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1. 

FLUDC CIRCUTPACKAGE 
This invention relates generally to the art of pure fluid 

devices and more particularly to the packaging of fluidic 
devices in circuits. 
The development of pure fluid amplifiers has stimulated the 

design of components operating under fluid flow principles 
that perform functions heretofore only effectively satisfied by 
electrical components. As a result of this technology, it is now 
possible to arrange fluidic elements, such as flow, pressure, 
and power amplifiers, bistable elements, logical gates, capaci 
tors, resistors, etc. into circuits very similar to electronic cir 
cuits. Many of the fluidic devices now manufactured are of 
generally planar configuration. When these devices or com 
ponents are arranged side by side into a circuit they require a 
considerable space envelope. This is especially true when fluid 
fittings and fluid conveying tubing are necessary between the 
fluidic elements. Furthermore, such an arrangement results in 
a great confused maze offluid tubing and fittings. 
Another significant problem in the development of circuit 

packaging of fluidic devices results from the widespread use of 
materials (in the manufacture of these fluidic devices) that 
have a high modulus of elasticity and/or other unique proper 
ties. Material such as ceramics, glass and certain plastics have 
been widely accepted as materials for fluidic components 
because of known techniques for accurately forming fluid 
passages in these materials. There have been difficulties in 
designing adequate fittings connectable with these devices for 
conveying fluid to and from them. That is, the fittings required 
have been excessively large and it has been found difficult to 
provide a long lasting seal between the fittings and the fluidic 
devices themselves. Still another problem exists with respect 
to these fluidic components which have a high modulus of 
elasticity. While some of these materials permit high accura 
cies in the shape of the fluid flow passages therein, it has been 
found impractical to remove surface nonuniformities by 
machining. Because of these surface nonuniformities any at 
tempt to fasten these devices together in circuit fashion 
produces undesirable high stress concentrations in the com 
ponents. 

In accordance with the present invention a fluidic circuit 
package is provided in which planar fluidic components are 
stacked, one upon the other, to conserve space and reduce the 
tubing required for interconnecting one fluidic element to 
another. Between each of the fluidic elements a generally 
planar manifold is provided having passages therein which 
connect the desired ports of the adjacent fluidic elements, 
each of the manifolds having provision for receiving external 
fittings which may be used to "jump' a fluid signal from one 
manifold to a remote manifold in the stack or provide a fluid 
connection with a signal or source external from the stack. 

If desired, these manifold members may be standardized to 
some extent by providing each with the same number of verti 
cal passages therethrough e.g. six when there are six or less 
ports in the fluidic elements, or eight if there are eight or less 
ports in the fluidic elements. Removable washers are pro 
vided, some with and some without passages therethrough for 
selectively blocking or providing communication between the 
ports in the adjacent fluidic elements. Thus, when a circuit is 
assembled either a solid or an open washer is placed adjacent 
each port or passage depending upon the desired circuit con 
nections. The arrangement, together with the capability of 
jumping signals from one component to another permits al 
most an unlimited flexibility of circuit design with the present 
packaging arrangement. 

Furthermore, the manifolds may, if desired, be provided 
with cross-passages interconnecting the vertical passages so 
that a signal from one stage (such as an output signal from the 
output leg port of one fluidic element) may be delivered to a 
nomaligned port in the adjacent fluidic element (such as one of 70 
the control ports) without the necessity of any external con 
nections or tubing. 
The washers, described above, in addition to providing the 

function of selectively blocking ports and passages, are 
resilient and serve to space the fluidic elements from their ad 
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2 
jacent manifolds. The resiliency in the washers prevents un 
desired stress concentrations in nonuniform fluidic devices. 
The manifolding arrangement, moreover, eliminates the 
necessity for any external fittings on the fluidic devices them 
selves, thus eliminating a prior art problem described above. 

It is, therefore, a primary object of the present invention to 
provide a new and improved circuit arrangement for fluidic 
components. 
Another object of the present invention is to provide a new 

and improved circuit arrangement for fluidic elements in 
which they are stacked one upon the other with planar 
manifolds between them for reducing the number of required 
external connections between the fluidic elements. 
A further object of the present invention is to provide a new 

and improved circuit package for fluidic elements of the type 
described generally above in which resilient means are pro 
vided between the manifolds and the fluidic elements for 
reducing stress concentrations in the elements. 
A further object of the present invention is to provide a new 

and improved circuit packaging arrangement for fluidic ele 
ments of the type described generally above in which the 
manifold members are standardized with a plurality of vertical 
passages therethrough corresponding and aligned with ports in 
the fluidic elements, there being provided means for selective 
ly blocking certain passages and ports in the manifold mem 
bers during assembly of the circuit so that circuit connections 
may be made as desired and the manifolds are to some extent 
interchangeable. 

It is another object of the present invention to provide a new 
and improved fluidic package of the type described above in 
which the manifold members have cross-passages as desired, 
interconnecting the through passages (the ones aligned with 
the fluidic element ports) so that a fluid signal may be jogged 
from one port on one fluidic element to a port at a different lo 
cation on the adjacent fluidic element without the need for 
any external connections. 
Another object of the present invention is to provide a new 

and improved fluidic package of the type described above 
having alternate fluidic elements and manifold members 
which permit easy assembly and disassembly in building block 
fashion through the provision of threaded fasteners which ex 
tend freely through one manifold, freely through the adjacent 
fluidic element, and thread into the opposite manifold, 
thereby permitting removal of a single fluidic element at a 
time without requiring the disassembly of the entire stack. 
Each manifold has at least two threaded bores and at least two 
larger unthreaded bores with the threaded bores in one 
manifold being aligned with the unthreaded bores in the ad 
jacent manifold to permit the threading of each fastener in 
only one manifold. 
Other objects and advantages will be apparent from the fol 

lowing detailed description taken in connection with the ac 
companying drawings in which: 

FIG. 1 is a front elevation of a fluidic circuit according to 
the present invention; 

FIG. 2 is an exploded perspective view of one form of a 
fluidic component; 

FIG. 3 is a subassembly perspective view showing one of the 
manifold members; 

FIG. 4 is an enlarged elevation view of one of the resilient 
washers; 

FIG. 5 is an enlarged fragmentary section taken generally 
along line 5-5 of FIG. 1 showing the passage location in the 
respective members; 

FIG. 6 is a fragmentary section taken generally along line 
6-6 of FIG. 5 illustrating the fastening arrangement for the 
components; 

FIG. 7 is a circuit diagram of an exemplary fluidic control 
circuit; 

FIG. 8 is an elevation view of a fluidic element of the OR 
NOR gate type; 

FIG. 9 is an exploded diagrammatic view of the components 
shown in FIG. 1 illustrating the passage interconnection 

75 between components; 
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FIG. 10 is an exploded perspective view of a somewhat 
modified form of the present invention; and 

FIG. 11 is a plan view of a bistable fluidic amplifier. 
The present invention concerns itself with the circuit in 

tegration of fluidic elements generally known in the prior art. 
As shown in FIG. 2, these fluidic elements oftentimes include 
three laminated layers 10, 11 and 12 joined together forming a 
single fluidic element 14. The central plate 11 has the shaped 
fluid passages therein and the cover plates 10 and 11 have 
ports 15 providing the necessary manifolding with the shaped 
passages in plate 11. The fluidic component 14, shown also in 
FIG. 8, is an OR-NOR gate. The port 17 is a supply port and is 
defined by a passage extending completely through the com 
ponent 14 as do the other ports. Further, control ports 18, 19 
and 20 are provided along with outlet ports 22 and 23. As will 
be apparent to those skilled in the art, the passages in the 
fluidic component 14 are shaped such that with supply fluid 
being delivered to port 17, the fluid stream issuing from nozzle 
25 will exit from the outlet port 23 due to a well known wall 
attachment effect on wall'27. Thus, with no fluid input signal 
at either port 18 or 19 fluid flow will issue from outlet 23, 
which thus provides the NOR logic. Now, if a signal is applied 
to either port 18 or port 19, the stream issuing from nozzle 25 
will be deflected from wall 27 and will issue through outlet 
port 22, thus providing the OR gate logic. While the specific 
shape and function of the passages of the component 14 form 
no part of the present invention, the location of the ports 17, 
18, 19, 20, 22, and 23 are of importance. That is, the ports in 
the fluidic elements according to the present invention are 
uniformly disposed so that they may be aligned when the 
fluidic elements are stacked one upon another. While the con 
trol ports 19 and 20 as shown in FIG. 8 are somewhat asym 
metrical with respect to the periphery of the fluidic device, it 
is possible to arrange the porting as shown in the embodiment 
in FIG. 10 so that the ports are symmetrical permitting a 
reversal of the elements if desired. In any event, the uniform 
location of the ports, whether symmetrical or not, provides al 
most unlimited interchangeability of fluidic gates, amplifiers 
and components. 

Also provided in each of the fluidic elements are four sym 
metrically aligned and uniformly spaced holes 28 which as 
described below permit the fastening of the fluidic elements 
into a stack. The location of the ports in the fluidic elements 
according to the present invention is, of course, not limited to 
OR-NOR gate shown in FIGS. 2 and 8, but extends to any 
other type of fluidic component, such as that shown in FIG. 
11. The ports 30 are arranged in the same location with 
respect to the periphery of the amplifier as are the ports 15 in 
the OR-NOR gate 14. The ports 30, however, are defined in a 
bistable fluidic component 31, generally of well known con 
figuration, except for the port location and the location of the 
fastening holes 33 which are the same size and in the same lo 
cation as holes 28 in the fluidic gate 14. 
Having described generally the fluidic elements themselves, 

reference will now be made to FIGS. 1 and 3 to 6 for a descrip 
tion of the present arrangement for stacking these fluidic ele 
ments into a unitary circuit package. 
As shown in FIG. 1, a circuit package 35 according to the 

present invention is seen to include a generally U-shaped plate 
37 defining a base member with a capacitor 39, a manifold 40, 
a fluidic element 42, another manifold 44, another fluidic ele 
ment 45, and a manifold cover 47, all in a single generally 
rectangular stack. 
The manifold members 40, 44 and 47 serve to convey fluid 

from one fluidic element port to the appropriate port in 
another fluidic element and also permit external fluid connec 
tions (through suitable fittings) to fluid control signals, a fluid 
pressure supply, a fluid load and even to other fluidic elements 
in the stack, when it is desired to bypass a stage or stages in the 
stack. 
The internal manifold members, such as manifold member 

40 shown in FIG. 3, are of generally planar configuration, 
being rectangular and have been found to perform acceptably 
when constructed of aluminum, although other materials may 
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4. 
be used. These internal members preferably have vertical 
passages 50 extending completely therethrough, equal in 
number and location with the ports 15 (or 30) in the fluidic 
elements. If it is desired that fluidic elements having more 
ports be used, such as the fluidic elements shown in FIG. 10, 
the manifold members may be provided with additional verti 
cal passages corresponding with these ports. In some in 
stances, it may be desirable not to provide one or more of the 
passages 50, or to simply dead end one or more of the passages 
50 in the manifold member. This will, of course, depend upon 
the desired degree of standardization of the manifolds com 
pared with the advantages of "specializing" them. 

If no passage 50 is provided at a specific location, then the 
ports in the adjacent fluidic elements aligned therewith will be 
vented to atmosphere due to the spacing between the fluidic 
elements and the manifold. As will appear hereinbelow all of 
the passages 50 in manifold member 40 do not extend 
completely therethrough, although this is a function of the 
specific circuit (described below) which is employed herein to 
illustrate the present invention. However, it is desirable to 
standardize the manifold members as much as possible so that 
they are interchangeable. 
The cover manifold 47 as shown in FIGS. 1 and 5 has verti 

cal passages 52 which are aligned with the ports 15' as well as 
the corresponding ports in the other fluidic elements and 
manifold. The passages 52, however, do not extend complete 
ly through the manifold member 47 and fluid is conducted to 
and from the passages 52 through cross-passages such as 
shown at 54 in FIG. 5. The end of passage 54 is threaded as at 
56 for receiving a suitable fitting. All of the external connec 
tions relative to the circuit 35 are made at locations such as 56 
on the sides of the manifold members rather than directly in 
any of the fluidic elements 40, 45. Furthermore, the transverse 
or cross-passages, such as at 54, and the threaded fitting 
receiver in the sides of the manifold such as at 56, permit not 
only external connections but through the use of external tub 
ing permit one manifold to be connected to any desired verti 
cal passage in another manifold remote therefrom. 
Open sealing washers 60 and closed sealing washers 61 are 

provided, respectively, for either connecting a vertical passage 
50, 52 in a manifold with the aligned port 15, 30 in the ad 
jacent fluidic element, or blocking communication between a 
passage 50, 52 and the adjacent aligned fluidic element port. 
Both washers 60 and 61 have a reduced conical portion 63 
flared outwardly from an enlarged flange portion 65. The seal 
ing washers 60, 61 are constructed of an elastomeric or other 
readily deflectable material. The largest diameter of the coni 
cal portion 63 is larger than the aligned vertical passages 50, 
52 in the manifold members so that when pressed in these 
passages provides a tight sealing engagement therewith. The 
upper surface 67 of the flange 65 provides a sealing engage 
ment with the planar side surfaces of the fluidic elements. 
Sealing washers 60 and 61 are identical except that washers 60 
have a passage 68 therethrough. The internal manifold mem 
bers, such as 40 and 44 have sealing washers inserted in both 
the top and bottom surfaces thereof to control communication 
with both of the adjacent fluidic elements. 

Thus, as shown in FIG. 5, the open washer 60 provides com 
munication between passage 52 in manifold 47 and port 15' in 
element 45, and closed washer 61 in manifold 44 prevents 
communication between port 15' in element 45 and passage 
50a in manifold 44. During assembly of the fluidic circuit, the 
washers 60 and 61 are inserted into the aligned passages in the 
manifold members, as desired, to provide the proper fluid cir 
cuit connections. 

Moreover, sealing washers 60, 61 provide a somewhat 
resilient spacing for the manifold members and the fluidic ele 
ments. As described above, when the fluidic elements are con 
structed of a material having a high modulus of elasticity, such 
as ceramics, it is highly desirable to reduce the deflection of 
the element to avoid unduly high unit stress. The resilient 
washers reduce the bending of the fluidic elements when 
joined together into a stack and thus minimize the stresses that 



3,548,849 
S 

would be otherwise present. Moreover, the resilient mounting 
of each of the components provides a more durable unit. The 
sealing members 60, 61 may be visualized as low spring-rate 
devices installed in opposing pairs around the fluidic elements. 
Any out of flat mismatch between manifold member and 
fluidic element will thus impose a desirably low force at 
chosen points, and there will be acceptable compressive load 
ing across the element. 
An additional advantage in the function of the flange 65 of 

the washers is that they space the fluidic elements from the as 
sociated manifolds making venting of the fluidic device to at 
mosphere much simpler in that no additional passages are 
required. However, as noted below with respect to FIG. 10, it 
is possible to provide a closed venting circuit when the unit is 
operated in a noncompatible ambient environment. 
The fluidic elements and manifolds according to the present 

invention are fastened together in a stack as a unit in a manner 
which permits the stack to be assembled and disassembled in 
building block fashion. The fastening means provided also ef 
fect a relatively equal load distribution on the fluidic elements 
with bending minimization. Toward this end and as described 
above with reference to FIG. 3, each of the manifold mem 
bers, including the cover manifold 47, has four uniformly 
spaced vertical passages 70 therethrough. These passages are 
aligned with the larger passages 28 in the fluidic elements. 
Diagonally opposed passages 70a and 70b are tapped while 
the other two diagonally opposed passages 70c and 70d are 
unthreaded and slightly larger than passages 70a and 70b. 
As shown more clearly in FIG. 6, the manifold members 40, 

44 and 47 are arranged so that the unthreaded passages 70c 
and 70d in each are aligned with the threaded passages 70a 
and 70b in the adjacent manifold, and the threaded passages 
70a and 70b in each are aligned with the unthreaded passages 
70c and 70d in the adjacent manifold. Note that while only 
two of the passages 70 are shown in each manifold in the sec 
tion of FIG. 6, it should be understood that each manifold has 
four passages 70 as shown in FIG. 3. This alternate relation 
ship of threaded and unthreaded fastening passages through 
the stack may be obtained by (1) special machining, (2) 
flipping alternate manifolds 180° about a horizontal axis if all 
or some of the manifolds are identical, (3) providing two sets 
of manifolds, one set similar to the FIG.3 passage arrange 
ment and another set with the passages 70a, 70b and 70c, 70d 
reversed, or (4) rotating alternate manifolds 180' about a ver 
tical axis, the latter being possible when the vertical passages 
50 are uniformly and symmetrically spaced in the manifold as 
shown in the FIG 10 embodiment. 

During assembly, and as shown in FIG. 6, the sealing 
washers 60, 61 are placed as desired in the vertical passages 
50 in the manifold 40. The fluidic element 42 is then placed on 
the washers 60, 61. The friction between the washers and the 
fluidic elements assist in maintaining alignment of the ele 
ments during assembly. Washers 60, 61 are then inserted into 
the lower surface of manifold member 44 (then unassembled) 
and it is placed on the upper surface of the fluidic element 42. 
The unthreaded, larger passages 70c and 70d in manifold 44 
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are then aligned with the threaded passages 70a and 70b in the 
manifold member 40. Two threaded fasteners 75 are inserted 
into passages 70c and 70d, passing freely through the larger 
holes. 28 in the fluidic element 42 and are threaded into the 
threaded passages 70a and 70b in the manifold member 40. 
After the sealing washers are inserted into the vertical 
passages in the upper surface of the manifold 44, the fluidic 
element 45 is placed and aligned thereon. After the sealing 
washers are inserted in manifold 47, fasteners 75 are inserted 
into the passages 70c and 70d therein, extended through the 
holes 28 in element 45 and are threaded into the bores 70a 
and 70b influidic element 44. 
With the above described fastening arrangement, the fluidic 

elements may be added one at a time to the unit in building 
block fashion and may be disassembled in a similar manner. 
An additional advantage in the specific fastening arrangement 
is that it permits a uniform compressive loading over each 
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6 
fluidic element. When larger fluidic elements are employed, as 
in the eight port type shown in FIG. 10, it may be desirable to 
provide eight passages 70 in each manifold, four being 
threaded and four being unthreaded. Other fastening means 
may be employed in place of the threaded type of fastener 
shown as will be apparent to those skilled in the art. 
While the construction and mode of assembly and disas 

sembly of the present fluidic circuit package is believed ap 
parent from the above description, it will be helpful to illus 
trate the operation of the present circuit package with 
reference to a specific control circuit shown in FIG. 7. How 
ever, it is to be understood that the present invention is not 
limited to the specific circuit shown, and in fact the specific 
circuit shown in FIG.7 forms no part of the present invention. 

Referring to FIG. 7, a control circuit is shown for initiating 
the operation of a machine only when the operator closes two 
switches within a predetermined time period, so that the 
operator's hands are out of the way of moving machinery. The 
circuit forms no part of the present invention and reference 
should be made to the copending application of Edward J. 
Purcell, Ser. No. 655,429 filed Jul. 24, 1967 entitled “Safety 
Control' for a more letailed description of the details and 
operation of the circuit. It will be described herein only briefly 
for purposes of illustrating the manner of incorporation into 
the present circuit stacking arrangement. 
As shown in FIG. 7, an exemplary control circuit consists 

generally of a sensor 45 for sensing the closure by the operator 
of switches S and S. within a predetermined time period, and 
a driver 42 which in response to the 'sensor 45 initiates the 
driving of the load shown (which may be for example a press 
platen). Both the sensor 45 and the driver 42 may be NOR-OR 
gates similar to gate 14 shown in FIG. 8. Supply flow is 
delivered to the supply port 81 of the sensor 45 through re 
sistor Ra and capacitor C, which serve to assure the initial OR 
output from the sensor 45 and thereby guarantee that the 
machine will not initially stroke when the system is turned on. 
Control or input ports 82 and 83 receive control fluid through 
resistors R and R' when switches S and S, are open as 
shown. In this condition flow in the control ports 82 and 83 
causes supply flow to be diverted to OR output port 85 (NOR 
output port86 being the "preferred" outlet.) 

Since the anticontrol port 84 in gate 45 may be vacuum 
switched to a continuous "off' (fail-safe) state, no washer 60 
or 61 is provided above or below this port allowing it to 
breathe. 

If either switch S and S is closed, there will be an as 
sociated pressure drop at the associated control port 82, 83 
until the pressure in capacitor C builds up at which time the 
pressure again increases at the control port even though the 
associated switch remains closed. If during this period of pres 
sure decay with one switch closed the other switch is also 
closed, the pressure drop at control nozzle 84 will drop suffi 
ciently so that the supply flow switches to NOR outputleg 86. 
A signal from NOR leg port 86 to driver control port 88 

causes driver 42 to be switched from flow through NOR out 
put 90 to OR output 91" thereby initiating operation of the 
machine. A feedback loop through Rs to control port 91 "- 
holds' the driver 42 in the OR state even though the signal 
from the sensor 45 is discrete rather than continuous. Further, 
a reset circuit through resistor R and capacitor Cs to control 
port 93 provides a signal at that port a predetermined time 
after switching to OR output 91" for resetting the driver 42 to 
the NOR output 90. This latter features is described desirable 
when the machine requires a mechanical control to be reset 
prior to the completion of a single cycle. 

Incorporating the circuit of FIG. 7 into a circuit package ar 
rangement as shown in FGS. 1 to 6 and 9 all of the circuit ele 
ments and passages to the right of the vertical dashed line in 
FIG. 8 are incorporated into the circuit package, while those 
to the left of the line, including the switches S and S., are ex 
ternal to the circuit package and therefore do not appear in 
the other FIGS. 

It should be understood that the circuit package shown in 
FIGS. to 6 and 9 incorporates the circuit shown in FIG.7. 
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Referring to FIGS. 1, 5 and 9 supply fitting 100 is threaded 
into a supply bore 101 in cover manifold member 47 and con 
nected to a source of fluid under pressure (not shown). A ver 
tically disposed restricted passage communicating with 
passage 101 defines the resistor Rs. Supply flow through re 
sistor Rs passes through an open seal 60a seated in the as 
sociated vertical passage in member 47, through supply port 
81, through open seal 60b seated in manifold member 44 and 
into a cross-passage in manifold 44 defining the capacitor C2. 
Closed seals 61a and 61b seated in the lower surface of 
manifold member 44 prevent the egress of fluid from capaci 
tor C. except via the supply port 81. Thus, the supply line to 
port 81 contains a fluid resistor Ra and a fluid capacitor C for 
the purpose of delaying the supply flow to fluidic element 45. 
Supply flow is also delivered from supply passage 101 to the 

control port 82 through a restricted passage intersecting 
passage 101 defining resistor R, through port 52 and open 
seal member 60 which is adjacent port 82. Seal 61d in the 
upper surface of manifold member 44 closes the lower end of 
port 82. 
Supply flow also communicates with control port 83 in 

NOR-OR gate 45 through another restricted passage inter 
secting bore 101 and defining the resistor R' parallel to re 
sistor R. Supply flow to this resitor passes through port 50c, 
open washer 60c which communicates directly with the upper 
surface of fluidic element 45, and control port 83. The lower 
end of control port 83 is closed by closed washer 61e seated in 
the upper surface of manifold member 44. 

Ports 104 and 105 (FIG. 9) in the cover manifold member 
47 provide the proper connections between switches S, and S. 
(not in the circuit package) and the resistors R and R. The 
cross-passages in the various manifolds may be formed by 
drilling, and where desired, the ends of these passages may be 
blocked with suitable plugs such as plugs 106 and 107 closing 
the ends of resistors R' and R, respectively. 
Flow from the OR outlet port 85 is not utilized as a control 

signal so that both ends of this port are closed by closed 
washers 61f and 61g seated respectively in the lower surface 
of manifold member 47 and the upper surface of manifold 
member 44. Of course, provision may be made for venting the 
flow under these conditions. 
The flow or signal from NOR outlet port 86 is delivered to 

control port 88 in the driver 42 through open washer 60d, ver 
tical passage 50e in manifold 44, cross-passages 110 and 111 
in manifold 44, passage 50f, and open washer 60f which is 
directly adjacent port 88. The lower end of port 88 is closed 
by closed washer 61g and egress from the passages 110 and 
111 through the lower ends of ports 50c and 50h is prevented 
by closed washers 61 h and 61i seated in these passages in the 
lower surface of manifold 44. 
Supply flow to the driver 42 is delivered through a suitable 

fitting 113 which communicates with a bore 114 in manifold 
member 40. Supply flow in bore 114 passes upwardly through 
a dead ended passage 50h, through open washer 60h and into 
the adjacent lower end of supply port 89. The upper end of the 
supply port 89 is closed by closed seal 61b thereby isolating 
the supply flow to the driver 42 from the capacitor resistor 
coupled supply flow to the sensor 45. 
Flow from the NOR outlet 90 of driver 42 is blocked by 

washer 61 h and 61j as this flow is not utilized as an output 
signal. 
The utilized machine start signal from the OR gate port 91" 

flows upwardly through open washer 60j, through port 50i in 
manifold 44 and out cross-passage 95 which is adapted to be 
connected to the load or machine actuating mechanism. The 
feedback hold circuit from the outlet of driver 42 to control 
port 91 is defined by the open seal 60k, vertical passage 50k in 
manifold 40, a restricted passage 117 in capacitor 39, vertical 
bore 118, passage 50l and open seal 60m which is adjacent 
port 91. 
The reset loop from the outlet of driver 42 back to the con 

trol port 93 through resistor R and capacitor Cs is defined by 
the passage 118, capacitor 39, a restricted cross-passage 120 
in the capacitor which opens into a capacitive chamber 121, 
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8 
upwardly through hole 123 which communicates with 
chamber 121, through passage 50n in manifold 40, and 
through open washer 60p which is adjacent the lower end of 
port 93. The upper end of port 93 is closed by washer 61a. 
Thus, it is apparent from the above description that the en 

tire circuit shown to the right of the dotted line in FIG. 7 is 
contained within the fluidic package without the necessity of 
any external connections except for supply, control and out 
put signals. In some instances, however, it may be desirable to 
provide external connections. Such a connection 130 is shown 
in dotted lines at the top of FIG. 9, having a resistor 131 
therein. This would connect passage 101 and vertical passage 
52 in manifold 47 without the necessity of the restricted 
passage defining resistor R1. 
A somewhat modified form of the present invention is 

shown in FIG. 10, with the basic difference that the manifold 
members 201 and 202 are provided with eight vertical 
passages, rather than six, for matching the eight ports in the 
fluidic elements 207 and 208. Again, however, the ports in the 
fluidic elements 207 and 208 are located and aligned with 
respect to the manifold ports. Furthermore, the passages 210 
in the manifold members are symmetrical with respect to its 
center lines so that the manifolds can be, if desired, made 
identical and rotated 180' about either a horizontal or vertical 
axis to achieve the correct relationship between threaded and 
unthreaded fastener holes described above. In this regard 
while only two holes 213 are shown in each member, in actual 
practice it is preferable to use the four hole arrangement (or 
even eight) described above with reference to FIGS. 1 to 7. 
The FIG. 10 embodiment does illustrate the further capa 

bility of the present fluidic package of providing fluid connec 
tions, external to the device itself for connecting one fluidic 
element to a remote fluidic element without passing directly 
through any intermediate element. Output port 212 in fluidic 
element 207 is connected to control port 215 of fluidic ele 
ment 208 through open seal 260a, passage 210, external con 
duit 215, (which communicates with passage 210 through a 
cross-passage in manifold 201) passage 210a in manifold 202, 
and through an open washer (not shown) in the lower end of 
passage 210a which is adjacent and communicates with port 
215. 
Note that all of the connections in the embodiments shown 

might have been made by external connections (although less 
desirably) from one manifold to another with the use of 
threaded transverse passages for receiving fittings and tubing. 
In the case of a very simple circuit such an arrangement may 
be desired. 

It is apparent from the above that the present elemental 
packaging concept permits simple, reliable mounting and con 
nection of fluidic elements through the use of standarized 
components readily manufactured by accepted forming 
techniques. Furthermore, protection of the elements and com 
ponents is provided, and increased package density is ob 
tained. 
While the discrete sealing washer 60, 61 have been found to 

have many desirable advantages, they may be replaced by a 
continuous gasket washer extending completely across each 
manifold. Another alternative is a strip gasket with raised seal 
ing bosses adjacent the ports and passages. This latter modifi 
cation presents some handling ease. However, greater installa 
tion flexibility is achieved with the separate washers described 
above, because of the infinite variations in porting patterns for 
optimum system assembly. A further modification would be in 
the use of strip gaskets (in place of the washers) with 
semipunched holes to be removed as desired at the time of as 
sembly. 
The invention present invention also provides the capability 

of incorporating resistances and capacitors in the fluidic ele 
ment stack as required. Since a resistance in a fluid circuit 
may be obtained through an orifice in a flow stream, the 
present device takes advantage of this by providing restricted 
passages in the manifold members themselves. In situations 
that require variable resistance, cross-drilling and threading of 
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the manifold members at desired locations allows the insertion 
of a basic needle-throttling valve without requiring any exter 
nal circuitry. 

I claim: 
1. A fluidic circuit package, comprising: a plurality of 5 

generally planar fluidic elements, each of said fluidic elements 
having opposed generally planar surfaces and at least one inlet 
and one outlet port and at least one control port opening to 
said surfaces, a plurality of generally planar manifold mem 
bers between said fluidic elements, said manifold members 10 
each having a plurality of passages therethrough aligned with 
said inlet, outlet and control ports, and passage means in at 
least one of said manifold member extending generally trans 
verse to said aligned passages and communicating with at least 
one of said passages, said passage means interconnecting two 
of said aligned passages to define a functional circuit between 
the adjacent fluidic elements. 

2. A fluidic circuit package as defined in claim 1, including 
a port in the side of atitast one of said manifold member, 2O 
'means connecting said one aligned passage with said manifold 
port. 

3. A fluidic circuit package comprising: a plurality of 
generally planar fluidic elements, each of said fluidic elements 
having opposed generally planar surfaces and at least one inlet 25 
and one outlet port opening to at least one of said surfaces, 
and at least one generally planar manifold member between 
said fluidic elements, said manifold member having a plurality 
of passages therethrough aligned with said inlet and outlet 
ports, and means between said manifold passages and said 30 
fluidic element ports for selectively blocking communication 

...therebetween, said selective blocking means including a plu 
rality of sealing washers insertable in said manifold passages, 
at least one of said washers, having a passage therethrough 
connecting one of said fluidic element ports and one of said 35 

: manifold passages, another of said washers being blocked 
preventing communication between the associated fluidic ele 
ment port and manifold passage. 

4. A fluidic circuit package as defined in claim 3, wherein 
said washers each have an enlarged flange portion separating 40 
the manifold member from the fluidic elements, and an out 
wardly tapered portion insertable in said manifold passages, 
said washers being resilient, and means for attaching said 

a manifold member and said fluidic elements together as a unit. 
5. A fluidic circuit package comprising: a plurality of 45 

generally planar fluidic elements, each of said fluidic elements 
having opposed generally planar surfaces and at least one inlet 
and one outlet port opening to at least one of said surfaces, 
and at least one generally planar manifold member between 
said fluidic elements, said manifold member having a plurality 
of passages therethrough aligned with said inlet and outlet 

sports, and means between said manifold passages and said 
fluidic element ports for selectively blocking communication 
therebetween, said selective blocking means spacing the 55 
manifold and fluidic elements, at least one of said fluidic ele 
ments having vent passage means therein opening to at least 
;one of said planar surfaces, said selective blocking and spacing 
means being constructed to permit communication between 
said vent passage means and atmosphere. 

6. A fluidic circuit package comprising: a plurality of 
generally planar fluidic elements, each of said fluidic elements 
having opposed generally planar surfaces and at least one inlet 
and one outlet port opening to at least one of said surfaces, 
and at least one generally planar manifold member between 65 
said fluidic elements, said manifold member having a plurality 
of passages therethrough aligned with said inlet and outlet 
ports, passage means in said manifold member extending 
generally transverse to said aligned passages and communicat 
ing with at least one of said passages, there being provided a 70 
plurality of manifold members each adjacent at least one of 
said element surfaces, at least two or said manifold members 
having said transverse passage means therein opening to the 
side of the associated manifold member, and external conduit 
means interconnecting. said passage means in said two 
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manifold members whereby fluid connections may bypass the 
fluidic elements as desired passing directly from one manifold 
member to another. 

7. A fluidic circuit package as defined in claim , wherein 
said transverse passage means in at least one of said manifold 
has fluid resistor means therein. - 

8. A fluidic circuit package as defined in claim 1, wherein 
said aligned passage means has fluid resistor means therein. 

9. A fluidic circuit package as defined in claim 1, wherein 
said transverse passage means in at least one of said manifold 
member has an enlarged portion defining a fluid capacitor. 

10. A fluidic circuit package as defined in claim 1, including 
a fluid capacitor separate from said fluidic elements and said 
'manifold member, and means for attaching said manifold 
members, fluidic elements and capacitor together as a unit. 
1. A fluidic circuit package as defined in claim 1, including 

a plurality of fluid input means for the circuit, a plurality of 
fluid output means for the circuit, all of said input and output 
means being connected to said manifold members rather than 
to said fluidic elements. - 

12. A fluidic circuit package comprising: a plurality of 
generally planar fluidic elements, each of said fluidic elements 
having opposed generally planar surfaces and at least one inlet 
and one outlet port opening to at least one of said surfaces, 
and at least one generally planar manifold member between 
said fluidic elements, said manifold member having a plurality 
of passages therethrough aligned with said inlet and outlet 
ports, passage means in said manifold member extending 
generally transverse to said aligned passages and communicat 
ing with at least one of said passages, each of said fluidic ele 
ments having at least a supply port, a control port and an out 
let port, all of said ports extending completely through said 
fluidic elements, the location of the ports in said fluidic ele 
ments being substantially the same, there being at least two 
manifold members each disposed between the planar surfaces 
of adjacent fluidic elements, each of said manifold members 
having at least three of said aligned passages corresponding 
with and aligned with respect to each of said fluidic element 
ports, said passages extending completely through said 
manifold members, whereby said fluidic elements and said 
manifold members define a stack, one of said fluidic elements 
being at one end of said stack, a cover member for closing the 
ports in the exposed side of said one fluidic element, remova 
ble means for selectively blocking fluid communication 
between the ports and the aligned passages, and means for 
fastening said fluidic elements, manifold members and cover 
together as a unit. 

13. A fluidic circuit package as defined in claim 12, wherein 
said fastening means includes a plurality of threaded fasteners 
each adapted to extend through one manifold member, pass 
freely through one fluidic element and threadedly engage 
another manifold member whereby said unit may be assem 
bled and disassembled in building block fashion. 

14. A fluidic circuit package, comprising: a plurality of 
fluidic elements each having a generally planar configuration 
and planar side surfaces, said fluidic elements each having a 
plurality of ports extending therein, at least two generally 
planar manifold members having passages therein substan 
tially aligned with the ports in said fluidic elements, at least 
one of said manifold members being disposed between ad 
jacent fluidic elements, and means for fastening said fluidic 
elements and manifold members together as a unit including 
removable means for fastening each fluidic element to an ad 
jacent manifold member without fastening any other fluidic 
element thereto, whereby the unit may be assembled and dis 
assembled in building block fashion. 

15. A fluidic circuit package comprising: a plurality of 
fluidic elements each having a generally planar configuration 
and planar side surfaces, said fluidic elements each having a 
plurality of ports extending therein, at least two generally 
planar manifold members having passages therein substan 
tially aligned with the ports in said fluidic elements, at least 
one of said manifold members being disposed between ad 
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jacent fluidic elements, and means for fastening said fluidic 
elements and manifold members together as a unit including 
removable means for fastening each fluidic element to an ad 
jacent manifold member whereby the unit may be assembled 
and disassembled in building block fashion, said fastening 
means including a fastening member in each manifold 
member extending through an adjacent fluidic element and 
fixed in the manifold member on the other side of said ad 
jacent fluidic element. 

16. A fluidic circuit package as defined in claim 15, wherein 
one of said fluidic elements is disposed at each end of said 
unit, a cover member on the side of each of said one fluidic 
elements on the side thereof opposite the adjacent manifold 
members, said fastening means including at least two threaded 
bores in each of said manifold members in one of said cover 
members, the larger bores in said other cover member being 
aligned with the threaded bores in the adjacent manifold 
member, the larger bores in said adjacent manifold member 
being aligned with the threaded bores in the following ad 
jacent manifold member, and the larger bores in said following 
adjacent manifold member being aligned with the threaded 
bores in said one cover member, each of said fluidic elements 
having holes therethrough larger than said threaded bores, 
and a plurality of threaded fasteners each passing through one 
of said larger bores, one of said holes and threadedly engaging 
one of said threaded bores. 

17. A fluidic circuit package comprising: a plurality of 
fluidic elements each having a generally planar configuration 
and planar side surfaces, said fluidic elements each having a 
plurality of ports extending therein, said fluidic elements being 
arranged side by side so that their planar side surfaces face 
one another, and means for fastening said fluidic elements 
together as a unit including individual fastening means for 
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12 
each fluidic element which permit the fluidic elements to be 
removed one at a time without unfastening any of the other 
fluidic elements whereby the unit may be assembled and disas 
sembled in building block fashion. 

18. A fluidic circuit package comprising: at least one planar 
fluidic element, said fluidic element having opposed generally 
planar surfaces and at least one inlet, one outlet, and one con 
trol port opening to at least one of said surfaces, at least one 
generally planar fluidic manifold member adjacent said fluidic 
element, said manifold member having a plurality of passages 
therethrough aligned with said inlet, outlet, and control ports, 
sealing means interconnecting said manifold passages and said 
fluidic element ports for providing communication 
therebetween, said sealing means being resilient and spacing 
said fluidic element from said manifold member to compen 
sate for surface irregularities in either the fluidic element or 
the manifold member and means for attaching said manifold 
member and said fluidic element together as a unit. 

19. A fluidic package comprising: at least one planar fluidic 
element, said fluidic element having opposed generally planar 
surfaces, and at least one inlet, one outlet, one control port 
and one vent port opening to at least one of said surfaces, at 
least one generally planar manifold member adjacent said 
fluidic element, said manifold member having a plurality of 
passages therethrough aligned with said inlet, outlet and con 
trol ports, and sealing means between said manifold passages 
and said fluidic element ports for selectively blocking or 
providing communication between the desired aligned ports 
and passages, said sealing means spacing said fluidic element 
from said manifold member to permit venting flow relative to 
said vent port. 


