REPLY TO
ATTN OF:

7 \% NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
NN WASHINGTON. D.C. 20546
p LS:/ h
,J\\/' o -
IS ;3“ 2(4\1& sss?r‘ JMBER Q’ 9 (THRU)
2 R VO
Q (PAGES) (CODE)
GP £ _— Py
O (NASA CR OR TMX OR AD NUMBER) (CATEGORY)
TOs US1l/5SClentirlc & 'Lechnical Inrormation Division
Attention: Miss Winnie M. Moxgan
FROM: GP/Office of Assistant General Counsel for

Patent Matterxrs

o

SUBJECT: Announcement of NASA-Owned U. §. Patents in STAR
In accordance with the procedures agreed upon by Code GP
and Code USI, the attached NASA-owned U. S. Patent is being
forwarded for abstracting and announcement in NASA STAR.

The following information is’ﬁrovided:

o= e

U. S. Patent No. 7 s__3,493,004

Government oxr )
Corporate Employee 8 _Government

Supplementary Corporate
Source (if applicable) s __NA

NASA Patent Case No. 3 _XLA-07391

NOTE - If this patent covers an invention made by a corporate
enployee of a NASA Contractox, the following is applicable:
Yes [] No [
Pursuant to Section 305(a) of the National Aeronautics and
Space Act, the name of the Administrator of NASA appears on
the first page of the patent; however, the name of the actual
inventor (author) appears at the heading of Column No. 1 of
the Specification, following the woxrds ". . . with xrespect to
an invention of , .

Yy

'Elizabeth A, Carter
Enclosure
Copy of Patent cited above

o A A ARk S A e N

NG S




Feb. 3, 1970

ROF.HELLBAUM
LOGIC AND GATE FOR FLUID CIRCUITS

Filed HMay 6, 1988

3,493,004

Al ( INVENTOR.
L-;LJ . RICHARD F HELLBAUM
¥ &
4.8 Tt © L&&?

G 4

ATTG?NEYS

PN




Jnite

ytates Patent

3,493,004
Patented Feb. 3, 1870

Office

1

. 3,493,604
LOGIC AND GATE FOR FLUID CIRCUITS
Richard F. Hellbaum, Hampton, Va., assignor to the
United States of America as represented by the Admin-

istrator of the National Aeronautics and Space
Administration
Filed May 6, 1968, Ser. No. 726,898

nt. CL F15¢ 1/08

U.S. Cl. 137—81.5 4 Claims

ABSTRACT OF THE DISCLOSURE

A logic AND gate having A and B inputs which each
have a pair of outlets, with one of each of these joined
together to form a common output. Each of the A and B
inputs is arranged to produce a wall attachment with a
wall for both its outlets, but is also arranged to have a
preferential attachment to a wall of its unconnected out-
let. The A and B inputs are connected to directly impinge
on each other in a direction tending to produce a shift of
each input signal from its preferred to its joined outlet,
thus yielding a nonproportional AND output. Cross vent-
ing of the output chambers results in outputs insensitive
to load.

The invention described herein was made by an em-
ployee of the United States Government and may be
manufactured and used by or for the Government for
governmental purposes without the payment of any royal-
ties thereon or therefor.

This invention relates to a fluid loglc element, and more
particularly to a fluid AND gate.

Prior art AND gates are of many:different configura-
tions, but b'\s:cally are of two different types, ie., a fluid
momentum type in which the two inpufs are so a|mnaed
that when both signals are present, an exchange of mo-
mentum causes deviation of each signal 'stream into a
common outlet to produce an AND output. A second
type utilizes the wall attachment prlncxple for both the
AND output and each sole output, arranging the passages
so that the flow is slightly monostable away’from the
AND output, A cross passage between the inputs is then
prowded so that when flow occurs in both inputs, the
draw in the cross passages biases each input so that the
jets are both switched to the common AND output,

While in general satisfactory, these devices suffer from
some rather substantial disadvantages. The momentum
exchange type of device produces an output varying pro-
portionally with changes in input signal magnitude, gen-
erally an undesirable effect for the uses to which such de-
vices are put. In addition, gross differences in the input
signal levels may eliminate the AND output altogether.
The second type of prior art AND gate suffers from the

drawback that the switching from one output to the other

must be accomplished by pressures a fraction of the mag-
nitude of the primary signals, thus requiring high gain in
the switching function. This in turn leads to sensitivity of
the device to dimensional variations encountered in nor-
mal manufacturing processes, and hence, these devices
tend to be relatively expensive, Both of these types also
are sensitive to loads on the various outputs,

Therefore, it is an object of the present invention to
provide an ANy gate which produces an output that does
not vary proportionately with changes in input signal
magnitude.

It is a further object to provide an AND gate which
may be manufactured without holding dimensions to ex-
cessively close tolerances.

It is yet another object to provide an AND gate which
operates normally regardless of the level of loading of
the output devices.
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it is a further object to provide an AND pate which
produces an output even though considerable disparity
exists between the two input signals,

These and other objects of the invention which will
become apparent upon 4 reading of the specification are
accomplished by providing for each input passage a pair
of output passages, and wall cotitours such that wall at-
tachment will occur with flow through either output pas~
sage, but the design in such that a preference is felt by
the input flow to attach to one of the outputs. The other
output of each of the inputs are connected together to
form a common output. The input passages are arranged
so that flow through either input impinges on flow through
the other when flowing along its preferred path, and in
a direction to cause switching of both to the connected
outlets, thus producing the AND output. Cross ventila-
tion of both the output chambers eliminates sensmvxty to
loading of the AND output.

Referring now to the specification and particularly to
the drawings, FIG. 1 is a schematic of the basic AND
gate according to the present invention.

Shown in FIG. 2 is a schematic of another form of the
AND gate according to the present invention.

In FIG. 1, passages 2 and 4 are the input signal pas-
sages for signals A and B, converging into each other
at a substantial angle, Each of these input passages 2 and
4 has a pair of related output passages 6 and 10 and 8
and 12 respectively, downstream from the convergement,
with 10 and 12 joined to form a common output 14. In-
put passage 2 directs fluid signal A into an output cham-
ber 17, formed by the two sidewalls 18 and 20. These
sidewalls are contoured so that preferential wall attach-
ment of the jet occurs with wall 18, This may be accom-
plished in any number of ways, all well known in the
flueric art, as by providing a wall contour 18 that deviates
but slightly from the direction of the input flow A, Wall
20, on the other hand, breaks away more sharply from
input passage 2, and flow must cross a gap 19 wider than
that at 21, so that as a result, if the signal A is unin-
fluenced by other factors, flow preferentially attaches to
sidewall 18. However, wall 20 is contoured sufficiently
smoothly and continuously with respect to passage 2 that
wall attachment of flow from input 2 will occur if the jet
is influenced toward wall 20, as will be explained fur-
ther herein.

Input passage 4 directs fluid signal B into output cham-
ber 15, formed by the sidewalls 16 and 22, These side-
walls are formed so as to have the same relationship with
the input passage 4 as that discussed above with respéct
to input passage 2, Therefore, fluid signal jet B will pref-
erentially attach to wall 16, but if influenced toward wall
22, fluid wall attachment will occur with respect to this
surface.

In operation, if either signal A or B is present without
the other, no flow occurs in output 14, but entirely in
either output 6 or 8 depending on the signal present, thus

producing the A*BE at 8 and the B-A at 6. Conversely, if
flow occurs in both inputs 2 and 4, the interaction of the
jets A and B causes mutual influencing of the jets toward
surfaces 20 and 22, such that both jets now become al-
tached 1o its respective inner wall 20 and 22, and all of
the flow now occurs in output 14, and none in outputs 6
and 8, thus yielding the AND function A-B.

Analysis of this arrangement will show the several dis-
tinct advantages arising therefrom. Firstly, the output at
14 is nonproportional, since once the input jets are shifted
from the outer walls, attachment to the inner walls 20
and 22 occurs and the flow is completely shifted from the
outputs 6 and 8. Secondly, differences in magnitude be-
tween the inputs A and B does-not affect the mode of
operation, since both the output paths of A and B in the
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to perform the switching fuvzmun. the unit can
designed Tor comparatively. Jow gain, with a considerable
resufiant fessening of fabrication mlc rance requirements
and therefore manufacturing costs,”. .

A practical deslgn of the AND bate accoxdmg to the
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present invention is. shown in FI1G. 2. This unit 1ncorp0~ P

mtcs the same basic conﬁguranon as that shown in FIG.

but has been vented so as to climinate sensmvxly o
ioam on the various outputs.

This has been accomplished by adding vents 24 and 26
to chambers 15 and 17, so that excess fluid may escape
when outputs § and 8 are loaded or, bloc&ed rather than
moving into output 14,

In addmon, vent passages 28 and 30 have been added
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which join together as a comnon vent 32. This functions .

to provide complete ventilation when passages . 10 . apd

12 are loaded-or' blocked.” It “has. been’ found that “the |

inchision of a single -$ide vent does hot completely elimi-

nate leakage into oulputs 6 and 8 when loads are imposed
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on an output at 14..The central vent allows excess fluid

o mmpe in both directions, thus mmlm;zmg leakage into’

outlets é and 8.

Therefore, it can be seen ihd[ an AND pate has been
provided which produces a nonproportional AND output
which may be inexpensively manufactured, and which is
insensitive to loadings on the various outputs, -

What is.claimed as new and dnslred to\be sccurcd by
- ‘30

etlers Palent of the United States is:

1 A logic AND gate’ comprising:

first and second inlet passages arranged w converge inte
cach other, each of said inlets having a first and 2
second outlet pass'ige downsiream from said con-
vergement,
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i providing a fhad path from each
its respective first snd sccond outlet py ‘waayeﬂ
meits for producing wall attachment flow from each
of suid inlels intoe its respective first ouilel passage
whengver flow occurs solely in said input passage;
means for producing wall attachment. flow into said
second outlet pdssages whenever flow occurs in both
‘said inlet passages; and .
means for providing a fluid conneetlon betwcan said
second outlet passages, whereby a nonproportional
AND output is provided.
2. The AND gate of claim I wherein said means for
producing wall attachment flow into said second outlet

-passages includes a central wall member disposed down-

stream of said convergement and having surfaces runmning
between each of said mlet passages and its respective sec-
ond outlet passage.:

3. The ‘AND gateof claxm i fuxther‘ mcludmg a vent®’
outlet between each of saxd inlet passages and its respee-
nve outlet passages.

‘4. The AND gate of claim 1 further including vent
means located on both sides of each of said ﬂmd p'xths
downsiream of sa:d convergement .
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