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LOW PRESSURE OPERABLE, DIAPHRAGM TYPE 
LOGICAL ELEMENT 

BACKGROUND OF THE INVENTION 

This invention relates to a low pressure operable, dia 
phragm-type logical product element and, more partic 
ularly, to a diaphragm-type logical element having logi 
cal product AND capability using low pressure air. 
Logical elements using air as an operating medium 

can be classi?ed into two general types: a moving type 
and a pure ?uidic type. Most moving type elements, 
which use air at pressures as high as 0.5 to 5.0 kg/cmz, 
suffer from various shortcomings arising from the high 
pressure piping material which must be used, pressure 
resistance, pressure leakage and other manufacturing 
requirements imposed by high pressure operation. In 
addition, a moving type logic element used to drive sev 
eral pure ?uidic elements, is often susceptible to energy 
losses and load variations in the feeding ?uid ?ow 
which effects signal transmission, thus limiting the 
number of pure ?uid elements which may be supplied 
by the output of the moving element. Further, certain 
logic operations involve the use of complicated logic 
elements (OR, NOR, etc.) to attain the desired logic 
functions, instead of using a single internally compli 
cated element, resulting in a complex piping arrange 
ment which impairs the reliability of the operational 
logic element and raises the manufacturing cost. 
The pure ?uidic element is desirable because it has 

no moving parts, exhibits improved reliability and ser 
vice life, and is adaptable to the combination of funda 
mental logic elements described earlier. However, ex 
pensive control is necessary to maintain the quality of 
air used requiring costly ?ltration and other support 
equipment. Further, the ampli?cation ratio, the ratio of 
an input signal pressure to an output pressure, is ap 
proximately 3 to 5, thus making it necessary to increase 
the number of elements if the desired logic functions 
require an ampli?er. 
Among the objects of the present invention are, 

therefore: the provision of a low pressure operable, dia 
phragm-type logical product element which incorpo 
rates an impedance matcher; the provision of a dia 
phragm-type logical product element which can drive 
several pure ?uidic elements by means of a single AND 
element; the provision of a diaphragm-type logical 
product which may be employed in a hybrid arrange 
ment including moving and pure ?uidic elements; the 
provision of a diaphragm-type logical product element 
which reduces signal transmission losses and sensitivity 
to varying load; the provision of a diaphragm-type logi 
cal product element which permits easy control of air 
used; and the provision of a diaphragm-type logical 
product element which presents a moderate responsing 
capability to an input signal. 

SUMMARY OF THE INVENTION 

According to the present invention, a diaphragm 
type logical product AND element includes a supply 
portion and a common output port connected to a plu 
rality of fluid passages in communication with a plural 
ity of pressure relief passages each containing a dia 
phragm which may be displaced by an external signal 
pressure to close a nozzle in the pressure relief passage 
to increase the pressure at the output portion when all 
of the relief passages are closed to produce a logic sig 
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2 
nal which may be transmitted to pure ?uidic elements. 
The logical product element permits the generation of 
a pressure at the output port only when external signal 
pressures are exerted upon all of the diaphragms. Ac 
cording to another aspect of the present invention, an 
impedance matcher provided in the supply portion for 
reducing energy losses and susceptibility to varying 
loads has a nozzle, an enlarged diameter portion, and 
relief ports which discharge or suck in air depending on 
load conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view showing an 
outline of the logical product element of the present in 
vention; 
FIG. 2 is a longitudinal cross-sectional view of one 

embodiment of the logical product element of the in 
vention; I 

FIG. 3 is a plan view of the logical product element 
of the invention of FIG. 2; 
FIG. 4 is a schematic longitudinal cross-sectional 

view of an impedance matcher used with the logical 
product element of the invention; ' 
FIG. 5 is a schematic view showing the logical prod 

uct element of the invention which drives several pure 
?uidic elements; 
FIG. 6 is a schematic longitudinal cross-sectional 

view of an ori?ce or nozzle of a simple construction; 
and 
FIG. 7 is a longitudinal cross-sectional view of one 

modi?cation of the logical product element of the in 
vention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

As shown in FIGS. 1-4 of the drawing, a supply por 
tion 1 supplies a compressible ?uid, for example, air, to 
an impedance matcher 25 and a diaphragm-type logic 
element 29. The air fed through the supply portion 1 
passes through a nozzle 2 or ?uid inlet passage of cylin 
drical shape in the impedance matcher 25 where the 
?ow rate is restricted. The exit of the nozzle 2 is in 
communication with an enlarged diameter portion 23, 
to the base of which relief ports 3 extend at right an 
gles. The cylindrically shaped ?uid outlet passage 23 
being of a diameter greater than the diameter of the 
?uid inlet passage 2 and being coaxial with the inlet 
passage 2 serves to de?ne a radial interface establishing 
a stepped junction 48 between the inlet and outlet pas 
sages. The relief ports or the discharge-suction pas 
sages 3 intersect the outlet passage 23 at this stepped 
junction. The air which has passed through the nozzle 
2 will be discharge through relief ports 3 if the load re 
sistance is great, thus preventing pressure of the load 
from reaching the pressure of the air supplied. If the 
load resistance is small, however, a low pressure vortex 
region will be created in part of the enlarged diameter 
portion 23, such that the air will be sucked through re 
lief ports 3 from the atmosphere causing no apprecia 
ble reduction in the pressure of the load. In this man 
ner, the relief ports 3 in the impedance matcher 25 act 
to suck or discharge air from the atmosphere, depend 
ing on the magnitude of the load resistance, thus main 
taining the output pressure of the impedance matcher 
25 constant despite ?uctuation in the load, regardless 
of whether the expansion number (or factor) of the log 
ical element 29 is changed by varying the number of 
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?uid discharge passages or ?uid elements in the circuit 
supplied by the impedance matcher 25. 
The constant pressure supply air from the impedance 

matcher 25 is fed past parallel supply ports 4, 5 and 6 
into a plurality of identical parallel pressure relief pas 
sages within unit chambers A, B and C. Chamber C, for 
example, includes supply port 4 which opens into a 
chamber 4a including an output port 16 spaced from 
the supply port 4 and an intermediate nozzle 10 which 
communicates with a pressure relief passage through 
discharge port 20. A signal port 26 communicates with 
the space above a diaphragm 13 which may be dis 
placed downwardly to block the nozzle 10 when a pres 
sure signal is exerted at the port 26. The remaining unit 
chambers A and B include supply ports 5 and 6 which 
open to identical chambers and pressure relief pas 
sages. The outlet ports 16, 17 and 18 are intercon 
nected at a common outlet 19. 

In operation, when there is no signal pressure exerted 
at either one of the signal ports 26, 27 or 28, the air will 
be discharged through nozzles 10, 11 and 12 and dis 
charge ports 20, 21 and 22, respectively, to the atmo 
sphere, thus restricting the pressure at the output port 
19 which will be in an “OFF” condition. If there are 
pressure signals exerted at less than all of the signal 
ports 26, 27 and 28, the air will be discharged through 
the relief passages remaining open to discharge ports 
20, 21 or 22, and the output port 19 will remain in an 
“OFF” condition. But when signal pressures are ex 
erted to all of the signal ports 26, 27 and 28, then all 
the diaphragms 13, 14 and 15 will be displaced down 
wardly away from their home positions to block the 
nozzles 10, 11 and 12, and disable the pressure relief. 
passages, causing air to ?ow through outlets 16, 17 and 
18 and raise the pressure at the output port 19 to an 
ON condition. As is apparent from this description, the 

' function of the logical element 26 is of a logical prod 
uct AND nature. Signal transmission from the output 
port 19 to an external element, for example a pure ?uid 
element, is effected by movement of‘a diaphragm over 
a very small stroke, instead of by feeding fluid flow, 
thus reducing energy losses and improving response ca 
pability. By reducing energy losses, it is possible to in 
crease the expansion number (or factor) of ‘the logical 
element by combining several unit chambers while 
meeting the demands of any external elements. 
For a better understanding of the logic element struc 

ture, reference is made to FIGS. 2 and 3 in which parts 
corresponding to the outlined portions of FIG. I bear 
the same reference numerals. Another embodiment of 
‘the present invention is illustrated in FIG. 7, in which 
the unit chambers A’, B’ and C’ are arranged side by 

I side. , ‘ 

In the preferred embodiment shown in FIG. 2, the 
logical element 29 is formed by stacking three modular 
chamber defining plates ‘36, 38 and 40 on top of a base 
plate 32. The baseplate 32 is formed with a main sup 
ply port 1 containing the impedance matcher 25, a 
common'outle't port 19 and base signal ports 26, 27, 
and 28. A gasket 46 is placed between the base 32 and 
the chamber defining plate 36 with this gasket having 
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formed therein openings for the supply port, the com- _ 
mon outlet port, and the signal ports. Each of the 
chamber de?ning plates 36, 38 and 40 is formed with 
identical inlet ports 4, 5, and 6 connected in parallel to 
the main supply port 1. Identical discharge ports 16, 
l7, and 18 are formed in each of the plates spaced from 
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4 
the supply ports and‘ connected in parallel to a common 
discharge port 19. Diaphragms 13 and 14 are disposed 
between adjacent chamber de?ning plates 36 and 38 
and 38 and 40, respectively. These diaphragms 13 and 
14 face the intermediate nozzles 10 and 11 and have a 
home position permitting communication between the 
supply ports 4 and 5 and relief discharge ports 20 and 
21 through the nozzles 10 and 11. As shown, gaskets>42 
and 44 are placed above the diaphragms 13 and 14 and 
in conjunction with these diaphragms de?ne signal re 
ceiving chambers. A diaphragm 15 is placed on the up 
permost chamber defining plate 40 and faces the noz 
zles 12 of this plate. A cover plate 34 is superimposed 
on the diaphragm l5 and in conjunction therewith de 
?nes a signal receiving chamber for the uppermost 
plate 40. As shown, each of the plates or chamber de 
?ning units 36, 38, and 40 are formed with identical re 
lief passageways, intake ports, and outlet ports. Further 
the lowermost unit 36 is formed with a cylindrical sig 
nal port 26 opening into the signal receiving chamber 
de?ned by diaphragm 13 and adjacent plates 38 as well 
as having formed therein passageways aligned with the 
signal ports 27 and 28 of plates 38 and 40. Likewise 
plate 38 is formed with two passageways with one pas 
sageway aligned with the signal port 27 which opens up 
into the signal receiving chamber de?ned by diaphragm 
14 and adjacent plate 40 and a passageway aligned with 
the signal port 28 formed in plate 40. The logic element 
29 shown in FIG. 2 is therefore formed by sandwiching 
stacked, separately formed, modular chamber de?ning 
plates 36, 38 and 40 between a base plate 32 and a 
cover plate 34 with the supply ports and the outlet 
ports connected in parallel. The diaphragm-type logical 
product AND element produces a signal at the com 
mon outlet 19 when pressure signals are applied to all 
of the signal ports moving the diaphragms to close the 
nozzles 10, 11, and 12. 
The element 29 of the present invention may be con 

nected with and used to drive several pure ?uidic ele 
ments 30, as shown in FIG. 5, or used by itself. When 
100% pressure recovery rate is desired, a pure ori?ce 
31 may be used in the input portion, as shown in‘ FIG. I 
6, in place of the impedance matcher 25 in an attempt 
to attain the same function as the impedance matcher 
25. The term “pressure recovery rate" is de?ned as fol 
lows: . 

(Output pressure / Pressure supplied) X 100%. , 

As is apparent from the foregoing, the logical prod 
uct element of the present invention avoids extreme 

A susceptibility to a load because of the use of the imped- ' 
ance matcher 25. In addition, the element may be used 
in a‘hybrid arrangement combining a pure fluidic ele 
ment adapted to applications where a specific response 
is required or where a pure ?uidic element is provided 
as part of complicated logic functions. The element of 
the present invention, therefore, is adapted to the ap 
plications other than those of a pure ?uidic element 
alone. By placing unit chambers such as A, B and C one 
on top of the other as shown in FIGS. 1 and 2, it is pos 
sible to obtain an unlimitedly increased expansion 
number (or factor) because the signal transmission is 
effected by using pressure diaphragms rather than feed 
ing ?uidflows, thus resulting in little energy loss. Sup 
ply air quality control is‘ much easier than with pure ?u 
idic elements because the passages having greater cross 
sectional areas and the “wall attachment” phenome 
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non experienced with pure fluidic elements is dis 
pensed with. The short stroke of the diaphragm, 0.5 to 
1 mm., allows improved responsing capability for a sig 
nal of a frequency in the order of 100 (HZ) and opera 
tion at low pressures of from 0.05 to 0.5 kg/cm2 which 
present no likelihood of piping pressure leakage. Since 
the ampli?cation ratio is from 8 to 10, the element also 
can be used as an amplifier. 
While the present invention has been described 

herein with reference to certain embodiments thereof, 
it should be understood that .various changes, modi?ca 
tions, and alternations may be effected without depart 
ing the spirit and the scope of the present invention, as 
de?ned in the appended claims. 

I claim: 
1. A low pressure operable, diaphragm-type logical 

element comprising: 
a base having formed therein a main supply port, a 
base outlet port, and a plurality of base signal ports; 

a plurality of superimposed, modular chamber de?n 
' ing plates vertically stacked on said base, each of 

said plates having formed therein a supply port to 
receive fluid from said main supply port, an inter 
mediate nozzle, a relief discharge port intercom 
municating with said supply port through said in 
termediate nozzle and a chamber signal port com 
municating with one of said base signal ports, at 
least one of said superimposed, modular chamber 
de?ning plates having formed therein an outlet 
port spaced from said supply port and communi 
cating with said base outlet port; 

a plurality of diaphragms disposed between adjacent 
chamber de?ning plates, each of said diaphragms 
facing one of said intermediate nozzles and each 
having a home position permitting communicating 
between said relief discharge ports and said supply 
ports through said nozzles and each of said dia 
phragms in conjunction with said adjacent cham 
ber de?ning plates forming a plurality of signal re 
ceiving chambers ' into which one of said signal 
ports opens thereby forming a low pressure opera 
ble, diaphragm-type logical element capable of 
producing a signal at said base outlet when said sig 
nal receiving chambers receive a pressure signal 
and said diaphragms move to a position closing said 
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nozzles, whereby the number of signal receiving 
chambers may be altered merely by stacking an ap 
propriate number of pre-formed modular chamber 
de?ning plates one on top of the other. 

2. The diaphragm-type logical element de?ned by 
claim 1 further including a diaphragm placed on the 
uppermost modular chamber de?ning plate of said 
plates vertically stacked on said base and facing said 
intermediate nozzle of said uppermost plate; and a 
cover plate placed on said diaphragm and defining in 
conjunction with said diaphragm a signal receiving 
chamber into which said signal port of said uppermost 
chamber de?ning plate opens. 

3. The diaphragm-type logical element de?ned by 
claim 2 wherein said main supply port, said common 
outlet port, said signal ports, and said signal receiving 
chambers are of circular cross—section. 

4. The diaphragm-type logical element de?ned by 
claim 3 wherein said main supply port contains an im 
pedance matcher comprising: a body having a ?uid 
inlet passage of cylindrical shape formed therein; said 
body also having formed therein a cylindrically shaped 
?uid outlet passage of a diameter greater than the di 
ameter of said inlet passage, said outlet passage being 
coaxially aligned with said inlet passage and de?ning 
with said inlet passage a radial interface, thereby to es 
tablish a stepped junction between said inlet and said 
outlet passage; and said body further having at least 
one ?uid discharge suction passage of cylindrical shape 
formed therein and extending at a right angle with re 
spect to a plane parallel to the longitudinal axis of said 
outlet passage and intersecting said outlet passage at 
said stepped junction thereby communicating said 
stepped‘ junction with the atmosphere. 

5. The diaphragm-type logical element de?ned by 
claim 1 wherein said element is a product AND ele 
ment in which each of said supply ports are connected 
in parallel with said main supply port and wherein each 
of said superimposed, modular chamber de?ning plates 
has formed therein an outlet port spaced from said sup 
ply port, said outlet ports of each of said chamber de-' 
?ning plates being connected in parallel and communi 
cating with said common outlet port. 
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