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(57) ABSTRACT 

A modular ?uid control system, comprising: a control mod 
ule for receiving parallel electronic control signals as a 
plurality of data streams, the control module including a 
control unit con?gured to convert the data streams of the 
parallel electronic control signals to serial electronic control 
signals, each including a plurality of data pulses as control 
instruction signals, and an electrical connector; a plurality of 
valve modules, each valve module including at least one 
valve operable to control the ?ow of pressurised ?uid; and 
a plurality of manifold modules connectable in series to the 
control module and connected to respective ones of the 
valve modules, each manifold module including a ?uid 
supply conduit to provide a common manifold for receiving 
pressurised ?uid, ?rst and second electrical connectors for 
connection with ones of the connectors of adjacent manifold 
modules and the connector of the control module to provide 
an electrical bus for transmission of the serial control signals 
and power supply, and a control unit con?gured to decode 
one or more of the ?rst-received data pulses of the serial 
control signals, control the respective valve module accord 
ingly, and pass any remaining data pulses as a modi?ed 
serial control signal from which the decoded data pulses 
have been one of removed or blocked to the control unit of 
any downstream manifold module. 
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FLUID CONTROL SYSTEM 

RELATED CASES 

[0001] This application is a continuation of and claims 
priority to International Application No. PCTGB00/04064, 
?led Oct. 20, 2000, Which designated the United States, and 
Which is incorporated herein by reference, and Which claims 
priority to European Patent Application No. 993082528, 
?led Oct. 20, 1999. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a ?uid control 
system, and in particular to a modular, valve-operated ?uid 
control system. In many industrial applications, it is neces 
sary to provide a large number of individually-controllable 
pneumatic or hydraulic ?uid lines. In practice, this requires 
at least one electronically-operated solenoid valve to be 
provided for each ?uid line. Rather than provide each valve 
With its oWn poWer and control leads, Which Would be 
impractical, it is knoWn to connect all of the solenoid valves 
to a single poWer supply, provide a common data bus on 
Which control signals are transmitted, and provide each 
valve With a controller for interpreting the control signals 
and operating the valve as required. EP-A-0299655 dis 
closes one eXample of such a ?uid control system. 

[0003] Such ?uid control systems are generally complex, 
requiring elaborate control protocols and data decoders 
Within the valve controllers to derive the speci?c instruc 
tions for each valve. In addition, it is usually necessary to 
provide each valve With a unique pre-set address or means 
for setting a unique address, such as a position encoder, to 
enable instructions to be transmitted to particular valves. 
This requirement introduces further compleXity and leads to 
problems if addresses become non-unique. Furthermore, 
although some of the ?uid control systems of the above 
described kind may be described as “modular”, for eXample, 
the system disclosed in US. Pat. No. 5,522,431 in Which a 
common ?uid manifold is provided by combining a plurality 
of separate manifold modules, those systems do not alloW 
simple system construction or system expansion. Those 
systems, Which are sold through a distributor, are pre 
con?gured by the manufacturer according to a particular 
speci?cation. As such, those systems do not alloW for 
alteration by adding or removing valves Without the need for 
substantial re-adjustment or system reWiring/re-program 
mmg. 

SUMMARY OF THE INVENTION 

[0004] It is thus an aim of the present invention to provide 
a modular ?uid control system Which can be easily con?g 
ured, typically by distributors, by simply ?tting together the 
required components in the desired con?guration from a 
small range of different standard modules, and Which, When 
poWered up, is fully con?gured and ready for operation 
Without the need for additional complicated Wiring. 

[0005] Accordingly, the present invention provides a 
modular ?uid control system, comprising: a control module 
for receiving parallel electronic control signals as a plurality 
of data streams, the control module including a control unit 
con?gured to convert the data streams of the parallel elec 
tronic control signals to serial electronic control signals, 
each including a plurality of data pulses as control instruc 
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tion signals, and an electrical connector; a plurality of valve 
modules, each valve module including at least one valve 
operable to control the ?oW of pressurised ?uid; and a 
plurality of manifold modules connectable in series to the 
control module and connected to respective ones of the 
valve modules, each manifold module including a ?uid 
supply conduit to provide a common manifold for receiving 
pressurised ?uid, ?rst and second electrical connectors for 
connection With ones of the connectors of adjacent manifold 
modules and the connector of the control module to provide 
an electrical bus for transmission of the serial control signals 
and poWer supply, and a control unit con?gured to decode 
one or more of the ?rst-received data pulses of the serial 
control signals, control the respective valve module accord 
ingly, and pass any remaining data pulses as a modi?ed 
serial control signal from Which the decoded data pulses 
have been one of removed or blocked to the control unit of 
any doWnstream manifold module. 

[0006] Preferably, the manifold modules are non-ad 
dressed. 

[0007] In one embodiment the control system comprises a 
single group of series-connected manifold modules. 

[0008] In another embodiment the control system com 
prises a plurality of interconnected groups of series-con 
nected manifold modules, and further comprises intermedi 
ate connection modules connected to the intermediate ends 
of the groups of manifold modules. 

[0009] Preferably, the control system further comprises an 
end connection module connected to the end of the series 
connected manifold modules. 

[0010] Preferably, one of the control module or the end 
connection module includes a port for connection to a 
supply of pressurised ?uid. 

[0011] Preferably, the serial control signals are pulse Width 
modulated signals. 

[0012] More preferably, data pulses having different pulse 
Widths designate different control states. 

[0013] Yet more preferably, the pulse Widths are the active 
pulse Widths. 

[0014] Preferably, the control unit of each manifold mod 
ule is further con?gured to operate the respective valve 
module only on consecutively receiving the one or more 
data pulses having the same pulse Widths a predetermined 
number of times. 

[0015] More preferably, the control unit of each manifold 
module is con?gured to operate the respective valve module 
only on consecutively receiving the one or more data pulses 
having the same pulse Widths at least three times. 

[0016] Preferably, the valve modules include one of 
mono-stable or bi-stable valves. 

[0017] More preferably, the control unit of any manifold 
module connected to a valve module including a mono 
stable valve is con?gured to decode the ?rst-received data 
pulse of each of the received serial control signals. 

[0018] More preferably, the control unit of any manifold 
module connected to a valve module including a bi-stable 
valve is con?gured to decode the ?rst- and second-received 
data pulses of each of the received serial control signals. 
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[0019] Preferably, the control unit of the control module is 
further con?gured to terminate each of the serial control 
signals generated thereby With a termination signal to denote 
the end of each of the serial control signals. 

[0020] Preferably, the control unit of each manifold mod 
ule is further con?gured to transmit return data signals to the 
control module. 

[0021] More preferably, the control unit of each manifold 
module is con?gured to transmit return data signals to the 
control module on receipt of the termination signal. 

[0022] More preferably, the control unit of the control 
module is further con?gured to convert the return data 
signals to parallel return data signals. 

[0023] Preferably, the manifold modules each comprise a 
body Which includes a passage, and a printed circuit board 
housed in the passage Which includes the connectors and the 
control unit, With the passages together de?ning a common 
passage in Which the printed circuit boards are connected. 

[0024] Preferably, the main body of each manifold module 
is formed as an integral component. 

[0025] The ?uid control system of the present invention, 
in being simple and requiring no re-Wiring of the component 
parts, alloWs for con?guration by non-skilled technicians, 
thus alloWing for con?guration by parties other than the 
manufacturer, such as a distributor. 

[0026] In its preferred embodiments the ?uid control sys 
tem of the present invention automatically provides a “vir 
tual connection” betWeen valve modules at any given loca 
tion With reference to the respective pin or pins of the 
external connector. In the event that alteration of the con 
?guration of the system is required, the system may be 
quickly disassembled, manifold modules and associated 
valve modules added, removed or re-arranged and then 
re-assembled. The neW positions of the re-arranged valve 
modules Will automatically correspond to the correct pin or 
pins of the external connector Without the need to re-Wire the 
system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 illustrates a front vieW of a ?uid control 
system in accordance With a ?rst embodiment of the present 
invention; 
[0028] FIG. 2 illustrates an exploded perspective vieW of 
the control system of FIG. 1, illustrating only tWo of the 
manifold modules and associated valve modules; 

[0029] FIG. 3 illustrates a perspective vieW of one of the 
manifold modules of the control system of FIG. 1; 

[0030] FIG. 4 illustrates a perspective vieW of the circuit 
board of the manifold module of FIG. 3; 

[0031] FIG. 5 schematically illustrates the electrical con 
nections of the control system of FIG. 1; 

[0032] FIG. 6 illustrates the timing diagram of a repre 
sentative serial control signal as output by the control unit of 
the control module and operated upon by the control units of 
the manifold modules of the control system of FIG. 1; 

[0033] FIG. 7 illustrates a front vieW of a ?uid control 
system in accordance With a second embodiment of the 
present invention; 
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[0034] FIG. 8 illustrates a perspective vieW of one inter 
mediate output connection module of the control system of 
FIG. 7; and 

[0035] FIG. 9 illustrates a perspective vieW of one inter 
mediate input connection module of the control system of 
FIG. 7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0036] FIGS. 1 to 6 relate to a ?uid control system in 
accordance With a ?rst embodiment of the present invention. 

[0037] With particular reference to FIG. 2, the control 
system is built up from a plurality of, in this embodiment 
tWenty-four, series-connected manifold modules 1 each hav 
ing an associated valve module 44, a control module 2 at one 
end of the series-connected manifold modules 1, and an end 
connection module 3 at the other end of the series-connected 
manifold modules 1. The control system may, for example, 
be a pneumatic or hydraulic system in Which a pressurised 
?uid, such as air or oil, is supplied and channelled through 
the manifold modules 1. For ease of illustration, only tWo 
manifold modules 1 and associated valve modules 44 are 
illustrated in FIG. 2. This embodiment enables the inclusion 
of up to tWenty-four manifold modules 1 and associated 
valve modules 44, but it should be understood that, by 
modi?cation of the control module 2 to include further 
inputs, further manifold modules 1 and associated valve 
modules 44 could be accommodated. 

[0038] With particular reference to FIG. 3, the construc 
tion of each manifold module 1 Will noW be described 
hereinbeloW. 

[0039] Each of the manifold modules 1 comprises a main 
body 4 and a circuit board 5 mounted therein. In this 
embodiment the main body 4 is extruded or die cast from an 
aluminium alloy, but alternatively could be formed from an 
injection-moulded plastics material. 

[0040] The main body 4 includes a passage 6 Which 
extends completely therethrough from one to the other side 
surface thereof. The passage 6 includes mounting means 7, 
in this embodiment recesses, for mounting the circuit board 
5, With the circuit board 5 being secured Within the passage 
6 by ?xing means 8, 9, preferably bolts, tapped screWs or 
doWel pins. 

[0041] The main body 4 further includes a ?uid conduit 10 
and ?rst and second exhaust conduits 11, 12, Which conduits 
10, 11, 12 each extend completely therethrough from the one 
to the other side surface thereof, a connection aperture 13 in 
the upper surface thereof for providing a means of connec 
tion to the circuit board 5, and a plurality of valve ori?ces 
14 in the upper surface thereof Which are in ?uid commu 
nication With selected ones of the ?uid conduit 10 and the 
exhaust conduits 11, 12. As illustrated in FIG. 2, the 
manifold modules 1 are connected together so as to de?ne a 
common manifold in Which the passages 6, the ?uid con 
duits 10 and the exhaust conduits 11, 12 are each commonly 
connected. 

[0042] The circuit board 5 includes ?rst and second elec 
trical connectors 16, 18, in this embodiment four-pin male 
and female connectors, for connection to the counterpart 
connectors 16, 18, 33 of adjacent ones of the manifold 
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modules 1 and the control module 2 so as to provide a 
common bus for tWo-Way data transmission and poWer 
supply through each of the manifold modules 1, and a third 
electrical connector 20, in this embodiment a female three 
pin connector, for providing a means of electrical connection 
to an associated valve module 44 through the connection 
aperture 13 in the main body 4. 

[0043] The circuit board 5 further includes a control unit 
22, in this embodiment including a microprocessor, Which 
is, inter alia, con?gured to receive and decode control 
instruction signals, in this embodiment data pulses, from 
serial control signals, in this embodiment serial data streams, 
as output by the control module 2 over the common data bus, 
and control the associated valve module 44 accordingly. The 
serial data is pulse Width modulated according to a prede 
termined communication protocol, With a ?rst active pulse 
Width, in this embodiment 15 us, being the ON code, a 
second active pulse Width, in this embodiment 9 us, being 
the OFF code, a third, short active pulse Width, in this 
embodiment 4 us, being the STOP code, and the inter-pulse 
gaps being adjusted to maintain a uniform period, in this 
embodiment 20 us, betWeen the leading pulse edges. 

[0044] In this embodiment, the serial data is transmitted in 
negative logic, With an active pulse being at 0 V and an 
inactive pulse being at +5 V. The control unit 22 is further 
con?gured, Where required, to transmit return data, for 
example, error codes or state information, for the respective 
manifold module 1 and associated valve module 44 back to 
the control module 2 on receiving the STOP code, in this 
embodiment a short pulse having an active pulse Width of 4 
us, With the return data being transmitted back to the control 
module 2 through each of the control units 22. The return 
data is formatted so as to identify the originating control unit 
22, in this embodiment by inclusion in a speci?c time slot 
reserved for the respective manifold module 1 and associ 
ated valve module 44 Within a time WindoW, in this embodi 
ment a period of 100 ps, subsequent to receiving the short 
pulse of the STOP code. 

[0045] In this embodiment the control unit 22 has tWo 
different versions, one for controlling a mono-stable sole 
noid valve and the other for controlling a bi-stable solenoid 
valve. As is Well understood by a person skilled in the art, 
a mono-stable solenoid valve is a solenoid valve Which is 
sWitchable from an de-activated state to an activated state 

and requires poWer to maintain the activated state, and a 
bi-stable solenoid valve is a solenoid valve Which is sWit 
chable betWeen tWo states and does not require poWer to 
remain in either state. 

[0046] The mono-stable control unit 22 is con?gured to 
decode the ?rst-received data pulse in any received data 
stream, and then gate the subsequent data pulses of that one 
data stream to the control unit 22 of the doWnstream 
manifold module 1. Where multiple, in this embodiment 
three, consecutive data pulses having the same active pulse 
Width, that is, data pulses having an active pulse Width of 15 
us (ON code) or 9 us (OFF code), are decoded, the control 
unit 22 is con?gured to activate or de-activate the solenoid 
valve of the associated valve module 44. The control unit 22 
operates the associated valve module 44 only on receiving 
consecutively multiple data pulses having the same active 
pulse Width in order to prevent noise in the control signal 
causing the inadvertent activation or de-activation of the 
solenoid valve. 
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[0047] The bi-stable control unit 22 is con?gured to 
decode the ?rst- and second-received data pulses in any 
received data stream, and then gate the subsequent data 
pulses of that one data stream to the control unit 22 of the 
doWnstream manifold module 1. Where multiple, in this 
embodiment three, consecutive pairs of data pulses having 
the same active pulse Widths, that is, pairs of data pulses 
having active pulse Widths of one of 15 us (ON code) and 9 
us (OFF code) or 9 us (OFF code) and 15 us (ON code), are 
decoded, the control unit 22 is con?gured to sWitch the 
solenoid valve of the associated valve module 44 to the 
respective one of the tWo directional states. For the same 
reason as given hereinabove, the control unit 22 operates the 
associated valve module 44 only on receiving consecutively 
multiple pairs of data pulses having the same active pulse 
Widths in order to prevent noise in the control signal causing 
the inadvertent sWitching of the solenoid valve. 

[0048] The control module 2 comprises a main body 23, 
an electrical connector 24 mounted to the main body 23 and 
electrically connected in use to an external programmable 
control device, and a circuit board 25 mounted in the main 
body 23 and electrically connected to the connector 24. In 
this embodiment the main body 23 is extruded or die cast 
from an aluminium alloy, but alternatively could be formed 
from an injection-moulded plastics material. 

[0049] The main body 23 is of similar design to the main 
bodies 4 of the manifold modules 1 in including a cavity 26 
Which includes mounting means 27, in this embodiment 
recesses, for mounting the circuit board 25, With the circuit 
board 25 being secured Within the cavity 26 by ?xing means, 
preferably bolts, tapped screWs or doWel pins. 

[0050] The main body 23 further includes a ?uid conduit 
30 and ?rst and second exhaust conduits 31, 32 Which are in 
?uid communication With the respective ones of the ?uid 
conduits 10 and the ?rst and second exhaust conduits 11, 12 
in the main bodies 4 of the manifold modules 1. 

[0051] The connector 24, in this embodiment a 25-Way 
electrical connector, is con?gured to receive in parallel 
tWenty-four control signals, in this embodiment at +24 V, on 
respective ones of the pins thereof, With the remaining pin 
providing a common ground line, in this embodiment a 
common return at 0 V. 

[0052] The circuit board 25 includes an electrical connec 
tor 33, in this embodiment a four-pin male connector, for 
connection to the counterpart connector 18 of the circuit 
board 5 of the adjacent manifold module 1. The pins of the 
connector 33 provide a common ground line (0 V), a poWer 
line (+24 V), a serial signal input line and a serial signal 
output line. As Will become apparent hereinbeloW, Where 
only one-Way data communication from the control module 
2 to the manifold modules 1 is required, then the connector 
33 on the circuit board 25 of the control module 2 and the 
connectors 16, 18 on the circuit boards 5 of the manifold 
modules 1 need only have three pins as only one data line is 
required. 

[0053] With reference to FIG. 5, the circuit board 25 
further includes a control unit 34 Which includes a parallel 
to-serial converter 35 for converting parallel control signals, 
in this embodiment tWenty-four parallel data streams at +24 
V, received via the connector 24 from the external control 
device to serial control signals, in this embodiment 5 V serial 
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data streams including tWenty-four pulse Width modulated 
data pulses, for transmission to the manifold modules 1 over 
the common data bus, and a serial-to-parallel converter 36 
for converting serial return data signals, in this embodiment 
tWenty-four 5 V pulse Width modulated data pulses, received 
from the manifold modules 1 to parallel return data signals, 
in this embodiment tWenty-four parallel data streams at +24 
V, for transmission over the common data bus and via the 
connector 24 to the external control device. 

[0054] In this embodiment, the parallel-to-serial and 
serial-to-parallel converters 35, 36 are each provided by a 
24-bit shift register and a microprocessor. The control unit 
34 is further con?gured to terminate each serial control 
signal With the short pulse of the STOP code, in this 
embodiment having an active pulse Width of 4 us, to con?rm 
completion of the transmission of the serial control signal to 
the control units 22 of the manifold modules 1. It Will be 
understood that Where only one-Way data transmission to the 
manifold modules 1 is required, the control unit 34 need not 
include the serial-to-parallel converter 36. 

[0055] FIG. 6(a) illustrates a representative example of 
the format of a serial control signal generated by the control 
unit 34 of the control module 2 for operation of the control 
system When including tWenty-tWo manifold modules 1 and 
associated valve modules 44, With the third and ?fth mani 
fold modules 1 including bi-stable control units 22 for 
control of the associated valve modules 44 including bi 
stable valves and the other manifold modules 1 including 
mono-stable control units 22 for control of the associated 
valve modules 44 including mono-stable valves. FIGS. 6(b) 
to (6) illustrate the format of that same control signal as 
received by the control units 22 of the second, third, fourth 
and tWenty-second (last) manifold modules 1. As Will be 
noted, the non-decoded data pulses are gated to the control 
unit 22 of the subsequent manifold module 1. In this Way, 
addressing of the manifold modules 1 is unnecessary. All 
that is required is that the external control device be pro 
grammed With the functionality and position of the respec 
tive types of the manifold modules 1. 

[0056] The end connection module 3 comprises a main 
body 39 Which is of similar design to the main bodies 4 of 
the manifold modules 1 and includes a ?uid conduit 40 and 
?rst and second exhaust conduits 41, 42 Which are in ?uid 
communication With the respective ones of the ?uid conduits 
10 and the ?rst and second exhaust conduits 11, 12 in the 
main bodies 4 of the manifold modules 1. In this embodi 
ment a pressurised ?uid supply line is connected to the ?uid 
supply conduit 40 and exhaust lines are connected to the 
exhaust conduits 41, 42. In an alternative embodiment, the 
pressurised ?uid supply line could be connected to the ?uid 
supply conduit 30 in the control module 2 and the exhaust 
lines could be connected to the exhaust conduits 31, 32 in the 
control module 2. 

[0057] The control system further comprises a plurality of, 
in this embodiment tWenty-four, valve modules 44, each 
connected to a respective one of the manifold modules 1. 

[0058] The valve modules 44 each comprise a main body 
45, an electrical connector 46, in this embodiment a male 
connector, mounted to the main body 45 and electrically 
connected to the third connector 20 on the circuit board 5 of 
the respective manifold module 1, and at least one electri 
cally-operated valve, in this embodiment a solenoid valve, 
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Which is poWered through the connector 46. As mentioned 
hereinabove, the at least one valve may be either a mono 
stable or bi-stable solenoid valve, and Where a bi-stable 
valve is incorporated in any of the valve modules 44, tWo 
pins of the connector 24 of the control module 2 are required 
for each bi-stable valve. 

[0059] The main body 45 includes a plurality of ori?ces 
Which are in registration With the ori?ces 14 in the main 
bodies 4 of the respective manifold bodies 1 and act as 
supply and exhaust ports. In this embodiment a valve 
interface plate 48, preferably a rubber gasket, is located 
betWeen the main bodies 4, 45 of the manifold modules 1 
and the valve modules 44, With the valve interface plates 48 
including a plurality of through holes 50 in registration With 
the ori?ces 14 in the main bodies 4 of the manifold modules 
1 and the ori?ces in the valve modules 44. 

[0060] The main body 45 further includes ?rst and second 
?uid outlet ports 52, 53 Which are connected to ?uid supply 
lines for supplying ?oW-controlled pressurised ?uid to exter 
nal equipment. 

[0061] In use, manifold modules 1 each With an associated 
valve module 44, the control module 2, and the end con 
nection module 3 are built up to provide a ?uid control 
system as described above, and connected to an external 
control device, typically a programmable logic controller 
(PLC), through the connector 24 of the control module 2. 
Once poWered up, the control system is ready for use 
Without the need to individually set unique addresses for 
each of the manifold modules 1. Indeed, the control system 
is so versatile as to alloW manifold modules 1 to be added 
or removed Without requiring any re-Wiring or complex 
programming modi?cations. This versatility stems from the 
manner in Which the control signals are transmitted from the 
control module 2 to the manifold modules 1 as described 
hereinabove. 

[0062] As described hereinabove, the operation of each of 
the valves of the valve modules 44 is controlled in response 
to parallel control signals, in this embodiment one per valve 
module, as generated by the external control device. Upon 
receipt of the parallel control signals, the control unit 34 in 
the control module 2 converts the parallel control signals 
into serial control signals in a time-divided, multiplexed 
fashion and transmits the same to the manifold modules 1 
over the common data bus. In this embodiment the serial 
control signal output by the control unit 34 in the control 
module 2 is a serial data stream including tWenty-four 
consecutive data pulses, each providing the ON or OFF code 
control instructions for the valve modules 44, and a termi 
nating pulse providing the STOP code. 

[0063] FolloWing the format of the serial control signal 
illustrated in FIG. 6(a), the control unit 22 of the ?rst 
manifold module 1 acts on the ?rst data pulse of the serial 
control signal output by the control unit 34 of the control 
module 2 to control the associated valve module 44 and 
modi?es the serial control signal by one of removing or 
blocking the ?rst data pulse, in this embodiment by gating 
the subsequent data pulses. The control unit 22 of the second 
manifold module 1 then acts on the ?rst data pulse of the 
modi?ed serial control signal, that is, the second data pulse 
of the serial control signal as originally output by the control 
unit 34 of the control module 2, and modi?es the serial 
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control signal by one of removing or blocking the ?rst 
received data pulse, in this embodiment by gating the 
subsequent data pulses. 

[0064] The control unit 22 of the third manifold module 1 
then acts on the ?rst and second data pulses of the modi?ed 
serial control signal, that is, the third and fourth data pulses 
of the serial control signal as originally output by the control 
unit 34 of the control module 2, and modi?es the serial 
control signal by one of removing or blocking the ?rst and 
second-received data pulses, in this embodiment by gating 
the subsequent data pulses. The control unit 22 of the fourth 
manifold module 1 then acts on the ?rst data pulse of the 
modi?ed serial control signal, that is, the ?fth data pulse of 
the serial control signal as originally output by the control 
unit 34 of the control module 2, and modi?es the serial 
control signal by one of removing or blocking the ?rst 
received data pulse, in this embodiment by gating the 
subsequent data pulses. The control unit 22 of the ?fth 
manifold module 1 then acts on the ?rst and second data 
pulses of the modi?ed serial control signal, that is, the sixth 
and seventh data pulses of the serial control signal as 
originally output by the control unit 34 of the control module 
2, and modi?es the serial control signal by one of removing 
or blocking the ?rst- and second-received data pulses, in this 
embodiment by gating the subsequent data pulses. The 
control units 22 of the sixth to tWenty-?rst manifold modules 
1 similarly act on and modify the serial control signal, until 
?nally the control unit 22 of the tWenty-second manifold 
module 1 acts on the one remaining data pulse, that is, the 
tWenty-fourth data pulse of the originally-transmitted serial 
control signal. 

[0065] A short terminating pulse representing the STOP 
code, in this embodiment having an active pulse Width of 4 
its, is received by each of the control units 22 Which 
con?rms completion of the transmission of the serial control 
signal-and triggers transmission of return data, for example, 
error codes or state information, from each of the manifold 
modules 1 back to the control module 2, and readies the 
control units 22 for receipt of the next serial control signal. 
In another embodiment, at the end of the predetermined 
period set aside for the transmission of the return data, in this 
embodiment a period of 100 ps, the control unit 34 of the 
control module 2 can be con?gured to transmit a further 
short pulse, typically having an active pulse Width of 1 or 2 
us, to ready the control units 22 of the manifold modules 1 
for receipt of the next serial control signal. 

[0066] FIGS. 7 to 9 relate to a ?uid control system in 
accordance With a second embodiment of the present inven 
tion. 

[0067] The ?uid control system of this embodiment is 
broadly similar to the ?uid control system of the above 
described embodiment. Thus, in order to avoid unnecessary 
duplication of description, only the differences Will be 
described in detail, With like parts being designated by like 
reference signs. 

[0068] The ?uid control system differs in that the manifold 
modules 1 are provided as three daisy-chained groups G1, 
G2, G3 of serially-connected manifold modules 1, With the 
intermediate ends of the groups G1, G2, G3 including 
respective ones of intermediate output connection modules 
56 and intermediate input connection modules 57. Such 
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daisy-chained groups G1, G2, G3 of manifold modules 1 
Would typically be provided at separate locations Within a 
factory or industrial plant. 

[0069] Each of the intermediate output modules 56 com 
prises a main body 58, an electrical connector 59 mounted 
to the main body 58 and electrically connected to the 
electrical connector 65 of the subsequent intermediate input 
module 57, and a circuit board mounted in the main body 58 
and connected to the connector 59. In this embodiment the 
main body 58 is extruded or die cast from an aluminium 
alloy, but alternatively could be formed from an injection 
moulded plastics material. 

[0070] The main body 58 of the intermediate output 
module 56 is of similar design to the main bodies 4 of the 
manifold modules 1 in including a cavity Which includes 
mounting means, in this embodiment recesses, for mounting 
the circuit board, With the circuit board being secured Within 
the cavity by ?xing means, preferably bolts, tapped screWs 
or doWel pins. 

[0071] The main body 58 further includes a ?uid conduit 
60 and ?rst and second exhaust conduits 61, 62 Which are in 
?uid communication With the respective ones of the ?uid 
conduits 10 and the ?rst and second exhaust conduits 11, 12 
in the main bodies 4 of the manifold modules 1. 

[0072] The circuit board includes an electrical connector, 
in this embodiment a four-pin female connector, for con 
nection to the counterpart connector 16 of the circuit board 
5 of the adjacent manifold module 1. The pins of the 
connector provide a common ground line (0 V), a poWer line 
(+24 V), a serial signal input line and a serial signal output 
line. As mentioned hereinabove, Where only one-Way data 
communication from the control module 2 to the manifold 
modules 1 is required, then the connector on the circuit 
board and the connector 59 on the main body 58 need only 
have three sockets or pins. 

[0073] Each of the intermediate input modules 57 com 
prises a main body 64, an electrical connector 65 mounted 
to the main body 64 and electrically connected to the 
electrical connector 59 of the previous intermediate output 
module 56, and a circuit board 66 mounted in the main body 
64 and electrically connected to the connector 65. In this 
embodiment the main body 64 is extruded or die cast from 
an aluminium alloy, but alternatively could be formed from 
an injection-moulded plastics material. 

[0074] The main body 64 is of similar design to the main 
bodies 4 of the manifold modules 1 in including a cavity 67 
Which includes mounting means 68, in this embodiment 
recesses, for mounting the circuit board 66, With the circuit 
board 66 being secured Within the cavity 67 by ?xing means, 
preferably bolts, tapped screWs or doWel pins. 

[0075] The main body 64 further includes a ?uid conduit 
70 and ?rst and second exhaust conduits 71, 72 Which are in 
?uid communication With the respective ones of the ?uid 
conduits 10 and the ?rst and second exhaust conduits 11, 12 
in the main bodies 4 of the manifold modules 1, and ?uidly 
connected by a ?uid supply line and exhaust lines to the 
respective ?uid supply conduit 60 and exhaust conduits 61, 
62 of the previous intermediate output module 56. In an 
alternative embodiment, each of the groups G1, G2, G3 of 
manifold modules 1 could be connected to separate ?uid 
supply and exhaust lines. 
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[0076] The circuit board 66 includes an electrical connec 
tor 74, in this embodiment a four-pin male connector, for 
connection to the counterpart connector 18 of the circuit 
board 5 of the adjacent manifold module 1. The pins of the 
connector 74 provide a common ground line (0 V), a poWer 
line (+24 V), a serial signal input line and a serial signal 
output line. As mentioned hereinabove, Where only one-Way 
data communication from the control module 2 to the 
manifold modules 1 is required, then the connector 74 on the 
circuit board 66 and the connector 65 on the main body 64 
need only have three sockets or pins. 

[0077] Finally, it Will be understood that the present inven 
tion has been described in its preferred embodiments and 
can be modi?ed in many different Ways Without departing 
from the scope of the invention as de?ned by the appended 
claims. 

[0078] In one modi?cation, the control unit 34 of the 
control module 2 could be provided With additional pro 
cessing capability to enable the generation of a pulse Width 
modulated serial control signal upon receipt of differently 
formatted input signals, for eXample, digital signals. 

[0079] In another modi?cation, the return data from the 
manifold modules 1 could be transmitted over the same data 
line as the serial control signals using different time or 
frequency channels. 

What is claimed is: 
1. A modular ?uid control system, comprising: 

a control module for receiving parallel electronic control 
signals as a plurality of data streams, the control 
module including a control unit con?gured to convert 
the data streams of the parallel electronic control sig 
nals to serial electronic control signals, each including 
a plurality of data pulses as control instruction signals, 
and an electrical connector; 

a plurality of valve modules, each valve module including 
at least one valve operable to control the How of 
pressurised ?uid; and 

a plurality of manifold modules connectable in series to 
the control module and connected to respective ones of 
the valve modules, each manifold module including a 
?uid supply conduit to provide a common manifold for 
receiving pressurised ?uid, ?rst and second electrical 
connectors for connection With ones of the connectors 
of adjacent manifold modules and the connector of the 
control module to provide an electrical bus for trans 
mission of the serial control signals and poWer supply, 
and a control unit con?gured to decode one or more of 
the ?rst-received data pulses of the serial control sig 
nals, control the respective valve module accordingly, 
and pass any remaining data pulses as a modi?ed serial 
control signal from Which the decoded data pulses have 
been one of removed or blocked to the control unit of 
any doWnstream manifold module. 

2. The ?uid control system of claim 1, Wherein the 
manifold modules are non-addressed. 

3. The ?uid control system of claim 1, comprising a single 
group of series-connected manifold modules. 

4. The ?uid control system of claim 1, comprising a 
plurality of interconnected groups of series-connected mani 
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fold modules, and further comprising intermediate connec 
tion modules connected to the intermediate ends of the 
groups of manifold modules. 

5. The ?uid control system of claim 1, further comprising 
an end connection module connected to the end of the 
series-connected manifold modules. 

6. The ?uid control system of claim 5, Wherein one of the 
control module or the end connection module includes a port 
for connection to a supply of pressurised ?uid. 

7. The ?uid control system of claim 1, Wherein the serial 
control signals are pulse Width modulated signals. 

8. The ?uid control system of claim 7, Wherein data pulses 
having different pulse Widths designate different control 
states. 

9. The ?uid control system of claim 8, Wherein the pulse 
Widths are the active pulse Widths. 

10. The ?uid control system of claim 1, Wherein the 
control unit of each manifold module is further con?gured to 
operate the respective valve module only on consecutively 
receiving the one or more data pulses having the same pulse 
Widths a predetermined number of times. 

11. The ?uid control system of claim 10, Wherein the 
control unit of each manifold module is con?gured to 
operate the respective valve module only on consecutively 
receiving the one or more data pulses having the same pulse 
Widths at least three times. 

12. The ?uid control system of claim 1, Wherein the valve 
modules include one of mono-stable or bi-stable valves. 

13. The ?uid control system of claim 12, Wherein the 
control unit of any manifold module connected to a valve 
module including a mono-stable valve is con?gured to 
decode the ?rst-received data pulse of each of the received 
serial control signals. 

14. The ?uid control system of claim 12, Wherein the 
control unit of any manifold module connected to a valve 
module including a bi-stable valve is con?gured to decode 
the ?rst- and second-received data pulses of each of the 
received serial control signals. 

15. The ?uid control system of claim 1, Wherein the 
control unit of the control module is further con?gured to 
terminate each of the serial control signals generated thereby 
With a termination signal to denote the end of each of the 
serial control signals. 

16. The ?uid control system of claim 1, Wherein the 
control unit of each manifold module is further con?gured to 
transmit return data signals to the control module. 

17. The ?uid control system of claim 16, Wherein the 
control unit of the control module is further con?gured to 
convert the return data signals to parallel return data signals. 

18. The ?uid control system of claim 1, Wherein the 
control unit of each manifold module is con?gured to 
transmit return data signals to the control module on receipt 
of the termination signal. 

19. The ?uid control system of claim 1, Wherein the 
manifold modules each comprise a body Which includes a 
passage, and a printed circuit board housed in the passage 
Which includes the connectors and the control unit, With the 
passages together de?ning a common passage in Which the 
printed circuit boards are connected. 

20. The ?uid control system of claim 19, Wherein the main 
body of each manifold module is formed as an integral 
component. 


