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(54) PNEUMATIC MODULES AND SYSTEM FOR PROPORTIONAL CONTROL

(57) A pneumatic master module for pressure or flow
proportional control comprises a master module valve
body, a master proportional electrovalve, a relative pres-
sure sensor for detecting the pressure of the regulated
flow of pressurized air downstream the master propor-
tional electrovalve, an electronic control unit adapted to
drive the master proportional electrovalve and a slave
proportional or on/off electrovalve of a respective slave
module according to a pressure signal provided by the

relative pressure sensor, the electronic control unit being
further configured to implement a digital communication
bus interface for data exchanging with other master mod-
ules. The relative pressure sensor and the electronic con-
trol unit are mounted on an electronic printed circuit
board. A master male-type inlet electronic connector and
a master female-type outlet connector are mounted on
parallel opposite sides of the master electronic printed
circuit board. [Fig. 4]
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Description

[0001] The present invention relates to pneumatic
modules and a system for pressure or flow proportional
control.
[0002] Several products are already known for specif-
ically performing proportional pneumatic tasks. For ex-
ample, the following control valves are already available
on the market:

- 2/2 way proportional valves to provide variable flow;
- 2 way pressure control valves with integrated gauge

sensor and closed loop electronics;
- 3 way pressure control valves with integrated gauge

sensor and closed loop electronics.

[0003] Depending on the dedicated task within an ap-
plication, these valves can be used as standalone prod-
ucts or need to be combined with, or on, additional man-
ifolds.
[0004] In addition, for the special task of a closed loop
flow control, external flow sensors need to be combined
with valves and electronics individually.
[0005] To exchange process data between such com-
binations, diverse digital bus protocols are available, that
need to be connected by special wires and controlled by
field bus master devices.
[0006] It is one object of the present invention to inte-
grate some proportional control functions, such as those
mentioned above, into one modular and stackable sys-
tem.
[0007] Another object of the invention is to provide a
proportional control system in which pneumatic modules
are interconnected without any external wiring or external
dedicated communication device.
[0008] These objects are achieved by a pneumatic
master module according to claim 1, a master-slave mod-
ule according to claim 7, and with a system according to
claim 11. The dependent claims describe preferred em-
bodiments of the invention.
[0009] The characteristics and advantages of the mod-
ules and system according to the invention will be evident
from the description given below of its preferred embod-
iments, made by way of non-limiting examples with ref-
erence to the appended drawings, wherein:

- figures 1 and 1a are a perspective view and a side
elevation view of a pneumatic master module ac-
cording to the invention;

- figure 1b is a block diagram of the closed loop flow
control function of the master module;

- figures 2 and aa are a perspective view and a side
elevation view of a pneumatic slave module adapted
to be connected to the master module of figure 1;

- figures 3, 3a and 3b are a perspective view, a side
elevation view and a front elevation view of a master-
slave module according to the invention;

- figure 4 is a block diagram of the master-slave mod-

ule; and
- figure 5 is an example of a stackable system formed

by two master-slave modules.

[0010] Figures 1, 1a and 1b show a pneumatic master
module 1 for pressure or flow proportional control.
[0011] The master module 1 comprises a master mod-
ule valve body 10 in which passages for a flow of pres-
surized air are formed. In one preferred embodiment, the
master module valve body 10 has a rectangular parallel-
epiped shape.
[0012] These passages connects a master pneumatic
inlet port 12 to a first master pneumatic outlet port 14 for
a direct pneumatic connection to a load and to a second
master pneumatic outlet port 16 for the pneumatic con-
nection to a pneumatic inlet port of a slave module which
can be connected to the master module, and which will
be hereinafter described.
[0013] A master proportional electrovalve 18 is mount-
ed on the master module valve body 10. In one embod-
iment, the master proportional electrovalve 18 is mount-
ed on a face 10a of the parallelepiped body 10, for ex-
ample one of the smaller bases.
[0014] The master proportional electrovalve 18 is
adapted to supply the first and second master pneumatic
outlet ports 14, 16 with a regulated flow of pressurized
air entering the master module through the pneumatic
inlet port 12.
[0015] The master module 1 further comprises a rela-
tive pressure sensor 20 for detecting the pressure of the
regulated flow of pressurized air downstream the master
proportional electrovalve 18.
[0016] The master proportional electrovalve 18 is elec-
trically driven by an electronic control unit 22, for example
implemented by a microprocessor. The electronic control
unit 22 is further configured to drive a slave proportional
or on/off electrovalve of a respective slave module.
[0017] In one embodiment, the master and slave pro-
portional electrovalves are driven by respective PWM
drivers 24, 24’ .
[0018] The master and slave proportional electrov-
alves are driven according to a pressure signal provided
by the relative pressure sensor 20, so as to implement a
closed loop flow or pressure control.
[0019] The electronic control unit 22 is further config-
ured to implement a digital communication bus interface
for data exchanging with other master modules. In one
embodiment, Can-bus protocol is used for the digital
communication bus.
[0020] The master module 1 is provided with a master
male-type inlet electronic connector 26 and a master fe-
male-type outlet connector 28 for receiving and transmit-
ting analog and digital electronic signals.
[0021] The relative pressure sensor 20 and the elec-
tronic control unit 22 are mounted on an electronic printed
circuit board 30.
[0022] The master male-type inlet electronic connector
and the master female-type outlet connector 26, 28 are
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mounted on parallel opposite sides of the master elec-
tronic printed circuit board 30.
[0023] In one embodiment, the master module 1 further
comprises, downstream the master proportional electro-
valve 18, a nozzle or orifice 32 for a flow control of the
regulated flow of pressurized air. In particular, the com-
bination of the relative pressure 20 and of the nozzle or
orifice 32 allows to perform, in addition to the pressure
control, a simplified flow control.
[0024] In one embodiment, the master module 1 is fur-
ther provided with a differential pressure sensor 34 for
detecting the difference of pressure upstream and down-
stream the nozzle or orifice 32.
[0025] Preferably, the differential pressure sensor 34
is also operatively connected to the electronic control unit
22, for example to perform a full closed loop flow control.
[0026] In one preferred embodiment, the master inlet
and outlet electronic connectors 26, 28 and the electronic
circuit board 30 are configured to receive and transmit
power supply signals and digital communication bus sig-
nals. In one embodiment, the power supply for the elec-
tronic component of the printed circuit board 30 (5 V) is
separated from the power supply of the proportional elec-
trovalves (for example 12 V or 24 V).
[0027] In one embodiment, the electronic interface of
the master module further includes a terminal for input-
ting an analogue setpoint and a terminal for outputting a
feedback signal.
[0028] According to one embodiment, the master elec-
tronic printed circuit board 30 is directly connected to the
electric pins 18’ of the solenoid 18a of the master pro-
portional electrovalve 18.
[0029] The master electronic printed circuit board 30
extends parallel to the master module valve body 10.
[0030] In one embodiment, the master electronic print-
ed circuit board 30 is supported by the electric pins 18’
and, at the opposite side, by supporting pillars 19 extend-
ing from the master module valve body 10.
[0031] In addition, the inlet and outlet electronic con-
nectors 26, 28 are configured to be connected to elec-
tronic printed circuit board of another pneumatic master
module or of a slave module such that all the electronic
printed circuit boards lie in the same plane.
[0032] In order to allow to stack side by side more mas-
ter modules, or a master module and a slave module, as
will be described hereinafter, the pneumatic master inlet
port 12 and the first master pneumatic outlet port 14 are
formed in the face 10b of the master module valve body
10 opposite to the master proportional electrovalve (fig-
ure 5) or in the face 10c opposite to the electronic printed
circuit board 30 (Figures 1, 1a). The second master pneu-
matic outlet port 16 is formed on one (10d) of the lateral
faces of the master module valve body perpendicular to
the electronic printed circuit board 30.
[0033] In one embodiment, the second master pneu-
matic outlet port 16 is divided into two outlet ducts 16a
and 16b: a first outlet duct 16 bypasses the master pro-
portional electrovalve 18 and is directly connected to the

inlet port 12; the second outlet duct 16b is connected to
the outlet of the master proportional electrovalve 18, as
shown in figure 4. This way, it is possible to chose be-
tween a series or parallel pneumatic connection between
the master module 1 and the respective slave module.
In fact, if the first outlet duct 16a is plugged and the sec-
ond outlet 16b is left open, a series operation of the mas-
ter-slave assembly is obtained. If the first outlet duct 16a
is open and the second outlet duct 16b is plugged, a
parallel operation is obtained in order to double the flow
capability.
[0034] In one embodiment, the master electronic print-
ed circuit board 30 has substantially the same width of
the master module valve body 10.
[0035] Figures 2, 2a show a slave module 200 adapted
to be connected to and driven by a respective master
module 1 so as to form a master-slave module 300.
[0036] The slave module 200 comprises a slave mod-
ule valve body 210 in which passages for a flow of pres-
surized air are formed. These passages connects a slave
pneumatic inlet port 212 to a slave pneumatic outlet port
214.
[0037] The slave module 200 can be provided with a
slave proportional electrovalve 218 or with a slave on/off
electrovalve 2180. In each case, the slave electrovalve
218; 2180 is connected between the slave pneumatic
inlet port 212 and the slave pneumatic outlet port 214.
Each of the proportional or on/off electrovalve 218; 2180
is driven by a control signal provided by the master mod-
ule 1.
[0038] The slave module 200 is provided with a slave
male-type inlet electronic connector 226 adapted to be
releasably connected to the master female-type outlet
connector 28 of the master module and a slave female-
type outlet connector 228 suitable for being releasably
connected to a master male-type inlet electronic connec-
tor 26 of another master module 1.
[0039] The slave inlet and outlet electronic connectors
226, 228 are adapted for receiving and transmitting an-
alog and digital electronic signals, in particular power
supply signals and digital communication bus signals.
[0040] The slave male-type inlet electronic connector
226 and the slave female-type outlet connector 228 are
mounted on parallel opposite sides of a slave electronic
printed circuit board 230, so that the master electronic
printed circuit board 30 and the slave electronic printed
circuit board 230 lie in the same plane.
[0041] Furthermore, the slave valve body 210 has a
lateral face 210d in which the slave pneumatic inlet port
212 is formed and which is adapted to abut against a
lateral face 10d of the master valve body, so that the
second master pneumatic outlet port 16 and the slave
pneumatic inlet port 212 can be are directly and sealingly
connected, for example with the interposition of a sealing
element 40.
[0042] In one preferred embodiment, the slave module
valve body 210 as the same external shape and sizes of
the master module valve body 10.
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[0043] In one embodiment, the slave electronic printed
circuit board 230 has substantially the same width of the
slave module valve body 210.
[0044] In one preferred embodiment, the whole slave
module 200 has the same external shape and sizes of
the master module 1.
[0045] Figures 3, 3a and 3b show the master module
1 and the slave module 200 connected together to form
a master-slave module 300.
[0046] As explained above, the master module 1 and
the slave module 200 are placed side by side so that the
master second pneumatic outlet port 16 is aligned and
in direct communication with the slave inlet port 212, with-
out the interposition of any external connection element,
apart the sealing element.
[0047] The master module 1 and the slave module 200
are connected by the coupling of the respective electric
connectors 28, 226.
[0048] In one embodiment, the master proportional
electrovalve 18 is a 2-way valve and the slave electrov-
alve 218; 2180 is also a 2-way valve.
[0049] Therefore, the master module 1 alone can per-
form 2-way functions, while the master-slave module 300
can perform 3-way functions.
[0050] Master modules 1 and/or master-slave modules
300 can be connected to form a system 400 of stackable
control modules.
[0051] The system 400 comprises a digital communi-
cation bus 410, at least one pneumatic master module 1
and/or at least one pneumatic master-slave module 300,
each master module 1 or master-slave module 300 ex-
changing data through the digital communication bus
410.
[0052] In the system 400, at least two identical master
modules 1 are directly connected each other through the
electronic master outlet 28 and inlet 26 connectors.
[0053] In the system 400, one master module 1 is elec-
trically connected to the slave outlet electronic connector
228 of a slave module 200 of a master-slave module 300.
In this case, the slave module 200 acts as a bridge for
transmitting to the downstream master module 1 at least
the electric signals of the digital communication bus 410.
[0054] To sum up, such a system of stackable control
modules can include:

- master modules with proportional electrovalve, sen-
sors and control unit;

- slave modules with proportional or on/off electrov-
alve only.

[0055] The system can perform:

- 2-way functions with master module only;
- 3-way functions with master and slave module;
- series or parallel operation, selectable according to

the needs;
- pressure control by relative (gauge) pressure sen-

sor;

- simplified flow control by nozzle and relative (gauge)
pressure sensor;

- true flow control by nozzle and relative (gauge) and
differential pressure sensors;

- position control by external feedback sensor;
- combinations of all above mentioned.

[0056] As for the position control by external feedback
sensor, for example, with the combined use of a master-
slave module connected to the rod side of a pneumatic
cylinder and a master-slave module connected to the
bore side of the cylinder, it is possible to control this cyl-
inder in closed loop positioning mode by reading in an
analog input signal that contains information about the
position of the cylinder and intercommunicating via the
digital communication bus between the two master-slave
modules.
[0057] A person skilled in the art may make modifica-
tions and variations to the embodiments of the modules
and system according to the invention, replacing ele-
ments with others functionally equivalent so as to satisfy
contingent requirements while remaining within the
scope of protection of the following claims.
[0058] Each of the characteristics described as be-
longing to a possible embodiment may be realised inde-
pendently of the other embodiments described.

Claims

1. Pneumatic master module for pressure or flow pro-
portional control, comprising:

- a master module valve body in which passages
for a flow of pressurized air are formed, said pas-
sages connecting a master pneumatic inlet port
to a first master pneumatic outlet port for a direct
pneumatic connection to a load and to a second
master pneumatic outlet port for the pneumatic
connection to a pneumatic inlet port of a slave
module which can be connected to the master
module;
- a master proportional electrovalve adapted to
supply the first and second master pneumatic
outlet ports with a regulated flow of pressurized
air entering the master module through the
pneumatic inlet port;
- a relative pressure sensor for detecting the
pressure of the regulated flow of pressurized air
downstream the master proportional electrov-
alve;
- an electronic control unit adapted to drive the
master proportional electrovalve and a slave
proportional or on/off electrovalve of a respec-
tive slave module according to a pressure signal
provided by the relative pressure sensor, the
electronic control unit being further configured
to implement a digital communication bus inter-
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face for data exchanging with other master mod-
ules;
- a master male-type inlet electronic connector
and a master female-type outlet connector for
receiving and transmitting analog and digital
electronic signals, wherein the relative pressure
sensor and the electronic control unit are mount-
ed on an electronic printed circuit board, the
master male-type inlet electronic connector and
the master female-type outlet connector being
mounted on parallel opposite sides of the master
electronic printed circuit board.

2. Pneumatic master module according to claim 1, fur-
ther comprising, downstream the master proportion-
al electrovalve, a nozzle or orifice for a flow control
of the regulated flow of pressurized air.

3. Pneumatic master module according to claim 2, fur-
ther comprising a differential pressure sensor for de-
tecting the difference of pressure upstream and
downstream the nozzle or orifice, the differential
pressure sensor being operatively connected to the
electronic control unit.

4. Pneumatic master module according to anyone of
the previous claims, wherein the master inlet and
outlet electronic connectors and the electronic circuit
board are configured to receive and transmit power
supply signals and digital communication bus sig-
nals.

5. Pneumatic master module according to anyone of
the previous claims, wherein:

- the master module valve body has a rectangu-
lar parallelepiped shape;
- the master proportional electrovalve is mount-
ed on one of the faces of the master module
valve body;
- the master electronic printed circuit board is
supported by the electric pins of the master pro-
portional electrovalve and extends parallel to the
master module valve body, the inlet and outlet
electronic connectors being configured to be
connected to electronic printed circuit board of
another pneumatic master module or of a slave
module such that all the electronic printed circuit
boards lie in the same plane;
- the pneumatic master inlet port and the first
master pneumatic outlet port are formed in the
face of the master module valve body opposite
to the master proportional electrovalve or to the
electronic printed circuit board;
- the second master pneumatic outlet port is
formed on one of the lateral faces of the master
module valve body perpendicular to the elec-
tronic printed circuit board.

6. Pneumatic master module according to anyone of
the previous claims, wherein the master electronic
printed circuit board has substantially the same width
of the master module valve body.

7. Pneumatic master-slave module for pressure or flow
proportional control, comprising a master module ac-
cording to anyone of the previous claims and a slave
module electronically and pneumatically connected
to the master module and comprising:

- a slave module valve body in which passages
for a flow of pressurized air are formed, said pas-
sages connecting a slave pneumatic inlet port
to a slave pneumatic outlet port, the slave pneu-
matic inlet port being connected to the second
pneumatic outlet port of the master module;
- a slave proportional electrovalve or a slave
on/off electrovalve connected between the slave
pneumatic inlet port and the slave pneumatic
outlet port, said proportional or on/off electrov-
alve being driven by a control signal provided
by the master module;
- a slave male-type inlet electronic connector re-
leasably connected to the master female-type
outlet connector of the master module and a
slave female-type outlet connector suitable for
being releasably connected to a master male-
type inlet electronic connector of another master
module, the slave inlet and outlet electronic con-
nector being adapted for receiving and transmit-
ting analog and digital electronic signals, where-
in the slave male-type inlet electronic connector
and the slave female-type outlet connector be-
ing mounted on parallel opposite sides of a slave
electronic printed circuit board, so that the mas-
ter electronic printed circuit board and the slave
electronic printed circuit board lie in the same
plane,

and wherein the slave valve body has a lateral side
in which the slave pneumatic inlet port is formed and
which abuts against a lateral side of the master valve
body, so that the second master pneumatic outlet
port and the slave pneumatic inlet port are directly
and sealingly connected.

8. Pneumatic master-slave module according to claim
7, wherein the inlet and outlet slave electronic con-
nectors and the slave electronic circuit board are
configured to receive and transmit power supply sig-
nals and digital communication bus signals.

9. Pneumatic master-slave module according to any of
the claims 7 or 8, wherein the slave module valve
body as the same external shape and sizes of the
master module valve body.
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10. Pneumatic master-slave module according to any of
the claims 7-9, wherein the slave electronic printed
circuit board has substantially the same width of the
slave module valve body.

11. System for pressure or flow control, comprising:

- a digital communication bus;
- at least one pneumatic master module accord-
ing to any of the claims 1-6 and/or at least one
pneumatic master-slave module according to
any of the claims 7-10, each master module or
master-slave module exchanging data through
the digital communication bus.

12. System according to claim 10, wherein at least two
identical master modules are directly connected
each other through the electronic master outlet and
inlet connectors.

13. System according to claim 10, wherein one master
module is electrically connected to the slave outlet
electronic connector of slave module of a master-
slave module, said slave module acting as a bridge
for transmitting to the downstream master module
at least the electric signals of the digital communi-
cation bus.
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