono di diverso tipo ed, in questo caso, il carico può essere vincolato 

allo stelo. Dimensionando l’apparecchio in maniera corretta è possibile movimentare  il 

carico applicato controllando facilmente la velocità. 

Nei cilindri, in generale, il compito di fermare il carico viene affidato alle testate, che 

rappresentano il riscontro meccanico di fine corsa. 

 

   
                                                                

 

  Doppio effetto ammortizzato con 

  cuscino d’aria           

 

 

 
  

 

 Doppio effetto con paracolpi 

 elastici 

 

 

 

 

 

 

Le immagini mostrano due differenti sistemi per attutire l’energia cinetica finale 

affinché le testate non subiscano danni nell’impatto. 
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Cushioned double-action with
     elastic/rubber bumper

The figures show two different systems for absorbing the final kinetic energy, in order 
that the covers may not suffer any damages during impact.
The most effective system is made of an air-cushion that slows down the piston’s 
stroke in the last centimeters. In small cylinders, or when the speeds involved are not 
high, spring washers may be used at the sides of the piston. The strokes in double-ac-
ting cylinders may be considerably large, providing that they are compatible with the 
mechanic application.

13.5 AIR-CUSHION ABSORBER

Pneumatic cylinders are able to produce high speeds, and therefore, the impact forces 
at stroke end may be considerable.
As previously said, the impact of the stroke limiter (adjuster) is tempered using an 
air-cushion that reduces piston speed near the end of the stroke.

 

 

 

Il sistema più efficace è sostituito da un cuscino d’aria che frena negli ultimi centimetri  

la corsa del pistone. Nei cilindri di piccole dimensioni, oppure quando le velocità in 

gioco non sono elevate, si possono utilizzare rondelle elastiche montate ai lati del 

pistone. Le corse, nei cilindri a doppio effetto possono essere notevolmente lunghe 

sempre che siano compatibili con l’applicazione meccanica. 

 

13.5  Ammortizzo a cuscino d’aria 

 

I cilindri pneumatici sono in grado di sviluppare velocità elevate e le forze d’urto al 

termine della corsa possono essere di notevole entità. 

Come accennato, l’urto di fine corsa è smorzato mediante l’uso di un cuscino d’aria che 

riduce la velocità del pistone in prossimità della fine della corsa. 

 

                        
 

 

Il disegno rappresenta il pistone mentre percorre la corsa di rientro e si può notare che 

l’aria  in scarico fluisce liberamente dalla camera posteriore del cilindro, verso l’uscita, 

tramite l’attacco filettato della testata posteriore. Quando l’ogiva montata sul pistone si 

impegna con una guarnizione torica posta sulla testata, viene impedito lo scarico libero 

dell’aria che viene catturata nella camera di ammortizzo. L’aria, in questa camera viene 

compressa dal moto del pistone in quanto non più libera di fluire liberamente verso lo 

scarico. E’ costretta infatti  in direzione di una valvola regolatrice di flusso prima di 

ritrovare la via naturale di scarico e la pressione che si crea agisce sul pistone creando 

una forza che si contrappone al moto. La velocità diminuisce e l’impatto violento sulla 

testata del pistone viene notevolmente ridotto. 
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The figure exemplifies the piston while it covers the return stroke, and we can see that 
the escaped air flows freely from the cylinder’s back chamber toward the outlet, by 
means of a connection threaded to the back head.
When the ogive mounted on the piston engages with the ring gasket placed on the 
head, free air discharges captured in the absorption chamber are prevented.
In this chamber the air is compressed by the piston’s motion because it is able to flow 
freely toward the discharge.
In fact, it is forced toward a flow control valve before finding its natural discharge 
course again, and the produced pressure acts on the piston creating a force that 
counters the motion. Speed decreases and violent impacts on the piston head are 
reduced considerably.
Regulation of the absorber is obtained by acting manually on the flow control valve 
that makes the absorption more or less effective, according to the regulating values.
The toroidal gasket of the absorber guarantees airtightness when the air present in its 
own housing is pushed by the ogive in the motion’s direction.
When the cylinder must reverse its motion and the previously unloaded chamber is 
pressurized, the gasket of the absorber, that does not have sealing functions in the op-
posite direction, is skirted by the compressed air that takes up the entire piston area, 
thus ensuring proper start-up.  

13.6 CYLINDERS WITH MAGNETIC RINGS

Several methods may be used to detect cylinder piston position. One of them is to 
capture a proper magnetic field, outside the barrel, issued by a magnetic ring moun-
ted on the cylinder’s piston.
An external sensor is able to detect the magnetic field and can supply an electric sig-
nal that indicates its presence at that specific point of the piston.
The materials to be employed in barrel manufacturing must be necessarily non-mag-
netic such as aluminum, brass, stainless steel, etc. The most used material is aluminum.

13.7 HOLLOW PISTON ROD CYLINDERS

Linear cylinders are not suitable devices to work with off-center loads or lateral loads 
applied to the rod. If we cannot avoid the load from acting laterally on the rod, there 
shall be a quick wear of the sole rod guide bushing, because the rims of its two ends 
are stressed by the lateral load applied. Using a hollow piston rod cylinder we distribu-
te the lateral stress on the two guide bushings, as shown in the following figure.
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13.8  TANDEM CYLINDERS 

Tandem defines an assembly made of two cylinders that have a common rod and are 
connected in series with each other in order to obtain a double thrust with respect to 
a cylinder with the same diameter. Obviously, the size in length with the same stroke 
is doubled.

   

13.9 MULTI-POSITION CYLINDERS

Combining two cylinders we can obtain systems that allow accurate as well as safe 
repeatability positioning.
Two cylinders with equal strokes, assembled with their covers back, may assume three 
precise positions. With a single cylinder it would be impossible to create a system that 
determines three precise and repeatable positions.
With proper insight we can attempt to carry out intermediate stops, but we will en-
counter serious difficulties to repeat the stop always at the exact same point.

 

 

La regolazione dell’ammortizzo si ottiene agendo manualmente sulla valvola 

regolatrice di flusso la quale, a seconda della regolazione, rende più o meno efficace 

l’ammortizzo. La guarnizione toroidale dell’ammortizzo garantisce tenuta all’aria 

quando nel proprio alloggiamento viene spinta dall’ogiva nella direzione del moto. 

Quando il cilindro deve invertire il moto e la camera messa precedentemente in scarico 

viene pressurizzata, la guarnizione dell’ammortizzo,che non effettua tenuta nella 

direzione opposta, viene scavalcata dall’aria compressa che investe l’intera area  

del pistone garantendo una pronta partenza.   

 

13.6  Cilindri con anello magnetico 

Per potere rilevare la posizione del pistone di un cilindro si possono utilizzare diversi 

metodi, uno dei quali è quello di captare un flusso magnetico adeguato, all’esterno 

della camicia, emesso da un anello magnetico montato sul pistone del cilindro. 

Un sensore esterno è in grado di sentire il flusso emesso e di fornire un segnale elettrico 

che assicura la presenza in quel punto del pistone. 

I materiali utilizzabili per la costruzione della camicia debbono essere necessariamente 

materiali non magnetici quali alluminio, ottone, acciaio inossidabile e così via.  Il 

materiale più comunemente usato è l’alluminio. 

 

13.7  Cilindri con stelo od asta passante 

 

I cilindri lineari sono apparecchi non adatti per lavorare con carichi disassati o carichi 

laterali applicati allo stelo. Se il carico agisce lateralmente sullo stelo e questo non può 

essere evitato, ci sarà una rapida usura della unica bronzina di guida dello stelo perché i 

bordi delle due estremità di questa vengono sollecitati dal carico laterale applicato. 

 
 

 

 

                           
 

 
RADIAL LOAD ON THE ROD

Double-action cylinder           LOAD

LOAD
Hollow piston rod cylinder
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Utilizzando un cilindro con stelo passante distribuiamo  sulle due bronzine di guida la 

sollecitazione laterale come mostrato in figura. 

 

13.8  Cilindri tandem 

 

Tandem definisce un assieme costituito da due cilindri aventi uno stelo comune e posti 

in serie tra loro per ottenere una spinta doppia rispetto ad un cilindro di pari diametro. 

Ovviamente gli ingombri in lunghezza sono doppi a parità di corsa. 

 

    

    
 

13.9  Cilindri a più posizioni 

 

Con combinazioni di due cilindri si possono ottenere sistemi che permettono 

posizionamenti accurati e di sicura ripetibilità. 

Due cilindri di eguale corsa, assemblati con testata posteriore contro testata posteriore, 

possono realizzare tre precise posizioni. Con un solo cilindro sarebbe impossibile 

realizzare un sistema che determini tre posizioni precise e ripetibili. 

Con opportuni accorgimenti potremmo cercare di realizzare fermate intermedie, ma 

avremmo enormi difficoltà per ripetere in maniera precisa la fermata sempre nel 

medesimo punt  
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For a similar use, cylinder anchorage must be carried out with rods, and to this purpo-
se the use of short stroke cylinders is advisable.
Additionally, two cylinders coupled in series with separate rods and different strokes 
may determine three positions. When the back cylinder is activated it pushes the next 
cylinder to its own stroke, and once it has activated the latter one, it ends its own stro-
ke determining the final position.
For both solutions the three positions are:
1st position with resting cylinders
2nd position with one cylinder activated
3rd position with both cylinders activated

Using the solution of combined cylinders with back head but with different strokes, 
four different positions may be obtained, as shown in the following figure.
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Per un simile impiego l’ancoraggio del cilindro deve essere fatto con gli steli ed è 

consigliabile utilizzare cilindri con corse brevi. 

Due cilindri accoppiati in serie con steli separati  e corse diverse possono anch’essi 

determinare tre posizioni. Il cilindro posteriore, quando attivato spinge quello anteriore 

per la propria corsa, dopodichè attivandolo finisce la propria corsa determinando la 

posizione finale. 

Per entrambe le soluzioni le tre posizioni sono: 

1° posizione con cilindri a riposo. 

2° posizione con un cilindro attivato. 

3° posizione con entrambi i cilindri attivati. 

 

 

 

 

 

 

 

 

 

 

 

Utilizzando la soluzione di cilindri abbinati con testata posteriore ma con differenti 

corse, sono ottenibili quattro differenti posizioni come mostrato nella figura seguente 
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EXAMPLE OF USE OF A MULTI-POSITION CYLINDER
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13.10 OVAL AND SQUARE CYLINDERS 

Linear cylinders with circular sections may be subjected to rod rotation during the 
stroke. Sometimes this must be avoided, and the use of actuators with oval and square 
sections solves this problem.
In particular, the oval cylinder has a flat shape and in certain situations it may solve 
space problems.
The non-rotating function of the rod is determined by the barrel’s shape and piston 
section, and certain movements, which depend on the coupling barrel/piston exclusi-
vely, are allowed within certain limits.

 13.11 TWIN ROD CYLINDERS

For more accurate non-rotating functions, cylinders with two parallel rods coupled 
to the same piston can be used. A connecting plate joins the two rods in the external 
part. The load to be moved is connected to this plate.
Optimal non-rotating operation is thus obtained and, moreover, this kind of cylinders 
can support discrete lateral loads.

Obviously, there are other methods to implement non-rotating systems, such as the 
use of hexagonal rods coupled to a similar guide bushing and to a sealing gasket with 
the same shape. Usually, these systems are applied to micro-cylinders.

13.12 SHORT STROKE CYLINDERS AND COMPACT CYLINDERS 

As their name defines, short stroke cylinders have been manufactured in order to 
carry out short strokes, precisely due to the way they have been designed. 
They are used in small spaces and due to their reduced sizes, insertion of proper gui-
des on the rod is not allowed.
Therefore, they cannot support lateral loads. Even small stresses in that 
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13.10  Cilindri ovali ed a sezione quadrata 

 

 

I cilindri lineari con sezione circolare possono durante la corsa avere rotazioni dello 

stelo. Alcune volte ciò deve essere evitato e l’utilizzo di attuatori con sezioni ovali o 

quadrate risolvono questo problema. 

In particolare, il cilindro ovale, si presenta con una forma piatta ed in alcune situazioni 

può risolvere problemi di spazio. 

La funzione di antirotazione dello stelo è determinata dalla forma della sezione della 

camicia e del pistone ed è consentito, entro certi limiti, un gioco che dipende 

esclusivamente dall’accoppiamento camicia/pistone. 

 

 

13.11  Cilindri ad aste gemellate 

 

Per funzioni di antirotazione più precise si utilizzano cilindri con due steli in parallelo 

accoppiati al medesimo pistone. Una piastra di collegamento unisce le due aste nella 

parte esterna. Alla piastra viene collegato il carico da movimentare. 

Si ottiene una ottima funzione di antirotazione ed inoltre il cilindro, così concepito, può 

sopportare discreti carichi laterali. 

 

 

 

 
 

Esistono ovviamente altri metodi per realizzare sistemi antirotazione quali l’utilizzo di 

steli esagonali accoppiati ad una analoga bronzina di guida e guarnizione di tenuta con 

la medesima forma. Solitamente simili sistemi sono applicati a microcilindri. 
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direction could cause then guide bushings to stick and wear out quickly. In these cylin-
ders, the covers are represented by two discs retained inside the extruded rod profile 
by two rubber rings.

                              

 
Compact cylinders have been created later than short stroke cylinders, with the pur-
pose of inserting a cylinder that may represent the evolution of the short stroke cylin-
der.
Their heads, even if they have reduced sizes, are equipped with rod guides and are 
anchored to the extruded body by means of screws.
This assembly results to be more rigid.

Actually, the total size of the compact cylinder is larger than the ones of the short 
stroke cylinder. For this reason, the two versions are still present in the market and one 
does not substitute the other.
The compact cylinder, contrary to the short stroke cylinder, was developed from the 
beginning with its size in mind by the French national unification entity (UNITOP) 
according to the choice of the first manufacturer who produces it, and this allows in-
terchangeability between different manufacturers.
Some manufacturers have also inserted an ISO version that actually unifies the fixing 
dimensions of the accessories that are thus useable in different cylinder series. 
With this in mind, the final end user is able to order smaller quantities of cylinders and 
accessories.
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13.12  Cilindri a corsa breve e cilindri compatti 

 

 

Dalla definizione, i cilindri a corsa breve, sono stati realizzati per effettuare piccole 

corse, proprio per il modo con il quale sono stati concepiti. Sono utilizzati dove ci sono 

spazi esigui e per le sue contenute dimensioni non è  permesso l’inserimento di 

adeguate guide sullo stelo. Non possono quindi  sostenere carichi laterali. Anche 

piccole sollecitazioni in quella direzione provocano impuntamenti e rapide usure delle 

bronzine di guida. In questi cilindri le testate sono rappresentate da due dischi trattenuti 

all’interno del profilo estruso da due anelli elastici. 

 

                              
 

 
 

 

I cilindri compatti nascono successivamente ai corsa breve con l’intenzione di inserire 

un cilindro che potesse essere l’evoluzione del corsa breve. Le testate, seppure di 

dimensioni contenute, sono provviste di guida stelo ed ancorate al corpo estruso tramite 

viti. L’assieme, in questo caso risulta essere più rigido. 
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13.13 RODLESS CYLINDERS

The rodless cylinder is a device that requires particular attention whenever used, 
because in contrast to the traditional cylinders, where the load is placed in line with 
the rod, in the rodless cylinder the weight is anchored on a carriage that runs on the 
top part of the cylinder, and between the cylinder axis and the load’s barycentre there 
is always a more or less accentuated arm according to the shape of the object to be 
moved.    

The piston’s force is transmitted to an external carriage by a mechanic arm that comes 
out from an opening located in the barrel along the entire stroke and is connected to 
the piston solidly. Sealing is guaranteed by an internal metallic strap fixed at the ends 
of the body that completely covers the opening. The piston’s gaskets, their internal 
pressure and a magnetic band properly positioned make the metallic plate adhere to 
the internal surface of the tube, ensuring sufficient outward sealing and also between 
the two cylinder chambers.
A further metallic strap placed outside, in correspondence with the opening, prevents 
dust collection in the sliding areas. Sealing in this type of cylinder is never perfect. Par-
ticular guide systems obtained on the carriage and on the piston, open the two plates 
in order to allow mechanic connection between piston and slider/cursor. In opposition 
to rod cylinders, the forces expressed by the cylinder in the two directions are identi-
cal. In fact, there is no difference in sections on the two sides of the piston since the 
rod does not exist. The regulating air-cushion absorption function is exactly identical 
to the one performed in the rod cylinders.
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In realtà gli ingombri totali del cilindro compatto sono superioni rispetto al cilindro a 

corsa breve, per questo motivo le due versioni sono tuttora presenti sul mercato e l’uno 

non sostituisce l’altro. 

Il cilindro compatto, al contrario del corsa breve, viene sviluppato sin dall’inizio 

seguendo, per scelta del primo produttore che lo realizzò, gli ingombri imposti dall’ente 

nazionale di unificazione francese (UNITOP) e quindi esiste intercambiabilità tra 

differenti produttori. 

Alcuni di questi produttori hanno inserito anche una versione ISO che unifica di fatto le 

quote di fissaggio degli accessori utilizzabili quindi in differenti serie di cilindri. 

Tutto ciò consente all’utilizzatore finale di razionalizzare il proprio magazzino. 

 

13.13  Cilindri senza stelo 

 

Il cilindro senza stelo è un apparecchio che merita particolare attenzione quando 

applicato, perché al contrario dei cilindri tradizionali in cui il carico è posizionato in 

asse con lo stelo, nel cilindro senza stelo il peso viene ancorato su di un carrello che 

scorre sulla parte superiore dello stesso e, tra asse del cilindro e baricentro del carico, vi 

è sempre un braccio più o meno accentuato a seconda della forma dell’oggetto da  

movimentare.      
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When designing rodless cylinder systems we must pay particular attention to the gene-
rated kinetic energies, because remarkable transfer speeds (2 to 3 m/sec) and definitely 
large strokes (up to 6 meters) may be reached.
Moreover, the load may be positioned with its own barycentre out of the carriage’s gravity 
center producing bending moments.
We must be reminded that these moments are the product of a force expressed in N 
(Newtons) for an arm measured in m (meters). Therefore, the measuring unit for a given 
moment is the Nm (Newtons x meter).

Once the cylinder with sufficient thrust has been identified, we must assess the po-
sition of the load on the cursor, and identify the moments that may be involved. The 
following table points out the maximum loads and moments that are admitted under 
static conditions.

      
 

 

 

                 

Now we must considerer the speed of the carriage that has to be preferably equal 
to 1 m/sec, and look at the following diagram in order to know the maximum load K 
under dynamic conditions. In transfers with speeds up to 0.2 m/sec there will be no 
problems, but if the speed increases, the applied load must be reduced, or the size of 
the cylinder must be increased.

 

 

 

La forza del pistone viene trasmessa ad un carrello esterno da un braccio meccanico 

che fuoriesce da una feritoia ricavata sulla camicia lungo l’intera corsa e solidamente 

connesso con il pistone stesso. La tenuta è garantita da una bandella metallica interna 

fissata alle estremità del corpo che copre completamente la fenditura. Le guarnizioni 

del pistone, la pressione interna ed una striscia magnetica opportunamente posizionata 

fanno aderire la lamina metallica alla superficie interna del tubo garantendo una 

sufficiente tenuta verso l’esterno e tra le due camere del cilindro. 

Una ulteriore bandella metallica posizionata all’esterno, in coincidenza della feritoia, 

impedisce allo sporco di depositarsi nelle zone di scorrimento. La tenuta, in questo tipo 

di cilindro, non è mai perfetta. Particolari sistemi di guida ricavati sul carrello e sul 

pistone, divaricano le due lamine per permettere la connessione meccanica tra pistone e 

cursore. Al contrario dei cilindri con stelo le forze espresse dal cilindro nelle due 

direzioni sono identiche. Non esiste infatti alcuna differenza di sezione sui due lati del 

pistone visto che lo stelo non esiste. La funzione di ammortizzo a cuscino d’aria 

regolabile è esattamente identica a quella realizzata sui cilindri con stelo. 

Nella progettazione di sistemi con cilindri senza stelo si deve porre particolare 

attenzione alle energie cinetiche generate perchè si possono raggiungere notevoli 

velocità di traslazione ( 2-3 m/sec) e corse decisamente lunghe ( anche 6 metri ). 

Inoltre il carico può essere posizionato con il proprio baricentro al di fuori del centro di 

gravità del carrello generando momenti flettenti. 

E’ utile ricordare che i momenti sono il prodotto di una forza espressa in N (Newton) 

per un braccio misurato i m (metri). L’unità di misura di un momento è quindi il Nm  

(Newton x metro). 
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 Ms

Ms

M

K

Diameter (mm) Load max, K N
Moment max

M (Nm)
Moment max

Ms (Nm)
Moment max

Mv (Nm)

25 300 20 1 4

32 450 35 3 6

40 750 70 5 9

50 1200 120 8 15

63 1600 150 9 25
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          The permissible dynamic load depends on the speed, and results from:

Kd = K x Cv

                                       
Where Kd is the dynamic load and Cv is the speed ratio. If in static conditions a cylin-
der admits 750 N, with operating speeds equal to 0.5 m/sec the load must be reduced 
to 750 x 0.4 = 375 N.
                                 

In case of combined stresses, or rather with moments that act simultaneously, the fol-
lowing equation may be useful:

                          Ms Mv M K   100 
          [([(2 •               )+(1,5 •               )+(               +               )] •              –< 100
                      Ms max Mvmax Mmax Kmaxs  Kv
 
                                       
In case of tougher stresses, accessories such as external linear guides may be applied 
to the cylinders to which the load is anchored, making the cursor to carry out the 
dragging task, or rather; additional guides may be mounted on the existing carriage. 
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Nel caso di sollecitazioni combinate, ossia con momenti che agiscono 

contemporaneamente, può risultare utile utilizzare la seguente equazione: 
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Nel caso di sollecitazioni più gravose, si possono applicare ai cilindri accessori quali 

guide lineari esterne alle quali ancorare il carico, lasciando al cursore il compito di 

trascinamento, oppure guide supplementari da montare sul carrello esistente. 
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13.14 FIXING STANDARD AND COMPONENTS 

According to international law, the ISO unification institution has issued standards that 
regulate the basic sizes of certain cylinders.
This standardization allows complete interchangeability of cylinders manufactured by 
different manufacturers, offering easy replacement availability and a large choice of 
suppliers of machine manufacturers.
ISO 6432 tables standardize basic micro-cylinder sizes with bores included within O8 
and O25. (ISO = international standard organization)
For cylinders with larger diameters, from 32 to 320, ISO 15552 (ex ISO 6431-VDMA 
24562) standards are enforce.
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13.14  Normative e componenti di fissaggio 

 

In sede internazionale, l’ente di unificazione ISO, ha provveduto ad emettere norme 

che regolano le dimensioni di base di alcuni cilindri. 

La standardizzazione permette l’intecambiabilità completa di cilindri costruiti da 

diversi produttori consentendo una facile reperibilità per il ricambio ed una ampia 

scelta di fornitori per il costruttore di macchine. 

Le tabelle ISO 6432 standardizzano le dimensioni del microcilindro base i cui alessaggi 

vanno dal Ø8 al Ø25. ( ISO = international standard organisation) 

Per i cilindri di diametri superiori, dal 32 al 320, sono in vigore le norme ISO 15552 

(ex ISO 6431-VDMA 24562). 

 

 

 

        

 
 

 

 

La figura mostra, come esempio, le dimensioni da rispettare nei differenti diametri per 

cilindri pneumatici sottoposti alla ISO 15552. Le norme complete sono reperibili presso 

l’ente nazionale di unificazione UNI. 
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The figure shows, for example, the sizes of different diameters to be respected for 
pneumatic cylinders subjected to ISO 15552. All the standards are available at the uni-
fication national institution UNI.
In addition to the sizes of the basic cylinder, there are tables, acknowledged by ISO 
and released by national unification institutions such as DIN (German unification ins-
titute) that, except for different agreements with the customer, indicate the cylinder 
stroke tolerances. 

We can see that tolerances referred to strokes are always followed by plus signs. Ad-
ditionally, fixing accessories such as flanges, pins, hinges and similar are necessarily 
subjected to size bounds in order to allow their perfect interchangeability.

The figure shows the binding dimensions of the front flange as an example.
Other types of cylinders, as has been mentioned, follow French national standards 
such as UNITOP, and this is the case of compact cylinders with bores going from Ø12 
to 100.
Additionally, cylinder bores are standardized in accordance with the following sched-
ule. For ISO 6432 micro-cylinders: Ø 8 - 10 – 12 – 16 – 20 - 25.
For ISO 15552 cylinders: Ø 32 – 40 – 50 – 63 – 80 – 100 – 125- 160 – 200 – 250 – 320.
Also, any cylinders not subjected to regulating bounds maintain the same rates, for 
example, for short stroke cylinders, body diameters are Ø 20 – 25 – 32 – 40 – 50 – 63 
– 80 – 100.
Linear sizes and diameters are expressed in mm.

 102 

 

 

Oltre alle dimensioni del cilindro base sono previste tabelle, recepite da ISO rilasciate 

da enti unificatori nazionali come DIN ( ente di unificazione tedesco ) che , salvo 

diversi accordi con il cliente, indicano le tolleranze sulle corse dei cilindri.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

E’ bene osservare che le tolleranze riferite alle corse prevedono sempre il segno più. 

Necessariamente, anche gli accessori di fissaggio come flangie, piedini, cerniere ed 

altro vengono sottoposte a vincoli dimensionali per permettere una perfetta 

intercambiabilità. 
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FIXING FRONT FLANGE

Cylinder Internal bore 
(Diameter) in mm Stroke in mm Stroke tolerance

in mm

DIN  ISO 6432 8, 10, 12, 16, 20, 25 up to 500 +1,5

DIN  ISO 6431
32, 40, 50

up to 500
over 500
up to 1250

+2
+3,2

63, 80, 100
up to 500
over 500
up to 1250

+2,5
+4

125, 160, 200, 250, 320
up to 500
over 500
up to 1250

+4
+5
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13.15 STROKE LIMITER SENSORS

When a pneumatic cylinder has carried out its stroke, in many cases, this operation 
must be indicated by sending a signal in order to authorize a later working phase.
To this purpose, certain signaling methods exist that we shall define as “real” or “virtu-
al” signaling.

Real signaling

– As has been already said, a permanent magnet is inserted into the cylinder’s piston, 
which sends a magnetic field outwards that is received by a sensor able to close an 
electric contact, and send the stroke limit signal. The barrel must be manufactured 
with non-magnetic materials.

– The cylinder rod activates an electric contact or a pneumatic valve mechanically in 
order to release the stroke limit signal.

Virtual signaling

We shall consider the status of an unloaded cylinder chamber whenever it may have car-
ried out the entire stroke. The piston has completed its stroke when the unloaded cham-
ber reaches a gauge pressure near to zero. This condition is recognized by a valve that 
proceeds to send a pneumatic signal indicating that the operation has been performed.
In case of virtual signaling, the near to zero pressure condition may appe-
ar even when the piston has not completed the stroke, due to external fac-
tors that block its progress. In this case, the valve will release an incorrect signal. 

Magnetic stroke limit sensors 

Sensors that detect magnetics fields indicate the piston’s position by means of a ma-
gnetic field created by the magnet. These sensors are fixed on the cylinder barrel by 
using specific fixing clamps, or they are inserted in slots casted into the barrel.
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There are many devices that detect the presence of a magnetic field, the most com-
mon being reed contact sensors and electronic sensors, among which the most known 
one is the HALL-effect sensor. 

Ampoule reed sensor

Ampoule reed magnetic sensors include a small glass ampoule where two thin plates 
are placed in absence of air, and, once they are immersed in a magnetic field, they 
attract each other closing the electric contact.

According to their sizes, they may offer different energy values and they do not 
need their own feeder.

In the diagram, the ampoule is the particular 1 and it must always be connected in 
series to the applied load (LOAD). It may work both under direct and alternating cur-
rents respecting the allowed voltage and current values.
They are two-wire sensors, and the load may be connected indistinctly to the positive 
or negative poles. In alternating currents, the connection may be carried out without 
considering this polarization. In presence of direct current Led lights the polarity must 
be respected, otherwise the Led shall not turn on.
Each sensor with its Led, fed by a diode, has its own voltage drop (2 to 3 Volts) and 
when they are connected in series their individual drops are added up, and sometimes 
the PLC may interpret the voltage value incorrectly.
Moreover, the sensors may be equipped with specific protections called varistors, 
which have the function of protecting it by means of the reverse voltage produced by 
the electro-valve coils, or by the relay when the ampoule’s contact is opened.
When the sensors are connected in series we can use three-wire sensor reeds in order 
to avoid voltage drops, where the Led is not powered by the diode that should cause 
the drop, but directly by 24 Volts that is the maximum admitted voltage value.
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HALL-effect sensor 

When a conductor or semiconductor with an electric current is immersed in an ex-
ternal magnetic field, it produces weak potential differences (voltage). 
This physical effect is known by the name of “Hall Effect”. There are particular 
electronic switches that use the Hall Effect, which become active in presence of a 
sufficiently large external magnetic field (they close up electrically).
The Hall Effect sensor includes one of these magnetic switches.
Since the presence of currents that cross the conductor or semiconductor is al-
ways required, it must necessarily powered be with direct voltages. This implies 
that the Hall Effect sensors are three-wire sensors, and they may be powered with 
alternating current. Since the electronic switch has a structure comparable to the 
structure of a transistor, no moving metallic contacts are present. This causes lack 
of mechanic wear, and therefore, this sensor has a notably higher lifetime than tho-
se sensors using REED ampoules.

Depending on the particular type of electronics connected to the magnetic switch, 
there are Hall Effect sensors where the output of the sensor (black wire) is:
– Internally connected to the positive signal (brown wire): PNP, left figure;
– Internally connected to the negative signal (blue wire): NPN right figure.

 

Moreover, Hall Effect sensors are also divided based on their behavior in relation with 
the presence of an external magnetic field. In particular, the sensor allows:
– The passage of current only in absence of the magnetic field N.C. (normally closed)
– Passage of current only in presence of a N.O. (normally opened) magnetic field.

Please note: the electronic circuit connected to the switch introduces a voltage drop.
Particular attention must be paid whenever using many sensors in series due to this 
drop.

The diagrams show the different load (LOAD) connections for the two versions.
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13.16 CYLINDER SIZING

When choosing a Pneumatic cylinder certain aspects need to be kept in mind by the 
designer, all the parameters that we are now about to evaluate must be considered.

Produced force

A cylinder produces a force that is calculated considering the piston area and the 
pressure that affects it.

F(daN)= area (cm2 ) x pressure (bar)

Ø Cylinder Ø Piston 
rod

Pressure (bar)

1 2 3 4 5 6 7 8 9 10

8 4

Force F 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0

Tensile force F 0,4 0,8 1,1 1,5 1,9 2,3 2,6 3,0 3,4 3,8

10 4

Force F 0,8 1,6 2,4 3,1 3,9 4,7 5,5 6,3 7,1 7,9

Tensile force F 0,7 1,3 2,0 2,6 3,3 4,0 4,6 5,3 5,9 6,6

12 6

Force F 1,1 2,3 3,4 4,5 5,7 6,8 7,9 9,0 10,2 11,3

Tensile force F 0,8 1,7 2,5 3,4 4,2 5,1 5,9 6,8 7,6 8,5

16 6

Force F 2,0 4,0 6,0 8,0 10,1 12,1 14,1 16,1 18,1 20,1

Tensile force F 1,7 3,5 5,2 6,9 8,6 10,4 12,1 13,8 15,6 17,3

20 8

Force F 3,1 6,3 9,4 12,6 15,7 18,8 22,0 25,1 28,3 31,4

Tensile force F 2,6 5,3 7,9 10,6 13,2 15,8 18,5 21,1 23,8 26,4

25 10

Force F 4,9 9,8 14,7 19,6 24,5 29,5 34,4 39,3 44,2 49,1

Tensile force F 4,1 8,2 12,4 16,5 20,6 24,7 28,9 33,0 37,1 41,2

32 12

Force F 8,0 16,1 24,1 32,2 40,2 48,3 56,3 64,3 72,4 80,4

Tensile force F 6,9 13,8 20,7 27,6 34,6 41,5 48,4 55,3 62,2 69,1

40 16

Force F 12,6 25,1 37,7 50,3 62,8 75,4 88,0 100,5 113,1 125,7

Tensile force F 10,6 21,1 31,7 42,2 52,8 63,3 73,9 84,4 95,0 105,6

50 20

Force F 19,6 39,3 58,9 78,5 98,2 117,8 137,4 157,1 176,7 196,3

Tensile force F 16,5 33,0 49,5 66,0 82,5 99,0 115,5 131,9 148,4 164,9

63 20

Force F 31,2 62,3 93,5 124,7 155,9 187,0 218,2 249,4 280,6 311,7

Tensile force F 28,0 56,1 84,1 112,1 140,2 168,2 196,2 224,2 252,2 280,3

80 25

Force F 50,3 100,5 150,8 201,1 251,3 301,6 351,9 402,1 452,4 502,7

Tensile force F 45,4 90,7 136,1 181,4 226,8 272,1 317,5 362,9 408,2 453,6

100 25

Force F 78,5 157,1 235,6 314,2 392,7 471,2 549,8 628,3 706,9 785,4

Tensile force F 73,6 147,3 220,9 294,5 368,2 441,8 515,4 589,0 662,7 736,3

125 32

Force F 122,7 245,4 368,2 490,9 613,6 736,3 859,0 981,7 1104,5 1227,2

Tensile force F 114,7 229,4 344,0 458,7 573,4 688,1 802,7 917,4 1032,1 1146,8

160 40

Force F 201,1 402,1 603,2 804,2 1005,3 1206,4 1407,4 1608,5 1809,6 2010,6

Tensile force F 188,5 377,0 565,5 754,0 942,5 1131,0 1319,5 1508,0 1696,5 1885,0

200 40

Force F 314,2 628,3 942,5 1256,6 1570,8 1885,0 2199,1 2513,3 2827,4 3141,6

Tensile force F 301,6 603,2 904,8 1206,4 1508,0 1809,6 2111,1 2412,7 2714,3 3015,9

220 50

Force F 380,1 760,3 1140,4 1520,5 1900,7 2280,8 2660,9 3041,1 3421,2 3801,3

Tensile force F 360,5 721,0 1081,5 1442,0 1802,5 2163,0 2523,5 2884,0 3244,5 3605,0

250 50

Force F 490,9 981,5 1472,6 1963,5 2454,4 2945,2 3436,1 3927,0 4417,9 4908,7

Tensile force F 471,2 942,5 1413,7 1885,0 2356,2 2827,4 3298,7 3769,9 4241,1 4712,4

320 63

Force F 804,2 1608,5 2412,7 3217,0 4021,2 4825,5 5629,7 6434,0 7238,2 8042,5

Tensile force F 773,1 1546,1 2319,2 3092,3 3865,4 4638,4 5411,5 6184,6 6957,7 7730,7

Chapter 13

Pneumatic devices 

Pneumatic Guide_GB.indd   89 15/04/2015   08:46:26



90

In a double-acting cylinder, this is valid for both the outlet stroke and the inlet stroke. 
The thrust force produced by a double-acting single-rod cylinder is not the same in 
both directions. In the return stroke (retraction), the piston’s surface is affected and 
the pressure is lower than the thrust surface, due to the presence of the rod on that 
side, the rod area must be deducted from the piston’s area.
The table described in the previous page shows the theoretical forces produced by 
the cylinders at different pressures in both directions, also showing the rod’s diameter.
We must always deduct 10 to 15% of the total theoretical force values due to head 
losses produced by gasket frictions.
In the first instance, we must know the weight of the applied load, and choose a cylin-
der that produces enough force to move in the desired direction, paying attention to 
the load ratio, which may not be higher than 70%. Load ratio is understood to be that 
the weight to be moved has a maximum value equal to 70% respect to the force pro-
duced by the cylinder, including any losses.
Any available force in excess shall be used to accelerate the load.

 Required force
         x 100
 Available force

Now we must know what the cylinder’s working position is, if it works vertically with 
upward or downward thrusts, or if it works on a horizontal or sloping plane.

Vertical lifting

  G = applied load
  F = cylinder thrust

The total force needed to lift the load shall be:

F = FG + Fa

Where FG is the force used to balance the load or resisting force, and Fa is the force 
needed to accelerate it.
In addition, we must know what the actuating speed is, in order to establish the ma-
gnitude of Fa.
For example, should we lift a mass equal to 120 Kg for a 400mm movement (cylinder 
stroke) with a final speed equal to 1 m/sec, we should calculate what shall be the total 
final force produced at a respective 6 bar operating pressure.
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We remind that a force F is equal to a mass for acceleration, and that the work L is 
equal to a force for a movement, which is equal to the kinetic energy.

F= m x a            L = F x S = 1/2 m V2    (1)
 
m =  mass in Kg
a  =  acceleration in m/sec2
S  =  movement in m
V  =  speed in m/sec
g  =  gravity acceleration 9.81 m/sec

Therefore:                                 
FG = mg

The total force shall be:

F = mg + Fa  (2)

From (1) we can go back to Fa, because we know the actuating speed equal to 
1 m/sec, the mass to be lifted is 120 Kg and the cylinder’s stroke is 0.4 m.
                                        
                                                                       120 (m)

Fa x 0,4 (S)  =                      12 (V)
 2 

 60 
Fa =                      1   =  150 N    

 0,4
Return now to (2):

F = mg + Fa = (120 x 9,81) + 150 = 1327,2 N (132,7 daN)

From the table where the forces produced by the cylinders are described, at a 6 bar 
pressure thrust, we will choose the cylinder by deducting 15% from the theoretical 
force. 
The cylinder chosen shall be the Ø 63 that expresses a real force of 159 from N to 6 
bars. We will be forced to use flow regulators, in order to limit the speed because the 
available force needed to reach 1 m/sec is excessive.
If the load should perform a reversed and descending movement, we must deduct the 
resisting load’s weight from the accelerating force and therefore:

F = Fa – mg

Unequivocally, the force F shall have a negative sign. This means that the weight’s 
force instead of opposing the movement assists it, and increases the force that pro-
duces acceleration. We shall use flow regulators in order to limit speeds.
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Horizontal load

Instead, when the load is supported and the working position is horizontal, the resis-
ting force that presses on the plane must be multiplied by the friction ratio.
This ratio changes according to the materials that enter into contact.

F = Fa + µ mg

If we considered that the average value of the friction ratio µ is equal to 0.1, the total 
force F shall be clearly lower because:

F = 150 +  0,1 (120 x 9,81) = 267,72 N (26,772 daN)

In this case, a Ø 32 cylinder should be more than sufficient.

Load on sloping planes

All the other positions may be assimilated to the movement of a body on a sloping 
plane, and their sizing must be carried out using trigonometry rules. Also, in this case 
we must consider the friction ratio µ between the load and the slider bed. The resis-
ting force Fr results from:

           Fr = µ Fy + Fx

But:                    Fx = FG sinα      and     Fy = FG cosα,    therefore:

Fr = µ (FG cosα) + FG sinα

In order to calculate the total force, what has been said in the previous paragraph is 
valid.

α
α
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Cushioning: absorption capacity 

The regulating air-cushion absorption, as previously explained, has the task of ab-
sorbing the kinetic energy at the end of a cylinder stroke in order to avoid collisions 
against the covers. The kinetic energy to be absorbed corresponds to the work per-
formed and is measured in J (Joule).
Once the cylinder has been chosen in accordance with its thrust, speed and working 
positions, we must verify that its absorption capacity is able to slow down the load. 
If we know the mass in Kg and the speed in m/sec, we can easily calculate the kinetic 
energy using the known formula:

Ec = 1/2 mV2

The calculated value shall be compared with the technical data provided by the manu-
facturers in their data sheets, in order to verify their applicability. Sometimes, certain 
diagrams from which we can verify the right cylinder size if we know the mass, speed 
and operating pressure, are available in these technical datasheets.

All the points referred to mass and speed that are inside the included area of each 
cylinder are to be pondered correctly to ensure proper absorber operation.
Now let’s verify, for example, the data calculated to use the cylinder in a vertical posi-
tion that, with a 63 mm bore, moves a mass equal to 120 Kg at a 1 m/sec speed. 
If we combine the known values in the diagram, we can see that the point falls out the 
area contained by the Ø 63; this means that in similar conditions, the cylinder would 
not support the collisions. We must choose a cylinder able to absorb them; in our 
case, an 80 mm bore shall be scarcely enough. 

 

 

 

Per il calcolo della forza totale vale quanto detto nei paragrafi precedenti. 

 

 Ammortizzo: capacità di assorbimento. 

 

L’ammortizzo a cuscino d’aria regolabile ha, come detto, il compito di assorbire 

l’energia cinetica alla fine della corsa di un cilindro per evitare significativi urti contro 

le testate. L’energia cinetica da assorbire corrisponde al lavoro svolto e viene misurata 

in J ( Joule ). 

Una volta scelto il cilindro in funzione della spinta, velocità e posizione di lavoro, 

bisogna verificare che la propria capacità di assorbimento sia  in grado di decelerare il 

carico. Conoscendo la massa in Kg e la velocità in m/sec,si risale facilmente alla 

energia cinetica utilizzando la formula nota: 

 

                                               

                                             Ec = 1/2 mV
2
 

 

Il valore calcolato dovrà essere confrontato con i dati tecnici forniti dai costruttori sui 

loro cataloghi per la verifica dell’applicabilità. A volte sono disponibili sulle 

documentazioni tecniche diagrammi sui quali conoscendo massa , velocità e pressione 

di alimentazione, si può immediatamente verificare il corretto dimensionamento del 

cilindro. 
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Buckling load

The buckling load is the stress exerted by compressive and flexural forces that appear 
on a rod, in our case of a cylinder, of certain slenderness when it is loaded with a com-
pressing force that coincides with its own axis.
The appearing effect is a lateral flexion. The magnitude of this flexion depends on:

-   The load applied
-   The rod’s length and diameter 
-   The type of constraint applied

The generic calculation method uses Euler’s formula, but use of easy interpretation 
diagrams is much more immediate.
The most critical insertion block is a cylinder constrained with pivots at both ends.
                            

   

With all other fixings, the allowed loads are greater than 50%.
The following diagram shows the maximum length for different rated rod diameters 
allowed between the two insertion blocks, in order use a slim system within the limits 
allowed according to the applied load.
In the case considered, the maximum system length to be verified is the one of a 
cylinder that has its rod extracted completely.
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  I punti di incrocio tra forza e lunghezza che cadono all’interno dell’area delimitata dal 

diametro dello stelo relativo sono da considerarsi corretti. 

La figura successiva mostra tutte le varianti di vincolo e le relative lunghezze di presso 

flessione da considerare ( Lo + corsa ). 
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The crossing points between force and length that fall inside the area delimited by 
the diameter of the respective rod have to be considered correct.
The following figure shows all the insertion block variants and their respective com-
pression lengths and flexion to be considered (Lo + stroke).

Lateral load

The lateral force supported by a cylinder rod depends almost exclusively on how much 
the rod protrudes. It is evident that the larger the stroke, the longer it shall protrude.
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 Carico laterale 

 

La forza  laterale che lo stelo di un cilindro può sopportare dipende quasi per intero da 

quanto lo stelo stesso sporge. E’ evidente che maggiore sarà la corsa, maggiore sarà la 

sporgenza. 

E’ noto che il cilindro pneumatico male sopporta simili sollecitazioni, si può però 

approssimativamente calcolarne il valore con la seguente relazione: 

 

              

                                                            Fp x l 

                                      F = 0.085 ------------------ 

                                                           l + L + c 

 

Dove : 

 

Fp = forza in spinta del pistone a 6 bar 

l    = distanza minima tra mezzeria del pistone e guida dello stelo 

L   = Distanza minima tra punto di applicazione del carico e guida dello stelo 

c   = corsa del pistone  

 

Le distanze l ed L sono quote da richiedere al costruttore del cilindro. 

 

 

SITUATION A

SITUATION B
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It is known that pneumatic cylinders do not support similar stresses well, but we can 
calculate their value approximately with the following ratio:
             

  Fp x l
 F = 0,085
  l + L + c

Where:

Fp = thrust force of the piston at 6 bars
l     = minimum distance between the piston’s centerline and the rod’s guide
L  = minimum distance between load application point and the rod’s guide
c  = piston stroke

The distances l and L are dimensions that must be required from the cylinder’s manu-
facturer.

Operating temperature and contaminants

A last point that deserves attention is the environment in which the cylinder shall 
operate.
We must always consider the operating temperature that in standard equipment may 
be from -5°C to +70°C, in order to use the correct mixtures for sealing gaskets and 
lubricating greases.
In case of temperatures higher than +70°C or lower than -5°C, it will be necessary to 
consult the manufacturer who shall indicate the right solution for each case.
In particular environments, as for example paint booths, the equipment may possibly 
enter into contact with contaminants emitted by the processing materials present in 
the environment, or even in the distributed compressed air.
This could damage the sealing gaskets affecting the entire system’s operation.
This matter shall be treated hereinafter in the chapter dedicated to sealing elements.

Consumption

The air consumption of a cylinder is defined as:

    Piston area x stroke x No. of single strokes per minute x absolute pressure 

Considering that for single-rod cylinders we must deduct the area occupied by the 
rod from the piston area during the return stroke.
A corrective factor K = 1.2 that multiplies the calculated value is always used in order 
to compensate the volume transformation phenomenon due to expansion heat losses 
that occur quickly when a valve is opened to discharge compressed air to the atmo-
sphere. This consumption is measured in liters.
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13.17 ROTARY ACTUATORS

In many applications there is a need to transform a linear movement into an angular 
one, in order to transfer certain objects by means of rotation. The rotation angle may 
vary. For angles up to 90° we can use a constrained linear cylinder with junctions at 
its ends that activate a lever, with the same insertion blocks/junctions, and that trans-
forms the linear stroke into a rotatory angle.
The figure shows the application schematically, and denotes the factorization of force 
Fc produced by the cylinder in the two components Fm and Fx.
Fm is the component that shall activate the lever, and Fx is the non-active component 
lost for compression on the lever.

The component Fm shall be equal to Fc with Fx = 0 when the lever is perpendicular to 
the cylinder’s axis. During the remaining rotation, Fx works in traction with respect to 
the lever. Let’s presume that we must size our cylinder in a similar situation.
We want a 100mm long lever to perform an angular course equal to 60°, and the mo-
ment to be overcome is equal to 20 Nm. The operating pressure is 6 bars.
                      

 

                                                                  117 

 

 

 

 

 

La figura mostra l’applicazione in modo schematico ed evidenzia la scomposizione 

delle forza Fc generata dal cilindro nelle due componenti Fm ed Fx. 

Fm è la componente che dovrà azionare la leva ed Fx la componente non attiva persa 

per compressione sulla leva. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

La componente Fm sarà uguale ad Fc con Fx = 0 quando la leva è ortogonale all’asse 

del cilindro. Durante la rimanente rotazione Fx lavora in trazione rispetto alla leva. 

Supponiamo di dovere dimensionare il nostro cilindro in una situazione analoga. 
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To counterbalance a 20 Nm moment requires:

20 Nm / 0.1 m = 200 N (Moment / lever length in m)

Therefore, the total force Fc of the cylinder shall be:

200 N / sen 60° = 200 / 0.866 = 231 N (23.1 daN)

Now, we are able to calculate the piston’s area since we know the necessary force and 
operating pressure:

Area = Force / Pressure = 23.1 / 6 =3.85 cm2

This corresponds to a 22.14 mm diameter circumference. 
For the time being, the cylinder we should consider is Ø 25. But we know that the load 
ratio must not be greater than 70%, and that leads us to choose the Ø 32. Now let’s 
calculate the stroke, defining the string that subtends the circumference arc directly 
in mm:

(Lever length x sen 30°) x 2 = (100 x 0.5) x 2 = 100 mm 

A cylinder called rotary actuator is used instead, in order to allow greater rotation 
angles.
There are devices equipped with pinion/rack mechanisms, as shown in the figure de-
scribed on the next page.
The shaft that comes out from the central block is connected to a pinion that engages 
on a rack moved alternatively by two pistons. A torque is thus produced, whose mag-
nitude depends on the actuator’s size and on the operating pressure.
Sizing of this device is performed considering its rotation speed and actuating angle.
In presence of slow rotation speeds (90° in more than 2 seconds) the torque pro-
duced is the main value to be considered if we know the mass and the application 
radius. Otherwise, if the rotation is carried out quickly (90° in less than 1 second) it is 
necessary to pay attention to the kinetic energy that is to be reduced.
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Si desidera fare compiere ad una leva lunga 100mm una escursione angolare di 60° ed 

il momento da vincere è pari a 20 Nm. La pressione di esercizio è di 6 bar                            

                         

                         
 

     

Per controbilanciare un momento di 20 Nm sono richiesti : 

 

               20 Nm / 0,1 m = 200 N   ( Momento / lunghezza leva in m ) 

 

La forza totale Fc del cilindro sarà quindi : 

 

                            200 N / sen 60° = 200 / 0,866 = 231 N ( 23,1 daN ) 

 

Conoscendo ora la forza necessaria e la pressione di esercizio possiamo calcolare l’area 

del pistone : 

 

                                   Area = Forza / Pressione = 23,1 / 6 =3,85 cm
2
 

 

Che corrisponde ad una circonferenza di diametro 22,14 mm. 

Il cilindro che dovremo considerare è per il momento il Ø 25. Sappiamo però che il 

rapporto di carico deve essere al massimo uguale al 70%, cosa che ci fa decidere di 

utilizzare il Ø 32. Passiamo ora al calcolo della corsa definendo la corda che sottende 

l’arco di circonferenza direttamente in mm : 
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In fact, when a mass fixed to an arm is accelerated, the kinetic energy is the dominant 
parameter. In this type of uses we must not consider the mass in Kg as we do in linear 
movements, but we must consider the moment of inertia in N/m2, that in the formula 
of the energy shall substitute the mass. In a rotary motion, the moment of inertia I of 
a point theoretically free of dimensions and that has a mass m at a distance r from the 
axis, the rotation shall be equal to:      

I = m x r2

The formulas for the moments of inertia of bodies with different geometric shapes are 
described in the mechanic manuals.
Instead, the angular velocity ω is measured in radians per seconds (rad/sec).
1 rad = 57.3°, therefore:
90° correspond to 1.57 rad, 180° to 3.14 rad, 360° to 6.28 rad: The kinetic energy resul-
ting from the rotation J is equal to:

  I               
 J =          ω2

  2

Each rotary actuator has its own absorbing capacity expressed in Joules, and accor-
ding to this, we can calculate the rotating times of a determined mass fixed to an arm:

  2 I x υ2

 T =
  E

             ( Lunghezza della leva x sen 30° ) x 2 = ( 100 x 0,5 ) x 2 = 100 mm  

 119 

 

 

 

 

 

Per consentire maggiori angoli di rotazione si utilizza invece un cilindro dedicato 

chiamato attuatore rotante. 

Sono apparecchi muniti di meccanismo pignone/cremagliera  come mostrato nella 

figura. 

 

        
 

 

 

 

 

 

 

 

 

 

L’albero che fuoriesce dal blocco centrale è collegato ad un pignone che ingrana su di 

una cremagliera mossa alternativamente da due pistoni. Viene così generata una coppia 

la cui entità dipende dalle dimensioni dell’attuatore e dalla pressione di esercizio. Il 

dimensionamento di questo apparecchio viene fatto tenendo in considerazione  la 

velocità di rotazione e l’angolo di attuazione. 

In presenza di velocità di rotazione lenta ( 90° in più di 2 secondi ) la coppia generata è 

il principale valore da considerare conoscendo massa e raggio di applicazione.Se 

invece la rotazione avviene velocemente ( 90° in meno di 1 secondo ) è necessario fare 

attenzione alla energia cinetica da smorzare. 
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T = rotating time in seconds
I = moment of inertia in N/m2
ϑ = rotation angle in radians
E = kinetic energy in Joules

The rotating time must be equal to or higher than the calculated value.
The pinion/rack system is mostly used, but there are other devices that use a rotor 
inserted in a cylindrical seat. The rotor is equipped with sealing gaskets in order to 
separate the two chambers. Regulating mechanical stops determine rotation angles.

13.18 MANIPULATION, PLIERS OR CLAMP FINGERS, TRANSFER UNITS

These actuators are manufactured for the automation sector that deals with robotics, 
manipulation, assembling etc.
They are specific equipment and the pneumatic cylinder that activates them allows 
closure or opening of the “prongs” that may catch different objects.
There are many versions of this equipment, and they may have different sizes with 
the purpose of serving the mentioned sectors as most completely as possible. Sizing 
of the clamp prongs is completely different from the other cylinders. The force of the 
expressed total catch is the arithmetic sum of the force of each prong, and it must 
have a value 10 or 20 times the weight of the object that it shall catch. The reason of a 
similar sizing is that, in the vast majority of cases, the pliers move on another actuator 
in order to transfer the part, and many times this movement is a quick rotation. The 
pliers, due to the centrifugal force or to the friction ratio of the material that constitu-
tes the object, could release the piece during its operation.

ROTARY VANE
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The prongs opening or closure may be a parallel or angular movement at 30° and 
180°, or may have a self-centering function in case of three-pronged pliers.

                                                                               

Each family of pliers offers different services, according to the diameter and length of 
the accessories mounted on the prongs.

            

This section shows the linkage system adopted for parallel prong movements. Hands 
with a large opening stroke and whose prongs are synchronized by a pinion/rack sys-
tem are used to handle large sized parts. Three different strokes are planned for each 
of these hands.

  

122 

 

 

 

L’apertura e la chiusura delle dita può essere parallela, angolare a 30° e 180° oppure 

con funzione autocentrante nel caso delle pinze a tre dita. 

 

 

                                                                                

                                                
                                                                                                                                                                                                                                                                                     

         

 

Ogni famiglia di pinze offre differenti prestazioni in funzione dei diametri e della 

lunghezza degli accessori che si montano sulle dita. 

 

 

                                          
 

La sezione mostra il sistema di leverismo adottato per il movimento parallelo delle dita. 
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Per la manipolazione di pezzi di grandi dimensioni si utilizzano mani a grande corsa di 

apertura e le dita sono sincronizzate da un sistema pignone/cremagliera. Per ognuna di 

queste mani sono previste tre differenti corse. 

 

 

 

                                                        

                                
 

Per ognuna delle pinze, la forza totale di presa diminuisce all’aumentare della quota H. 

I cataloghi indicano sui diagrammi la relazione tra forza e quota H. 

 

 

 

                                               
 

Il programma di manipolazione viene completato dalle unità lineari di traslazione e da 

attuatori rotanti dedicati su cui, molto spesso, vengono montate le mani di presa per 

formare veri e propri manipolatori. 
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For each plier, the total catching force decreases when the dimension H increases. The 
data sheets display the ratio between force and dimension H.

The handling program is completed by the linear transfer units and by dedicated ro-
tary actuators, on which the clamp’s prongs are often mounted in order to constitute 
real manipulators.
Semi-slides, slides and guided compact cylinders are the transfer units, while the sing-
le and double rack rotary actuators are the rotary units.

The linear units may be sized as the cylinder as well as the rotating units follow the 
sizing criteria for rotary actuators.
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Semislitte, slitte e cilindri compatti guidati sono le unità di traslazione, gli attuatori 

rotanti a singola e doppia cremagliera le unità di rotazione. 

 

 

      
 

 

                              
  

 

Le unità lineari possono essere dimensionate come un qualsiasi cilindro così come le 

unità di rotazione seguono i criteri di dimensionamento degli attuatori ratanti. 

 

13.19  Regolazione della velocità 

Per tutte le tipologie di attuatori incontrate sino ad ora, la regolazione della velocità di 

attuazione viene effettuata controllando l’aria della camera in scarico, salvo casi 

particolari. 

Essendo comunque l’aria un gas comprimibile, la regolazione risulta difficoltosa 

soprattutto alle basse velocità. Non è possibile ottenere velocità costanti perchè 

qualsiasi variazione dovuta al carico resistente, a sbalzi di  temperatura o di pressione si 

traducono in variabili che influenzano la regolazione. Per semplicità illustreremo in 

modo schematico il sistema di regolazione della velocità. 
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13.19 SPEED CONTROL

For all the types of actuators found until now, their working speed is carried out by 
restricting the air in the unloaded chamber, except for certain particular cases.
Air being a compressible gas, it is difficult to control the speed, especially at low 
speeds. Obtaining constant speeds is impossible because any variations due to re-
sisting loads, sudden temperature or pressure changes are translated into variables 
that influence the speed. To simplify, we shall illustrate the speed controlling system 
schematically.

 FRICTION

THRUST  A         PNEUMATIC LOAD  B           ACCELERATION
                           

FRICTION

THROTTLING 

LOAD

When the back chamber is fed, the front chamber is set to unload, and a variable 
throttle that controls the flow rate in the direction of the arrow is interposed between 
the discharge of the control valve and the cylinder. The diagram described in the follo-
wing page shows what happens if we consider the pressures that are produced within 
the two chambers.
The motion or thrust pressure A waits for the counter unloading pressure B to reach 
a value such that causes the difference between A and B to express a force that is 
able to overcome the resisting loads and frictions, and then to imprint its acceleration. 
When we regulate the throttle, we are increasing or decreasing the counter unloading 
pressure B. The result is that a pneumatic load shall insist in a different way on the 
piston’s front surface, causing speed regulation. The cylinder must be sized correctly 
respecting the load ratio. A too high load ratio does not allow good speed control. The 
difference between A and B should be already at the beginning very wide, and any 
constriction to unloading should cause its decrease, in such a way that the movement 
should be stopped due to the lack of the force needed to overcome the resisting force. 
The stoppage shall last long enough as to obtain the correct difference between A 
and B, and then the phenomenon is repeated accordingly. The result is the typical 
skipping advance, especially at low speeds.
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Even with correct load ratios, it is worth remembering that very low speeds may be 
not obtained by simple unloading control. The result shall be a skipping advance. We 
will now see how to act when an extremely low and constant speed control is required.

Mechanical rod stop

The pneumatic cylinder does not adapt well to uses where intermediate stops are 
planned.
The stops may be carried out trying to trap the working and unloading pressures in 
the two chambers, and waiting for the forces that stop the piston to be balanced.
This operation may be simple, but the stop point is absolutely not repeatable, and 
stability at this point is uncertain.
The situation may be improved using an accessory to be mounted on the front part 
of the cylinder that allows mechanical stopping of the rod. In this case, it is necessary 
to balance the chambers intercepting the inlet and discharge ways, or better still, po-
wering both cylinder chambers playing with the pressures in order to reach stability.
After this operation, the rod stopping mechanism may act which has the task of main-
taining the only load applied to the cylinder. The load is stopped in both directions by 
a double jaw mechanism. The stop is carried out in a negative way, meaning that the 
mechanism acts by sending a pneumatic control signal to the discharge and a spring 
activates the blocking jaws.
It must not be considered to be a safety device, but as a component that may be in-
serted into a system that is to be homologated.
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Quando si alimenta la camera posteriore, la camera anteriore è posta in scarico e, tra 

via di evacuazione della valvola di comando e cilindro, viene interposta una strozzatura 

variabile  che controlla la portata nella direzione della freccia. Quello che accade, se 

prendiamo in considerazione le pressioni che si vengono a creare nelle due camere, è 

evidenziato dal diagramma che segue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 140 

 

 

 

 

Pressure

Line pressure
     Trust pressure A

Pressure difference 
to move Load F

Starting time Stroke time

Cycle time

 Time

Cylinder stroke endCylinder movementValve switching
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The tightening force depends on the device’s size to be mounted on ISO 6432 
micro-cylinders starting from Ø 20 and on ISO 15555 cylinders from Ø 32 to Ø 125. We 
must always use rods with hard surfaces (chrome coating) and in those cases where 
stainless steels are necessary, we must mount stainless chromate rods. 
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SUMMERY OF SYMBOLS

                                                          128                            

 
 

 
 

 

                                                            

Cilindro doppio effetto  

 
Cilindro s.e. in trazione 

 
Cilindro s.e. in spinta 

 Cilindro doppio effetto ammortizzato 

  Cilindro doppio stelo   

Attuatore rotante 

 

 

Cilindro senza stelo 
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Chapter 14

DIRECTIONAL CONTROL
VALVES 

 14.1 Directional control valves
 14.2 Manufacturing methods
 14.3 Control valves
 14.4 Electro valves
 14.5 Flow rates of the distributors
 14.6 Evolution in wiring of electro valves islands

14.1  DIRECTIONAL CONTROL VALVES

Directional control valves deflect compressed air flow along the internal workings by 
means of external activations of controls.
These valves are characterized by:

– Number of ways
– Number of positions
– Type of activations

Number of ways and positions

The number of way of a valve may be identified very simply by counting the number 
of joints in its body, excluding those dedicated to controls.
If a valve has two joints in its body, we can define it as a two-way valve, if it has three, 
it is a three-way valve, etc.
The number of positions results from the positions that the valve may assume when 
it is activated by the controls, including the resting position. In common practice, a 
2/2 valve defines an equipment that possesses two ways and two positions. The first 
number identifies the number of ways and the second one after the slash, the number 
of positions.
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For 2/2 and 3/2 valves, identifying the function of the rest position is important, in or-
der to know if the compressed air is intercepted at the powering port, and if it allows 
its outlet only in the presence of a control signal, or if it is free to flow to the outlet and 
if it is annulled by the control signal.
In the first case, we define it to be normally closed (N.C.) and in the second case, 
normally open (N.O.). The symbols that identify the valves are created in order to de-
scribe their operation, the number of ways, positions and activation type. Each square 
represented in the symbol corresponds to a position, and their function is defined 
graphically inside of each.

                             
                              

The symbol described above depicts a 2/2 N.C. valve assuming the right square as the 
rest position. Later, the type of control and the numbers that identify all the joints shall 
be added in order to complete the symbol.
In the symbol, the valve always assumes the position adjoining to the received order.

                                   

Standards establish that the powering way is to be identified by the number 1 and that 
it is always marked in the square that defines the resting position. The outlet way in 
cases 2/2 and 3/2 is always defined by the number 2 in the same square.
The control joints have the numbers 10 and 12.
10 is the control adjoining to the resting position and 12 is the one adjoining to the 
second position.
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14.1  Valvole di controllo direzionale 

 

 

Le valvole di controllo direzionale deviano un flusso di aria compressa tra le vie 

interne mediante azionamenti o comandi esterni. 

Le valvole sono caratterizzate da. 

 

- Numero di vie 

- Numero di posizioni 

- Tipo di azionamento 

 

Numero di vie e di posizioni 

 

Molto semplicemente il numero di vie di una valvola può essere individuato contando 

il numero di attacchi presenti sul corpo escludendo quelli dedicati ai comandi. 

Se una valvola possiede due attacchi sul corpo la possiamo definire a due vie, se ne 

possiede tre a tre vie etc. 

Il numero di posizioni è quello che la valvola può assumere quando azionata dai 

comandi, compresa la posizione di riposo. Nella prassi comune  una valvola 2/2 

definisce una apparecchiatura che possiede due vie / due posizioni. Il primo numero 

identifica il numero di vie e, il secondo dopo la barra, il numero di posizioni. 

Per valvole 2/2 e 3/2 è importante identificare la funzione della posizione 

preferenziale o di riposo, per sapere se l’aria compressa è intercettata alla bocca di 

alimentazione e consente una uscita solo in presenza di un segnale di comando, 

oppure è libera di fluire verso l’uscita ed annullata con il segnale di comando. 

Nel primo caso la definiamo normalmente chiusa ( N.C.) e nel secondo normalmente 

aperta ( N.A.). I simboli che identificano le valvole sono concepiti per descrivere in 

maniera completa la funzione, il numero di vie, di posizioni ed il tipo di azionamento. 

Ogni quadrato rappresentato nel simbolo corrisponde ad una posizione ed all’interno 

di ognuno viene definita graficamente la funzione. 

 

                              

                               

 

 

 

Il simbolo sopra riportato  raffigura una valvola 2/2 N.C. assumendo il quadrato di 

destra come posizione di riposo. A completare il simbolo si aggiungeranno poi il tipo 

di comando e numeri che identificano tutti gli attacchi. 
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Nel simbolo, la valvola, assume sempre la posizione adiacente al comando ricevuto. 

 

 

                                    
 

 

 

Le normative prevedono che la via di alimentazione sia identificata con il numero 1 e 

sia sempre indicata nel quadrato che definisce la posizione di riposo. La via di uscita 

nel caso 2/2 e 3/2 è sempre definita dal numero 2 nel medesimo quadrato. Gli attacchi 

di comando sono numerati con 10 e 12 .  

10 è il comando adiacente alla posizione di riposo e 12 quello adiacente alla seconda 

posizione.  

  
                                                                                                                                                                        

Il simbolo sopra disegnato rappresenta una valvola 3/2 N.C. e,come si può vedere, 

possiede la via di scarico numerata con 3 ed in condizioni di riposo l’uscita 2 non è 

intercettata come nel caso della 2/2 ma è collegata allo scarico 3. Le frecce indicano 

la direzione del flusso. Si può notare come i numeri di identificazione 

progressivamente aumentino all’aumentare del numero delle vie e quelli di comando 

rimangano invariati. Il numero dei segnali di comando ha un preciso significato. 

10 sta ad indicare che l’ingresso 1 è connesso con nulla, mentre 12 significa 

connettere 1 con 2. Quando 12 interviene, il quadrato da considerare è quello  
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The symbol drawn above represents a 3/2 N.C. valve and, as we can see, its discharge 
way has the number 3, and in the rest conditions outlet 2 is not intercepted, as is the 
case of 2/2, but it is connected to discharge 3. The arrow indicates flow direction. We 
can notice how the identifying numbers increase progressively when the number of 
ways increases, while those of control remain unchanged. 
The number of the control signals has specific meanings.
A 10 indicates that inlet 1 is connected to nothing; while a 12 means that 1 must be 
connected with 2. When 12 intervenes, the square to be considered is the one adjoi-
ning (left figure at the bottom on the previous page), 1 is connected with 2, and 3, that 
was connected before with the discharge is now intercepted.
The valves with repositioning on 10, by means of a spring, are called monostable or 
unistable valves because the resting position is predefined. It also means that the out-
let signal shall have duration equal to the control signal. Disappearance of the control 
signal shall change the status of the outlet signal.
A valve that has no preferential position remains in one of the two positions until one 
of the two signals is selected. The control, in this case, may be an impulse, and it shall 
switch the valve under the condition that the opposite control is absent. They are 
valves defined as bistable or memory valves, because they remember the last control 
signal received.
The completion of the symbol requires the control graphic related with numbers 10 
and 12. The most common symbols used are:

                           Button  Solenoid of direct activation 

                          Lever or key                                                  Pneumatic in pressure

 

                           Pedal

                                                                     Pneumatic in drepression

                           Mechanic rod

                                                                     Solenoid of indirect activation
                           Roller lever 

                           Lift roller (Idle return)                                  Spring 

As an example, a 3/2 N.C. valve with pneumatic control and spring return is described. 
The 2/2 valves are used in the N.C. and N.O. versions as simple shut-off valves, while the 
3/2 valves are used to control single-acting cylinders or to send signals to other valves by 
virtue of the third discharge way.
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adiacente ( figura sulla sinistra ) , 1 è connesso con 2 e 3 che in precedenza era 

collegato verso lo scarico è ora intercettato. 

Le valvole con riposizionamento su 10 tramite molla vengono chiamate monostabili 

od unistabili  perché la posizione di riposo è predefinita. Significa anche che il 

segnale di uscita avrà durata uguale a quella del segnale di comando. La scomparsa 

del segnale di comando farà cambiare di stato il segnale di uscita. 

Una valvola che non abbia posizione preferenziale, rimane in una delle due posizioni 

sino a quando uno dei due segnali non venga selezionato. Il comando, in questo caso, 

può essere un impulso e commuterà la valvola a condizione che comando opposto sia 

assente. Sono valvole definite bistabili o di memoria perchè ricordano l’ultimo 

segnale di comando ricevuto. 

Il completamento del simbolo richiede la grafica del comando relativo ai numeri 10 e 

12. I simboli di uso più comune sono: 

 

 

 

 Pulsante                                           Solenoide azionamento                        

   diretto 

 

  Leva o tasto                                  Pneumatico in pressione 

  

 

 Pedale 

 Pneumatico in depressione 

 

                                    Asta meccanica 

                                                                                            Solenoide azionamento 

 Leva rullo indiretto 

 

 

  Rullo a scavallamento Molla 

 

 

 

 

 

  

Come esempio viene riportata una valvola 3/2 N.C. comando pneumatico ritorna a 

molla. 
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Instead, two outlets that complement each other and that feed the two chambers al-
ternatively are necessary in order to activate a double-acting cylinder.
A suitable valve is provided with 5 ways, two of them are outlets, one is the main air 
and the remaining two are the exhausts dedicated to each of the two exits.

In this case, the control number 10 disappears and is substituted by number 12, which 
now determines the resting position (1 connected to 2). The number 14, meaning the 
connection between 1 and 4 is inserted. 4 is the complementary exit way to 2 and 
is connected to its respective exhaust 5. When 14 acts, the square to be considered 
active is the adjoining one. Completion of the symbol is made combining the control 
symbol with the body symbol, thus obtaining the respective complete 5/2 symbol.
Employment of three-position valves is common. In these cases, the symbol is made 
of three squares, and the resting position is the central one. Usually, these are five-way 
valves and the central position must have a specific function as “closed centers”, “ope-
ned centers” and “fed centers”.
 

  

                                 closed centers                                    opened centers 
                                          

fed centers

The central position is kept mechanically by stops or calibrated springs at the two 
control sides, and the working lateral positions are obtained sending the controls to 
12 and 14. These valves, except for particular cases, are unstable.

Übersicht Anschlussnummern
 
        PNEUMATICS                         3 WAY             5 WAY

   ISO 1 2 3 4 5 12 10 14 12

   CETOP P B S A R Z Y Z Y
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Le valvole 2/2 sono utilizzate nelle versioni N.C. ed N.A. come semplici valvole di 

intercettazione, mentre le 3/2 sono impiegabili per comandi di cilindri a semplice 

effetto o per l’invio di segnali ad altre valvole in virtù della terza via di scarico. 

Per azionare invece un cilindro a doppio effetto sono necessarie due uscite tra loro 

complementari che alimentino alternativamente le due camere. 

La valvola idonea è provvista di 5 vie, due delle quali sono le uscite, una 

l’alimentazione e le rimanenti due gli scarichi dedicati ad ognuna delle uscite. 

 

                                                        

               
 

Scompare in questo caso il comando numero 10 e viene sostituito da 12 che ora 

determina la posizione di riposo ( 1 collegato con 2 ). Viene inserito il numero 14 che 

significa collegamento di 1 con 4. La via di uscita complementare a 2 è 4 collegato al 

relativo scarico 5. Quando interviene 14 il quadrato da considerare attivo è quello 

adiacente. Il completamento del simbolo è fatto combinando il simbolo del comando 

a quello del corpo ricavando il relativo simbolo completo di una 5/2. 

E’ frequente l’utilizzo di valvole a tre posizioni, in questi casi il simbolo è composto 

da tre quadrati e la posizione di riposo è quella centrale. Generalmente sono valvole a 

5 vie e la posizione centrale deve avere una funzione specificata come “ centri 

chiusi”, “ centri aperti “ e “ centri alimentati “.  
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After having analyzed the functions of the valves by means of their symbols, let us 
see their operation by means of simplified sections. These sections introduce us to
the manufacturing classification of valves.

14.2 MANUFACTURING METHODS

The symbol, which is stamped on the body of the valve, provides us with specific 
indications regarding its operation, but does not define its size or how it has been 
manufactured. The methods used to manufacture a valve are several, but only two of 
them are mainly used today.

– Spool or drawer valve manufacturing
– Shutter valve manufacturing

Spool or drawer valve manufacturing

This type of valve uses a shaft, suitably molded, that slides inside the body of a valve 
equipped with gaskets, kept in its housing by means of spacers. The threaded junc-
tions of its respective ways are located on the lateral side of the body.

3/2 N.C.

The represented valve, and its symbol placed besides it, helps us to understand its 
operation.
The left figure shows the valve in a resting position with control 10 prevailing, while 
the right figure shows it while being activated with prevalence of signal 12. In addition, 
we can notice that the pressure acts always in perpendicularly to the spool and this 
way, the
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distanziali. Lateralmente, sul corpo, vengono ricavati gli attacchi filettati delle 

corrispondenti vie.  

                                                    3/2 N.C. 

 

    
 

La valvola rappresentata, affiancata dal simbolo, ci aiuta a comprendere il 

funzionamento. La figura a sinistra mostra la valvola a riposo con prevalenza del 

comando 10, quella a destra la mostra azionata con prevalenza del segnale 12. 

Si può inoltre notare che la pressione agisce sempre in maniera ortogonale alla spola 

ed in questo modo, le forze di azionamento necessarie per commutare la valvola sono 

sempre le stesse indipendentemente dalla pressione di alimentazione. Per questo sono 

chiamate a spola bilanciata.  

                                                3/2 N.A. 
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activating forces needed to commute the valve are always the same independently 
from the operating pressure. For this reason, they are called balanced spool valves. 

3/2 N.O.
             

In the case of balanced spool valves it is possible to transform them from normally 
closed to normally opened by simply reversing both the feeder and the exhaust, and 
it is also possible to transform it into 2/2 by closing exhaust 3 with a plug.
                                                       
                                                                 5/2

Also in this case, the left figure shows the valve in its rest position and the right figure 
shows it in its working position. We can see the separated exhausts for each outlet, 
with exhaust 3 dedicated to outlet 2 and exhaust 5 dedicated to outlet 4.
When discharge 2 is under pressure, outlet 5 is in discharge and vice versa.
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5/3 closed centers

The right and left sections show the valve activated by 12 and 14 and, as we can see, 
it acts as a normal five-way valve.
In absence of controls, the valve assumes the central position and intercepts all the 
passages. In case it is used to control a double-action cylinder, blocking discharges 
2 and 4 means to trap the pressure that at that moment is in the two cylinder cham-
bers. The cylinder shall keep its own stroke going until the forces acting on the two 
sides of the piston reach their equilibrium.
At this point, the cylinder rod stops.
Therefore, this is a valve used to perform intermediate stops, but that has no possi-
bility of repeating the same position twice and, in case of leakages from the joints/
pressure necks, the stop would be precarious because the counterbalanced forces 
are now balanced.
As already mentioned, it may be used with rod stopping mechanisms.

 
  

 

 

                                        
 

Le sezioni di destra e di sinistra mostrano la valvola attivata da 12 e da 14 e, come si 

può vedere si comporta come una normale 5 vie. In assenza di comandi la valvola 

assume la posizione centrale ed intercetta tutte quante le vie. In caso di utilizzo per 

comandare un cilindro a doppio effetto, bloccare le mandate 2 e 4 significa 

intrappolare nelle due camere del cilindro la pressione in quel momento presente. Il 

cilindro continuerà la propria corsa fino a quando le forze che agiscono sui due lati 

del pistone raggiungono l’equilibrio. A questo punto lo stelo del cilindro si ferma. E’ 

una valvola utilizzata quindi per effettuare fermate intermedie, ma senza possibilità di 

ripetere la medesima posizione una seconda volta e, in caso di tra filamenti dai 

raccordi, lo stop è precario perché le forze contrapposte si squilibrano. Può essere 

impiegato, come già accennato con meccanismi di blocco dello stelo. 
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5/3 exhaust or opened centers

The difference with the previous valve lies in its central position. In this case, feeding 
is intercepted and discharges 2 and 4 are at the exhaust by means of 3 and 5. Cont-
rolled actuator chambers operate at atmospheric pressure. A cylinder may be moved 
manually freely along the entire stroke. One of its uses may be represented by the 
control of a pneumatic motor, with clockwise or counterclockwise rotation according 
to controls 12 and 14, where the central position determines their stopping position.

                                  

  
 4    2 

                                           
                                                          5 1 3 

  

 

 

 

La differenza con la precedente valvola sta nella posizione centrale. In questo caso 

l’alimentazione viene intercettata e le mandate 2 e 4 sono allo scarico attraverso 3 e 

5. Le camere dell’attuatore comandato sono a pressione atmosferica. Un cilindro può 

essere liberamente mosso lungo tutta la corsa manualmente. Una delle applicazioni 

può essere rappresentata dal comando di un motore pneumatico, con senso di 

rotazione orario od antiorario a seconda dei comandi 12 e 14, la posizione centrale ne 

determina la fermata. 
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5/3 powered or under pressure centers

The central position feeds the two cylinder chambers and intercepts both exhausts. It 
is very useful in applications with the mechanical rod stopping since it compensates 
eventual leakages from the pressure necks. But the condition is that the piston sur-
faces are to be identical. Therefore, it must be employed with cylinders with hollow 
through piston rod. The valves introduced are the most commonly used in the com-
pressed air automation scene.
The balanced spool version is simple, reliable and easily manufactured. In case of 
three-position valve, we can see that by simply substituting the spool, the three ver-
sions just mentioned may be manufactured. But all of them must perform relatively 
large working strokes in order to open passage spans that may supply flow rates 
consistent with their valve size. They may operate with or without lubrication supply 
according to the manufacturer’s instructions.

 
 4    2 

                                          
 5  1  3 

 

 

L posizione centrale alimenta le due camere del cilindro ed intercetta entrambi gli 

scarichi. E’ molto utile nelle applicazioni con blocco meccanico dello stelo in quanto 

compensa eventuali tra filamenti dai raccordi di mandata. La condizione è però che le 

superfici del pistone siano identiche. Deve essere impiegato quindi con cilindri a stelo 

passante. 
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Quelle presentate sono le valvole più comunemente usate nel panorama 

dell’automazione con aria compressa. 

La versione a spola bilanciata è di facile costruzione, semplice ed affidabile. Nel caso 

della valvola a tre posizioni si vede che, sostituendo semplicemente la spola, si 

possono realizzare le tre versioni appena descritte. Tutte devono però compiere corse 

di lavoro relativamente lunghe per aprire luci di passaggio che possano fornire 

portate congruenti con la taglia della valvola stessa. Possono funzionare con o senza 

apporto di lubrificazione a seconda delle indicazioni del costruttore.  
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The valve described in this section is a traditional 3/2 N.C.one with pneumatic activation and 
pneumatic return at the resting position (left) and at the working position (right) with their 
respective symbol. It is manufactured, as previously said, by inserting in its body gaskets and 
spacers, inside a molded slider spool. The gaskets are fixed inside the body, so they may be 
defined to be passive. A similar solution is quite bulky and the courses that the air is forced to 
follow are quite tortuous. The flow rates are not optimal when compared to their valve size. 
The valves of the next generations have been designed in order to optimize the flow rate to 
its maximum. Currently, it is increasingly important to reduce their sizes and weights, trying to 
improve the equipment’s performance as well as to extend its lifetime. Therefore, valves that 
carry sealing gaskets on the spool are created, and their spacers and fixed gaskets disappear 
with remarkable passage span streamlining. These flow rates increase remarkably with the 
same sizes.
The gaskets move with the spool and we can define them as being active.
The following image shows the section of a valve 5/2 with pneumatic activation and differen-
tial internal pneumatic return, which operates as a real spring.

The pneumatic control 14 area is wider than the 12 area and therefore 14 prevails over 
12. The supply of compressed air toward 12 is carried out directly by the main feeder 1 
with a small channel located inside the body.
 

                    
 

 

La valvola rappresentata in sezione è una tradizionale 3/2 N.C. ad azionamento 

pneumatico e ritorno pneumatico nella posizione di riposo (sinistra)e di lavoro 

(destra) con il relativo simbolo. E’ costruita, come già detto, inserendo nel corpo 

guarnizion1 e distanziali,  all’interno dei quali scorre la spola opportunamente 

sagomata. Le guarnizioni sono fisse all’interno del corpo quindi si possono definire 

passive. Una simile soluzione è piuttosto ingombrante ed i percorsi che l’aria è 

costretta a seguire sono piuttosto tortuosi. Le portate non sono ottimali se paragonale 

alla taglia della valvola. Le valvole di successive generazioni sono state progettate 

per ottimizzare al massimo il rapporto dimensione / portata. Oggi diviene sempre più 

importante ridurre dimensioni e pesi cercando di migliorare le prestazioni ed 

allungare la vita delle apparecchiature. Nascono valvole che portano a bordo della 

spola le guarnizioni di tenuta, spariscono i distanziali e le guarnizioni fisse con 

notevole razionalizzazione delle luci di passaggio. Le portate aumentano 

notevolmente a parità di dimensione.  

Le guarnizioni si muovono con la spola e le possiamo definire attive.    
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L’immagine successiva mostra la sezione della valvola 5/2 con azionamento 

pneumatico e ritorno pneumatico differenziale interno che compie la funzione di una 

vera e propria molla.  
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L’area del comando pneumatico 14 è superiore a quella di 12 quindi 14 prevale su 12. 

L’alimentazione di aria compressa verso 12 viene inviata  con un piccolo canale 

ricavato internamente al corpo direttamente dalla alimentazione principale 1.  

 

Costruzione ad otturatore                                                               

 

La costruzione ad otturatore è caratterizzata da un tenuta frontale senza organi in 

strisciamento. Il sistema di tenuta è costituito da un disco provvisto di guarnizione 

che si stacca assialmente da una sede valvola. In questa maniera si mettono in 

comunicazione le vie della valvola. Si ottengono tenute perfette e grosse portate 

anche con piccole escursioni dell’organo di tenuta. Le forze di azionamento sono 

deboli quando la valvola non è alimentata, ma una volta sia fornita in alimentazione 

di aria compressa, questa forza aumenta all’aumentare della pressione. I simboli 

grafici non distinguono il tipo di costruzione, quindi rimangono gli stessi delle 

valvole a spola. 

 

 

  

 

 141 

 

 

 

Lo schizzo mostra il principio di funzionamento di una valvola ad otturatore. 

 

        
 

La pressione di alimentazione insiste sulla parte inferiore dell’otturatore ed è logico 

che la forza F di attuazione debba aumentare quando la pressione di alimentazione 
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Shutter valve manufacture

The shutter valve manufacture is portrayed by a frontal sealing without crawling bo-
dies. The sealing system is made by a disc equipped with gaskets that detach axially 
from a valve seat. This way, the valve’s conduits are connected. A perfect sealing and 
large flow rates are also obtained with short excursions of the sealing body. The ac-
tivating forces are weak when the valve is not fed, but when supplied with compres-
sed air, this force increases when pressure increases. Graphic symbols do not distin-
guish the type of manufacture; therefore they are the same as the spool valves.
The sketch shows a shutter valve’s operating principle.

       
The operating pressure acts on the shutter’s lower part and logically, the actuating 
force F must increase when the operating pressure increases. It carries out very quick 
commutations, since the opening strokes are very short, and they may operate without 
any lubrication because they have no crawling bodies. They are often used whenever 
high flow rates are needed. They are not suitable to be manufactured in the four-way 
version. As we can see in the following figure, their assembly is definitively difficult.
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La pressione di alimentazione insiste sulla parte inferiore dell’otturatore ed è logico 

che la forza F di attuazione debba aumentare quando la pressione di alimentazione 

aumenta. Esegue commutazioni molto rapide in funzione di corse di apertura molto 

brevi e possono funzionare senza lubrificazione non avendo organi che strisciano. 

Sono molto utilizzate quando sono necessarie alte portate. Non si prestano facilmente 

ad essere realizzate nella versione a quattro vie. Come si vede nella rappresentazione 

che segue, l’assieme è decisamente di realizzazione difficoltosa. 

 

  

             

               
 

 

Nel caso di valvole 4/2 lo scarico delle uscite 2 e 4 è sempre comune in 3. 
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In case of 4/2 valves, the exhaust of outlets 2 and 4 is always shared with 3.
The assembly is the exact composition of two 3/2 N.C. valves (left side of the valve in 
the two figures), with a 3/2 N.O. valve on the right side with common feeding.

    

Quick exhaust 
valve

Chamber
insulation seal Rolling 

diaphragm
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14.3 VALVE CONTROLS

The valves are activated by means of controls that may be of different types:

– Manual
– Mechanical
– Pneumatic
– Electric

 
Manual activation

Manual activation is obtained by mounting a manually activated operating element 
on the valve body. They are almost always positioned on the unit’s control panels and 
they may be monostable or bistable. The bistable function is obtained by a mechani-
cal retainer inside the operator. Usually, the size of these valves is small because they 
are only intended to send control signals toward other distributors, and therefore do 
not need high flow rates. Very rarely they have greater sizes suitable for direct control 
of a cylinder. The operating element calculates the use of all the types of valves con-
sidered till now.

Mechanical activation

Mechanical activations have been created in order to detect the position of mecha-
nical parts of a moving machine, and to send pressure signals in order to control the 
working cycle. They may be activated directly even from cylinders whose rod is equip-
ped with a cam, with the purpose of signaling the performed stroke.
The most common valves are those with the lever/roller or the lift roller. The lever/rol-
ler releases the signal when it is activated in both directions, and therefore, it is used 
as a stroke limit detector, while the lift roller may be activated only in one direction. In 
the opposite direction, the roller is pressed without activating the valve. Therefore, it 
may detect the passage of the cylinder rod in the desired direction and be placed at 
any point of the stroke.

14.3  Comandi delle valvole 

 

E’ assodato che le valvole vengono azionate tramite comandi che possono essere di 

diverso tipo: 

 

- Manuale 

- Meccanico 

- Pneumatico 

- Elettrico 

 

Manuale 

 

L’azionamento manuale viene ottenuto montando sul corpo valvola un elemento 

operatore azionato a mano. Sono quasi sempre posizionati su pannelli di comando di  

macchine e possono essere monostabili o bistabili. La funzione bistabile viene  

ottenuta con una ritenuta meccanica all’interno dell’operatore. La taglia di queste 

valvole di solito è piccola perché sono destinate ad inviare solo segnali di comando 

verso altri distributori e non necessitano quindi di portate elevate. Molto raramente 

sono di taglie superiori adeguate al comando diretto di un cilindro. L’elemento 

operatore prevede l’utilizzo di tutte le tipologie di valvole sino ad ora trattate. 
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leva/rullo                                        rullo a scavallamento                                        
                                           

      

Pneumatic activation

Pneumatic control is always performed remotely (remote control) and is used to per-
form an exaggeration of the flow rate.
A pneumatic signal, released by a button or by a small stroke limit valve that has a very 
poor flow rate, drives another greater valve with wider flow rate.

Electric activation

The kind of activation mostly used in pneumatic automation, and consists substantial-
ly in transduction of an electric signal into a pneumatic signal.
The section referred to electro valves shall explain how this is carried out.

14.4 ELECTRO VALVES

Electro-valves transform an electric signal into a pneumatic signal. They are popular 
devices, and are used whenever the organizing criterion for automatic equipment es-
tablishes electric signals as exits, as in electronic control systems, for example.

Meccanico 

 

Gli azionamenti meccanici sono stati ideati per la rilevazione della posizione di parti 

di macchina in movimento ed inviare segnali in pressione per il controllo del ciclo di 

lavoro.  Possono essere azionati direttamente anche da cilindri sul cui stelo viene 

montata una camma allo scopo di segnalare la corsa avvenuta. 

Le valvole più comuni sono quelle con la leva/rullo od il rullo a scavalcamento. La 

leva/rullo libera il segnale quando viene attivata nelle due direzioni, quindi si presta 

ad essere utilizzata come rilevatore di fine corsa, mentre il rullo a scavalcamento può 

essere attivato in una sola direzione. Nella direzione opposta il rullo viene premuto 

senza azionare però la valvola. Può quindi rilevare il passaggio dello stelo del 

cilindro nella direzione desiderata ed essere piazzato in qualsiasi punto della corsa. 
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We should recap the basic electric principles before entering into the subject of 
electro valves.

Voltage 

A simple example may explain the meaning of voltage:
Two water tanks are connected by means of a tube. If level A, in the first tank, is 
identical to level B of the second tank, no movement of the water is observed, while 
if there is a difference in height, some water should pass from the tank with the hig-
her level to the tank with lower level.
A difference in levels is necessary to obtain this flow. Therefore, voltage is the poten-
tial difference between the two poles of a conductor and is measured in V (Volts).
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Current

Current is an electric charge flow that crosses a conductor and in pneumatics is 
comparable to the flow rate of the air in a tube. The larger the tube is the higher shall 
be its air capacity. An identical situation shall occur in the conductor. 
The measuring unit for current intensities is the A (Ampere).

Power

The power is the product of voltage by current:

P = U x I

The power measuring unit is the W (Watt).

Alternating current

Alternating current is featured by a current flow that may vary along time in both 
intensity and direction, with more or less regular intervals. Fluctuation of the electric 
voltage value along time is the waveform.
Commonly distributed electric power has a sinusoidal waveform, and the value mea-
sured in V is not the highest peak of the wave, but is a lower value, marked with the 
dotted line in the diagram, that is defined as Mean Root Square voltage (Veff).

                                      
 

 

 

 

La corrente 

 

La corrente è un flusso di carica elettrica che attraversa un conduttore ed è 

paragonabile in pneumatica alla portata dell’aria in un tubo. Più il tubo è di grosse 

dimensioni più alta sarà la capacità di portare aria. Identica situazione si verificherà 

nel conduttore. 

L’unità di misura della intensità di corrente è  lo A ( Ampere ). 

 

La potenza 

 

La potenza è il prodotto fra tensione e corrente: 

 

                                                   W = V x I 

 

L’unità di misura della potenza è il W ( Watt ). 

 

Corrente alternata 

 

La corrente alternata è caratterizzata da un flusso di corrente variabile nel tempo, sia 

nella intensità che nella direzione con intervalli più o meno regolari. L’andamento del 

valore di tensione elettrica nel tempo è la forma d’onda. 
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Frequency

Frequency is the number of forward and backward cycles performed during one se-
cond. Frequency is measured in Hz (Hertz). In Europe, alternating current has a 50 Hz 
frequency, and in America it is equal to 60 Hz.

Direct current

The direct current is portrayed by a current flow that is constant along time in both 
intensity and direction. In direct current, contrary to alternating current, respecting 
the current direction, or rather its polarity is very important.

Resistance

A conductor, according to its materials, opposes the current’s passage offering a re-
sistance. A short cable with a large diameter has a lower resistance than a long and 
thin cable made with the same material. The comparison with pneumatic tubes is 
correct, even if in pneumatics no unit exists for measuring resistance, but exists for 
its opposite, which is conductivity. Its flow capacity is measured with the equivalent 
section in mm2 or with kv or Cv flow factors.
The electric resistance measuring unit is the Ohm. Resistance is also an electronic 
component that acts like a break.
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Ohm’s law

Ohm’s law says: voltage is equal to the product of the current by the resistance.

V = R x I

Knowing two values of the just mentioned ratio, we can calculate the unknown value 
simply.

      R = U / I                         calculation of resistance knowing voltage and current

      R = V2 / W                      calculation of resistance knowing voltage and power

      I = V / R                          calculation of current knowing voltage and resistance

      V = R x I                         calculation of voltage knowing resistance and current

      W = V x I                        calculation of voltage knowing resistance and current

      W = R x I2                       calculation of power knowing resistance and current

      W = V2 / R                      calculation of power knowing voltage and resistance

R = Resistance expressed in Ohms
I  = Current intensity expressed in Amperes
V = Voltage expressed in Volts
W = Power expressed in Watts

Magnets

If an iron bar is exposed to a high magnetic field during a period of time, it also beco-
mes magnetized. This phenomenon is called permanent magnetism, and is the ability 
of the iron bar to attract other objects made with the same material. Magnetic force 
lines may be easily visualized with some iron filings on a paper sheet placed over the 
magnet. The magnet has a north pole and a south pole. In fact, if we hang a magnet 
from a thread, one of its ends shall always point north, and this shall be the magnet 
pole defined as North Pole. Opposite poles attract, equal poles repel. If two magnets 
are placed in series with each other, the magnetic field shall be equal to the one gene-
rated by a single magnet of the same size.

Electromagnetism

Electric current and magnetism are strongly correla-
ted, because if a cable is run across by an electric cur-
rent it generates a magnetic field, which must be seen 
as a series of force lines that create concentric rings 
closed around the thread.     
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Induction

Transformer principles If a cable is moved across this magnetic field, an electric cur-
rent is produced within it. This electric current is called electromagnetic induction. 
This phenomenon is used in dynamos and generators, where the current is induced to 
a coil that rotates within a static magnetic field. Both direct and alternating currents 
may be produced.

Transformer principles

A transformer is made by two or more coils commonly wrapped around an iron nucleus, 
as shown in the following figure. According to the principle of action and reaction, an 
alternating current produces an alternating magnetic field, as well as an alternating 
magnetic field produces an alternating current in a coil that is located inside the field.
If the primary envelopment has an amount of loops greater than the secondary one, 
feeding in an alternating current produces a high voltage with a low current. In the 
secondary wrapping, having a smaller amount of loops, we shall have low voltages 
and high currents.

 

The current with its respective magnetic flow produced in the secondary winding shall 
have a lag with respect to the primary one.
It is possible to produce high voltages and low currents or vice versa.

Phase shift

The inductive resistance is the cause of the phase shift, and in case of pure induc-
tive resistances, the phase shift shall be equal to 90°, as occurs in the case that the 
secondary wrap has only one knuckled loop, that therefore has no Ohm’s resistance 
(short circuit loop).
With the Ohm’s component of the coil, this phase shift is lower than 90°. For example, 
in alternating current motors, the indication cos ϕ is always to be found, where ϕ repre-
sents the angle of this phase shift. Therefore, the effective average power is:

P = Veff  x Ieff  x cos ϕ 

SECONDARYPRIMARY 
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where Veff is the effective voltage and Ieff the effective current (1/   2  = 0.707 of the 
peak value). This effective or real power is measured in Watts, contrary to the appa-
rent power that is measured in VA (Volts Amperes). 

Impedance

Impedance Z is the resultant of the Ohm’s resistance of the wire and its inductive re-
sistance.

Z =      R ohm.  2 + R ind.2

Therefore, impedance is simply the total resistance, and depends on the phase shift 
angle and is measured in Ohms.

Solenoids

At this point, speaking of solenoids, we can introduce the subject of electro valves.

       

                                             Z =         R ohm. 
2
 + R ind.

2 
 

 

 

                                                                       

 
 

L’impedenza è quindi semplicemente la resistenza totale e dipende dall’angolo di 

sfasamento e viene misurata in Ohm. 

 

Solenoidi 

 

A questo punto, parlando di solenoidi, possiamo introdurre l’argomento 

elettrovalvole. 
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A conducting wire wound around a non-magnetic tubular nucleus, after being fed, 
concentrates the power lines of its own magnetic field along the central axis of the 
winding.
The point where the power lines enter and exit from the coil are called poles, just as 
magnets. If an iron nucleus is inserted inside the non-magnetic tube, the magnetic 
flow increases notably, because the power lines pass at least a thousand times easier 
across the iron than across the air.
The electro valve’s operating principle is like the one of the lift solenoid, made by both 
a fixed and a mobile reinforcement and by a coil.
As we can see in the figure, inside a non-magnetic tube, the fixed reinforcement is 
anchored (counter nucleus) and the mobile one is inserted (nucleus), fastened by a 
spring.
The assembled tube is inserted into the coil’s tubular nucleus.
The mobile reinforcement is pulled toward the fixed part by the attraction force pro-
duced by the flow when the coil is excited. This allows opening and closing the air 
transition seating alternatively thanks to a gasket mounted on the mobile nucleus, as 
the figure shows.

Magnetic forces depend mainly on their air gap, or rather on the distance existing bet-
ween the fixed and mobile reinforcements.
The diagram described in the following page illustrates this concept. In the resting po-
sition, the force is equal to about 4 N, in the mid of the stroke it has reached 6 N, and 
at its end it has reached 10 N. This means that the speed increases remarkably during 
the stroke. We must consider two facts for alternating current solenoids:

– Induction changes with the mobile reinforcement’s position
– Current, together with magnetic forces, drops down to zero two times for each pe-
riod.

Initially, with maximum air gap, the force and the inductive resistance are very low. 
This means that a strong intensity current is passing through the coil.
 

 

Un filo conduttore arrotolato attorno ad un nucleo tubolare di materiale non 

magnetico concentra, una volta alimentato, le linee di forza del proprio campo 

magnetico lungo l’asse centrale dell’avvolgimento. 

I punti in cui le linee di forza entrano ed escono dalla bobina sono i cosiddetti poli, 

proprio come per i magneti. Se all’interno del tubo in materiale non magnetico viene 

inserito un nucleo in ferro, il flusso magnetico aumenta notevolmente, perché le linee 

di forza passano almeno un migliaio di volte più facilmente attraverso il ferro che 

attraverso l’aria. 

Il principio di funzionamento dell’elettrovalvola è quello dell’elettromagnete di 

sollevamento, costituito da una armatura fissa , una mobile e da una bobina. 

Come si può vedere dalla figura, all’interno di un tubo di materiale amagnetico, viene 

fissata l’armatura fissa ( contronucleo ) ed inserita quella mobile ( nucleo ), 

richiamata da una molla.  

Il tubetto così assemblato, viene inserito  nel nucleo tubolare della bobina. 

L’armatura mobile viene tirata verso la parte fissa dalla forza di attrazione prodotta 

dal flusso quando la bobina viene eccitata. Questo serve ad aprire e chiudere 

alternativamente le sedi di passaggio dell’aria grazie a guarnizioni montata sul nucleo 

mobile come mostra la figura. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

La forza magnetica dipende principalmente dal traferro, cioè dalla distanza che esiste 

tra armatura fissa e mobile. 
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For this reason, the reaction is more violent than in a direct current coil.
When the air gap is closed, the total resistance and induction increase, and conse-
quently, the absorbed current decreases.
The holding current and power are lower than the breakaway starting current and 
power.
In case of direct current, the power remains constant because voltage and current 
values remain always the same.
When the reaction time of the direct current solenoid must be shortened, a higher 
voltage with duration of a few milliseconds may be applied. The resulting effect is very 
similar to the breakaway in alternating current. When the mobile nucleus reaches the 
end of its stroke, the holding may be carried out with a reduced voltage, up to the half 
of the rated voltage.

Loop phase shift 

In fixed reinforcements, operating under alternating current conditions, the copper 
ring is present, as shown in the previous figure.
Every time that the current returns to zero, the mobile nucleus starts to come back 
under the spring’s thrust. When the current increases again, it is attracted again. This 
creates the buzzing and a continuous slamming of the nucleus against the reinforce-
ment, a hundred times per second, and causes quick deterioration.
The solution is to create a second magnetic field as out-of-phase as possible, toward 
90°. The loop phase shift performs this task and the operating principle is the trans-
former principle.
The loop is knuckled, and is therefore in short circuit, and represents the secondary 
winding, while the primary one is constituted by the coil. The closed loop has an Ohm 
resistance equal to zero and, therefore, the phase shift shall be near 90°. Also, the vol-
tage shall be near to zero while the current shall be very high. This current creates a 
second magnetic field lagged 90° with respect to the main magnetic field.

 

 

 
 

Il diagramma illustra questo concetto. Nella posizione di riposo, la forza è di circa    

4 N , a metà della corsa  ha raggiunto i 6 N ed alla fine ha raggiunto i 10 N. 

Questo significa che la velocità aumenta notevolmente durante la corsa. 

Per i solenoidi in corrente alternata bisogna considerare due fatti: 

 

- l’induttività cambia con la posizione dell’armatura mobile 

- la corrente, e con essa la forza magnetica, scende a zero due volte per ogni 

periodo. 

 

Inizialmente, con traferro massimo, la forza e la resistenza induttiva sono molto 

basse. Significa che una corrente di forte intensità sta passando nella bobina. Per 

questo motivo la reazione è più violenta rispetto ad una bobina in corrente continua. 

Quando il traferro è chiuso la resistenza totale e l’induttività aumentano, di 

conseguenza diminuisce la corrente assorbita. 

La corrente e la potenza di mantenimento sono più basse di quelle di spunto. 

Nel caso di corrente continua,  la potenza rimane costante perché i valori di tensione 

e corrente rimangono sempre gli stessi. 

Quando il tempo di reazione del solenoide in corrente continua deve essere 

accorciato, si può applicare una tensione più alta per una durata di pochi millisecondi.  

L’effetto risultante  è molto simile allo spunto in corrente alternata. Quando il nucleo 

mobile giunge alla fine della propria corsa, il mantenimento può essere effettuato con 

una tensione ridotta fino alla metà di quella nominale. 
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The figure shows the final result and, as we can see, the effect of the second magnetic 
field nullifies the pulsation.
Thus, the buzzing is removed.
A closed loop mechanical supply may function also in direct current, because the 
described phenomenon is not engaged, since the transformer works only with alter-
nating current (commonly voltages used are 220-110-24 V 50/60 Hz). Multipolar and 
serial systems work only with 24 V direct current.

The figure shows a so called direct-acting electro valve. The air in fact transits directly 
across the mechanics of the assembly, from the entrance toward the outlet.
It is exactly a 3/2 N.C. shutter valve. Under the conditions described in the figure, the 
resting condition, the inlet air is intercepted and the outlet air is discharged by means 
of the fixed nucleus’ central hole.

 

 

Spira di sfasamento 

 

 Nell’armatura fissa, nel funzionamento in corrente alternata, è presente l’anello in 

rame, come illustrato nella figura precedente. 

Ogni volta che la corrente ritorna a zero, il nucleo mobile incomincia a ritornare sotto 

la spinta della molla. Quando di nuovo aumenta la corrente, viene nuovamente 

attratto. Questo crea il ronzio ed un continuo sbattere del nucleo contro l’armatura un 

centinaio di volte al secondo ed è la causa un veloce deterioramento. 

Il rimedio è quello di creare un secondo campo magnetico sfasato il più possibile 

verso i 90°. La spira di sfasamento assolve questo il compito ed il principio di 

funzionamento è  quello del trasformatore. 

La spira è chiusa su se stessa quindi in corto circuito e rappresenta l’avvolgimento 

secondario, mentre il primario è costituito dalla bobina. La spira chiusa ha una 

resistenza ohmica uguale a zero e quindi lo sfasamento sarà vicino ai 90°. La tensione 

sarà anch’essa prossima allo zero e la corrente molto alta. Questa corrente crea un 

secondo campo magnetico spostato in ritardo di 90° rispetto al campo magnetico 

principale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

La figura mostra il risultato finale e, come si può notare, l’effetto del secondo campo 

magnetico annulla la pulsazione. 

Viene in questa maniera eliminato il ronzio. 

Una meccanica provvista di anello chiuso può funzionare anche in corrente continua  

perché non si innesta il fenomeno descritto visto che il trasformatore funziona solo 

con corrente alternata. 
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La figura mostra una elettrovalvola definita ad azionamento diretto. L’aria infatti 

transita direttamente attraverso la meccanica dell’insieme dall’ingresso verso l’uscita. 

E’ esattamente una 3/2 N.C. con costruzione ad otturatore. Nelle condizioni descritte 

nella figura, cioè a riposo, l’aria in ingresso è intercettata e l’uscita in scarico 

attraverso il foro centrale del nucleo fisso. 

Quando la bobina viene eccitata, il nucleo mobile viene risucchiato verso l’alto 

chiudendo la via di scarico tramite il gommino superiore, e contemporaneamente 

libera la luce di passaggio inferiore, permettendo all’aria di fluire verso l’uscita. 

Sono apparecchi idonei per piccole portate per i motivi che ora andremo a spiegare. 

Esaminiamo innanzitutto le forze che si contrappongono in un sistema di questo tipo.   

 

                                     
                                       

                                156 

 

 

1

Fp

Fm

Condizione d’equilibrio
Fp  =  Fm

 

 

 

EXHAUST

INLETOUTLET

Chapter 14

Directional control valves

Pneumatic Guide_GB.indd   128 15/04/2015   08:47:10



129

When the coil is excited, the mobile nucleus is sucked upward, closing the dischar-
ge way by means of the top rubber, and at the same time it clears the lower transit 
opening, allowing the air to flow toward the outlet.
These are devices suitable for poor flow rates for the reasons we will now proceed 
to explain. First at all, let’s examine the forces that contrast each other in this type of 
system.  

In resting position, they act:

– Downward: force of the spring and weight of the mobile nucleus
– Upward: force of the pressure for the exposed section’s surface.

The forces that act downward must be overcome by the magnetic force produced. 
This force Fm must be able to keep the nucleus pushed downward in order to oppose 
Fp that pushes upward, so as to keep the transition seating of the air closed. The coil 
is sized according to these forces.
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Nella posizione di riposo agiscono: 

 

- verso il basso : forza della molla e peso del nucleo mobile 

- verso l’alto : la forza della pressione per la superficie della sezione esposta. 

 

Le forze che agiscono verso il basso devono essere vinte dalla forza magnetica 

generata. Per mantenere chiusa la sede di passaggio dell’aria, questa forza Fm deve 

essere in grado di mantenere il nucleo spinto verso il basso per contrastare Fp che 

spinge verso l’alto. La bobina viene dimensionata in funzione di queste forze. 

Per potere esprimere grandi portate, dovremmo avere grosse forze in gioco perchè 

con sezioni di passaggio elevate Fp sarebbe di notevole entità e di conseguenza anche 

Fm che la contrasta. La bobina dimensionata di conseguenza dovrà essere di potenza 

più elevata. Questo limita la apparecchiatura che risulta quindi idonea per piccole 

portate. Per portate più elevate dobbiamo quindi avvalerci di un sistema che possa 

amplificare il flusso di aria. Si userà una elettrovalvola ad azionamento diretto come 

elemento di controllo o pilotaggio, ed una valvola azionata pneumaticamente come 

elemento amplificatore. 

 

           
 

 157 
  

 

 

+ 

FORCES ACTING ON THE ELECTRO 
VALVE SHUTTER

INDIRECT-ACTING 
ELECTRO VALVE 

        +

Balance condition
Fp = Fm

MAGNETSPALT
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We should involve large forces in order to be able to reach ample flow rates because, 
with high transition sections, Fp should have a outstanding capacity as well as Fm, 
that opposites it. Consequently, the sized coil shall have a higher power. This limits 
the equipment that therefore results suitable for poor flow rates. Therefore, for hig-
her flow rates we must avail ourselves of a system that may exaggerate the air flow. 
A direct-acting electro valve shall be used as a controlling or steering element, and a 
pneumatic valve shall be used as the exaggerating element.
Combining these two elements in only one unit we shall obtain an indirect-acting 
electro valve.

          

Monostable, bistable, 3-ways or 5-way, 2-position or 3-position electro valves may be 
obtained this way.
Automatic systems require increasingly equipment with reduced dimensions and high 
performances, and that may interface with electronic controlling systems: therefore 
low electric consumptions are a very important perquisite.
As all electric components, electro valves are also subjected to standards that deter-
mine their protection.
The devices’ protection degree is determined by the type of electric connection to 
the coil. The international standards that regulate it are I.E.C. 144. However, there are 
also national standards, as for example the Italian C.E.I. and the German D.I.N. The in-
ternational abbreviation that identifies the protection degree is made up by the initial 
abbreviation IP and by a two-digit number of which we will now proceed to explain 
its meaning.
The first digit defines the protection against any accidental contact with solid bodies 
and the second one against water seepages.
The standards for electro valves are generally IP40 and IP65.

 
La combinazione di questi due elementi in un'unica apparecchiatura non è altro che  

una elettrovalvola ad azionamento indiretto. 

 

 

           
 

 

 

Si possono ottenere elettrovalvole monostabili, bistabili a 3 o 5 vie , a 2 o 3 posizioni. 

I sistemi automatici richiedono sempre più spesso apparecchiature di dimensioni 

contenute con elevate prestazioni ed interfacciabili con sistemi di controllo 

elettronici, quindi i bassi consumi elettrici, sono prerogativa importantissima. 

Come tutti i componenti elettrici, anche le elettrovalvole sono sottoposte a normative 

che ne determinano la protezione. 

Il grado di protezione degli apparecchi viene determinato dal tipo di connessione 

elettrica alla bobina. Le normative internazionali che lo regolano sono le I.E.C. 144. 

Esistono comunque normative nazionali come ad esempio le italiane C.E.I.  e le 

tedesche D.I.N. 

La sigla internazionale che identifica il grado di protezione è costituita dalla sigla 

iniziale IP e da un numero a due cifre di cui andiamo a spiegare il significato. 

La prima cifra definisce  la protezione contro il contatto accidentale di corpi solidi e 

la seconda contro infiltrazioni di acqua. 

Gli standard delle elettrovalvole sono generalmente IP40 ed IP65. 
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IP40 defines a protection against solid bodies with a rated diameter up to 1mm and 
no protection against water. IP65 defines total protection against dust and against 
water in every direction.
There are also regulations regarding the insulation classes referred to maximum wor-
king temperatures, according to C.E.I. standards 15 to 26.
All electro valves also report, together with their particular features, an indication of 
their ED insertion on their labels. If the label describes 100% ED data, this means that 
it is suitable for continuous duty.
Very often, reducing circuits that cut the peaks of return voltages, of very high value, 
at the moment of the de-energization (diodes in direct current and varistors in al-
ternating current) are inserted in the connectors. We must remember that these de-
vices do not protect electro valve solenoids, but the devices that control them (ma-
gnetic sensors, relays, etc.) protecting the contacts that could be damaged by these 
high voltage values. Moreover, luminous Leds denote the presence of the switching 
electric signal.

Insulation in accordance with the working temperature – Standard CEI 15-26

 Insulation class Temperature 

 Y 90 °C

 A 105 °C

 E 120 °C

 B  130 °C

 F  155 °C

 H  180 °C

 200  200 °C

 220  220 °C

 250  250 °C

DIGIT NUMBER 1 DIGIT NUMBER 2
MEANING Nachweis MEANING

No protection Kein Schutz

Protection against solids with a diameter from

Ø 50 mm

Protection against solids with a diameter from

Ø 12 mm

Protection against solids with a diameter from

Ø 2,5 mm

Protection against solids with a diameter from

Ø 1 mm

Protection against dust

in damaging quantities

Dust-proof

No protection

Protection against vertically

dripping water

Protected against dripping water when the

enclosure is tilted up to 15°

Protection against rain water up to 60°

from the vertical

Comprehensive water protection

Protection against water jets (Jet)

from all directions

Protection against powerful sea waves, or jets

Protection against temporary immersion

The devices’ protection degree is written on all the documentations, and is generally as IP65.
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The maximum temperature admitted for a coil is conditioned by:

-   Its own heating
-   Temperature of the fluid that crosses it
-   Room temperature

This data is referred to coils inserted in continuous duty.

14.5 DISTRIBUTOR FLOW RATES

The rated flow rate of a valve is identified by means of a ratio called flow rate factor, 
symbolized with a kv, that is produced by the amount of liters of water at a 18°C tem-
perature that passes through it in a minute across the valve being tested, when the 
difference of pressure between inlet and outlet is equal to 1 bar.
The flow rate in liters per minute is associated to the kv factor by the following expe-
rimental formula:

                                                                    ΔP
Q =               - ------- 

 θ

Where:

– Q is the flow rate of the liquid in l/min
– ΔP is the pressure drop across the valve
– θ is the density of the liquid in Kg/dm3

But when the user wants to know the rated flow rate of the component in normal liters 
per minute, when at the valve’s inlet there is a gauge pressure equal to 6 bars and to 
5 bars at the outlet.
This data is stated in the equipment’s technical datasheets. Certain diagrams that may 
also offer complete information are available also for operating pressures different 
from 6 bars.

Operating pressures are marked in the curves described in the following page. Impo-
sing the ΔP between inlet and outlet we rise along the axis of the abscissas up to the 
curve with the chosen operating pressure and, horizontally, on the axis of ordinates, 
we can read the flow rate under those conditions. For example, if the operating pres-
sure is equal to 6 bars, and at the outlet is 5 bars (ΔP = 1), the flow rate shall be about 
125 Nl/min.
We can easily obtain the pressure drop between inlet and outlet if we know the flow 
rate and the operating pressure.
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Choice of the distributor

Once the cylinder has been chosen and its cycle-time has been decided, we must 
couple to it a valve that has a correct flow rate, in order to satisfy the imposed con-
ditions. For example, if we must carry out a forward and backward stroke in 1 second 
with a 200mm stroke Ø 80 cylinder, we should proceed this way:

– Calculate total cylinder chamber volumes in dm3

– Multiply the result by the cycles per minute
– Multiply by the absolute pressure.

The volume of the two chambers is 1.63 dm3

The total demand shall be:

1.63 x 60 (frequency) x 7 (absolute pressure) = 628 Nl/min

We also use a safety factor K = 1.2 and find the flow rate needed for a operating pres-
sure equal to 6 bars and ΔP =1.
The flow rate shall be about 820 Nl/min. We will choose a valve that meets the ob-
tained flow rate value at least.

14.6 WIRING EVOLUTION 

Automation development in all industrial sectors has increased circuit complexity con-
spicuously, also increasing assembly and wiring times. In order to reduce the labor 
costs, some electro valve islands are mounted in modules in series or batteries inclu-
ding, in many cases, electric connections are often supplied.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

               

 

 

 

 

 

 

 

 

Sulle curve sono evidenziate le pressioni di alimentazione. Imponendo il ΔP tra 

ingresso ed uscita si sale dall’asse delle ascisse fino ad incontrare la curva con la 

pressione di alimentazione scelta e, orizzontalmente sull’asse delle ordinate, si può 

leggere la portata in quelle condizioni. Ad esempio se la pressione in alimentazione è 

di 6 bar, e in uscita si abbiano 5 bar ( ΔP = 1 ) , la portata sarà di circa 125 Nl/min. 

Altrettanto facilmente, se si conoscono portata e pressione di alimentazione, si può 

risalire alla caduta di pressione tra ingresso ed uscita. 

 

Scelta del distributore 

 

Quando si è scelto il cilindro e deciso il tempo a ciclo dello stesso, bisogna abbinare 

la valvola che abbia una portata corretta affinché le condizione imposte siano 

soddisfatte. Ad esempio, se dobbiamo compiere una corsa di andata e ritorno in 1 

secondo con un cilindro Ø80 corsa 200mm, dovremo procedere in questo modo: 
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The traditional system establishes point-to-point connections with two electric wires 
for each electro valve of the series.
 

The advantage, in this case, is offered by reduction of assembly times referred only 
to the pneumatic part of the island.
Frequently, an already assembled wire extends up to the battery that contains all the 
necessary wires to connect each electro valve whose terminals are connected to a 
cup connector with female terminals.
The multipolar connector shall be connected to the battery in one single operation.

Reduction of the assembling times on the machine, also in this case, is evident.
The immediately following step is represented by a serial connection, where with only 
a two-wire cable together with the electric feeding, we are able to control the island 
with excellent results.
We will speak of these systems in the chapter dedicated to them.
The constant pursuit of flexibility and reliability has stimulated new generations of 
electro valves, which have also been created in order to satisfy the most sophisticated 
uses with their bulky dimensions increasingly reduced, without neglecting the aes-
thetic aspect, which currently results to be more and more agreeable.

 

 

- Calcolare il volume totale delle camere del cilindro in dm
3
 

- Moltiplicare il risultato per i cicli al minuto  

- Moltiplicare per la pressione assoluta. 

 

Il volume delle due camere è 1,63 dm
3 

Il fabbisogno totale sarà: 

 

                     1,63 x 60 (frequenza) x 7 (pressione assoluta) = 628 Nl/min 

 

 

Adoperiamo anche un fattore di sicurezza K = 1,2 e troviamo la portata necessaria 

con pressione di alimentazione 6 bar e ΔP =1. 

La portata sarà di circa 820 Nl/min. Sceglieremo una valvola che soddisfi come 

minimo il valore di portata ricavato. 

 

14.6 Evoluzione nei cablaggi 

 

Lo sviluppo dell’automazione in tutti i settore industriali,ha notevolmente aumentato 

la complessità dei circuiti aumentando anche i tempi di assemblaggio e di cablaggio. 

Allo scopo per ridurre costi di manodopera, sempre più spesso vengono fornite isole 

di elettrovalvole montate modularmene in batteria ivi compresi, in molti casi, i 

collegamenti elettrici.  

Il sistema tradizionale prevede collegamenti punto a punto con due fili elettrici per 

ognuna delle elettrovalvole della batteria.  
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Il vantaggio, in questo caso, è costituito dalla riduzione dei tempi di assemblaggio 

riferiti solo alla parte pneumatica dell’isola. 

Frequentemente, alla batteria, arriva un cavo già assemblato contenente tutti i fili 

necessari per il collegamento delle singole elettrovalvole i cui terminali sono connessi 

ad un connettore a vaschetta con i terminali femmina. 

Il connettore multipolare verrà collegato alla batteria con una unica operazione. 

 

                      
E’ evidente, anche in questo caso, quale sia la riduzione dei tempi di assemblaggio 

sulla macchina. 

Il passo immediatamente successivo è rappresentato dal collegamento seriale, in cui 

con un unico cavo a due fili più l’alimentazione elettrica, si è in grado di comandare 

l’isola con eccellenti risultati.  

 

                 
                         

Si parlerà di questi sistemi nel capitolo loro dedicato. 

 

 164 

 

 

 

 

Il vantaggio, in questo caso, è costituito dalla riduzione dei tempi di assemblaggio 

riferiti solo alla parte pneumatica dell’isola. 

Frequentemente, alla batteria, arriva un cavo già assemblato contenente tutti i fili 

necessari per il collegamento delle singole elettrovalvole i cui terminali sono connessi 

ad un connettore a vaschetta con i terminali femmina. 

Il connettore multipolare verrà collegato alla batteria con una unica operazione. 

 

                      
E’ evidente, anche in questo caso, quale sia la riduzione dei tempi di assemblaggio 

sulla macchina. 

Il passo immediatamente successivo è rappresentato dal collegamento seriale, in cui 

con un unico cavo a due fili più l’alimentazione elettrica, si è in grado di comandare 

l’isola con eccellenti risultati.  

 

                 
                         

Si parlerà di questi sistemi nel capitolo loro dedicato. 

 

 164 

 

 

Chapter 14

Directional control valves

Pneumatic Guide_GB.indd   134 15/04/2015   08:47:18



135

Batteries such as the one illustrated in the in figure, embody solutions for complex 
problems, and are extremely easy to use, offering the possibility of pneumatic and 
electric expansion obtained thanks to careful product design. 

In fact, with a simple screwdriver it is possible to add a new “sliver” and expand the 
battery without any difficulty.

                       

 

La continua ricerca di flessibilità ed affidabilità ha stimolato la realizzazione di nuove 

generazioni di elettrovalvole, concepite per soddisfare anche le applicazioni più 

sofisticate con dimensioni di ingombro sempre più ridotte, senza peraltro trascurare 

l’aspetto estetico, che risulta oggi sempre più gradevole. 

 

                       
 

 

Batterie come quella illustrata in figura, rappresentano soluzioni a problemi 

complessi ed hanno una estrema facilità di utilizzo con possibilità di espansione 

pneumatica ed elettrica  ottenuta grazie ad una attenta progettazione del prodotto. 
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High-quality techno-polymers are used profusely allowing the batteries to reduce 
their weights even in those that have a high number of stations.
The PLC (programmable logic controller) manages these systems and it is conveni-
ent to use them whenever 10 or more systems including inputs (sensor signals) and 
outputs (electro valve signals) must be managed. Obviously, in addition to the electro 
valve island, they may manage other sophisticated equipment operations.

The figure represents a PLC’s operating principle very simply. The choice criterions 
are associated to the maximum amount of inputs and outputs, to memory capacity, 
expandability, if this exists or does not exist, and to the management of serial sys-
tems, etc. Therefore, electronics is the prevailing interface with pneumatic systems; 
it manages the logic enabling the compressed air to have only the final function of 
power.
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SUMMERY OF SYMBOLS
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Chapter 15

AUXILIARY VALVES

 15.1 Flow control valves
 15.2 Non-return valves
 15.3 Dump valves (Quick Exhaust)
 15.4 Check valves
 15.5 Pressure switches

AUXILIARY VALVES

Auxiliary valves are called this way because they perform supporting functions to a 
circuit, as for example, select a signal, control a flow or transform a pneumatic signal 
into an electric signal, etc.

15.1 FLOW CONTROL VALVES

These valves perform the task of regulating cylinder speeds. They are substantially 
constituted by a variable throttle regulated by a knob that combines with a screw that 
closes or opens the passage opening gradually. 
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There are two types:
– Unidirectional 
– Bidirectional

                    

                             

 Regulated flow Free flow 

The symbol represents very well the regulating operation and shows the parallel vari-
able throttle to a non-return valve. The flow is regulated in one direction, while in the 
opposite direction it raises the unidirectional valve and flows freely. It is mounted in 
the connecting ducts between valve and cylinder. In the control valves for double-ac-
ting 5-way cylinders, variable reducers that may perform the same function of the 
unidirectional flow control valves may be mounted on exhausts 3 and 5.
If the non-return valve is stopped in the position indicated in the regulated flow figure, 
it shall be deactivated, and the air flow shall be subject to regulation in both directions 
(bidirectional).

15.2 NON-RETURN VALVES OR UNIDIRECTIONAL VALVES

The function of the non-return valve is to make the air flow in a single direction and to 
prevent it from flowing in the opposite direction.
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Valvole ausiliarie 

 

Le valvole  ausiliarie sono così definite perché eseguono funzioni di ausilio ad un 

circuito, come ad esempio selezionare un segnale, regolare un flusso oppure 

trasformare un segnale pneumatico in elettrico e così via. 

 

15.1 Valvole regolatrici di flusso. 

 

Sono queste le valvole che assolvono il compito di regolare le velocità di un cilindro. 

Sono sostanzialmente costituite da una strozzatura variabile regolata da una 

manopola combinata con una vite che chiude od apre gradualmente un luce di 

passaggio. Ne esistono di due tipi: 

 

- Unidirezionale 

- Bidirezionale 

 

                                                  
 

 

            Flusso regolato   Flusso libero 

 

Il simbolo rappresenta molto bene il funzionamento del regolatore e mostra la 

strozzatura variabile in parallelo ad una valvola di non ritorno. Il flusso è regolato in 

una direzione, nella direzione opposta invece alza la valvola unidirezionale e fluisce 

liberamente. Viene montata nelle condotte di connessione tra valvola e cilindro. Nelle 

valvole di comando per cilindri a doppio effetto a 5 vie, si possono montare sugli 

scarichi 3 e 5 strozzatori variabili che possono assolvere alla la stessa funzione delle 

regolatrici di flusso unidirezionali. 
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Se la valvola di non ritorno viene bloccata nella posizione indicata nella figura del 

flusso regolato, viene disattivata ed il flusso di aria subisce la regolazione nelle due 

direzioni ( bidirezionale ). 

 

15.2  Valvole di non ritorno od unidirezionali 

 

La funzione della valvola di non ritorno è quella di fare fluire l’aria in una direzione e 

di impedirla nella direzione opposta. 

 

        

                                                                      

    
 

 

 

15.3  Valvole di scarico rapido 

 

Questo componente consente di ottenere la massima velocità di un cilindro 

permettendo all’aria della camera in scarico di fluire verso l’atmosfera direttamente, 

senza dovere transitare attraverso il tubo e la valvola nella direzione dello scarico. 

Viene  montata sulle connessioni del cilindro. 
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15.3 DUMP VALVES (QUICK EXHAUST)

This component allows obtaining the maximum cylinder speed letting the air of the 
unloaded chamber flow directly to atmosphere, without having to pass across the 
tube and the valve in the exhaust’s direction.
It is mounted on the cylinder ports.

The figure illustrates the feeding phase toward the chamber of the cylinder in the 
left part of the image, and the unloading phase in the right part, including the valve/
cylinder connection diagram.

15.4 CHECK VALVES

Check valves are devices that, depending on two signals in their respective inlets 
with equal or different pressure values, send the first incoming signal or the one with 
highest value if the valve is a high pressure selector, or the second incoming signal or 
the one with lowest value if it is a low pressure selector.

High pressure selector (OR)

These are valves with two inlets and only one outlet, as illustrated in the figure on the 
following page.
The highest value signal prevails in pushing the cursor with respect to the lower value 
selecting it in the outlet. In case of equal pressures, the outlet selects the one that 
comes first. It may act as a logic OR function, as shown in the small table next to the 
figure. Outlet U has a high value when P1 also is present or when only P2 or both are 
present. The only value zero outlet situation is given when there are no inlet signals.
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Low pressure selector (AND)

This valve also has two inlets and only one outlet:

The selected signal present at the two entrances is the one with lowest value. In case 
of equal pressure values, the outlet shall select the one that comes in second place. In 
fact, if P2 has a higher value or comes in first, it shall push the cursor, closing the pas-
sage following the lower value or the one that comes in second place, to be present 
at the outlet exit. It may carry out the logic AND function as shown in the small table 
next to the figure.
We can see that the only outlet situation exists in presence of P1 and P2 at the inlet.
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La figura illustra la fase di alimentazione verso la camera del cilindro nella parte 

sinistra dell’immagine e la fase di scarico nella parte destra, incluso lo schema di 

collegamento valvola /cilindro. 

 

15.4 Valvole selettrici 

 

Le valvole selettrici sono apparecchi, che in funzione di due segnali nei rispettivi 

ingressi con valori di pressione uguali oppure diversi, inviano in uscita il segnale 

primo arrivato o quello di valore più alto se la valvola è selettrice di alta pressione, 

oppure il secondo segnale arrivato o quello di valore più basso se è selettrice di bassa 

pressione. 

 

Selettore di alta pressione 

 

Sono valvole con due ingressi ed una uscita come illustrato in figura: 

 

      

     

   
 

 

 

Il segnale di valore più alto prevale in spinta sul cursore rispetto al valore più basso 

selezionandolo in uscita. In caso di pressione di pari entità l’uscita seleziona il primo 

che arriva. Può fungere anche da funzione logica OR come visibile dalla tabellina a 

fianco della figura. L’uscita U ha valore alto sia che sia presente P1 oppure solo P2 

oppure entrambi. L’unica situazione di uscita con valore zero è l’assenza di segnali in 

ingresso. 

 

P1 P2

U=P1

 
P1 P2 U 

0 0 0 

0 1 1 

1 0 1 

1 1 1 
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Selettore di bassa pressione 

 

Anche questa è una valvola con due ingressi ed una uscita : 

 

 

 

 

 
 

 

 

Il segnale selezionato presente ai due ingressi è quello di valore più basso. Nel caso 

uguali valori di pressione l’uscita selezionerà il secondo arrivato. Infatti se P2 è più 

alto di valore o arriva per primo spingerà il cursore chiudendo il passaggio 

permettendo al più basso od al secondo in arrivo, di essere presente in uscita. Può 

svolgere la funzione logica AND come mostrato dalla tabellina a lato figura. 

Si può notare che l’unica situazione di uscita esiste solo in presenza in ingresso di P1 

e di P2. 

 

15.5  Pressostati 

 

I presso stati sono dei trasduttori di segnale, trasformano in fatti un segnale 

pneumatico in segnale elettrico. Vengono utilizzati per segnalare la presenza di 

pressione oppure l’assenza , o meglio di un valore al di sotto di quello consentito. 

Possono essere a taratura fissa oppure variabile. 

Quello a taratura fissa ha una soglia di commutazione ben definita che è sempre la 

stessa, mentre quello a taratura variabile ha la possibilità di essere settato al valore 

desiderato entro una forchetta di valori minimo e massimo. I contatti elettrici possono 

essere chiusi, aperti od in scambio. 

P1P2

U=P1

 
P1 P2 U 

0 0 0 

0 1 0 

1 0 0 

1 1 1 
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ingressi con valori di pressione uguali oppure diversi, inviano in uscita il segnale 

primo arrivato o quello di valore più alto se la valvola è selettrice di alta pressione, 

oppure il secondo segnale arrivato o quello di valore più basso se è selettrice di bassa 

pressione. 

 

Selettore di alta pressione 

 

Sono valvole con due ingressi ed una uscita come illustrato in figura: 

 

      

     

   
 

 

 

Il segnale di valore più alto prevale in spinta sul cursore rispetto al valore più basso 

selezionandolo in uscita. In caso di pressione di pari entità l’uscita seleziona il primo 

che arriva. Può fungere anche da funzione logica OR come visibile dalla tabellina a 

fianco della figura. L’uscita U ha valore alto sia che sia presente P1 oppure solo P2 

oppure entrambi. L’unica situazione di uscita con valore zero è l’assenza di segnali in 

ingresso. 

 

P1 P2

U=P1

 
P1 P2 U 

0 0 0 

0 1 1 

1 0 1 

1 1 1 
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Selettore di bassa pressione 

 

Anche questa è una valvola con due ingressi ed una uscita : 

 

 

 

 

 
 

 

 

Il segnale selezionato presente ai due ingressi è quello di valore più basso. Nel caso 

uguali valori di pressione l’uscita selezionerà il secondo arrivato. Infatti se P2 è più 

alto di valore o arriva per primo spingerà il cursore chiudendo il passaggio 

permettendo al più basso od al secondo in arrivo, di essere presente in uscita. Può 

svolgere la funzione logica AND come mostrato dalla tabellina a lato figura. 

Si può notare che l’unica situazione di uscita esiste solo in presenza in ingresso di P1 

e di P2. 

 

15.5  Pressostati 

 

I presso stati sono dei trasduttori di segnale, trasformano in fatti un segnale 

pneumatico in segnale elettrico. Vengono utilizzati per segnalare la presenza di 

pressione oppure l’assenza , o meglio di un valore al di sotto di quello consentito. 

Possono essere a taratura fissa oppure variabile. 

Quello a taratura fissa ha una soglia di commutazione ben definita che è sempre la 

stessa, mentre quello a taratura variabile ha la possibilità di essere settato al valore 

desiderato entro una forchetta di valori minimo e massimo. I contatti elettrici possono 

essere chiusi, aperti od in scambio. 

P1P2

U=P1

 
P1 P2 U 

0 0 0 

0 1 0 

1 0 0 

1 1 1 
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15.5 PRESSURE SWITCHES

Pressure switches are signal transducers. In fact, they transform a pneumatic signal 
into an electric signal. They are used to signal the presence of pressure or its absence, 
or rather, the one that has a value lower than the allowed one.
They may have fixed or variable calibration.
The fixed calibration pressure switch has a defined switching level that is always the 
same, while the variable calibration pressure switch has the possibility to be set at the 
desired value within a range of minimum and maximum values. Electric contacts may 
be closed, opened or exchanged.

SUMMARY OF SYMBOLS
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                                               Riepilogo simboli 
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Valvole ausiliarie 

 

Le valvole  ausiliarie sono così definite perché eseguono funzioni di ausilio ad un 

circuito, come ad esempio selezionare un segnale, regolare un flusso oppure 

trasformare un segnale pneumatico in elettrico e così via. 

 

15.1 Valvole regolatrici di flusso. 

 

Sono queste le valvole che assolvono il compito di regolare le velocità di un cilindro. 

Sono sostanzialmente costituite da una strozzatura variabile regolata da una 

manopola combinata con una vite che chiude od apre gradualmente un luce di 

passaggio. Ne esistono di due tipi: 

 

- Unidirezionale 

- Bidirezionale 

 

                                                  
 

 

            Flusso regolato   Flusso libero 

 

Il simbolo rappresenta molto bene il funzionamento del regolatore e mostra la 

strozzatura variabile in parallelo ad una valvola di non ritorno. Il flusso è regolato in 

una direzione, nella direzione opposta invece alza la valvola unidirezionale e fluisce 

liberamente. Viene montata nelle condotte di connessione tra valvola e cilindro. Nelle 

valvole di comando per cilindri a doppio effetto a 5 vie, si possono montare sugli 

scarichi 3 e 5 strozzatori variabili che possono assolvere alla la stessa funzione delle 

regolatrici di flusso unidirezionali. 
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Chapter 16

SERIAL SYSTEMS

 
 
 
 
 

SERIAL SYSTEMS: DETAILS

The introduction of processors and electronic and IT evolution, together with pneu-
matics have contributed to progressive development of systems that are able to re-
duce costs drastically, resulting from assemblies and electric wiring. As mentioned 
before, there was a transition from point-to-point electric connections to multipo-
lar connections for reaching then serial connections able to transmit signals with a 
two-pole cable normally.

Fieldbus

The (computing) bus is the public means of data transportation, while the field is the 
area where the communication takes place that may be an industrial complex or a 
single machine. Fieldbus is the term established by IEC (International Electro-techni-
cal Commission) that indicates a serial communication process between several de-
vices and defined nodes.
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By means of fieldbuses, the data is transferred with serial methods and not with par-
allel technologies, which means a bit after another at high speeds.

      
                              

The main advantage consists in the need to reduce the amount of wires, constituted 
normally by two to four conductors in addition to the screening ones.
Its advantages may be summarized in the following points:

– Speed and wiring simplicity
– Reduced amount of I/O in the central unit
– Reduced electric board sizes 
– Quick identification of damages thanks to advanced diagnosis functions
– Reduction of the supporting wire structures 
– Ease to expand the system 
– Possibility of connecting products from different manufacturers 
– Global cost reductions

 

Traditional system
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Sistemi seriali: generalità 

 

L’avvento dei processori e l’evoluzione dell’elettronica e dell’informatica , abbinati 

alla pneumatica, hanno contribuito ad un progressivo sviluppo di sistemi che fossero 

in grado di ridurre drasticamente costi dovuti agli assemblaggi ed ai cablaggi elettrici. 

Come già accennato, si è passati da collegamenti elettrici punto a punto a 

collegamenti multipolari per poi arrivare a connessioni seriali capaci di trasmettere 

segnali normalmente con un cavo a due fili. 

 

Bus di campo 

 

 Il bus (informatico) è il mezzo pubblico di trasporto dei dati mentre il campo è l’area 

in cui avviene la comunicazione, sia esso complesso industriale o singola macchina. 

Bus di campo o Fieldbus è il termine fissato in ambito IEC ( Internatrional 

Electrothecnical Commission ) per indicare un processo di comunicazione seriale tra 

diversi dispositivi definiti nodi. 

Attraverso il bus di campo i dati vengono trasferiti non più con tecnologia parallela 

ma con tecnica seriale, cioè un bit dopo l’altro ad elevata velocità. 

 

       

                               
 

Il vantaggio principale consiste nella necessità di un numero ridotto di cavi, costituiti 

normalmente da due a quattro conduttori più la schermatura. 

I vantaggi si possono sintetizzare nei seguenti punti: 

 

- velocità e semplicità di cablaggio 

- ridotto numero di I/O sull’unità centrale 

- dimensioni ridotte dei quadri elettrici 

- individuazione dei guasti rapida grazie ad avanzate funzioni di diagnosi 
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- alleggerimento delle strutture portanti dei cavi 

- facilità di espandere il sistema 

- possibilità di collegare prodotti di costruttori diversi 

- riduzione globale dei costi 

 

  
 

 

 Impianto tradizionale 

                           
 

 

     Impianto con tecnologia seriale              

 

 

Il medesimo impianto, come si può vedere, è alleggerito con l’eliminazione delle 

strutture dedicate alla circuitazione elettrica con connessione parallela. 

 

 

 

 177 

     Bondle ( 0110010100)

Line

Operational impulse
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Serial technology system            

The same system, as we can see, is reduced owing the elimination of the structures 
dedicated to the electric circuit system with parallel connections.

Communication protocols

The operating features and methods of any digital communication system may be 
extracted by the all specifications that define the communications “protocol”. We can 
say that a communications protocol is set of regulations and behaviors that two diffe-
rent entities must respect in order to exchange information between each other.

  7 Applications Transference of data among applications

 6 Presentation Formatting user’s data

 5 Session  Definition of interfaces in order to use the transport system

 4 Transport  Predisposition of the channel for data transport 

 3 Network  Definition of the data course within the network

 2 Data  Definition of the data format and login type for their transmission

 1 Physical level Definition of transmission line and signal level features

The exchange is usually an operation that involves more intermediate phases, where 
each one is regulated by its own protocol. Each intermediate phase identifies its own 
communications process level and the set of regulations that govern its behavior. This 
is the protocol for that specific level.
When communications are performed among machines such as computers, field de-
vices or similar, all the regulations, or rather all the necessary protocols, must be car-
ried out strictly.
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These systems are possible only if these protocols are defined in a clear, precise and 
well documented way.
At the end of the ’70s, ISO (International Standard Organization) recognized a stan-
dardized method for defining communication protocols, and it started the Open Sys-
tem Interconnection (OSI) project with the purpose of defining a reference model to 
develop protocols oriented to the interconnection of open systems. The final result 
was the definition of the OSI Basic Reference Model as standard ISO 7498.

Owner’s standard protocols 

Starting with OSI as a reference model, ten fieldbus that are different from each other 
have been created. Some of these have been established in the market and have 
become standards. In a system that uses a standard protocol, even if the nodes are 
produced by different sources, they may communicate with each other easily. There 
is nothing that prevents a producer to plan and generate a protocol based on his own 
needs, but it surely prevents the use of nodes from other producers in the Fieldbus 
system.
In the compressed air automation sector with, electro valve batteries are integrated to 
the node, and using the main standard protocols it is possible to insert them into the 
network together with devices having other functions, under the condition that the 
protocol used is the same one. The main standard protocols are:

– Interbus®
– Profibus®
– CANopen®
– DeviceNet®
– AS Interface®

Standard protocols are different from each other due to certain technical features 
such as:

– Network type
– Communications methods
– Transmission speeds 
– Number of participants, including the master 
– Network length 
– Transmission means

Before illustrating the main fieldbus features, let us explain the meaning of certain 
terms that we will find herein later.

Nodes: Devices that make up the network
Master: A device that controls the fieldbus (PLC, PC, dedicated cards etc.)
Slave:  A device equipped with outputs that receives controls by the master and 
transfers them to the actuators (valves, motors, lamps etc.). If it has inputs, it sends 
the information sent by the sensors (buttons, stroke limiters, etc.) directly to the 
master.
Repeater: An amplifier that allows improving network electric signals in order to co-
ver larger distances.
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.
Gateway: A bridge that allows two different protocols to be connected to each 
other.
Baud rate: Indicates the transmission speed of a communications system in Bits per 
second.
Interface: A standard used for electric signal transmission.
Serial Polling: Cyclic examination performed by the master to network nodes.
Time cycle: Total time employed by the master to update all the nodes.
Address: A number that allows identifying a node within a communications network.

Network Categories
 
These are classified according to the way that a fieldbus is employed to interconnect 
nodes.
The most recurring models are:

– Ring
– Stern
– Linie

Loop Structure

The loop structure allows connecting all the nodes in series. The slave that receives the 
message is in charge of repeating the received signal, as well as retaining those parts 
that are related with itself and sending any other information. The advantage of this 
system is that each node works as a repeater and regenerates the electric signal, thus 
covering significant distances such as 400 m between node and node reaching up to 
13 km. The Interbus® protocol uses it. The disadvantage, that is not to be disregarded, 
is that if only one network component does not work or a part of its stretch is dama-
ged, all the system stops.

For some uses, this is not a problem, but in most cases a similar situation renders the 
closed loop network useless. Inserting a new node between two already existing ones 
increases the unit’s addresses, and therefore the programs need to be changed.

 

 

 

Repeater: Amplificatore che permette di migliorare i segnali elettrici in rete per 

coprire distanze maggiori. 

Gateway: Passerella che permette di collegare tra loro due protocolli diversi. 

Baude rate: Indica la velocità di trasmissione di un sistema di comunicazione in Bit 

al secondo. 

Interfaccia: Standard utilizzato per trasmettere i segnali elettrici. 

Serial Polling: Interrogazione ciclica del master ai nodi della rete. 

Tempo ciclo: Tempo totale impiegato dal master per aggiornare tutti i nodi. 

Indirizzo: Numero che permette di identificare un nodo in una rete di 

comunicazione. 

 

Tipologia della rete 

  

E’  fisicamente la forma utilizzata in un bus di campo per interconnettere i nodi. 

I modelli più ricorrenti sono: 

 

- struttura ad anello 

- Struttura a stella 

- Struttura in linea 

 

Struttura ad anello 

 

La struttura ad anello permette di collegare in serie tutti i nodi. Lo slave che riceve il 

messaggio si occupa di ripetere il segnale ricevuto, trattiene le parti che lo riguardano 

ed invia le altre informazioni. Il vantaggio di questo sistema è che ogni nodo funziona 

come repeater, rigenera il segnale elettrico permettendo di coprire distanze notevoli 

quali 400m tra nodo e nodo fino ad arrivare a 13Km complessivi. Viene utilizzata dal 

protocollo Interbus. Lo svantaggio da non trascurare è che anche se un solo 

componente della rete non funziona o un tratto della stessa è danneggiato tutto si 

ferma. 

                     
 180 
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Star structure

The star structure is based on a network which has a central point from which the 
connection to each node begins. This configuration allows inserting a new node into 
the network easily and, in case a component is damaged, the other nodes are able to 
carry on their work. Line communications are bidirectional. But this kind of network 
requires a remarkable amount of wires. It is not used by the main fieldbuses. It is used 
in high-level networks such as Ethernet networks, for example.

                

Line structure

The line structure is the one used mostly in fieldbuses. The different nodes are 
connected in parallel hanging from the same line. This feature allows the nodes to 
operate even when some of them, at that moment and for different reasons, are not 
active participants. It is very useful especially for maintenance operations or in those 
cases where, for productive reasons, only a part of the system is required to work.
The network may be easily extended at any point. This structure is used by the Profi-
bus, CANopen® and DeviceNet® protocols. 
Line communications are bidirectional.

      
                 

 

 

 

Per alcune applicazioni ciò non rappresenta un problema, ma nella grande 

maggioranza dei casi una simile situazione rende inutilizzabile la rete ad anello 

chiuso. L’inserimento di un nodo nuovo tra due esistenti, incrementa l’indirizzo di 

una unità, con conseguente necessità di variare i programmi. 

 

Struttura a stella 

 

La struttura a stella si basa su di una rete che possiede un punto centrale dal quale 

parte il collegamento ad ogni singolo nodo. Questa configurazione permette di 

inserire facilmente un nuovo nodo alla rete e, nel caso di guasto di un componente, 

gli altri nodi possono proseguire il loro lavoro. La comunicazione sulle linee è 

bidirezionale. Una rete di questo tipo richiede però una notevole quantità di cavi. Non 

viene utilizzata dai principali bus di campo. Viene usata nelle reti di alto livello come 

ad esempio le reti  Ethernet, 

 

                 
 

 

 

Struttura in linea 

 

La struttura in linea è la più utilizzata nei bus di campo. I vari nodi sono collegati in 

parallelo appesi alla stessa linea. Questa caratteristica permette ai nodi di funzionare 

anche se alcuni di questi in quel momento non sono partecipanti attivi per svariati 

motivi. E’ molto utile in fase di manutenzione oppure nel caso in cui, per motivi 

produttivi, sia necessario che funzioni solo una parte dell’impianto. 

La rete è facilmente ampliabile in qualsiasi punto. Questa struttura viene utilizzata dai 

protocolli Profibus, CANopen e DeviceNet.  
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La comunicazione sulle linee è bidirezionale. 

 

       

                  
 

 

 

Trasmissione 

 

La trasmissione avviene tramite cavi in rame grazie ai costi contenuti e alle buone 

caratteristiche di immunità ai disturbi elettromagnetici. Supportano velocità di 

trasmissione relativamente elevate. Per facilitare le operazioni di cablaggio si sono 

realizzati cavi in rame con forma speciale come ad esempio quelli utilizzati per il 

protocollo ASI Interface. 

Per trasmettere i segnali elettrici in modo seriale, si utilizzano tre standard: 

 

 

- RS-232 

- RS-422 

- RS-485 

 

 

I primi due standard sono adatti per la comunicazione tra due punti, ad esempio il 

mouse si collega al computer attraverso l’interfaccia RS-232. Per connettere una rete 

multiutente come un bus di campo, viene normalmente utilizzato l’interfaccia RS-485 

che assicura una elevata immunità ad eventuali disturbi elettromagnetici. 

Agli estremi di una rete, il segnale digitale, si propaga a frequenze molto alte. Si 

presenta il fenomeno della riflessione del segnale che tornando in linea si sovrappone 

a quello originale disturbandolo. 
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Transmission

The transmission is carried out by means of copper wires owing to their reduced costs 
and their valuable immunity to electromagnetic interferences. They support relatively 
high transmission speeds. Copper wires with special shape, as for example those used 
by the ASI Interface protocol, have been manufactured in order to simplify wiring 
operations.
Three standards are used to transmit electric signals serially:

– RS-232
– RS-422
– RS-485

The first two standards are suitable for communications between two points, for ex-
ample, the mouse is connected to the computer by means of a RS-232 interface. The 
RS-485 interface is normally used to connect a multi-user network such as a fieldbus, 
since it ensures high immunity to eventual electromagnetic interferences.
The digital signal at network’s ends is broadcast at very high frequencies. Signal re-
flection may appear, an event produced by the return of the signal through the same 
line overlapping the original one and interfering with it.
Electric resistance terminals must be added to each network end, as shown in the ex-
ample in the figure, in order to remove these reflections.

                   

Bus access

Moreover, the fieldbus features the access mode, or rather, the way the master device 
and the slaves interchange information and regulate data traffic.
The easier way to establish the access mode is the master-slave architecture, which 
confers the managing role to only one single node in the network, the master, while all 
the other nodes are slaves.

 

 

 

Per eliminare le riflessioni bisogna aggiungere una resistenza di terminazione ad ogni 

estremità della rete come nell’esempio illustrato in figura. 

 

 

                    
 

 

 

Accesso al bus 

 

Il bus di campo è inoltre caratterizzato dalla modalità di accesso, cioè il modo nel 

quale il dispositivo master e gli slave si scambiano le informazioni e ne regolano il 

traffico dei dati. 

Il modo più semplice per stabilire la modalità di accesso è l’architettura master-slave, 

cioè di attribuire il ruolo di gestore ad un solo nodo della rete, il master (padrone), 

tutti gli altri nodi sono slave (servo). 

 

 

 

 

Master 

Slave 1 Slave 2 Slave 3 Slave n 

PROFIBUS

 Master Point 2 Point 4

Point 1 Point 3

Network’s end Network’s end
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The slave is receptive and only answers when polled by the master. Each network 
node has its own address. If the master wishes to collect information from the entire 
network, it must poll all the nodes simultaneously. Protocols which use this access 
mode are Profibus®, AS interface® and CAN.

 Interbus®  
                                

Interbus® was created by the German company Phoenix Contact and has been on the 
market for quite a few years now. It is used in Germany by the automotive industry.
The information starts from the only master, and travels across the connecting line in 
a single direction, reaching all network participants and returns from the participants 
toward the master. The cycle time is constant and does not need a configuring file sin-
ce the master, after each ignition or reset, sends a sequence of messages that allows 
network self-configuration.
Each network node operates as a signal amplifier, and therefore, as previously said, 
allows covering large distances. The deactivation of any node is not possible during 
operation.

– Protocol according to the DIN 19258, EN 50254 standards
– Master-slave structure 
– Transmission speed: 500 kbits/sec
– Maximum number of slaves: 256
– Maximum amount of inputs and outputs: 4096
– Closed loop connection
– Forward and backward RS 485 transmission using the same cable (4 wires)
– Distance between two nodes: 400 m
– Total bus length: 13 km
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Profibus ®                      
                            

                                
Profibus® was developed by the German industry in collaboration with the most im-
portant universities. Siemens is its main supporter. Its employment in the automati-
on sector is growing continuously. About 1200 companies distributed throughout 25 
countries adhere to the international organization that supports Profibus®. Siemens 
offers a microprocessor in the market that is suitable to create a Profibus node.
The projected communication profile is the DP profile that is suitable for communi-
cations between PLCs and input/output units. There are other profiles such as FMS, 
suitable for communications that carry large amounts of data, as well as PA, that is an 
extension of DP designed to be used in areas with intrinsic security.
Communications between master and slave are known as polling communications. 
The master communicates cyclically with all the slaves simultaneously. The master 
needs a list of the participating nodes and a description of the devices in order to ini-
tialize the network. For this reason, Profibus DPR modules are supplied with a GSD file 
that describes the main features of the products. There are specific programs called 
configurators that support creating this list.
Disconnecting a node is possible without interrupting communications with the other 
active participants.
The maximum distance between the first and the last component varies between 100 
and 400 m.
Transmission speeds are established directly during configuration and are transmitted 
automatically to all the devices.

– Protocol according to DIN E 19245 EN 50170 standards
– Master-slave structure
– Transmission speeds from 9.6 kbits/sec to 12 Mbits/sec
– Maximum number of participants: 32 (126 with a repeater)
– Line structure connection
– Serial RS 485 interface with two wires
– Total bus length at maximum speed: 100m
– The network requires electric resistance terminals
– Configuration file.*GSD
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CAN

The CAN system (Controller Area Network) has been developed by Bosch with the 
purpose of reducing wiring inside motor vehicles drastically. The bus is very fast 
because the communications protocol is simple and the messages are short. Use of 
CAN has spread from the automotive sector to all industrial sectors, and particularly, 
to the low level of sensors/actuators.
Differently from Profibus and Interbus modules, that are purchased complete, in this 
case these microprocessors can be purchased on the market and the software can 
be created using the specifications for each protocol.
Starting from Bosch CAN, several standard protocols have been created, of which 
the two most important ones are:

– CANopen®
– DeviceNet® 

CANopen®                                         

                                
CANopen® is the most popular among all fieldbuses. The reference entity is CIA (CAN 
in Automation), based in Germany.
In a CANopen® network, each device must have an address and its assignment is car-
ried out during the installation.
The baud rate must also be established, having to be equal for all the nodes and it 
must consider the line’s length.
Each manufacturer must supply an EDS file (Electronic Data Sheet) in order to descri-
be the features of the device and the implemented objects.
Additionally, a node may be disconnected under this protocol without interrupting 
communications with the other active participants.

– Protocol according to ISO 11898 EN 50325 standards
– Master/slave structure 
– Transmission speed from 10 kbits/sec to 1 Mbits/sec
– Maximum number of participants: 128
– Line connection 
– Serial RS 485 interface with 2 wires and a common wire
– Maximum bus distance (see table)
– The network requires electric resistance terminals
– Configuration file *.EDS

Length of cable:
 
– Up to 40  m   Baud rate        1.000 kBit/sec
– From 40  to 300 m   Baud rate          500 kBit/sec
– From 300 to 600 m   Baud rate           100 kBit/sec
– From 600 to 1.000 m   Baud rate            50 kBit/sec
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DeviceNet®
                                            

                        

DeviceNet® was introduced by the PLC manufacturer Allen Bradley. The reference 
entity is ODVA (Open DeviceNet Vendor Association), an independent organization 
that is in charge of managing and promoting the protocol worldwide. Additionally, 
DeviceNet® allows the nodes to be inserted and removed without any interruptions.

– Protocol according to ISO 11898 part A– standards
– Master/slave structure 
– Transmission speed: 125-250-500kbits/sec
– Maximum number of participants 64
– Line connection 
– Serial RS 485 interface 
– Maximum bus distance (see table)
– The network requires electric resistance terminals
– Configuration file *.EDS

Length of cable:

– Up to 100 m                    Baud rate 500 Kbit/sec
– From 100 to 250 m        Baud rate 250 Kbit/sec
– From 250 to 500 m       Baud rate 125 Kbit/sec

AS-Interface (AS-I)®
                                                  

The AS-I® (Actuator Sensor Interface) system was born in 1994, and is a communica-
tions network designed only to connect industrial devices such as sensors and actu-
ators. The protocol’s simplicity allows integrating both the control signals and the fee-
ding to the nodes in one unshielded cable. It is a yellow cable with a particular shape 
that has become the symbol of this protocol.
The cable has an insulation piercing connection. The connector’s pins receive the sig-
nal without need of removing the sheath from the wire. The cable’s configuration pre-
vents reverse polarities. If the cable has a length greater than 100 m a repeater, which 
extends the network’s length to 300 m, must be included. The maximum flow rate of 
the yellow cable is 2 A; if the consumption of the electro valves should be higher than 
that value, a second black cable which brings 24V DC to the outputs must be added. 
This cable also uses the same wiring method.
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Access to the bus used by AS-I is made using the master/slave mode, which may be 
inserted with a PLC or a PC, or else, using a Gateway. The Gateway works like a trans-
lator from an upper protocol into the bus AS-I. There are Gateways for all main proto-
cols. In the AS-I network it is necessary to plan the presence of a dedicated feeder that 
supplies a specific voltage in order to transmit the data. Specific equipment, found on 
the market, allows an address to be assigned it. Each slave may handle a maximum of 
4 inputs and 4 outputs, and the maximum number of slaves is 31.

– Protocol according to EN 50295 standards
– Master/slave structure 
– Maximum transmission speed: 167 Kbit/sec
– Maximum number of slaves: 31
– Line connection 
– Maximum bus distance: 100 m
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AS-Interface ( AS-I ) 

 

                                                   
 

Il sistema AS-I ( Actuator Sensor Interface ) nasce nel 1994 ed è una rete di 

comunicazione progettata per il solo collegamento di dispositivi industriali quali 

sensori e attuatori. La semplicità del protocollo consente di integrare in un unico cavo 

non schermato sia i segnali di comando che l’alimentazione ai nodi. E’ un cavo di 

colore giallo con una forma particolare ed è diventato il simbolo di questo protocollo. 

Il collegamento del cavo avviene per perforazione di isolante. Gli spilli presenti sul 

connettore prelevano il segnale senza bisogno togliere la guaina al filo. La 

configurazione geometrica del cavo impedisce l’inversione di polarità. Se il cavo ha 

una lunghezza superiore a 100m è necessario inserire un repeater  che porta la 

lunghezza della rete a 300m. La massima portata del cavo giallo è di 2 A, se il 

consumo delle elettrovalvole dovesse superare quel valore si  deve aggiungere un 

secondo cavo di colore nero che porta il 24Vcc alle uscite. Anche questo cavo utilizza 

la stessa tecnica di cablaggio. 
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Chapter 17

HYDRAULIC CONTROL
SYSTEMS 

 
 
 
 
 

HYDRAULIC CONTROL SYSTEMS

Operating conditions that the devices are not able of carrying out may appear during 
many uses of the systems. One of these is the advance of the rod of a cylinder at 
low and constant speeds. We have already approached this matter and the conclu-
sion was that obtaining the mentioned conditions is not possible, without interventi-
on. Pneumatic cylinders work under satisfactory results with regulated speeds up to 
about 20mm/sec. with respectable motion uniformity. Under this value, the typical 
skipping advance is produced.
The reason for the difficult speed control in a pneumatic cylinder depends on the 
fact that we are controlling a compressible fluid which may be influenced by external 
factors. Mixed air and oil systems are used to this purpose. There are many possible 
solutions, but the most used one, due to its easy employment, is constituted by the so 
called closed circuit hydraulic brake. This kind of solution is cheap because it does not 
require the use of completely hydraulic systems which can be expensive.
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                       Parallel Connection   Serial Connection
 

The two figures show the device connected to a pneumatic cylinder in a parallel or a 
serial version. During its motion the pneumatic cylinder drags the rod of the brake full 
of oil, which transfers the fluid from one chamber to another one transiting across a 
flow regulator.
Therefore, the speed of the pneumatic cylinder is controlled with a non-compressible 
fluid removing the inconvenient previously described. The figure shows the operating 
principle schematically which shall actually be completed with a series of other ac-
cessory valves able to control the speed, the intermediate stops, as well as to reach 
the maximum speed in one direction or in both directions. Moreover, the device shall 
be equipped with an additional tank in order to allow compensating the difference of 
volume of the two chamber brakes due to the presence of the rod.

                              
The obtainable combinations include many options and they are described with their 
own symbols. The device cannot be used alone because it does not have the ability 
to produce a motion on its own; it must be connected mechanically anchoring its 
own rod to the one of the cylinder. The figure illustrates a parallel brake with all the 
functions to stop, skip (maximum speed) and speed regulation, all in both directions 
(complete conformation).
It is possible to have this kind of devices integrated with a pneumatic cylinder. This 
however will impact on available space. 
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Sistemi di controllo oleoidraulici 

 

In numerose applicazioni si verificano condizioni di funzionamento che i dispositivi 

pneumatici non sono in grado di realizzare. Una di queste è l’avanzamento a bassa e 

costante velocità dello stelo di un cilindro. Abbiamo già affrontato l’argomento e la 

conclusione fu che non é possibile, senza particolari accorgimenti, ottenere le 

condizioni  citate. I cilindri pneumatici lavorano con risultati soddisfacenti con 

velocità regolate fino a circa 20mm/sec. con una discreta uniformità di moto. Al di 

sotto di questo valore si comincia a verificare il tipico avanzamento a saltelli. 

Il motivo del difficile controllo della velocità in un cilindro pneumatico, dipende dal 

fatto che stiamo controllando un fluido comprimibile che può essere influenzato da 

fattori esterni. Si utilizzano, allo scopo, sistemi misti aria/olio. Le soluzioni possibili 

sono molteplici, ma quella più utilizzata, per facilità di impiego, è costituita dal 

cosiddetto freno idraulico a circuito chiuso. Una soluzione come questa è economica 

perché non ci costringe ad utilizzare un impianto completamente oleoidraulico 

evidentemente di costo elevato. 

 

 

 

                  
 

        Montaggio in parallelo                                      Montaggio in serie 

 

 

Le due figure mostrano il dispositivo montato su di un cilindro pneumatico nella 

versione serie e nella versione parallelo. Il cilindro pneumatico trascina, nel suo 

moto, lo stelo del freno riempito di olio, che trasferisce il fluido da una camera 

all’altra passando attraverso un regolatore di flusso. 
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La velocità del cilindro pneumatico viene controllata quindi con un fluido non 

comprimibile eliminando gli inconvenienti precedentemente descritti. La figura 

mostra in modo molto schematico il principio di funzionamento che però nella realtà 

sarà completato con una serie di altre valvole accessorie in grado di controllare oltre 

che la velocità, le fermate intermedie, il raggiungimento della velocità massima in 

una direzione oppure nelle due direzioni. Inoltre il dispositivo sarà equipaggiato con 

un serbatoio addizionale per consentire di compensare la differenza di volume delle 

due camere del freno dovute alla presenza dello stelo. 

 

 

                               
 

 

Le combinazioni ottenibili sono molte e verranno illustrate con i simboli 

successivamente. Il dispositivo non può essere utilizzato singolarmente perché non ha 

possibilità di generare alcun moto; deve essere connesso meccanicamente ancorando 

il proprio stelo a quello del cilindro. La figura illustra un freno di tipo parallelo con a 

bordo tutte le funzioni di stop, di skip ( massima velocità ) e regolazione della 

velocità, il tutto in entrambe le direzioni ( conformazione completa ). 

E’ possibile comunque avere dispositivi così fatti integrati con cilindro pneumatico. 
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The operating principle remains identical; the difference is that the hydraulic control 
circuit is obtained using the space inside the hollow rod of the pneumatic cylinder. 
This solution penalizes somewhat the force expressed by the cylinder in the return 
stroke, because the rod has a larger diameter than the standard one, just to obtain this 
circuit inside itself.

     Functions per rod in outlet  Functions per rod in inlet  In both directions

The combinations may be obtained in all the versions of the hydraulic brake. We must note 
that strokes over 500mm may be subject to constructive difficulties.
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Il principio di funzionamento rimane identico, la differenza è che il circuito idraulico 

di controllo viene ricavato utilizzando lo spazio all’interno dello stelo cavo del 

cilindro pneumatico. Questa soluzione penalizza un poco la forza espressa dal 

cilindro nella corsa di ritorno perché lo stelo ha diametro superiore rispetto allo 

standard, proprio per ottenervi all’interno detto circuito. 

 

 

  
 

 
Funzioni per stelo in uscita           Funzioni per stelo in ingresso                Entrambe le direzioni 

 

 

Le combinazioni sono ottenibili in tutte le versioni del freno oleoidraulico. 

E’ bene ricordare che corse oltre i 500mm sono difficilmente ottenibili per difficoltà 

costruttive. 
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SEALING ELASTOMERS
AND GASKETS

 
 
 
 
 

ELASTOMERS

The term elastomer defines any component manufactured with a material that has the 
feature of possessing “elastic memory”, which means returning to its original shape 
after being compressed. This feature is typical of rubber.
Therefore, elastomers define generically sealing elements or gaskets, commonly used 
to manufacture compressed air equipment. This matter is wide and complex; therefo-
re, this chapter has the intention of supplying useful instructions regarding the func-
tions and features of gaskets.
The gaskets are used in order to obtain:

– Static seals
– Dynamic seals

Static seals are referred to those elements among which there are no relative motions, 
that are interposed between two parts and, for elastic deformation in compression, 
they perform a watertight function. They generally have a toroidal section (O Ring) 
and are available in different sizes according to their section, diameter and material.
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Dynamic seals are performed when bodies with mutual relative motion are involved 
and the gaskets move together with one of them.
In this case, the sliding motion along the involved surface of the gaskets causes fricti-
on. Friction depends on several factors such as the type of the material employed, its 
hardness, quality of the sliding surface, etc., and the use of lubricants. The lubricant 
also acts as a sealer and, in addition to creating a thin layer between the gasket and 
the surface, guarantees a hydrodynamic system that prevents direct contact between 
the bodies in related movements. The behavior of the gaskets depends much on their 
geometric shape, on their size and on the material with which they are manufactured 
(mixture).
In dynamic seals, the use of O Rings is quite low because the wear compensation is 
limited to compression. Instead, the lip seals are largely used with the typical U secti-
on which is ideal for radial seals. They are also called “positive acting” or “automatic” 
because they widen and squash themselves on the surface with which they are in con-
tact when subject to pressure. But the friction tends to increase when the radial load 
increases. Wear compensation is very effective. In opposition to O Rings that allows 
double seals, automatic gaskets must be combined with two others opposed to them.
There are also different solutions that include the double seal function in their manu-
facture. An example is the integral gasket which is constituted by a metallic disc where 
the rubber with double-lip shape is vulcanized.

                                                                                                                   Pressure

                            
                                
                            O-Ring Lip gasket  Automatic gasket

Tricks like the rounding of sharp edges are performed on the lip gaskets in order to 
avoid undesired effects, such as scraping the lubricating grease on the sliding surface.
Therefore, elastomers are constituted by elastically deformable materials.
They are divided into:

– Elastomers
– Plasto-elastomers

Elastomers are produced using rubber that is mixed with additives and is then vulca-
nized at high temperatures, and therefore it acquires elasticity, being a material with 
plastic features. Sulfur is the usual vulcanizing agent. Physical, chemical and thermal 
features may vary notably according to the amount of rubber and the additives added 
to the initial mixture.
Plasto-elastomers are also called thermoplastic rubbers, and generally act as elasto-
mers up to temperatures not higher than 80°C. At higher temperatures they act as 
elastomers becoming warped plastically under the action of forces.
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Esistono anche soluzioni diverse che già contemplano nella loro costruzione la 

doppia funzione di tenuta. Un esempio è costituito dalla guarnizione integrale 

costituita da un disco metallico sul quale viene vulcanizzata la gomma  con forma a 

doppio labbro. 

 

 

 

 Pressione 

 

 

 

 

       O Ring         Guarnizione a labbro              Guarnizione automatica 

 

 

Accorgimenti, quale l’arrotondamento degli spigoli vivi, vengono eseguiti sulle 

guarnizioni a labbro per evitare effetti indesiderati come il raschiamento del grasso 

lubrificante sulla superficie di scorrimento. 

Gli elastomeri quindi sono costituiti da materiali deformabili elasticamente. 

Si dividono in: 

 

- Elastomeri 

- Plastoelastomeri 

 

Gli elastomeri vengono prodotti partendo dalla gomma che viene mescolata con 

additivi e poi vulcanizzata ad alte temperature e, da materiale con caratteristiche 

plastiche, acquista elasticità. L’agente vulcanizzante è generalmente lo zolfo. Le 

caratteristiche fisiche, chimiche e termiche possono variare notevolmente in funzione 

della quantità di gomma e degli additivi aggiunti nella mescola iniziale. 

I plastoelastomeri sono anche detti gomme termoplastiche ed in generale si 

comportano come elastomeri fino a temperature di poco superiori a 80°C. A 

temperature più elevate si comportano come plastometri deformandosi plasticamente 

sotto l’azione di forze. 

Un corpo è elasticamente deformabile se, dopo una deformazione mediante 

pressione, trazione o torsione ritorna alla sua forma originaria. Se la deformazione 

permane si parla di deformazione plastica o viscosa. 

Caratteristica importante è la durezza misurata in Shore A e rappresenta la resistenza 

che una punta sferica di opportuno diametro, incontra nel penetrare la superficie di un 

provino quando caricata con un peso noto.  
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A body is elastically deformable when, after being deformed under pressure, traction 
or twisting, it returns to its original shape. If this deformation remains, we can speak of 
a plastic or viscose deformation.
An important feature is the hardness measured in Shore A and it represents the re-
sistance found by a ball tip with a proper diameter, when perforating the surface of a 
test part when it is charged with a known weight.
Instead, the modulus of elasticity is the load necessary to produce a determined 
percentage and reversible stretch in the test part.
Mechanical wear compensation of the surface of a test part is called abrasion re-
sistance. The eroded body is made with granular materials, and is pressed against the 
surface with a known force in relative motion. It is expressed like the abrasion resistan-
ce ratio.
When the initial dimensions are not completely retrieved, after having subjected the 
test part to a load, we can speak of residual deformation. The non-retrieved deforma-
tion is called “permanent set”. While a “compression set” is produced when a test part 
is subjected to a compression without the residual deformation remaining.
The mixture formulas must satisfy the needs of use, and obviously, different mixtures 
shall offer different performances that the manufacturer must state together with the 
guarantee of their continuity over time.
The different situations of use of pneumatic equipment demand the employment of 
gaskets with different mixture formulas. These formulas must offer the guarantee of 
duration and performance for each specific need.
The common materials used for pressing gaskets with several shapes in the pneumatic 
sector are those which follow:

– Acrylonytrile butadiene rubber                                       NBR
– Hydrogenated acrylonytrile butadiene rubber            HNBR
– Fluoride Rubber                                                                          FPM
– Polyester Urethane rubber (Polyurethane rubber)          PU

NBR

It is a Butadiene and Acrylonytrile polymer.
The percentage of Acrylonytrile varies between 20 and 50%. A greater Acrylonytrile 
percentage favors better behavior toward mineral greases and oils but causes decrea-
se of their elasticity, makes their behavior at low temperatures worse and stresses 
residual deformation. It has good compatibility also with vegetable and animal oils 
and with fuels (gasoil), and a good behavior with water up to 100°C and with low 
concentration inorganic acids. The average thermal field for its use goes from – 30°C 
to +100°C.

HNBR

It uses the basic formula of NBR with the addition of hydrogen.
It keeps all the features of compatibility of the basic mixture with a wider thermal
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field of use toward high temperatures, from -30°C to +150°C. Also, abrasion resistance 
is improved.
It is a mixture known with the trade name of THERBAN.

FPM

It is a fluorine based mixture with high thermal resistance and chemical stability.
It is a fluorine based mixture with high thermal resistance and chemical stability. Spe-
cial mixtures are necessary for uses in hot water and vapor.
The thermal field of use varies from -20°C to +200°C.
The elastic memory is lower than the nitrite mixtures.
It is marketed with the VITON name.

PU

It is an organic material with high molecular weight commonly called Polyurethane, 
whose chemical composition is featured by a high amount of Urethane groups. Within 
determined temperatures it has elastic features just like rubber. It has a good abrasi-
on resistance. It resists oxygen and ozone very well and its volume does not increase 
when in contact with oils, mineral greases and mixtures of water and oil. It does not 
resist acids, alkalis, solvents and break liquids. It may have hydrolysis phenomenon in 
presence of water with temperatures near to its maximum working temperature. Its 
thermal field of use goes from -30°C to +80°C.

These are the general features of the materials used to manufacture gaskets. It is fit-
ting, per application, to consult the producers’ technical manuals in order to obtain the 
most detailed information regarding their use.
When lubricant is used, be careful when introducing oil that is compatible in the de-
vice with the used mixtures.
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VACUUM

Vacuum is defined as the condition of a space free of matter or which contains only 
rarefied gases.
The earth’s atmosphere exercises on the planet surface, at the sea level, a pressure 
equal to 101 kPa (1.013 bars). The value of this pressure is influenced by altitude, for 
example, at a height of 3000 m the pressure is equal to 70 kPa.
Atmospheric pressure is strictly correlated with vacuum.
Vacuum is produced when the pressure value is lower than the atmospheric value, and 
absolute vacuum is produced when there is no atmospheric pressure.
The law of perfect gases (Boyle – Mariotte) states that at constant temperatures the 
pressure P is inversely proportional to the volume V, or rather, when the volume in-
creases the pressure decreases.

P x V = cost. 

The vacuum level is the measurement for negative pressures, and it may be expressed 
using different measurement units (bar, Pa, Torr, mmHg, % of vacuum etc.).
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Vacuum

Vacuum is employed in three main fields:

– Blowers or rough/low vacuum (from 0 to -20 kPa) for ventilation, cooling and clea-
ning

– Industrial vacuum (from -20 to -99 kPa) for lifting, handling and automation

– Process vacuum (-99 kPa) high vacuum for laboratories,
microchip production, coverings with molecular deposits, etc.

Vacuum is created by means of mechanical pumps, which may be suction or blowing 
and volumetric pumps, or of pneumatic pumps such as single-stage ejectors or mul-
ti-stage ejectors.
Suction or blowing pumps produce a low vacuum while volumetric piston or vane 
pumps are used to produce industrial vacuum with important flow rates.
Pneumatic pumps use compressed air as their feeding source, and are based on the 
Venturi effect principle, creating a depression.
Vacuum generators with Venturi effect offer many advantages: a simple and com-
petitive method, no wear problems (absence of moving parts), reduced size and the 
possibility of being directly assembled on mobile and compact means such as robo-
tized systems. This solution allows reducing the length of the tubes and improving 
response times. There are two types of generators: single-stage and multi-stage. In 
the single-stage version, the feeding air crosses only a Venturi’s nozzle before being 
ejected and creates a depression on the junction of the intake circuit. In the multi-sta-
ge version, the air crosses two or more nozzles connected in series, ensuring a greater 
suction flow rate in the intake circuit. The feature of this equipment is the possibility to 
have, at the start of the suction, an abundant flow rate with reduced depression, and 
this allows reducing depression times. It is advised for large systems. A vacuum level 
equal to -92 kPa may be reached. These systems may satisfy the most varied needs 
for the vacuum control, since they may be integrated perfectly to grip and move a 
great number of objects, in many sectors of industrial activities.

Tecnica del vuoto
Principio di funzionamento
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                                                                  Multi-stage ejector

The following table describes the conversions between the different measurement 
units and their equivalents for different values:

– 1 Pa = 0,01 mbar
– 1 kPa = 10 mbar
– 1 torr = 1,333 mbar
– 1 mmHg = 1,333 mbar
– 1 mmH2O = 0,098 mbar
– 1 PSI = 69 mbar

Vacuum mbar Vacuum % Vacuun kPa Vacuum mmHg Vacuum torr

0 0 0 0 0

-100 10 -10 -75 -75

-133 13,3 -13,3 -100 -100

-200 20 -20 -150 -150

-267 26,7 -26,7 -200 -200

-300 30 -30 -225 -225

-400 40 -40 -300 -300

-500 50 -50 -375 -375

-533 53,3 -53,3 -400 -400

-600 60 -60 -450 -450

-667 66,7 -66,7 -500 -500

-700 70 -70 -525 -525

-800 80 -80 -600 -600

-900 90 -90 -675 -675

-920 92 -90 -690 -690
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The degree of vacuum must be limited to the need for vacuum because it requires 
high energy consumption to generate vacuum.
It is important to know the consumption of the ejectors used in the system in order to 
choose the compressor. For example, if a pneumatic pump consumes 2 Nl/sec when 
fed at 6 bars, the compressor must be able to supply at least 2 x 60 = 120 Nl/min. 
The power supplied by the pump is the product between flow rate in suction and the 
vacuum level:

Power = flow rate x vacuum level

The power supplied is strictly associated to the size of the pump and it allows us only 
to understand at which vacuum level it is preferable to operate and not to compare 
two different pumps. But if we know the air consumption of the ejector and the sucti-
on flow rate, we can calculate the efficiency independently from the pump’s size.

       Supplied flow rate
                             Efficiency = ---------------------------
  Consumed flow rate                                   

Representing the value of the efficiency at different vacuum levels, we can identify 
which pump uses the absorbed energy better during the different operating condi-
tions.

           

When a manipulation system based on vacuum is created, a sufficient force for safe 
handling must be produced.

Flow rate [NI/s] Vacuum degree % [-KPa] Supplied power

10,9 0 0

5,7 10 57

3,8 20 76

2,5 30 75

1,4 40 56

1,1 50 55

0,8 60 48

0,48 70 33,6

0 80 0
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To this purpose, the role of the suction cup is very important.
 

                                                                  SUPPLIED POWER 

                                                    Vacuum degree [-kPa]

Suction cups

The drawing unit in vacuum systems is the suction cup. It produces its action due to 
the fact that the surrounding atmospheric pressure pushes it against the object to be 
held.
The force which keeps the object pushed against the suction cup is caused by the 
difference of atmospheric pressure and the internal pressure of the suction cup, and it 
grows proportionally to this difference. The choice of suction cup is determined by the 
weight, shape and material of the object to be moved and by the gripping position.
The practical force produced from which the size of one or more suction cups de-
pends, is defined by the following formula:

Produced practical F = Theoretic force / k
  

where k is the safety ratio to be considered according to the gripping type:

– k = 2 for horizontal parts for low speed movements
– k = 4 in case of high speed or vertical movements
  
The theoretical force produced by the suction cup is:   F = area x P   
 

   

 

Where P is the difference between the external pressure and the pressure between 
suction cup and the surface of the object.
During the loading movement, we must consider the additional efforts produced by 
the application, such as accelerations, decelerations, etc., which could further influen-
ce the choice of the number and diameter of the suction cups.
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The friction ratio changes according to use, and this may determine variations of the 
suction cup’s gripping capacity.
Once the practical force’s value has been calculated, we can choose the suction cup 
according to its features.
The flat suction cup is widely used in current employments.
It is used, in the different versions proposed by the manufacturers, for horizontal and 
vertical movements of parts with flat or slightly wrinkled surfaces such as those of 
glass and metal, or for moving thin and light objects such as paper sheets. The length 
of the connecting tubes between suction cup and pump must be highly limited in 
order to decrease ejection times. In many cases, we can fix the ejector directly on the 
suction cup and make it move together with it thanks to its reduced weight.
The air volume to be ejected is reduced to minimum needs, this way improving the 
system’s response times.

                                 

Bellow suction cups are used to lift objects with irregular surfaces, such as corrugated 
sheets or plates, or in order to compensate light differences in level.
The amount of waves or sectors makes it suitable to compensate the more or less 
stressed differences in level; as high is the amount of the waves, as high is the diffe-
rence in level to be compensated. They must not be used absolutely for vertical grips.
Oval suction cups are used for tight and flat objects, because they substitute a series 
of suction cups with small diameter.

                                  

When sizing the system, we must necessarily consider the features of the object to be 
handled. The calculation method in fact is very different in case the object is porous 
(cardboard, wood) rather than “fixing”. The suction cup must produce a suitable force 
in order to handle an object with fixing materials safely. To this purpose it must work 
at the right vacuum degree and have the right size. With these materials, it works with 
a vacuum degree of about -60 kPa.

Ventose

superfici lisce superfici curve
a soffietto 

 superfici inclinate

Ventose particolari
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When the time for transporting the part is relatively large, we recommend equipping 
the vacuum generator with a non-return valve, which allows reducing compressed air 
consumption allowing deactivation of the feed electro valve as soon as the depression 
level is reached. This valve has the purpose of keeping the created vacuum when the 
electric feeding is interrupted. The generator must be equipped with a vacuum switch 
because, if during the transport there is a leak in the vacuum circuit, there shall be a 
depression reduction which shall be detected by this circuit.
The inlet electro valve shall be activated again in order to realign the depression.
It may also be equipped with a blowing valve that breaks the vacuum, ensuring safe 
release of the part.
To transport porous materials, the pump must compensate moment by moment the 
leakage flow due to the porosity of the material. The leakage flow by means of the 
material is strictly associated to the size and features of the suction cup, as well as to 
those of the material. Therefore, the pump must be chosen simultaneously with the 
suction cup. Generally, works are carried out at a low vacuum levels, exploiting to a 
maximum the power supplied by the pump or suction cup system, which means that 
when the combination of ejecting flow rate and produced vacuum allow the suction 
cup to express its the maximum force. Since the force produced increases when the 
supplied power increases, extending the diameter of the suction cup the vacuum le-
vel may be reduced. This is due to the fact that the extension of the area exposed to 
the vacuum is wider than the reduction of the vacuum level. Therefore, the size of the 
pump or the working pressure may be reduced producing more force than what is 
needed, with a remarkable saving of compressed air consumption.
Generators which are currently manufactured modularly adapt themselves to auto-
mated processes easily, thanks to the integration of several accessories such as fee-
ding electro valves, blowing devices, control vacuum switches, non-return valves, etc.
The vacuum switch allows the detection of the produced depression level, confirming 
the value of the part’s retention force by activating an electric contact. It may be com-
pared to the pressure switch for uses with positive pressures.
Blowing devices allow decreasing the times of the part’s release, and they intervene 
automatically, as soon as the working pressure is interrupted, by means of a certain 
volume of compressed air released by a capacity, or thanks to an electro valve which 
opens a transit of compressed air toward the suction cup. Usually, the system is com-
pleted inserting a suction filter and a vacuum gauge to measure vacuum.

           Ejector  Suction cup  Modular generator 
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I dispositivi di soffiaggio permettono di diminuire i tempi di rilascio del pezzo ed 

intervengono automaticamente non appena viene interrotta la pressione di 

alimentazione tramite l’azione di un volume di aria compressa liberato da una 

capacità, oppure per l’intervento di una elettrovalvola che apre un passaggio di aria 

compressa verso la ventosa. Solitamente il sistema viene completato con  

l’inserimento di un filtro in aspirazione e vacuometro per la misura del vuoto. 

 

            
              Eiettore                             Ventosa                         Generatore modulare 

 

 

Le linee di vuoto con dimensioni importanti, vengono attivate o intercettate con 

apparecchi di adeguate dimensioni. Anche in questo caso, come in pneumatica, si 

usano valvole od elettrovalvole ad otturatore quando siano in gioco notevoli portate. 

Il comando per la commutazione può essere asservito dal vuoto o dalla pressione 

positiva. Quando l’asservimento è in pressione, la porzione pilota è separata e a 

tenuta stagna dal corpo valvola in cui transita il vuoto. L’alimentazione per il 

pilotaggio viene fornita direttamente da una linea in pressione positiva dedicata e la 

commutazione avviene come nelle valvole ed elettrovalvole pneumatiche. 

Nel caso di pilotaggio con vuoto, la porzione dell’elettropilota è autoalimentata dal 

vuoto che transita nel corpo valvola. In questo caso è necessario l’uso di un solenoide 

specifico. 
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Vacuum lines with important sizes are activated or intercepted with proper sized de-
vices. Also in this case, as in pneumatics, shutter valves or electro valves are used 
when remarkable flow rates are involved.
The switching control may be governed either by vacuum or by positive pressure. 
When using pressure, the pilot portion is separated and watertight from the valve 
body through where the vacuum transits. The feeding for the piloting is supplied di-
rectly by a line with dedicated positive pressure, and the switching is carried out as in 
pneumatic valves and electro valves.
Whenever piloting with vacuum, the portion of the solenoid valve is self-fed by vacu-
um in the valve body. In this case, a specific solenoid must be used.

SUMMERY OF SYMBOLS
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Eiettore 

Ventosa 

Eiettore completo di : 

Filtro di aspirazione 

Vacuostato 

Elettrovalvola di alimentazione 

Elettrovalvola di soffio 

Silenziatore 
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Ventosa 

Eiettore completo di : 

Filtro di aspirazione 

Vacuostato 

Elettrovalvola di alimentazione 

Elettrovalvola di soffio 

Silenziatore 

 

Ejector

Suction cup

Ejector complete with:

Suction filter
Vacuum switch
Feeding electro valve 
Blowing electro valve 
Muffler
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Chapter 20

PROPORTIONAL
REGULATOR 

 
 
 
 
 

PROPORTIONAL REGULATOR

Introduction

Modern industrial applications require higher performance of their pneumatic com-
ponents. When we are required to intervene on the parameters which determine the 
produced force and the actuating speed, modifying their values dynamically, we must 
act on the pressure and flow rate values of the equipment installed on the machine.
The traditional method exploits the pneumatic logic associated to the employment 
of valves fed with different pressures, which release pressures previously set up once 
they are activated.
To this purpose, we need an alternative solution, which solves the problem, with re-
duced size and acceptable costs.
A proportional regulator with electronic control satisfies this need.
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Regulation types

The feature of a proportional valve is to supply in exit a proportional signal to a refe-
rence signal.
This signal may be produced mechanically, such as pressure reducers that are acti-
vated by the force produced by the compression of a spring, pneumatically, sending 
a pressure signal in piloting as for remotely controlled reducers, or electrically with 
modulated voltage or current signals.

 Mechanic  Pneumatic  Electric

                                                              

  

 212
 
The diagrams show the running of the outlet signal, comparable to a line, according 
to its running in inlet. In industrial applications, the most used regulation is the electric 
one, managed by electronic cards which produce the signal.

        

The diagram shows the assimilation to the line.
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Introduzione 

 

Le moderne applicazioni industriali richiedono sempre più spesso elevate prestazioni 

ai componenti pneumatici. Quando si richiede di intervenire sui parametri che 

determinano la forza generata e la velocità di attuazione con modifiche dei loro valori 

in modo dinamico, bisogna agire sui valori di pressione e di portata sulle 

apparecchiature installate sulla macchina. 

Il metodo tradizionale sfrutta la logica pneumatica associata all’impiego di valvole 

alimentate con pressioni differenti, che liberano delle pressioni precedentemente 

impostate una volta chiamate in azione. 

Da qui nasce la necessità di una soluzione alternativa, che risolva il problema in 

maniera pulita, con ingombri contenuti e costi accettabili. 

Il regolatore proporzionale a controllo elettronico soddisfa questa esigenza. 

 

Tipologie di regolazione 

 

La caratteristica di una valvola proporzionale è quella di fornire in uscita un segnale 

proporzionale ad un segnale di riferimento. 

Tale segnale può essere generato meccanicamente, come nel caso di riduttori di 

pressione dalla forza generata dalla compressione di una molla, pneumaticamente 

inviando un segnale in pilotaggio in pressione, come nei riduttori remotati, oppure 

elettricamente con segnali modulati in tensione o in corrente. 
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I diagrammi mostrano l’andamento del segnale in uscita, assimilabile ad una retta, in 

funzione di quello in ingresso. Nelle applicazioni industriali la regolazione più 

utilizzata è quella elettrica, gestita da schede elettroniche che ne elaborano il segnale. 

 

 

                        
 

 

Il diagramma illustra l’assimilazione alla retta. 

 

La gestione può essere ad anello aperto oppure ad anello chiuso. 

 

 

      

 

 

            
 

 

                         

 

 

Unità elettronica

d’elaborazione

Valvola 

proporzionale

Attuatore

Forze esterne

Velocità
variabile
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➡
Its management can be made using an open loop or a closed loop.

In open loop management, the system does not allow corrections when external forces 
interfere with the performance of the final device managed by the proportional valve’s 
exit signal, and this error is crawled until the interference disappears.
Closed loop management instead is featured by a feedback signal which continuously 
compares outlet value with the reference value, and in case of an error it proceeds to 
correct it. The figure in the following page shows the diagram for the operation of a 
proportional electronic regulator. The feedback is entrusted to an E/P electro-pneu-
matic transducer, which receives outlet pressure value and transforms it into an elec-
tric signal. The signal produced is sent to the microprocessor, which compares it with 
the signal modulated in inlet. 

➥
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Nella gestione ad anello aperto il sistema non permette correzioni nel caso forze 

esterne disturbino la prestazione dell’organo finale gestito dal segnale di uscita della 

proporzionale, l’errore si trascina fino a quando il disturbo non scompare. 

L’anello chiuso prevede invece il segnale di retroazione che confronta continuamente 

il valore di uscita con quello di riferimento, ed in caso di errore procede alla 

correzione. 

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

La figura mostra lo schema di funzionamento del regolatore elettronico 

proporzionale. La retroazione è affidata ad un trasduttore elettropneumatico E/P che 

riceve il valore di pressione di uscita e lo trasforma in segnale elettrico. Il segnale 

generato è inviato al microprocessore che provvede a confrontarlo con quello 

modulato in ingresso.  
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There are many application fields, independently from the device’s operating principle.

– Braking regulation on rotary or linear mechanisms
– Regulation of the tightening force of welding pliers
– Positioning of control valves
– Load balancing
– Control of the motion speed of pneumatic cylinders
– Painting robots, etc.
– Test stands and test equipment for sealing containers

The operating principle may be based on the balance and unbalance of two forces, 
which are a magnetic force and a return force proportional to outlet pressure.

Pulse Width Modulation

Pressure

Voltage

Time
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I settori applicativi, indipendentemente dal principio di funzionamento 

dell’apparecchio sono innumerevoli. 

 

- Regolazione della frenature su meccanismi a rotazione o lineari 

- Regolazione della forza di serraggio delle pinze di saldatura 

- Posizionamento di valvole di regolazione 

- Equilibratura di carichi 

- Controllo della velocità di spostamento di cilindri pneumatici 

- Robot per verniciatura etc. 

 

Il principio di funzionamento si può basare sull’equilibrio o sullo squilibrio di due 

forze, di cui una magnetica ed una di ritorno proporzionale alla pressione di uscita. 

Quando le due forze sono squilibrate vi è richiesta di aumento o riduzione della 

pressione. Un altro principio si basa sul sistema tegolo/ ugello. Inviando il segnale di 

comando, una lamina piezoelettrica si deforma otturando un ugello in perdita di aria 

compressa. Questo aumenta la pressione in una camera che insiste su di una 

membrana, la quale spinge la valvola ad otturatore principale, esattamente come 

accade nel riduttore di pressione pilotato. Il sistema lavora solo con perdita di aria. 

Un altro sistema utilizza la tecnica di controllo in PWM ( Pulse With Modulation ) 

che consiste nell’invio di segnali di comando elettrici in frequenza di ampiezza 

differente. Questi segnali vengono inviati a due elettrovalvole che hanno il compito di 

caricare o scaricare la camera di pilotaggio di un riduttore di pressione di precisione 

come mostrato sullo schema di funzionamento illustrato in precedenza. 

 

                

                       Pulse With Modulation ( Modulazione a larghezza di impulsi )  

                                    
 

    

                 Tempo 
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When the two forces are unbalanced, a pressure increase or reduction is required. 
Another principle is based on the port/nozzle system. Sending the control signal, a 
piezoelectric plate contorts blocking any nozzle that is losing compressed air. This 
increases the pressure in the chamber that presses on a membrane, which in its turn 
pushes the main shutter valve, exactly as is the case in the piloted pressure reducer. 
The system works only in face of air losses.
Another system uses the PWM (Pulse Width Modulation) control method, which con-
sists in sending electric control signals in a different band frequency. These signals 
are sent to two electro valves that load or unload the piloting chamber of a precision 
pressure redgulator, as shown in the previously illustrated operating diagram.

The width of the pilot electric signal shall be wider during the increase phase of outlet 
or unloading pressure, and it gradually decreases in proximity of reaching the balan-
ce until it interrupts itself. This allows the piloting electro valves to produce uniform 
strokes and reduce its own flow rate, avoiding fluctuations around the balance point.
This is the most used system within that range of applications that do not require ext-
reme precision, and it supplies optimal balance between performance and cost.
The features that mark a proportional electronic regulator may be summarized as:

– Linearity
– Hysteresis
– Repeatability
– Sensitivity 
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L’ampiezza del segnale elettrico pilota sarà più grande durante la fase di incremento 

di pressione in uscita o di scarico, diminuisce gradualmente la propria ampiezza in 

prossimità dell’equilibrio fino ad interrompersi. Questo permette alle elettrovalvole di 

pilotaggio di parzializzare la corsa e di ridurre così la propria portata, evitando 

l’oscillazione attorno al punto di equilibrio. 

Questo è il sistema  più utilizzato in quella fascia di applicazioni che non richiedono 

precisioni esasperate e fornisce un ottimo equilibrio tra prestazione e costo. 

Le caratteristiche che contraddistinguono un regolatore elettronico proporzionale  

sono sintetizzabili in: 

 

 

 

- Linearità 

- Isteresi 

- Ripetibilità 

- Sensibilità 
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Linearity

Linearity is the percentage value referred to full scale operation, and it defines the 
maximum possible deviation between the real running and the effective line.

If we define that the regulator has a maximum linearity lower than or equal to +/- 1% 
of the full scale (FS), and the full scale is equal to 10 bars, the maximum error shall be 
equal to +/- 0.1 bars.

Hysteresis
      
It defines the maximum deviation as a percentage, referred to the full scale, obtained 
on the outlet pressure with equal reference forward and downward values. It is cau-
sed by the frictions of the mechanic parts of the regulator.

If we define that the regulator has a hysteresis lower than or equal to +/- 0.5% of its 
10 bar full scale, we will obtain a maximum error equal of about +/- 0.05 bars.

Repeatability

It is also a percentage value referred to the full scale, and it defines the maximum 
error found on more readings carried out consecvely under the same operating con-
dition.

                                  
 

 

 

 

 

Se definiamo che un regolatore ha una isteresi minore o uguale a +/- 0,5% del suo 

fondo scala di 10 bar, riscontreremo un errore massimo di +/- 0,05 bar. 

 

Ripetibilità 

 

Anch’esso è un valore percentuale riferito al fondo scala e definisce l’errore massimo 

rilevato su più letture effettuate in modo consecutivo nelle medesime condizioni di 

lavoro. L’errore è generato dall’isteresi. 

 

           

 

 

 

 

 

 

 

 

        

 

 

Se l’isteresi è minore o uguale +/- 0,5%  con fondo scala a 10 bar, sappiamo che 

l’errore massima sarà di +/- 0,05 bar. 

 

Sensibilità 

Valore percentuale sempre riferito al fondo scala, che identifica la minima variazione 

del segnale di riferimento alla quale corrisponde una variazione del valore pressione 

in uscita. 
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Linearità 

 

La linearità è il valore percentuale riferito al fondo scala di lavoro e definisce lo 

scostamento massimo che ci può essere tra l’andamento reale e la retta effettiva        

 

 

 

                                
 

Se definiamo che il regolatore ha una linearità massima minore o uguale al +/- 1% del 

fondo scala (FS) ed il fondo scala è di 10 bar, l’errore massimo sarà pari a +/- 0,1 bar. 

 

Isteresi 

       

Definisce lo scostamento massimo in percentuale, riferito al fondo scala, che si 

ottiene sulla pressione in uscita a parità di valore di riferimento in salita rispetto alla 

discesa. E’ causata dagli attriti dei particolari meccanici che compongono il 

regolatore. 
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Errors are produced by hysteresis..

          

       

If the hysteresis is lower than or equal to +/- 0.5% with a 10 bar full scale, we know 
that the maximum error shall be about +/- 0.05 bars.

Sensitivity 

It is the percentage value always referred to the full scale, which identifies the mini-
mum variation of the reference signal to which a variation of the outlet pressure value 
corresponds.

If a regulator with a 10 bar full scale has sensitivity lower than or equal to +/- 0.5%, we 
will have a variation of the downstream pressure for each variation of the reference 
signal higher than 0.05 Volts.
The electric features are then completed by the information described in the technical 
manuals. However, we must remember that reference signals may also be expressed 
as voltage, generally 0 – 10 volt DC and 4 – 20 mA for the version in current. When we 
carry out pneumatic connections, we must verify that there are no impurities in the 
tubes and that the compressed air is sufficiently dry. Any condensation could cause 
the device to operate incorrectly. Filter the air with a cartridge of at least 20 microns.

                               

                                     
    

 

 

 

Se un regolatore, con fondo scala 10 bar, ha sensibilità minore o uguale a +/- 0,5%, 

avremo una variazione della pressione a valle per ogni variazione del segnale di 

riferimento superiore a 0,05 Volt. 

Le caratteristiche elettriche sono poi completate dalle informazioni descritte sui 

manuali tecnici. E’ comunque bene ricordare che i segnali di riferimento possono 

essere in tensione, generalmente 0 – 10 volt cc e  4 – 20 mA per la versione in 

corrente. 

                                                

 

                                                     

                                                  
 

 

Quando si effettuano i collegamenti pneumatici è bene verificare che nei tubi non ci 

siano impurità e che l’aria compressa sia sufficientemente essiccata. L’eventuale 

condensa potrebbe causare malfunzionamenti dell’apparecchio. Filtrare l’aria con una 

cartuccia di almeno 20 micron. 

Non necessariamente il valore minimo del segnale di riferimento corrisponde ad una 

uscita in pressione di valore zero. L’inclinazione e l’origine della retta possono essere 

variate così come altri parametri operativi quali l’unità di misura della pressione, la 

pressione minima per la quale l’apparecchio interviene sulla regolazione etc. 
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The minimum value of the reference signal does not correspond necessarily to an out-
let pressure equal to zero. The deflection and the origin of the line may vary, as well as 
other operating parameters such the measurement unit of the pressure, the minimum 
pressure on which the device acts for its regulation, etc.
These operations are allowed acting in the set-up mode of the display or, if absent, the 
desired operating parameters may be set up directly by the manufacturer, and in this 
case, the user cannot modify it. The proportional electronic regulator, owing to its own 
features, must keep as much as possible a constant pressure, even when it has been 
set up with high downstream air requirements, obviously within the allowed values.

 Feeding  Unloading

It must also be ready to respond in case of pressure restoring when the device is set-
up for unloading. The exhaust has in fact a remarkable transiting section in order to 
allow this function.

Queste operazioni sono consentite agendo nella modalità set up del display  oppure, 

in assenza di quest’ultima, i parametri operativi desiderati possono essere settati 

direttamente dalla casa produttrice, ed in questo caso non modificabili 

dall’utilizzatore. 

Il regolatore elettronico proporzionale deve, per proprie caratteristiche, mantenere il 

più possibile costante una pressione impostata anche con grandi richieste di aria a 

valle, naturalmente entro i valori permessi. 
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        In alimentazione       In scarico 

 

 

Altrettanto pronto nella risposta deve essere nel caso di ripristino della pressione 

quando l’apparecchio è posto in scarico. La via di scarico ha infatti una sezione  di 

passaggio notevole per consentire tale funzione. 
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Se un regolatore, con fondo scala 10 bar, ha sensibilità minore o uguale a +/- 0,5%, 

avremo una variazione della pressione a valle per ogni variazione del segnale di 

riferimento superiore a 0,05 Volt. 

Le caratteristiche elettriche sono poi completate dalle informazioni descritte sui 

manuali tecnici. E’ comunque bene ricordare che i segnali di riferimento possono 

essere in tensione, generalmente 0 – 10 volt cc e  4 – 20 mA per la versione in 

corrente. 

                                                

 

                                                     

                                                  
 

 

Quando si effettuano i collegamenti pneumatici è bene verificare che nei tubi non ci 

siano impurità e che l’aria compressa sia sufficientemente essiccata. L’eventuale 

condensa potrebbe causare malfunzionamenti dell’apparecchio. Filtrare l’aria con una 

cartuccia di almeno 20 micron. 

Non necessariamente il valore minimo del segnale di riferimento corrisponde ad una 
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Chapter 21

CIRCUIT METHODS

 21.1 Elementary circuits
 21.2 Flow diagrams
 21.3 Circuits for automatic and semiautomatic cycles
 21.4 Timers
 21.5 Logic functions
 

INTRODUCTION

In this chapter we will introduce some pneumatic and electro-pneumatic circuits, star-
ting from the simplest ones up to those that are relatively involved, which carry out 
movements with fixed automatic or semiautomatic cycles.
Machines with complex working cycles and with a high number of cylinders are go-
verned by a PLC which allows flexible cycles, and which may be modified by simply 
changing the program. Complete pneumatic automations are less frequent; they are 
limited to very simple fixed cycles, or they are used in environments subject to explo-
sion hazards.
In the graphic representation of pneumatic diagrams, the equipment, represented by 
symbols, are always drawn in the position in which they are while the machine is in 
standby. If a stroke limiter is activated or pressed in the described situation, it shall be 
represented in the diagram in that same condition. Instead, the standards establish 
that the symbol in electric diagrams must be represented in its resting position even if 
it is actually active when the machine is not operating.
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Chapter 21

Circuit methods

21.1 ELEMENTARY CIRCUITS

The situation of the most simple circuit connection is represented by the direct control 
of a single-acting cylinder.

   

 At resting position Active 

A 3/2 manual control valve activates the cylinder, connecting outlet 2 with the cylin-
der’s inlet port directly. The back chamber of the cylinder, from its resting position, is 
discharger by means of way number 3 and the feeder in 1 is intercepted. Activating 
the manual control, 1 is connected to 2 and the cylinder is fed. This is the connection 
for direct control of a double-acting cylinder.

 At resting position Active 

IIn this case, the cylinder’s resting position is not kept by the return spring but by the 
compressed air which feeds the cylinder’s front chamber.

 221 

 

 

 
Introduzione 

 

In questo capitolo saranno rappresentati alcuni circuiti pneumatici ed 

elettropneumatici a partire dai più semplici sino ad arrivare a quelli relativamente 

complessi, che realizzano movimentazioni con cicli fissi  in maniera automatica o 

semiautomatica. 

Le macchine con cicli di lavoro complessi e con alto numero di cilindri, sono ormai 

governate da PLC che permettono cicli flessibili e modificabili semplicemente 

cambiando il programma. Automazioni completamente pneumatiche sono sempre 

meno frequenti, si limitano a cicli fissi molto semplici oppure  utilizzate in ambienti 

con pericolo di esplosione.  

Nella rappresentazione grafica di schemi pneumatici le apparecchiature, sotto forma 

di simbolo, vengono sempre disegnate nella posizione in cui si trovano con macchina 

a riposo. Se un fine corsa è attivato o premuto nella situazione descritta, verrà 

rappresentato nello schema in quella condizione. Nella schermistica elettrica le 

normative prevedono invece che il simbolo sia rappresentato nella propria posizione 

di riposo anche se a macchina ferma è in realtà attivo. 

 

21.1 Circuiti elementari 

 

La situazione di collegamento circuitale più semplice è rappresentata dal comando 

diretto di un cilindro a semplice effetto. 

 

 

    

 

 

 

 

 

 

 

                    A riposo                                             Azionato  

 

Una valvola 3/2 con comando manuale aziona il cilindro, connettendo direttamente 

l’uscita 2 con l’attacco di ingresso del cilindro stesso. A riposo la camera posteriore 

del cilindro è posta in scarico tramite la via numero 3 e l’alimentazione in 1 è 

intercettata. Azionando il comando manuale  1 è connesso con 2 ed il cilindro viene 

alimentato. 
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Altrettanto semplice è il collegamento per il comando diretto di un cilindro a doppio 

effetto. 

 

 

 

 

 

 

 

 

 

 

 

 

 

            A riposo                                           Azionato 

 

In questo caso la posizione di riposo del cilindro non viene mantenuta dalla molla di 

richiamo ma dall’aria compressa che alimenta la camera anteriore del cilindro stesso. 

La valvola adatta è una 5/2 anch’essa a comando manuale. Nella condizione di riposo 

l’attacco 1 è connesso con l’uscita 2 che alimenta la camera anteriore, mentre quella 

posteriore è posta in scarico dall’attacco 4 verso 5. Azionando la valvola le due uscite 

si invertono così come gli scarichi e lo stelo fuoriesce. 

In tutte e due le situazioni illustrate gli steli dei cilindri rimangono in posizione di 

lavoro fino a quando permane il segnale di comando della valvola. Quando il segnale 

scompare gli steli rientrano in posizione di riposo perché attivati da valvole 

monostabili. E’ possibile eseguire la stessa operazione anche se il cilindro è 

posizionato in un luogo poco accessibile oppure sia di dimensioni tali che 

l’azionamento diretto non sia possibile. In questo caso facciamo una operazione di 

comando a distanza, utilizzando la valvola di comando manuale di piccole 

dimensioni con forze di attuazione basse, ed andare a pilotare una valvola con 

comando pneumatico vicino al cilindro o di adeguate dimensioni per il cilindro da 

servire. 

Eseguiamo in questo caso un telecomando o comando remoto e, nel caso di 

pilotaggio verso una valvola più grande, una amplificazione di flusso. 
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The correct valve to use is a 5/2, which also has a manual control. In its resting con-
dition, port 1 is connected to outlet 2 which feeds the front chamber, while the back 
chamber is discharged by port 4 toward 5. Activating the valve, the two outlets as well 
as the exhausts are reversed and the rod comes out.
In the two illustrated situations, the cylinder rods remain in operating position until the 
valve’s control signal continues. When the signal disappears, the rods return to their 
resting position because they are activated by monostable valves. The same operation 
may be carried out even if the cylinder is positioned in a not very accessible place, or 
if it has been sized in a way that direct activation is not possible. In this case, we carry 
out a remote control operation, using a small sized manual control valve with low ac-
tuating forces, and we pilot a pneumatic control valve near the cylinder or which has 
a size suitable for the cylinder to be served.
In this case, we carry out a remote control operation and, in case of piloting toward a 
larger valve, exaggerate the flow.

                                       At resting position Active 

This direct function becomes indirect, but from the functional point of view, the ope-
ration carried out by the cylinder remains identical.
If we observe the position of the drawn valves, we can see that the control level is pla-
ced in a band at the bottom of the diagram and that the piloting lines are dotted lines. 
The ducts which carry the control signals are always distinguished in this way, while 
the main pressure lines are straight lines. 
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                                A riposo                                                   Azionato 

 

La funzione da diretta diventa indiretta, ma dal punto di vista funzionale l’operazione 

eseguita dal cilindro rimane identica. Se osserviamo la posizione delle valvole 

disegnate, vediamo che il livello di comando è posto in una fascia inferiore dello 

schema e le linee di pilotaggio sono tratteggiate. Si distinguono sempre in questo 

modo le condotte che portano segnali di comando, mentre le linee di pressione 

principali sono continue.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

                    A riposo Azionato 
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 At resting position Active 

The equivalent electro-pneumatic signal is illustrated in figure.
The pilot portion of the electro valve acts like a 3/2 valve which pilots the body of a 
5/2 valve exaggerating the signal’s flow rate.
A very common function is the “memory”. This function allows us to keep the outlet 
signal of a bistable valve using an impulse control signal or one with a short duration. 
These circuits allow us to keep a cylinder in its desired position, even when the control 
signal disappears.

Activating the control valve of the cylinder with pulses emitted alternatively by the 
valves 1 and 2, we obtain the two fixed positions and we keep them during the entire 
time necessary, even without the presence of the respective signal. As already men-
tioned in the chapter “Valves”, the presence of an opposite signal makes the control 
signal sent ineffective.
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                                A riposo                                                   Azionato 

 

La funzione da diretta diventa indiretta, ma dal punto di vista funzionale l’operazione 

eseguita dal cilindro rimane identica. Se osserviamo la posizione delle valvole 

disegnate, vediamo che il livello di comando è posto in una fascia inferiore dello 
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                    A riposo Azionato 
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L’equivalente elettropneumatico è illustrato in figura. 

La porzione pilota della elettrovalvola si comporta come un valvola 3/2 che pilota il 

corpo di una 5/2 amplificando il segnale in portata. 

Una funzione molto comune è quella di “ memoria “. Questa funzione ci permette di 

mantenere il segnale in uscita di una valvola bistabile utilizzando un segnale di 

comando impulsivo o di breve durata. Tali circuiti ci permettono  di mantenere nella 

posizione desiderata un cilindro, anche quando il segnale di comando scompare. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attivando con impulsi emessi dalle valvole 1 e 2 in maniera alternativa la valvola di 

comando del cilindro otteniamo le due posizioni fisse e le manteniamo per tutto il 

tempo necessario anche senza la presenza del relativo segnale. Come già ricordato nel 

capitolo valvole, la presenza del segnale opposto rende inefficace il segnale di 

comando inviato. L’equivalente elettropneumatico è costituito da un cilindro a doppio 

effetto comandato da una elettrovalvola 5/2 a doppio solenoide. Due pulsanti elettrici 

sostituiranno le due valvole 3/2. 

Se i punti di comando per impartire lo stesso ordine al cilindro sono più di uno, è 

necessario connettere le valvole che impartiscono lo stesso ordine in parallelo. 

Il segnale in uscita di ciascuna di esse sarà poi inviato agli ingressi di un selettore di 

circuito che provvederà alla selezione di uno o dell’altro segnale per comandare la 

valvola di potenza del cilindro. 

L’utilizzo del selettore impedisce che l’aria compressa possa fluire direttamente 

dall’uscita di una delle valvole di comando verso lo scarico di quella messa in 

parallelo. 
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The equivalent electro-pneumatic signal includes a double-acting cylinder controlled 
by a 5/2 double-solenoid electro valve. Two electric buttons shall substitute the two 
3/2 valves.
If the control points which sent the same order to the cylinder are more than one, the 
valves which send the same order in parallel must be necessarily connected.
The outlet signal of each of them shall be sent later to the inputs of a circuit selector 
switch that shall select one of the signals in order to control the cylinder’s power valve.
Using the selector switch prevents the compressed air from flowing directly from the 
outlet of one of the control valves toward the exhaust of the one placed in parallel.

Let’s suppose that we must close and open a gateway from two different points.
As we can see in the diagram, the points “open” and “closed” are placed respectively 
on the right and on the left side, in order to help reading the diagram.
Actually, they are crossed at the two port slopes with an “open” and a “closed” posi-
tion. In the electro-pneumatic version, the selector switch is not necessary because 
we do not have to worry about constraining the discharge in the presence of electric 
signals.

Electric buttons are simply connected in parallel.
Also, in this case the permanence of one among the controls constrains the opposite 
signal in both the pneumatic and electric versions.

           225 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ipotizziamo di dovere chiudere ed aprire un porta da due differenti punti. 

Come si vede dallo schema, i punti di “ apri “ e “ chiudi “ sono posti, per favorire la 

lettura dello schema in modo pulito, rispettivamente sul lato destro e sul lato sinistro. 

In realtà saranno incrociati sui due versanti della porta con un “ apri “ ed un “chiudi”. 

Nella versione elettropneumatica il selettore non è necessario perché non dobbiamo 

preoccuparci, in presenza di segnali elettrici, di inibire la via di scarico. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I pulsanti elettrici sono semplicemente collegati in parallelo. 

Anche in questo caso il permanere di uno qualsiasi dei comandi inibisce il segnale 

opposto sia nella versione pneumatica che in quella elettrica. 
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Come si vede dallo schema, i punti di “ apri “ e “ chiudi “ sono posti, per favorire la 

lettura dello schema in modo pulito, rispettivamente sul lato destro e sul lato sinistro. 

In realtà saranno incrociati sui due versanti della porta con un “ apri “ ed un “chiudi”. 

Nella versione elettropneumatica il selettore non è necessario perché non dobbiamo 

preoccuparci, in presenza di segnali elettrici, di inibire la via di scarico. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I pulsanti elettrici sono semplicemente collegati in parallelo. 

Anche in questo caso il permanere di uno qualsiasi dei comandi inibisce il segnale 

opposto sia nella versione pneumatica che in quella elettrica. 
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21.2 FLOW DIAGRAMS (DESCRIPTION OF THE SEQUENCE)

When one or more cylinders move according to a pre-ordered sequence, this must be 
described clearly and precisely.
In the first place, the retracted and extended rod positions of a cylinder shall be indi-
cated with a minus sign and a plus sign.
Each cylinder shall be labeled with an alphabetical capital letter. If a cylinder has the 
label A, A+ shall indicate the extended rod position, and A- the retracted rod position. 
Each sensor of that cylinder shall have the same label but with small letter with the 
legend 0 if the sensor detects the minus position of the cylinder, and 1 if it detects the 
position plus. Therefore, in our case we will have a0 and a1.
 
The most simple sequence to be described is represented by the alternative automatic 
motion of a cylinder which, activated by the start-up control, begins the cycle which is 
interrupted by the stop signal. We can describe it literarily or represent it graphically.

                                             A+/A- ……. A+/A-

The literal description only shows the position in sequence of the cylinder, and it does 
not mark absolutely the start-up and stop signals, and where the stroke limit sensors 
which contribute to the automatic cycle are placed.
The graphic representation allows us to fill these gaps.
Let’s imagine having a cylinder that contains a pen its rods tip. Under this pen a paper 
sheet slides, as shown in the figure.

During the translation, this pen shall trace some horizontal lines on the sheet in the 
two standing positions + and -, and some angled lines during the movement between 
one of the two positions. The line’s angle shall be more or less stressed according to 
the cylinder’s actuating speed, which is not an interesting element when the diagram 
is designed. Instead, it shall be interesting when sizing the equipment referred to the 
same diagram.

21.3 CIRCUITS FOR AUTOMATIC AND SEMIAUTOMATIC CYCLES

As we can see, each cycle consists in single phases (time) in which the representation 
of the cylinder’s stroke (space) is developed. In this case, the cycle repeats itself for a
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21.2  Diagrammi di flusso ( Descrizione della sequenza ) 

 

Quando uno o più cilindri si muovono secondo una sequenza preordinata, è 

necessario che questa sia descritta in modo chiaro e preciso. 

Innanzi tutto le posizioni di stelo retratto e di stelo esteso di un cilindro, saranno 

indicate con il segno meno ed il segno più. 

Ogni cilindro sarà etichettato con una lettera dell’alfabeto maiuscola. Se un cilindro 

possiede etichetta A, A+ indicherà la posizione di stelo esteso ed A- la posizione 

dello stelo retratto. Ogni sensore di quel cilindro avrà la medesima etichetta ma con 

lettera minuscola con pedice 0, se il sensore rileva la posizione meno del cilindro e 

pedice 1 se rileva la posizione più. Nel nostro caso quindi a0 ed a1. 

La sequenza più semplice da descrivere è rappresentata dal moto alternativo 

automatico di un cilindro che al comando di avvio inizia la ciclica che viene interrotta 

al segnale di stop. 

Potremmo descriverla in maniera letterale oppure rappresentarla graficamente. 

 

                                             A+/A- ……. A+/A- 

 

 

La descrizione letterale, indica solo la posizione in sequenza del cilindro e non 

evidenzia affatto il segnale di start, stop e dove siano i sensori di fine corsa che 

contribuiscono alla ciclica automatica. 

La rappresentazione grafica ci permette di colmare queste lacune. 

Si immagini di avere un cilindro che abbia sulla cima dello stelo una penna. Sotto 

questa penna scorre un foglio di carta come mostrato in figura. 
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times until the stop action interrupts it. 
Additionally, we can see that the late-cycle condition is set up with the rod in the – 
position. If the cylinder is running its stroke toward +, it shall complete the stroke and 
then shall stop at the stroke limit toward -. In fact, in the diagram the sensor of the 
stroke limiter a0 is connected in series to the start/stop valve in such a way that when 
the start signal is put in unloading, stop position, the last signal that reaches the cylin-
der’s control valve is the one released by a1  which defines the cylinder A in position 
minus. Reading the diagram is very simple. When the start is activated, the start signal 
in A+ is sent by means of the activated stroke limiter a0 and, immediately later, a0 is 
released discharging the respective control duct. When the position + is reached, the 
stroke limiter a1 is activated, which orders cylinder A to return to position .

The two positions keep alternating until the stop position is selected, obtaining the 
late-cycle with the mentioned conditions.

                       

The electro-pneumatic version satisfies the same conditions and the same cycle.
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Durante la traslazione la matita traccerà sul foglio delle linee orizzontali  nelle due 

posizioni di stazionamento + e - , delle linee inclinate durante il movimento tra una 

delle due posizioni. L’inclinazione delle linee sarà più o meno accentuata in funzione 

della velocità di attuazione del cilindro stesso, che però non è un elemento 

interessante quando si progetta lo schema. Lo sarà invece in fase di dimensionamento 

delle apparecchiature costituenti lo schema stesso. 

 

21.3  Circuiti per cicli automatici e semiautomatici 

 

                                                                                            A 

 

 

 

                           Cilindro A 

   
 

 

 

 

 

 

 

 

Come si può vedere, ogni ciclo è composto da singole fasi ( tempo ) nelle quali si 

sviluppa la rappresentazione della corsa del cilindro ( spazio ). In questo caso il ciclo 

si ripete automaticamente per n numero di volte sino a quando non lo si interrompa 

con lo stop. Si può inoltre notare che è stata imposta la condizione di fine ciclo con 

stelo in posizione – . Se il cilindro sta percorrendo la corsa verso +, la completerà per 

poi fermarsi alla fine della corsa verso -. Nello schema infatti, il sensore di fine corsa 

a0 è posto in serie alla valvola di start/stop in modo tale che quando viene posto in 

scarico il segnale di avvio, posizione di stop,  l’ultimo segnale che arriva alla valvola  
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di comando del cilindro è quello liberato da a1 che definisce il cilindro A in posizione 

meno. La lettura dello schema è sufficientemente semplice. Quando si attiva lo start, 

si invia, attraverso il fine corsa a0 azionato, il segnale di avvio in A+ ed, 

immediatamente dopo, a0 viene rilasciato ponendo in scarico la relativa condotta di 

comando. Quando la posizione + viene raggiunta viene azionato il fine corsa a1, il 

quale ordina al cilindro A di tornare in posizione -. 

L’alternanza nelle due posizioni continua sino a quando si seleziona la posizione di 

stop, ottenendo il fine ciclo con le condizioni citate. 

                
                        

 

La versione elettropneumatica soddisfa le medesime condizioni e lo stesso ciclo. 

Proviamo ora disegnare il diagramma del moto e delle fasi di due cilindri, A e B, che 

si muovono secondo la sequenza: 

 

                                             A+ / B+ / A- / B- 

 

Dovremo iniziare destinando due spazi, per i relativi diagrammi di moto, in colonna e 

distanziati tra loro (1). 

 

   

 

 

 

 

 

 

                   1                                                2                                              3   
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di comando del cilindro è quello liberato da a1 che definisce il cilindro A in posizione 

meno. La lettura dello schema è sufficientemente semplice. Quando si attiva lo start, 

si invia, attraverso il fine corsa a0 azionato, il segnale di avvio in A+ ed, 

immediatamente dopo, a0 viene rilasciato ponendo in scarico la relativa condotta di 

comando. Quando la posizione + viene raggiunta viene azionato il fine corsa a1, il 

quale ordina al cilindro A di tornare in posizione -. 

L’alternanza nelle due posizioni continua sino a quando si seleziona la posizione di 

stop, ottenendo il fine ciclo con le condizioni citate. 

                
                        

 

La versione elettropneumatica soddisfa le medesime condizioni e lo stesso ciclo. 

Proviamo ora disegnare il diagramma del moto e delle fasi di due cilindri, A e B, che 

si muovono secondo la sequenza: 

 

                                             A+ / B+ / A- / B- 

 

Dovremo iniziare destinando due spazi, per i relativi diagrammi di moto, in colonna e 

distanziati tra loro (1). 

 

   

 

 

 

 

 

 

                   1                                                2                                              3   
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Now let’s try to draw the diagram of the motion and of the phases of two cylinders, A 
and B, which move according to the sequence:

A+ / B+ / A- / B-

We should start designing two spaces in column and spaced each other (1), for their 
respective motion diagrams.

 1 2 3

Then we will describe the shown literal sequence (2) graphically, and finally we will 
insert the control signals which govern it (3).
The cycle in its different phases is thus defined. 

Please read:

– Phase 1: Start  causes A+
– Phase 2: a1 causes B+
– Phase 3: b1 causes A-
– Phase 4: a0 causes B-
– Phase 5: b0 causes the cycle stop
   or its autimatic reset.

229 

 

 

 

In seguito descriveremo graficamente la sequenza letterale indicata (2) ed infine 

inseriremo i segnali di comando che la governano (3). 

E’ così definito il ciclo nelle sue varie fasi.  

 

                      
 

Si legga: 

 

- fase 1: Start provoca A+ 

- fase 2: a1 provoca B+ 

- fase 3: b1 provoca A- 

- fase 4: a0 provoca B- 

- fase 5: b0 provoca stop ciclo o riavvio automatico. 

 

  
 

 

 
 

 

 CICLO 

      FASI        0        1        2        3       4         5 

A
+ 

B
+ 

A- B- 

START a1 b1 a0 b0 
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In seguito descriveremo graficamente la sequenza letterale indicata (2) ed infine 

inseriremo i segnali di comando che la governano (3). 

E’ così definito il ciclo nelle sue varie fasi.  

 

                      
 

Si legga: 

 

- fase 1: Start provoca A+ 

- fase 2: a1 provoca B+ 

- fase 3: b1 provoca A- 

- fase 4: a0 provoca B- 

- fase 5: b0 provoca stop ciclo o riavvio automatico. 
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      FASI        0        1        2        3       4         5 

A
+ 

B
+ 

A- B- 

START a1 b1 a0 b0 
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CYCLE
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di comando del cilindro è quello liberato da a1 che definisce il cilindro A in posizione 

meno. La lettura dello schema è sufficientemente semplice. Quando si attiva lo start, 

si invia, attraverso il fine corsa a0 azionato, il segnale di avvio in A+ ed, 

immediatamente dopo, a0 viene rilasciato ponendo in scarico la relativa condotta di 

comando. Quando la posizione + viene raggiunta viene azionato il fine corsa a1, il 

quale ordina al cilindro A di tornare in posizione -. 

L’alternanza nelle due posizioni continua sino a quando si seleziona la posizione di 

stop, ottenendo il fine ciclo con le condizioni citate. 

                
                        

 

La versione elettropneumatica soddisfa le medesime condizioni e lo stesso ciclo. 

Proviamo ora disegnare il diagramma del moto e delle fasi di due cilindri, A e B, che 

si muovono secondo la sequenza: 

 

                                             A+ / B+ / A- / B- 

 

Dovremo iniziare destinando due spazi, per i relativi diagrammi di moto, in colonna e 

distanziati tra loro (1). 

 

   

 

 

 

 

 

 

                   1                                                2                                              3   
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The controls are supplied by stroke limit valves activated directly by the cylinder’s 
rods. With this system, we are sure that the planned sequence is strictly respected. 
The start-up, stop and emergency controls are sent by manual control valves. All cont-
rols issued by the mentioned valves are addressed toward the main distributors which 
activate the respective cylinders or the stop and emergency functions.
If we observe the sequence diagram described above, we can see that the signals re-
leased by the stroke limiters persist over time. For example, a1 is active from phase 2 to 
phase 3, b1 from phase 3 to phase 4, a0 from phase 4 to phase 5 and b0 from phase 
5, which may coincide with phase 1 in case of automatic resetting, to phase 2.
In fact, the stroke limiter b0 is always activated when the cylinder B is in its minus po-
sition; therefore, it is also activated when the cycle is in phase 1 of start.
We can define these as continuous signals since they persist over time.
 

                                                    A+ / B+ / B- / A-

The sequence in figure shows that the signal released by b1 is an impulse signal becau-
se its stop line is minimized to a point.
We have found two types of signals in the two sequences:

– Impulse signals
– Continuous signals 
Continuous signals are divided respectively into:

– Simple continuous signals 
– Blocking continuous signals 

Simple continuous signals persist over time and their presence does not cause any 
problems to the planned cycle development, even after having carried out the assi-
gned task. Instead, blocking continuous signals, even if they persist over time, do not 
allow cycle development, blocking it in a phase with their presence.
Therefore, we must necessarily recognize them and limit their duration to make them 
simple continuous signals. If we observe the sequence described just now, when A 
assumes the position +, it activates a1 to control B+. When b1 acts, ordering position – 
of the cylinder B, the cycle stops because the signal released by b1 is opposed by the 
presence of a1.
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I comandi sono forniti da valvole di fine corsa azionate direttamente dagli steli dei 

cilindri. Con questo sistema si ha la certezza che la sequenza programmata venga 

rigorosamente rispettata. I comandi di partenza, di arresto e di emergenza vengono 

inviati da valvole con comando manuale. Tutti i comandi emessi dalle valvole 

menzionate vengono diretti verso i distributori principali che attivano  i relativi 

cilindri o le funzioni di arresto ed emergenza. 

Se osserviamo il diagramma di sequenza descritto in precedenza, notiamo che i 

segnali liberati dai fine corsa durano nel tempo. Ad esempio a1 è attivo dalla fase 2 

alla fase 3, b1 dalla fase 3 alla fase 4, a0 dalla fase 4 alla fase 5 e b0 dalla fase 5, che 

può coincidere con la fase 1 in caso di riavvio automatico, alla fase 2. 

Il fine corsa b0 è infatti sempre azionato quando il cilindro B è in posizione meno, 

quindi anche quando il ciclo si trova nella fase 1 di partenza. 

Possiamo definire questi segnali continui in quanto perdurano nel tempo.  

 

 

 

 

 

 

 

 

 

 

 

 

                                                      A+ / B+ / B- / A- 

 

La sequenza in figura evidenzia che il segnale liberato da b1 è un segnale impulsivo 

perchè la sua linea di sosta è ridotta ad un punto. 

Abbiamo incontrato nelle due sequenze due tipi di segnali : 

 

- segnali impulsivi 

- segnali continui. 

 

I segnali continui si dividono rispettivamente in : 

 

- segnali continui semplici 

- segnali continui bloccanti 
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In the diagram in fact we can observe that a1 emits the signal of B+ even when b1 issu-
es the order of B-. The signal a1 should be interrupted when b1 is activated.

If the cycle restarts automatically, we notice that the stroke limiter b0 acts exactly like 
a1 and it therefore shall also be a blocking signal.
 Recognizing the blocking signals is not always simple, and to this purpose we will try 
using a method which makes this operation easier.
Let’s examine the two cycles described until now. 

 Cycle  1 Cycle  2
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I segnali continui semplici durano nel tempo e la loro presenza, anche dopo aver 

svolto il compito assegnato, non provocano problemi allo svolgimento del ciclo 

programmato. I segnali continui bloccanti invece, perdurando nel tempo, non 

permettono lo svolgimento del ciclo, bloccandolo in una fase con la loro presenza. 

E’ necessario quindi riconoscerli e limitarne la durata in modo da renderli dei segnali 

continui semplici. Se osserviamo la sequenza appena descritta, quando A assume la 

posizione +, attiva a1 per il comando di B+. Quando interviene b1 che ordina la 

posizione – del cilindro B il ciclo si blocca perché il segnale liberato da b1 è 

contrastato dalla presenza di a1. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Sul diagramma possiamo infatti osservare che a1 emette il segnale di B+ anche 

quando b1 impartisce l’ordine di B-. Il segnale a1 andrebbe interrotto  quando b1 è 

attivato. 
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Se il ciclo riparte automaticamente, ci accorgiamo che il fine corsa b0 si comporta 

esattamente come a1 e quindi anch’esso è bloccante. 

Non sempre il riconoscimento dei segnali bloccanti risulta semplice, quindi 

cercheremo di utilizzare un metodo che faciliti questa operazione. 

Prendiamo in esame i due cicli descritti sino ad ora.  

 

 

                     
 

                         Ciclo 1                                                        Ciclo 2 

 

Per ogni fase del ciclo da 1 a 5, assegniamo il valore zero ai relativi cilindri A e B se 

questi sono in posizione meno ed il valore 1 quando sono in posizione più. 

Nel ciclo numero 1, analizzando tutte le fasi, non si trovano combinazioni di 0 ed 1 

identiche, al contrario del ciclo numero 2 che nella fase 2 e nella fase 4 ripete la 

medesima combinazione nonostante la prima ordini la partenza di B+ e la seconda la 

partenza di A-. Come avevamo visto in precedenza i segnali liberati da a1 e da b0 

erano stati riconosciuti bloccanti. Quindi quando due combinazioni si ripetono 

significa che i segnali liberati da quei fine corsa sono bloccanti. 

Anche la combinazione 0/0 si ripete, ma essendo le condizioni di inizio e fine ciclo  

coincidenti, consideriamo solo una delle due combinazioni. Possiamo eliminare 

indifferentemente la prima oppure l’ultima. 

Per il ciclo numero 1 possiamo realizzare lo schema connettendo tutte le 

alimentazioni delle valvole che lo compongono, direttamente alla fonte di aria 

compressa. 
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I segnali continui semplici durano nel tempo e la loro presenza, anche dopo aver 

svolto il compito assegnato, non provocano problemi allo svolgimento del ciclo 

programmato. I segnali continui bloccanti invece, perdurando nel tempo, non 

permettono lo svolgimento del ciclo, bloccandolo in una fase con la loro presenza. 

E’ necessario quindi riconoscerli e limitarne la durata in modo da renderli dei segnali 

continui semplici. Se osserviamo la sequenza appena descritta, quando A assume la 

posizione +, attiva a1 per il comando di B+. Quando interviene b1 che ordina la 

posizione – del cilindro B il ciclo si blocca perché il segnale liberato da b1 è 

contrastato dalla presenza di a1. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Sul diagramma possiamo infatti osservare che a1 emette il segnale di B+ anche 

quando b1 impartisce l’ordine di B-. Il segnale a1 andrebbe interrotto  quando b1 è 

attivato. 
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For each phase of the cycle from 1 to 5 we assign the value zero to the respective 
cylinders A and B, if these are in their minus positions, and the value 1 when they are 
in their plus position.
In the cycle number 1, analyzing all the phases, we do not find identical combinations 
of 0 and 1, contrary to the cycle number 2, where in phase 2 and in phase 4 it repeats 
the same combination, in spite that the first one orders B+ to start and the second 
one, A- to start as well. As we have previously seen, the signals released by a1 and by 
b0 were recognized to be blocking signals. Therefore, when two combinations repeat 
themselves it means that the signals released by those stroke limiters are blocking 
signals.
Also, the combination 0/0 repeats itself, but, since the conditions of restart and la-
te-cycle are coincident, we consider only one of the two combinations. We can elimi-
nate the first or the last one indifferently.
For the cycle number 1, we can perform the diagram connecting all the feeders of its 
valves directly to the compressed air’s source.

Cycle No. 1     A+ / B+ / A- / B-
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                                   Ciclo n.° 1     A+ / B+ / A- / B- 

                   
 

Anche la versione elettropneumatica dello schema si svolge molto semplicemente. 
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Likewise, the electro-pneumatic version of the diagram is carried out very simply.

Cycle No. 2 must be solved differently in the presence of two blocking signals. Procee-
ding after trial runs should not be considered, because there is a very high risk of using 
more valves than those required.
In these cases, the design is supported by methods which allow reaching a safe and 
clean solution, with the necessary amount of valves and not more than required.
The simplest method among those used is the cascade method.
Starting from the literal description, the first step is to divide the described sequence 
into groups.

 A+/ B+ / B- / A-

 Group 1  Group 2

In our case, this division has produced only two groups, but in the event of sequences 
with three or four cylinders, the amount of produced groups may be higher.
An important aspect is that in the same group there are no opposed movements wi-
thin the same cylinder.

 A+ / A- / B+ / B-

This group division must be not carried out.

 a1    b1  b0    a0                  
 A+ / B+ / B- / A-

Each of the cylinders considered in the position + or – activates its own stroke limit-
er, as shown in the sequence described above.
Now we must design a 5/2 memory valve with pneumatic dual control.
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Anche la versione elettropneumatica dello schema si svolge molto semplicemente. 
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Il ciclo n.° 2, in presenza di due segnali bloccanti deve essere risolto in maniera 

diversa. Sarebbe poco conveniente procedere per tentativi perché il rischio di 

utilizzare più valvole di quante siano necessarie è molto alto. 

In questi casi la progettazione è supportata da metodi che consentono di arrivare ad 

una soluzione sicura e  pulita con il numero di valvole necessarie e non una di più. 

Il più semplice tra quelli utilizzati è il metodo a cascata. 

Il primo passo, a partire dalla descrizione letterale, è quello di dividere la sequenza 

descritta in gruppi. 

 

                                       A+/ B+          /              B- / A- 

 

                                    1° gruppo                      2° gruppo 

 

Nel nostro caso la divisione ha generato due soli gruppi, ma nel caso di sequenze con 

tre o quattro cilindri il numero di gruppi generati può essere superiore, 

La cosa importante è che nel medesimo gruppo non vi siano movimenti opposti del 

medesimo cilindro. 

 

                                      A+ / A-          /               B+ / B- 

 

Una divisione di gruppi così  realizzata non deve essere fatta. 

 

 

                                       a1    b1                            b0    a0                   

                                      A+ / B+          /                B- / A- 

 

 

Ognuno dei cilindri considerati nella posizione + o – attiva i propri fine corsa come 

mostra la sequenza appena descritta. 

Bisogna ore disegnare un valvola di memoria 5/2 a doppio comando pneumatico. 

 

 

 

 

 

 

 

 

 

  

1st GROUP
2nd GROUP

SELECTOR SWITCH
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We will dedicate outlet 2 of the valve to the line of the first group, and exit 4 to the one 
of the second group, and we will call this valve “selector switch”.
The next phase consists in connecting the stroke limiters to the two dedicated lines, 
according to this criterion:

– Connect the feeders (junction 1) of all the stroke limiters belonging to the cylinders 
of the first group except for the last one, to the line of the first group. In our case, we 
will connect a1, leaving the last b1 free. Moreover, connect the feeder of the START 
valve to the same line.

– Connect the feeders (junction 1) of all the stroke limiters belonging to the cylinders 
of the second group except for the last one, to the line of the second group.
We will connect b0 leaving the last a0 free.

From this sequence, we can see that the stroke limiter b1 represents the last signal 
released in the first group, and we have recognized it to be an impulse signal. There-
fore, we use it to activate the line of the second group, sending it to control 14 of the 
selector switch.
We have an identical situation with a0 in the second group, in fact, it is the last signal 
released at the late-cycle and it shall be useful, after having sent its own signal to con-
trol 12 of the selector switch, to restore the starting conditions for a new cycle.
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Dedicheremo l’uscita 2 della valvola alla linea del primo gruppo l’uscita 4 a quella 

del secondo e chiameremo la valvola “ selettore “. 

La fase successiva consiste nel collegare i fine corsa alle due linee dedicate secondo 

questo criterio: 

 

- collegare le alimentazioni ( attacco 1 ) di tutti i fine corsa appartenenti ai 

cilindri del primo gruppo tranne l’ultimo, alla linea del primo gruppo. Nel 

nostro caso collegheremo a1 lasciando libero l’ultimo b1. Collegare inoltre 

l’alimentazione della valvola di START alla stessa linea. 

 

- Collegare le alimentazioni ( attacco 1 ) di tutti i fine corsa appartenenti ai 

cilindri del secondo gruppo tranne l’ultimo, alla linea del secondo gruppo. 

Collegheremo b0 lasciando libero l’ultimo a0. 

 

 

 

 

                   
 

Dalla sequenza possiamo notare che il fine corsa b1 rappresenta l’ultimo segnale 

liberato nel primo gruppo e lo abbiamo riconosciuto come impulsivo. Lo adoperiamo 

quindi per attivare la linea del secondo gruppo inviandolo al comando 14 del 

selettore. Identica situazione la abbiamo con a0 nel secondo gruppo, infatti è l’ultimo 

segnale liberato a fine ciclo e servirà, inviando il proprio segnale al comando 12 del 

selettore, a ripristinare le condizioni di partenza per un nuovo ciclo. 
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1° gruppo 

2° gruppo 

 

                          
Ora non rimane che inviare  alle valvole che comandano i cilindri i segnali 

provenienti dalle uscite dei fine corsa e dallo START.   
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Now, all we can do is to send the signals coming from the outlets of the stroke limiters 
and from the START to the valves which control the cylinders.  

At this point, we can lay the complete diagram.

 

                          
Ora non rimane che inviare  alle valvole che comandano i cilindri i segnali 

provenienti dalle uscite dei fine corsa e dallo START.   
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A questo punto si può stendere lo schema completo. 
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The cycle may function continuously if the control is set to “automatic” or, in case it is 
set to “manual”, it may carry out a single cycle.
In the electro-pneumatic version, a similar solution may be reached using a relay to 
operate as a memory.
To this purpose we remind the relay’s operation.

Relays are electro-magnetic devices that include an electro-magnet and a ferromag-
netic anchor, which is attracted when an electric current is sent to the solenoid. The 
anchor is mechanically constrained to some contacts that are closed or opened by the 
anchor’s movement. Relays with changeover contacts like those shown in the figure 
are often used; there are relays which may have from one to four changeover switches. 
The self-holding function is used when an impulse electric signal is sent to the relay, 
which proceeds to self-feed even when there is no control signal. 

 

 

A questo punto si può stendere lo schema completo. 
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Il ciclo può funzionare in continuo se il comando viene impostato su ” automatico” 

oppure, se impostato su “manuale”, compiere un ciclo singolo. 

Nella versione elettropneumatica è possibile arrivare ad una soluzione simile 

utilizzando un relè da sfruttare come memoria. 

Allo scopo ricordiamo il funzionamento del relè. 

 

 

 

 
 

 

 

 

I relè sono componenti elettromeccanici costituiti da un elettromagnete e da 

un’ancora di materiale ferromagnetico, che viene attratta quando si invia una corrente 

elettrica al solenoide. L’ancora è vincolata meccanicamente  ad alcuni contatti che 

vengono chiusi o aperti dal movimento dell’ancora stessa. Vengono spesso utilizzati 

relè con contatti in scambio, come quelli mostrati in figura; esistono relè da uno a 

quattro contatti in scambio. La funzione di autoritenuta viene utilizzata quando si 

invia un segnale elettrico impulsivo al relè, il quale provvede ad autoalimentarsi 

anche quando il segnale di comando viene a mancare.  
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The diagram shows the self-holding system. When the START is pressed, and when 
the coil of the relay R1 is energized, it actives an own contact parallel to the starting 
button and self-feeds. When START is released, its continuity is maintained by the 
contact. The contact of R1 shall fall when the STOP button is pressed.
With this system, we can use the relay’s changeover switches and carry out the “selec-
tor switch” like in the pneumatic version. Signal selection shall be carried out by the 
same stroke limiters b1 and a0 that release an electric signal instead of a pneumatic 
signal.

The Start signal, by means of the series of a0 (N.O.) and b1 (N.C.), energizes the relay 
R1 which self-holds by means of contact R1a.
At the same time, it activates the changeover switches R1b and R1a. Solenoid S1 is 
energized and switches the respective electro valve which orders position + of the 
cylinder A. The stroke limiter a0 is released but relay R1 self-holds itself by means of 
contact R1a. At the end of its own stroke, cylinder A activates the stroke limiter a1, 
which, fed by the closed contact R1b, energizes solenoid S3. Cylinder B proceeds to-
ward the own position +. Once it has reached its position, it activates the stroke limiter 
b1, which opens the contact and causes the fall of relay R1. The changeover switches 
R1b and R1a return to the resting position, and solenoid S4 orders cylinder B to return 
to position – in order to activate b0 again. The energized solenoid S2 shall make cylin-
der A to return to its position -.
If the Start is continues pressed, once a0 has been reactivated, the cycle restarts au-
tomatically. In the opposite case it stops and waits for a new Start order.

 

 

 

Lo schema mostra il sistema di autoritenuta. Quando START viene premuto, la 

bobina del relè R1 viene eccitata, attiva un proprio contatto in parallelo al pulsante di 

partenza, e si autoalimenta. Quando SART viene rilasciato, la continuità è mantenuta 

dal contatto. Il contatto di R1 cadrà quando verrà premuto il pulsante di STOP. 

Con questo sistema possiamo utilizzare i contatti di scambio del relè e realizzare il 

“ selettore “ come visto nella versione pneumatica. La selezione dei segnali sarà 

effettuata dai medesimi fine corsa b1 ed a0 che anziché liberare un segnale 

pneumatico liberano un segnale elettrico. 

 

 

 
 

 

                             

                         
Il segnale di Start, attraverso la serie di a0 ( N.A.) e b1 ( N.C.) , eccita il relè R1 che 

si autoritiene tramite il contatto R1a. 
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Therefore the performed cycle is:

A+ / B+ / B- / A-

Drafting the diagram we have followed the cascade method. Sequences which include 
the movement of three or more cylinders are not carried out with completely pneu-
matic or electro-pneumatic automations using the relay method, but they are easily 
carried out using a PLC.
In order to understand better the means of “cascade”, let’s try to divide a sequence of 
three cylinders into groups.

A+ / B+ / B- / C+ / C- / A-

The division must be:

– 1st group: A+ / B+ Stroke limiter a1 and b1
– 2nd group : B- / C+ Stroke limiter  b0 and c1
– 3rd group : C- / A- Stroke limiter c0 and a0

The stroke limiter b1 orders transit from the 1st to the 2nd group, c1 the transit from the 
2nd to the 3rd and a0 the return from the 3rd to the 1st.
We will draw a first memory selector switch using outlet 2 as the line of the 1st group 
and outlet 4 as the line of the 2nd group, as we have done in the previous sequence. 
The line of the 3rd group remains to be defined. Let’s draw a second 5/2 memory valve 
where we will dedicate outlet 4 to the line of the 3rd group, while we will send outlet 2 
to the inlet 1 of the previous selector switch. The inlet 1 of the second valve is connec-
ted to the compressed air line directly.

Let’s connect all feeders (junction 1) of the stroke limiters respect to each group, 
except for the last one, and order the transits of the groups, as has been said.

 

 

 

Rimane da definire la linea del 3° gruppo. Disegniamo una seconda valvola di 

memoria 5/2 e  dedicheremo l’uscita 4 alla linea del 3° gruppo mentre l’uscita 2 la 

invieremo all’ingresso 1 del selettore precedente. L’ingresso 1 della seconda valvola 

è direttamente collegato alla linea di aria compressa. 

 

                                       
 

 

Colleghiamo tutte le alimentazioni ( attacco 1 ) dei fine corsa relativi ad ogni gruppo, 

tranne l’ultimo e comandiamo i passaggi di gruppo come detto. 
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La stesura finale va eseguita seguendo i passi già descritti nella precedente sequenza. 

Il circuito viene poi completato inserendo le funzioni complementari desiderate quali 

i pulsanti per ciclo singolo o continuo e l’emergenza. L’emergenza, in questo caso, 

prevede che tutti i cilindri in posizione + ritornino contemporaneamente nella 

posizione - in qualsiasi punto del ciclo. Si può notare che lo schema è 

sufficientemente complesso sia nella stesura che nell’interpretazione, quindi risulta 

conveniente risolvere la sequenza utilizzando un controllore programmabile. 
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The final draft must be carried out following the steps already described in the pre-
vious sequence. The circuit is then completed inserting the desired complementary 
functions, such as the buttons for single or continuous cycles and the emergency. 
The emergency, in this case, expects that all the cylinders in position + return simulta-
neously to the position - in any point of the cycle. We can see that the diagram is suf-
ficiently complex for both drafting and interpretation, and therefore, it is convenient 
to solve the sequence using a programmable controller.

From the diagram of the cycle we can detect that phases 2, 4 and 6 have the same 
combination even if they issue different orders. In fact, the blocking signals are relea-
sed by the three stroke limiters, which are fed by the two memory selector switches.

21.4 TIMERS

Timers are composite devices which are used for imposing a delay to an outlet signal 
with respect to the control signal. A delay in “energisation” or in “de-energisation” may 
be imposed to the outlet signal.

Delay in energisation 

An outlet signal, which may be positive (in pressure), or negative (in unload), is re-
leased after a period of time imposed according to the arrival of the control signal. 
Usually, the device is constituted by a 3/2 NC valve for the positive signal or NA for 
the negative signal, with pneumatic control and a spring return.

 

 

                          
 

Dal diagramma del ciclo è interessante rilevare che le fasi 2, 4 e 6 hanno le stesse 

combinazioni pur impartendo ordini diversi. Sono infatti i tre fine corsa che liberano i 

segnali bloccanti e che sono alimentati dai due selettori di memoria. 

 

21.4 Temporizzatori 

 

I temporizzatori sono apparecchi compositi che servono ad imporre un ritardo ad un 

segnale in uscita rispetto a quello di comando. Al segnale in uscita può essere 

imposto un ritardo in “ eccitazione “ oppure in “ diseccitazione “. 

 

Ritardo in eccitazione 

 

Il segnale di uscita, sia esso positivo ( in pressione ) o negativo ( in scarico ), viene 

rilasciato dopo un periodo di tempo imposto rispetto all’arrivo del segnale di 

comando. L’apparecchio è solitamente costituito da una valvola 3/2 NC per segnale 

positivo o NA per segnale negativo, con comando pneumatico e ritorna a molla. 

Sull’attacco di comando viene collegato un piccolo serbatoio  con una valvola 

regolatrice di flusso secondo lo schema che segue. 
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A small tank with a flow regulating valve is connected to the control junction accor-
ding to the following diagram.

The unidirectional flow regulating valve works in the direction of the tank where, due 
to the throttle, the threshold pressure for switching the 3/2 valve shall be created after 
a certain time. At this point, the pneumatic signal appears at outlet 2 in case of a NC 
function or disappears in case of a NO function. Control 12 may come from outside 
and in this case we can speak of active control, or it may be connected directly with 
the feeding way 1, and in this case we can speak of passive control.

                            

Delay in de-energisation

For the delay in de-energisation, the flow regulator works in the opposite direction, 
therefore control 12 is immediately activated to switching the 3/2 valve. When this di-
sappears, the volume of the tank unloads, controlled by the throttle, delaying reaching 
the de-energisation threshold value of the 3/2 valve.
The outlet signal disappears after a certain time in the NC case, or appears again in the 
NO case. Also, in this version the active and passive functions are expected.

 

                                                                               

    
                                  

La valvola regolatrice di flusso unidirezionale  regola in direzione del serbatoio nel 

quale, in funzione della strozzatura si creerà dopo un certo tempo, la pressione di 

soglia per la commutazione della valvola 3/2. A questo punto il segnale pneumatico 

si presenta all’uscita 2 nel caso di funzione NC oppure scompare in caso di funzione 

NA. Il comando 12 può provenire dall’esterno, ed in questo caso si parla di comando 

attivo, oppure può essere in collegamento diretto con la via di alimentazione 1, ed in 

questo caso si parla di comando passivo 

                             
 

Ritardo in diseccitazione 

 

Per il ritardo nella diseccitazione il regolatore di flusso regola nella direzione 

opposta, quindi il comando 12 è subito attivo nel commutare la valvola 3/2. Quando 

questo scompare , il volume del serbatoio si scarica controllato dalla strozzatura 

ritardando il raggiungimento del valore di soglia di diseccitazione della valvola 3/2. 

Il segnale in uscita scompare dopo un certo tempo nel caso NC o riappare nel caso 

NA. Anche in questa versione è prevista la funzione attiva e passiva. 
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NC passivo 
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Timers are not always exact when used in repeated process because their operation 
depends on the availability of air which is not always constant. But they are sufficient 
to perform in most applications.

21.5 LOGIC FUNCTIONS

Pneumatic systems work in most cases as digital systems, and the operation of their 
components is defined by the signal’s status. Its presence shall be defined simply with 
1 and its absence with 0. Signals have no need to be modulated, providing that they 
stay within the operating levels of each component.
The pressure present in a piping system produces status 1 and its absence, status 
0, as well as the activation of a stroke limiter produces status 1 and its deactivation, 
status 0. Therefore, only two statuses are possible, 1 or 0. Data processing is carried 
out according to the binary logic rules. The basic logic functions are: affirmation (YES 
function), negation (NOT function), sum logic gate (OR function) and product logic 
gate (AND function).

 245 

 

 

                                                                  

    
 

                                                                   
 

I temporizzatori non possono essere precisi nella ripetibilità perché il loro 

funzionamento dipende dallo stato fisico dell’aria che non è costante. Per le 

prestazioni che possono fornire sono però sufficientemente validi nella maggior parte 

delle applicazioni. 

 

21.5  Funzioni logiche 

 

I sistemi pneumatici, lavorano nella maggior parte dei casi  come i sistemi digitali, ed 

il funzionamento dei componenti è definito dallo stato del segnale. La presenza  sarà 

semplicemente definita con 1 e l’assenza con 0. I segnali non hanno bisogno di essere 

modulati, è sufficiente che rimangano entro i livelli  di funzionamento dei singoli 

componenti. 

 

 

 

 

NA attivo 

NC attivo 

NC passivo 
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YES Function

Affirmation is the operation with which signal is repeated in identical way. If the cont-
rol signal is 0, the outlet is 0, if the control is 1, the outlet is 1.
Generally, outlets are amplified with respect to the control signal or inlet.

                                   A U

 0 0         U = A

 1 1

NOT function

In negation, the control signal is transformed into its complementary signal, if the inlet 
is 0, the outlet is 1, if the inlet is 1 the outlet is 0.

 A U

 0 1         U = Ā

 1 0

The negation of the control signal A causes outlet U.

OR function

The logic sum of two or more binary signals produces the value 1 if at least one of the 
signals is equal to 1 and the value 0 if all the signals are equal to 0.
Having two generic control signals A and B, they shall produce an exit U with the pre-
sence of one of them or of all the two controls.  
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La pressione presente in una tubazione produce lo stato 1 e l’assenza lo stato 0, la 

attivazione di un fine corsa  la stato 1 e la disattivazione lo stato 0. Sono quindi 

possibili solo due stati 1 oppure 0. L’elaborazione dei dati avviene secondo le regole 

della logica binaria. Le funzioni logiche fondamentali sono: l’affermazione ( funzione 

YES ), la negazione ( funzione NOT ), la somma logica ( funzione OR ) ed il 

prodotto logico ( funzione AND ). 

 

Funzione YES  

 

L’affermazione è l’operazione con la quale il segnale viene ripetuto in maniera 

identica. Se il segnale di comando è 0, l’uscita è 0, se il comando è 1 l’uscita è 1. 

Generalmente l’uscita è amplificata rispetto al segnale di comando o ingresso. 

 

 

                         

                               

                                                    

                                                           

                                                                                   
Funzione NOT 

 

Nella  negazione, il segnale di comando viene trasformato nel suo complementare,se 

l’ingresso è 0 l’uscita è 1, se l’ingresso è 1 l’uscita è 0. 

 

    

A    U 

0 1 

 1 0 
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A    U 

0 1 

 1 0 
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1 1 
U = A 

 

U = A 

Chapter 21

Circuit methods

Pneumatic Guide_GB.indd   202 15/04/2015   08:48:34



203

 A B U

 0 0 0

 0 1 1        A + B = U

 1 0 1

 1 1 1
                                 

If for example we want to send an alarm signal toward a central unit from different 
sensors distributed along the machine, the intervention of only one of them shall be 
enough to stop the machine. Sensors are connected in sum logic, which of them may 
send the alarm signal.
      

AND function

The product logic is the function that assumes value 1 if all inlets or controls are 1. In 
the opposite case it is 0. In presence of two generic controls A and B, we shall have 
outlet U when both A and B are present.

                                   A B U

 0 0 0

 0 1 1        A x B = U

 1 0 1

 1 1 1

 

 

 

La negazione del segnale di comando A , provoca l’uscita U. 

 

Funzione OR 

 

La somma logica di due o più segnali binari, genera il valore 1 se almeno uno dei 

segnali è uguale ad 1, ed il valore 0 se tutti i segnali sono 0. 

Dati due segnali di comando generici A e B, genereranno una uscita U con la 

presenza di uno o dell’altro o di tutti e due i comandi.   

 

                                                              

                                                       A + B = U 

                                                                                                      
                                                                                         

                                                                                                             

                  
Se ad esempio, si vuole inviare un segnale di allarme verso una unità centrale da 

diversi sensori distribuiti nella macchina, basterà che uno solo di questi sensori 

intervenga per fermare la macchina. I sensori sono connessi in somma logica, o uno o 

l’altro o l’altro ancora invia il segnale di allarme.       

         

Funzione AND 

 

Il prodotto logico è la funzione che assume valore 1 se tutti gli ingressi o comandi 

sono 1, in caso contrario è 0. In presenza di due comandi generici A e B avremo 

l’uscita U quando A e B sono presenti. 
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Funzione AND 

 

Il prodotto logico è la funzione che assume valore 1 se tutti gli ingressi o comandi 
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l’uscita U quando A e B sono presenti. 

 

 

                                                   A x B = U 

 

A B U 

 0 0 0 

 0 1 1 

1 0 1 

1 1 1 
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Un sistema di controllo o di consenso può essere eseguito da un prodotto logico. Se 

tutti i parametri riferiti al controllo di un prodotto o al consenso di una operazione 

sono attivi, allora l’uscita è 1. E’ il segnale di accettazione del prodotto o di avvio 

della operazione. E’ stata eseguita una funzione AND. 

 

 

                                                                  

 

 

 

                                        

        

 

 

A B U 

0 0 0 

0 1 0 

1 0 0 

1 1 1 
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Un sistema di controllo o di consenso può essere eseguito da un prodotto logico. Se 

tutti i parametri riferiti al controllo di un prodotto o al consenso di una operazione 

sono attivi, allora l’uscita è 1. E’ il segnale di accettazione del prodotto o di avvio 

della operazione. E’ stata eseguita una funzione AND. 

 

 

                                                                  

 

 

 

                                        

        

 

 

A B U 

0 0 0 

0 1 0 

1 0 0 

1 1 1 

Chapter 21

Circuit methods

Pneumatic Guide_GB.indd   203 15/04/2015   08:48:38



204

A control or confirmation system may be carried out by a logic product.
If all parameters referred to the control of a product or to the confirmation of an ope-
ration are active, then the outlet shall be 1.
It is the acceptance signal of the product or to start the operation. The AND function 
has been carried out.

Chapter 21
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Chapter 22

COMPLEMENTARY
CIRCUITS

22.1 COMPLEMENTARY CIRCUITS 

After having drafted the diagram where the sequence is carried out correctly, it must 
be completed inserting all those functions inherent to consensus, safety and emer-
gency situations. There are composite devices that perform safety tasks, as for ex-
ample the two-hand control which meets the European EN 574 standard, or devices 
with fluctuating circuits, pulse generators, etc. All these things are carried out in 
order to guarantee the operator’s safety, even in the event of accidental movements 
of any cylinder. The designer must consider all needs required for correct operation 
of the system and act consequently, inserting the start, stop and emergency signals 
according to the established criterions. 

Two-hand safety control

Two-hand safety control is used in those situations where there is a risk of accident. In 
fact its purpose is to prevent that the operator’s hand may be placed in the working 
area, making him use both his hands to emit the cycle’s start signal. The two-hand 
starter must respect specific requirements in order to meet the standards and to be 
classified as an approved “safety device".
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Chapter 22

Complementary circuits

These requirements must be:

– Non repeatability 
– Simultaneity 

First of all, the two starting buttons must be placed in such a way that they may not 
be activated using only one hand, the signals must be emitted in parallel within about 
0.5 seconds, and release of one of the two buttons deactivates the outlet signal. If the 
released button is pressed again there shall be no exit. Release of both buttons and 
their next simultaneous pressing is necessary in order to produce a new exit signal.
The operating principle is based on the processing of the two inlet signals released 
by the two buttons by means of a proper circuit, as shown in the following diagram. 
Generally, the device includes a composite device and, if approved, it must be accom-
panied by the respective documents that certify its homologation.
However its components may be assembled in order to arrange the circuit with the 
abovementioned features.

The two inlets are the signals released by the two buttons, which are carried to the OR 
1 and of the AND 2 inlet ports. If the signals released by the buttons are distant from 
each other in time, the outlet of OR 1 is immediately sent to the control of valve 3 by 
means of the delay function, constituted by the unidirectional flow regulating valve 
and by the small tank connected to it in series. If this signal comes first, it establishes 
itself on the one released by the AND 2 and switches valve 3, closing the way which 
is normally opened. The outlet signal is not active because there was no simultaneity. 
In case there was simultaneity, outlet of AND 2 should come first to confirm the desi-
gned position, since it was free of timers.
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I due ingressi sono i segnali liberati dai due pulsanti, che vengono convogliati agli 

attacchi di ingresso della OR 1 e della AND 2. Se i segnali liberati dai pulsanti sono 

distanti nel tempo tra loro, l’uscita della OR 1 è subito inviata al comando della 

valvola 3 attraverso la funzione di ritardo costituita dalla valvola regolatrice di flusso 

unidirezionale e dal piccolo serbatoio in serie ad essa. Se questo segnale  arriva per 

primo, si afferma su quello liberato dalla AND 2 e commuta la valvola 3  chiudendo 

la via normalmente aperta. Il segnale di uscita non è attivo in quanto è mancata la 

contemporaneità. Se questa ci fosse stata, l’uscita della AND 2  sarebbe arrivata per 

prima per confermare la posizione disegnata, in quanto libera da temporizzazioni. 

Il segnale avrebbe raggiunto l’uscita attraverso la via normalmente aperta della 

valvola 3. Se uno dei due pulsanti venisse rilasciato, verrebbe a mancare il segnale in 

uscita della AND 2 e immediatamente l’uscita della OR 1 avrebbe il sopravvento sul 

suo lato di comando riferito alla valvola 3 chiudendone la via aperta. 

Anche se il pulsante rilasciato venisse ripremuto immediatamente la situazione alla 

valvola 3 non cambierebbe e l’uscita del dispositivo continuerebbe ad essere nulla. 

Bisogna rilasciare entrambi i pulsanti e ripremerli una seconda volta per ottenere 

nuovamente un segnale di uscita. 

 

 

 

1 

2 

3 

OUTLET
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The signal should have reached the outlet by means of the way normally opened of 
valve 3. If one of the two buttons is released, there should be no exit signal of AND 
2 and immediately the outlet of OR 1 should prevail on its side of control, referred to 
valve 3 closing its open way.
Even if the released button should be pressed immediately, the situation at valve 3 
should not change, and the outlet of the device should continue to be null. Both but-
tons must be released and pressed again at the same time in order to obtain a new 
exit signal.

Fluctuating system

The fluctuating function allows connecting the device to a cylinder directly, and once 
that it all is fed with compressed air the cylinder begins to perform forward and back-
ward strokes until the feeding is disconnected. Also, in this case the device may be a 
dedicated composite device, or it may be made up by the devices connected to each 
other, as shown in the following diagram.

The fluctuation is performed with the support of virtual stroke limiters carried out with 
two NOT functions.

Flip Flop circuit 

Flip flop circuits consist in two 5/2 valves properly to connected each other. At each 
inlet pulse, the outlet switches from 2 to 4 and vice versa.

 252 

 

 

 

 

Circuito oscillante 

 

La funzione di oscillazione permette di connettere direttamente il dispositivo ad un 

cilindro, ed una volta che il tutto sia alimentato con aria compressa,  il cilindro stesso 

comincia a compiere corse di andata e ritorno sino a quando l’alimentazione non 

venga staccata. Anche in questo caso il dispositivo può essere un apparecchio 

composito dedicato, oppure può essere composto collegando tra loro gli apparecchi 

come nello schema che segue. 

                                                  

 

                           
                             

 

L’ oscillazione viene compiuta con l’ausilio di fine corsa virtuali realizzati con due 

funzioni NOT. 

 

Circuito Flip Flop  

 

Il circuito flip flop è una apparecchiatura composta da due valvole 5/2 

opportunamente connesse tra loro. Ad ogni impulso in ingresso l’uscita commuta da 

2 a 4 e viceversa. 
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Self-hold circuit 

Producing a self-hold situation is possible in a completely pneumatic circuit, as we 
have seen doing with the relay. In this way, a valve which would generally be used as 
monostable is transformed into a memory.

Button 1, when pressed, by means of OR, orders the monostable valve to switch, and 
its outlet self-feeds its own control 12 carrying out the self-hold procedure, by means 
of the normally opened button 2.
The discharge remains present even if button 1 is released. The outlet closes only if the 
button 2 is pressed, which unloads control 12 of the monostable valve by means of OR.  

 253 

 

 

 

 

                        

            
Circuito di autoritenuta 

 

Anche con un circuito completamente pneumatico è possibile realizzare una 

situazione di autoritenuta come abbiamo visto fare con il relè. In questo modo si 

trasforma in memoria una valvola che generalmente sarebbe impiegata come 

monostabile. 
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Circuito di autoritenuta 

 

Anche con un circuito completamente pneumatico è possibile realizzare una 

situazione di autoritenuta come abbiamo visto fare con il relè. In questo modo si 

trasforma in memoria una valvola che generalmente sarebbe impiegata come 

monostabile. 

 

                        
 

 

 

 

OUTLET 2

OUTLET 4

OUTPUT

INLET  12

MONO-STABLE 
VALVE

BUTTON 1 BUTTON 2OR
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Chapter 23

USE AND
MAINTENANCE 

Pneumatic valves and cylinders are simple and solid devices and their proper use al-
lows long operation over time.
Therefore, the first regulations to be respected are that the air must be well processed 
and lubricated, whenever necessary.
During cylinders’ assembly, precise alignment with respect to the applied load must 
be verified, in order to avoid radial loads that, as we know well, cause rod flexion da-
mages in guide bushings and gaskets.
Furthermore, in addition to long strokes avoid very high speeds and excessive loads. 
Finally, evaluate carefully the conditions of use from both the mechanical and environ-
mental points of view (aggressive chemicals, high temperatures, dust and humidity) 
and consequently choose the most suitable type in order to keep maintenance to a 
minimum.
When we must intervene on a cylinder, we must proceed to disassemble it and to cle-
an each part impeccably using a non-aggressive degreasing agent and a further jet of 
compressed air in order to complete its cleaning.
Avoid the use of frayed rags which may leave fibers on the cleaned parts. After having 
controlled and substituted any worn out and damaged parts, reassemble the cylinder 
and lubricate it with a proper grease.
We must pay particular attention to control sliding surfaces, ports and rod, which 
must be in good conditions.
All damaged surfaces will cause early wear of the gaskets.
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Use and Maintenance

Check that the clearance between the bushing and the rod must not exceed 0.2 mm. 
A larger movement will cause damages to the rod’s sealing gasket.
In order to block the heads, tighten up the clamping screws, cross screwed with the 
advised tightening moment after having aligned the heads correctly.
For cylinders with screwed heads (micro-cylinders) the already described cleaning 
and control rules are valid, but we must proceed to disassemble the front head hea-
ting the part up to about 100 °C in order to neutralize the bonding effect of the screw-
lock. Before reassembling the cylinder, proceed to clean the head threads and ports 
thoroughly, and use screw-locks in order to avoid accidental unscrewing after having 
aligned the two feeding ports.
Usually, the manufacturers’ catalogs provide exploded views with the necessary refe-
rences to order the most common spare parts which usually come in repair kits. Use 
proper tools to carry out the described operations in order to not damage the repla-
ced gaskets accidentally.
The mentioned rules and methods are also valid as guidelines for different kinds of 
cylinders such as cylinders, rodless cylinders, rotary cylinders, etc., paying attention to 
the requirements which these cylinders must meet.
In wire cylinders, for example, verify appropriate wire tensioning and, in rodless cylin-
ders, the internal sealing strap.
Due to the particular features of the mentioned cylinders, sometimes maintenance is 
carried out better by the original manufacturer’s staff, which has all the required infor-
mation and tools.
Likewise, all fixing accessories must be controlled, in particular the fluctuating ones 
which are constituted by pin/hole couplings.
In these cases, we must proceed to verify the movement between pin and bushings 
and proceed to lubricate the parts correctly and regularly.
It is worth remembering that pneumatic parts are designed to be used with compres-
sed air at a maximum value equal to 10 bars, and the pressure normally used for this 
equipment must be around 5 to 6 bars, which must be controlled by a pressure regu-
lator in order to stabilize its value.
The operating pressure field for every unit is described in the respective sections of 
the manufacturers’ catalogs.
The main source of damages caused to valves must be attributed to the presence of 
foreign bodies in the system that cause damages to the sealing gaskets. To this pur-
pose, using proper filters capable of retaining liquid and solid impurities is essential.
The filter must be discharged frequently with the simple operation of opening an un-
loading tap, carried out manually by the maintenance personnel.
If its mounting position is uncomfortable or difficult to reach, it may be useful to install 
an automatic discharge filter.
Many times lubrication is required, and to this purpose the lubricator is introduced 
into the feeding line in an amount of atomized oil that is to be directly proportional to 
the flow. The lubricant must be suitably regulated because too much or either poor 
lubrication may cause the equipment to malfunction.
A method to verify if lubrication to a specific valve has been performed properly is to 
place a clean white rag near its exhaust.
After some activation, if the valve has been lubricated properly, there shall be a soft 
spot on the rag.
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Use compatible oil with the materials employed by the gaskets’ manufacturers. In this 
regards, the catalogs describe the features of the oils to be used.
To clean the FRL groups use water-based detergents only. Solvents will damage the 
cups of filters and lubricants irreversibly.
The distributing valves have an average lifetime of about 20 million cycles and they 
may function with lubricated air, except for any different indications to the contrary.
Commonly, there are replacement kits available for maintenance operations.
During the disassembling phase, pay attention to the sequence of the gaskets and 
spacers which have to be assembled in their identical positions.
Clean the sludge deposits or impurities accumulated on the internal walls accurately 
using water-soluble detergents or non-aggressive degreasing agents.
Avoid solvents and abrasive materials.
Solvents may damage the gaskets and abrasive materials’ sealing surfaces. For electro 
valves, in addition to cleaning the contacts, it will be useful to control the wearing out 
conditions of the sealing rubbers of the pilot valve’s mobile nucleus, and verify the 
status of its top surface that must appear free of traces on its sides.
Clean air the feeding ducts with a jet of compressed from the body valve toward the 
electric pilot valve.
Generally, pneumatic equipment may operate within a temperature range going from 
-20°C to +80°C.
Its use with temperatures under +2°C needs that the used compressed air has to be 
dried with special equipment.
The purpose is to avoid ice accumulation due to condensation.
Before proceeding to disassemble a valve, the maintenance man must control other 
possible causes which may determine its bad operation.
For example, air leakage from a valve exhaust may be caused by a leak from one 
chamber to another one of the controlled cylinder due to a piston gasket failure. Dis-
connect the tube connecting the valve and the cylinder and verify if there is a leak.
If there is a leak, we must open the cylinder and substitute the piston’s gasket, if there 
is not a leak, we must open the valve and substitute the leaking gasket.                                                     
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PNEUMATIC “AIR TREATMENT” SYMBOLS 

Pneumatic symbols

XXVII

0
4

1

3

2

1

12

2

3

13

2

AIR SERVICE UNITS

Filter - with manual drain

Filter - with automatic drain

Automatic drain air

Air filter

Pneumatic a  (capacity)ccumulator

Automatic drain air

Pressure regulator

Pressure switch

Free discharge pressure relief valve

Sequence valve

Pressure regulator without
exhaust valve

Free discharge pilot-operated
pressure relief valve

Pilot-operated pressure regulator
without exhaust valve

Pressure regulator without
exhaust valve (free)

Differential pressure regulator

Filter pressure regulator

Filter pres. reg. + lubricator
Filter + pres. reg. + lubricator

Pressure gauge

Shut-off valve

Progressive start-up valve
With Electric control

Progressive start-up valve
With Pneumatic control

Air treatment mechanisms

Pressure control valves

Assembled units

Other mechanisms

Lubricator

The overall dimensions and tecnical information are provided solely for information reasons and may be subject to change without notice
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XXVIII

0
4

Pneumatic symbols

VALVES AND SOLENOID VALVES

 - Terms and descriptions - 
The connections to the inlet and out lets of the valves can be of two types:
 - main connections:
- supply connection identified with number  1
- consumption connection identified with number 2 and 4
- exhaust connection  identified with number 3 and 5
 - Pilot connections:
 - repositioning connection on 2/2 & 3/2 ways valves identified with number 10
 - switching connection on 2/2 & 3/2 ways valves and repositioning connection on 5/2 & 5/3 ways valves 
identified with number 12 
 -switching connection on 5/2 & 5/3 ways valve identified with number  14
Switching : is the process  that changes the state of a valve from  rest position to  actuated position and is 
achieved  by means of a mechanical, pneumatic or electric signal
Repositioning: is the process that changes the valve state from actuated back to rest position  and is achieved  
by means of an external mechanical (spring), pneumatic (differential) or electric signal
Ways: indicated the number of connections on the valve body and on the pneumatic diagram
Positions: indicates the number of positions achieved by the valve and corresponds to the number of squares 
on the pneumatic simple.
Function: indicates the valve working diagram at rest condition and corresponds to the right square in the 
pneumatic scheme.

2 2 Normally closed

2 2 Normally open

3 22

3 2 Normally open

5 2 Separated exhaust
connections

5 3 Closed centres

5 3

5 3

Normally closed

Open centres

Pressured centres

Differential (pneumatic spring)

Differential external pilot

Sensitive differential 

Lever

Lever - spring to center

Sensitive lever

Two position mechanical stop

Pedal

Pedal - spring return

Pneumatic

Pneumatic - depressurised

Pneumatic -return to center

Push Button

Unidirectional roller

Plunger

Bistable solenoid

Solenoid with suppl. pilot

Solenoid

Solenoid (external pilot)

Roller

Sensitive roller

Sensitive push button

Sensitive plunger

Push button - two positions-. Solenoid  (internal pilot)

Solenoid - spring to center

Spring

Three position mechanical stop

Valves symbols
FunctionWay Pos. Symbol

Switching and Repositioning
Mechanical

Electrical

Pneumatics

Complementary valves Piping and connections

2

1

2

1

2

13

24

1 35

15 3

13

2

24

24

315

4

15

2

3

Pressure line

Control line

Exhaust line

Flexible line

Electric line

Piping connections

Piping intersection

Main air connection

One-way rotating intake

Three-way rotating intake

Closed air intake

Air intake with connection

Quick coupling connection
without non-return valve

Quick coupling connection
with non-return valve

Air exhaust
unthreaded connection

Air exhaust
threaded connection

Silencer

Non-return valve
without spring

Non-return valve with spring

Non-return valve controlled
during closing

Non-return valve controlled
during opening

Throttle valve

Bidirectional flow regulator

Unidirectional flow regulator

Quick exhaust valve

Shuttle valve

The overall dimensions and tecnical information are provided solely for information reasons and may be subject to change without notice
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XXIX

0
4

Pneumatic symbols

CYLINDERS

P
double acting

ush/pull twin rod

Twin rod / double acting
push/pull rod

Twin rod / double acting

Standard rod / double acting

Opposed, common rod

In tandem, opposite rods

In tandem, independant rods

In tandem, common rod

With magnetic piston
with adjustable cushioning

With magnetic piston

With adjustable cushioning

With non adjustable cushioning

Double rod (push/pull version)

with spring return

with external return

Standard rod

Guided compact cylinders

Non rotating cylinders

Tandem cylinders

Double acting cylinders

Single acting cylinders

Single acting

Double acting

With magnetic piston
with adjustable cushioning

With magnetic piston
With adjustable cushioning

Cable cylinders
with magnetic piston

Cable cylinders
with non magnetic piston

With non magnetic piston
with adjustable cushioning

Rotating cylinders

Bellows cylinder

Air-Air intensifier

Air-oil intensifier

Hydropneumatic accumulator

Rotating cylinder

Telescopic cylinders

Cylinders for piston rod lock

Various cylinders

Rodless cylinders

Pressure boosters

y

y

x

x

The overall dimensions and tecnical information are provided solely for information reasons and may be subject to change without notice
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