2,904,070

J. J. LYNOTT
MULTI-PORT SELECTOR

Sept. 15, 1959

2 Sheets-Sheet 1

Filed June 6, 1955

" ATTORNEY'S

-89 _,\.u re2 _vvo Tmu _;mo g1 100 _ W |
| | V- S
: W 3 q TR N K= g
SR i Ik _,. /Ar//,—__ ,Zr//-__ ST N
VW22 ] ) i %78 7Nl Y2 o oz =3
N NN NN\ [/ NN %m_ T _ 3 :
ISSSNSNSSY T N1 r’”/’/ T IINSSSNT I I | I 3 —J 4 d
S S S At U R | R SRS o e z . TR
q n VV““_ VL L BB Ll E L L LA il \\\\C\Q d -l WL A WL L Z ad . —N_ | 4] a%
B o s s eSS - Ul X
RO IS TSN TIRNONY TSN IRSSNNST IO IINAANN _m‘_ H
. 6l m (527 w _
5T ] S
Y
ol
.wlu\..\ "
29 i L PG
- w02 :
2791 (77 \-__.\\\\\\\\E_ & 2
A= = X = =
i v/ \\\\\\\-__ \\ :
3 is 5 s IS _le_m. T
/=914 G € €5 €5
~—05
o SLIN wmu 29 \@\_u Ss
\ o A s |o] ! 2 8 9l
4 " - — (oz c




2,904,070
2 Sheets-Sheet 2

J. J. LYNOTT
MULTI-PORT SELECTOR

Sept. 15, 1959
Filed June 6‘,1955

A7
L
SNV N\,
SHLASINNEON,
SN2,
SN,

2

i
NZAy

&
N

D
%\ :

Z

INVENTOR.
JOAN J. LYNOTT

et e

ATTORNEYS

O QOO OOOO O ( [ORO ORI OIOR OB OIS eoooaeooo_eeo|-00boeoanﬁooovno-'omweNn
P PP |elejojejejejejolojejelefeiole/cd O DDOPODDDOO D DDD DD |o|ele|e]lo|elalolalelololo]|e]s]E OL OF
(DD ODPD D PO P joloje|elo]|efe|cd. O ODDDPOD [e[c|c]|e]alololcddD DI d O |eo|lele|lc]o]je|e |Gl Ol 8
elolo® O OO |ejc|e][e® O O ( 1o [*DP D OO (o120 oD D P O [c]a]|2]°DPOD [¢]a|ojod O DO |o]o]e L ol &
O 1o[°P P [°|°P O (21D D |»1°DD [*/e) D [e]eD D e[oD D [+ [*DD |[¢]0 & [c|od0d |*|sdd [s/€ oL 2
o |ep |0 O oD (o) oD [P (oD |o o) |o®D le® |e( °D O |20 |e( *® 20 o® |e® [cd |eg L] !
OSB8I IrEH H € I OMBEBE| LEBEREEES I€l0Ei6 L 17 2l ielogielisl|LiiglsipiEl21 1[0l eiglLiglsivieie] 1 [~on703

o= o 30175



United States Patent Off

2,904,070
Patented Sept. 15, 1959

1CC

2,904,070
MULTI-PORT SELECTOR

John J, Lynott, Los Gatos, Calif., assignor to Internatienal
Business Machines Corporation, New York, N.Y, a
corporation of New York

Application June 6, 1955, Serial No. 513,206
5 Claims. (CL 137—552.5)

This invention relates to distributing valves and more
particularly to a permutation valve for serving fluid to
ports of differing assigned value or identity.

The invention herein contemplates the use of apertured
slides for separating a fluid supply manifold from inde-
pendent valued ports and for communicating any particu-
lar one of such: ports therewith upon predetermined setting
of a selected one or group of such apertured slides. In
this connection the invention broadly embraces a port
selection valve based upon the permutation bar principle.

It is a further object of this invention to provide in
a. port selection valve a plurality of slides apertured in
accordance with a pattern based upon binary numbers
and correlated for serving fluid to a preselected column
or passage. In this connection each binary slide is pro-
vided with bi-pass or valueless apertures as well as valued
apertures. serving a particular column with which it is
associated only when selectively registered with such
column. This object further contemplates the provision

of correlated series of binary valued apertures on adjacent.

slides for serving a column having a value corresponding
to the compound value of all binary slides selected.

Briefly stated, this invention contemplates the provision
of a selection valve including a plurality of adjoining
members-each movable between two positions to serve
one or- another independent port.either alone or when
moved conjointly with one or more of the other ad]ommg
members..

It is another object of this invention to prov1de a port
selection. valve . in - which: each binary slide presents a
valued aperture to a. column in which such binary value
is essential either alone or when compounded with one
or more other binary values to- make up a-valve opening
at a column corresponding in number to the total value of
such single or compounded binary values.

These and other objects and advantages of the present
invention will become. more apparent from a reading of
the following, description in-the light of the drawings in
which:

Fig. 1is a fraumentary view, partly in plan view and
partly in horizontal section through a valve embodying
the present invention,-a limit stop member bemg broken
away.

Fig. 2.is a sectional view taken substantially along lme
2—2 of Fig. 1, the limit stop member being shown.

Fig. 3 is a transverse section through Fig. 1 taken along
line 3—3 thereof (as well as of Figs. 4 and 5).

Fig. 4 is an exploded perspective view of a plurality
of permutated binary slides embodied in the illustrations
of Figs. 1 through 3.

‘Fig. 5 is-a ‘schematic chart in whlch a plurality of
permutation slides are laid out in plan position relative
to each other to illustrate the cooperation thereof with
each other for selectmg a port or column of predetermlned
value.

Fig. 6 is a modified arrangement of relatively movable
members embodying the present invention.
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Fig. 7 is another form of structure embodymg the
principle of this invention,

The valve structure is generally designated 10 in the
drawings. It includes a casing 11 providing a manifold
12 and a guideway 13 separated by one side wall 14 of
the casing. The guideway 13 has a plate 15 in spaced
parallel relation with respect to the side wall 14 of the
casing.  Both the wall 14 and the plate 15 are provided
with sets of aligned outlet ports 17—17’ each set being
equally spaced from the next successive set thereof.

Each outlet port 17’ on the outer plate 15 is preferably
in the form of a nipple suitable for sealed connection to a
conduit or tube 18 in turn communicating with some
instrumentality (not shown) to be operated by fluid under
pressure. Each set of outlet ports 17—17" constitutes
the upper and lower end respectively of a “column” C
bearing a particular numerical value, beginning adjacent
one end of the casing and increasing digitally, ie., by
ones in succession toward the other end of the casing.
Thus the first set of outlet ports 17—17’ comprise the
upper and lower ends of column No. 1, the next set
of ports 17—17’ are in column No. 2 and so on upward.
By “column” in this specification and in the claims is
meant the passage which becomes formed by the ports
1717 through the intervening passages of the inter-
posed valve members; hereinafter to be described.

From the foregoing it will be seen that the manifold
12 is adapted to serve independent consecutively num-
bered: columnar ports. In this manner fluid under pres-
sure  flowing from the manifold 12 through any one
column C will effect operation of a preselected pressure
sensitive instrument at the other end of the tube 18
commtunicated with such column. However, flow of fluid
under pressure from the manifold to the outlet port or
nipple 17’ of all of the columns C is normally blocked
by a valve arrangement 19 embodying the present inven-
tion now to be explained.

‘The valve arrangement 19 as illustrated in the drawings
comprises a plurality of independent valve members, here
shown as slides 20 each arranged for sliding movement
either independently of the others, in bank with the
others, or with preselected ones of the others, between an
In and an Out position within the guideway 13 and rela-
tive to the casing -11. The valve arrangement 19 thus
comprises a block of independently movable laminar
slides 20. Each separate slide 20 is a flat metal plate in
which apertures are formed in a position to register
with one or another of the columns C defined by the
sets of -outlet ports. 17—17" formed in the casing and
outer plate 15, respectively.

It should here be noted that the present invention can
be embodied in various structural arrangements as for
example the coaxially arranged components as illustrated
in Pig. 6 or in the alternative, the bar type slides as de-
picted in Fig: 7.

In accordance with the present invention, the apertured-
slides 20 may be represented by numbers increasing in
accordance with the binary system, for example, 0, 1, 2,
4, 8, 16, etc. The first slide, represented as zero (0)
in the drawings, is a gate or master slide. In this con-
nection it will be noted that the first or gate slide “0”
has apertures 21 corresponding in number and spacing
with the outlet ports 17 in wall 14 so as to register with
all columns C when slide “0” is in Out position. Con-
trariwise, when gate slide “0” is at “In” position, all of
its apertures 21 are out of register with all columns C,
ie., offset relative to their respective columns C. Thus
it will be seen that no fluid can flow from the manifold
12 to the balance of the binary mumbered slides until
the gate slide 20.is moved to “Out” position.

The balance of the slides 20 are considered binary
slides, the first of which is represented as binary slide
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number one (1); the second as binary slide number
two (2); the third as binary slide number four (4);
the fourth as binary slide number eight (8) and so on
up the binary scale. See for example the diagram
Fig. 5.

gEach binary numbered slide 20 has two different §e1:ies
of apertures formed therethrough, one series consisting
of valued apertures 22 and the. other series consisting
of passage apertures 23. All passage apertures 2'3 on
all binary slides 20 are disposed to align with their re-
spective column C when such slides are in ineffective or
In position. The valued apertures 22 in all binary slides
20 are offset relative to their respective.column C when
such slides are in normal or In position but so disposed
as to become aligned with their respective column C
when the slide in which they are formed is shifted to
Out position.

For purposes of this explanation, the “In” position
will be considered the ineffective position or that in which
any valued aperture is offset or out of registration with
its related column C. Alternatively, the “Out” position
will be considered the effective position or that in which
any slide is positioned for operatively registering each
valued aperture therein with its related column C. In
this connection it will be noted that all passage apertures
23 become misaligned or offset relative to their related
columns when the slide on which they are formed is
shifted to effective or “Out” position.

Each binary slide has its passage apertures 23 and its
valued apertures 22 arranged in a pattern peculiar to
its status in the binary system. Considering first the
disposition of the valued apertures, each binary slide
has its first valued aperture registerable with the column
C corresponding in value with the number of such binary
slide. In addition thereto each such slide has successive
valued apertures related to successive columns up to but
not including the next column corresponding in value to
the next binary number, for example, binary slide No, 1
has its first valued aperture related to column No. 1
but none related to column No. 2. Binary slide No, 2
has its first valued aperture related to column No. 2
and a successive valued aperture related to column No. 3
but none related to column No. 4. Binary slide No. 4
has its first valued aperture related to column No. 4
and its next successive valued apertures related to columns
Nos. 5, 6 and 7, respectively, but none at column No. 8.
Binary slide No. 8 has its first valued aperture related
to column No. 8 and its next successive valued apertures
related to columns Nos. 9, 10, 11, 12, 13, 14 and 15 but
none at column No. 16. This same pattern is repeated
on each successive binary slide as illustrated diagram-
matically in Fig. 5 of the accompanying drawings.

In addition to the foregoing each binary slide has suc-
cessive sets of valued apertures, the first of each said
additional set commencing with the second half of the
preceding series of valued apertures on the next higher
numbered binary slide. In other words, binary slide
No. 1 has the first of its next series of valued apertures
adapted to register with the second valued aperture in
the first series thereof on binary slide No. 2 as follows:

Binary slide No. 1 1

1
Binary slide No. 2 2 2

Column numher = 1 2 3

Binary slide No. 2 has the first of its next series of
valued apertures adapted to register with the third valued
aperture in the first series thereof on binary slide No. 4
thus:

Binary slide No. 1 1 1
Binary slide No. 2 2 2
Binaryslide No. 4 4 4 4 4

Column number = 4 5 6 7

Binary slide No. 4 has the first of its next series of
valued apertures adapted to register with the fifth valued
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4
aperture in the first series thereof on binary slide No. 8
as follows:

Binary slide No. 1 1- i 1 1
Binary slide No, 2 2 2 2 2
Binary slide No, 4 4 4 4 4
BinaryslideNo. 8 8 8 8 8 8 8 8 8

Column number = 8 9 10 11 12 13 14 15

The foregoing spacing of each successive series of
valued apertures repeats on each binary slide for com-
pounding its binary value with that of another binary
slide or slides. Thus it will be seen that binary slide
No. 1 has a valued aperture worth 1 associated with
every odd pumbered column C. Binary slide No. 2 has
a valued aperture worth 2 associated with all columns
C where the value 2 is necessary to the making up of a
valve opening at such columns. In other words, binary
slide No. 2 has valued apertures in sets of two, first at
columns 2 and 3, skipping the next two columns (4 and
5), then adjacent the next two columns (6 and 7) and
so on. Binary slide No. 4 has valued apertures in sets of
four one at each of columns 4, 5, 6 and 7, skipping
the next four columns (8, 9, 10 and 11) then at the next
four columns (12, 13, 14 and 15) and so on. Binary
slide No. 8 has valued apertures in sets of eight, one
at each of columns 8 to 15 inclusive, skipping the next
eight columns (16 to 23 inclusive) then at the next
eight columns (24 to 31) and so on.

From the foregoing, and from the schematic chart
comprising Fig. 5, it will be seen that the arrangement
of the valued passages of each valve member (slide) rela-
tive to the columns is related to the binary designation
of that member as follows: a member whose binary
designation is x, when moved into the actuated position,
ie., the effective or Out position in the illustrated em-
bodiments of the invention has valued passages so
positioned and located as to be in alignment only with
columns designated by the series x through (2x-1); 3x
through (4x-1); 5x through (6x~1); 7x through (8x-1)

-, etc. 'Thus, for example, considering the mem-
ber having the binary designation 8, which is shown in
Fig. 4 in the actuated, effective or Out position, it
will be observed from Fig. 5 that the valued passages 23
of this member will be aligned only with the columns
designated 8 through 15, i.e., x through 2x~1, 24 through
21, i.e., 3x through 4x-1; 40 through 47, ie., 5x through

x—1, etc.

Briefly stated, it may be said that each binary slide
presents a valued aperture 22 to a column C in which
such binary value is essential either alone or when com-
pounded with one or more other binary values to make
up a valve opening at a column corresponding in number
wai.lth the total value of such single or compounded binary
values, - '

From the foregoing it will be appreciated that with
but four binary slides provided with valued apertures as
explained above, it is possible to serve any one of fifteen
of the columns C. A fifth slide, binary slide No. 16, pro-
vidpd with valued apertures in accordance with the fore-
going pattern, and in conjunction with the preceding
binary slides extended will serve up to 31 columns C and
so on up the binary scale as is well illustrated diagram-
matically in Fig, 5.

For purposes of clarity and to distingush all valued
apertures from the passage apertures in Fig. 5, only the
valued apertures 22 are shown as circles while each pas-
sage aperture 23, although identical to a valued aperture,
1s represented by a dot. In this connection it will be
noted that no passage aperture 23 (dot in Fig. 5) is pro-
vided on any one slide at a column adapted to be served
by any one valued aperture in such slide. Thus it will
be appreciated that all columns C are normally closed
when all binary slides 20 are in ineffective or In position.
However, when any particular binary slide is shifted to
“Out” position all of its valued apertures become regis-
tered with, those columns with which they are associated.

/
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Thus it will be seen that if only one binary slide is
shifted only that column C corresponding to the binary
value of such slide will be opened to serve fluid under
pressure to its tube 18. By the same token, should any
other binary slide also be shifted to “Out” position the
column corresponding to the binary value of said one slide
will be closed, and a valued aperture corresponding to
the walue of such other slide will be registered with a
column C which already has registered with it a valued
aperture corresponding to the value of the first named
slide. The column thus served by these two valued aper-
tures corresponds in number to the sum of the binary
value of the two slides shifted to “Out™ position.

Referring now more particularly to Figs. 1 and 2 it
will be noted that each slide 20 has associated with it a
means 50 by which such slide can be shifted from ineffec-
tive (In) position-to effective (Out) position. This means
50 for all purposes and intent may be a straight forward
push against a particular binary slide 20 or as illustrated
in Fig. 1, a leverage 51.

It will be appreciated that the several binary slides 20
fit snugly adjacent each other within the guideway 13.
If desired each slide 20 may have a return spring 52 con-
nected thereto tending to return the slide to normal, in-
effective or In position when aided by manual or me-
chanical force, as for instance by way of the leverage 51.

Each leverage 51 is identical so that a description of
one will suffice. The leverage 51 comprises a lever arm
fulecrumed as at 53 somewhere between its ends. One
end 54 is a tab or push button while the opposite end §§
is a yoke adapted for operative connection to its asso-
ciated slide 20. In this connection each slide 20 has a
block or offset portion 56 adapted to-fit within the yoke
end 55 of its associated lever arm 51. Consequently,
upon manipulation of the lever arm 51 (counter-clock-
wise Fig. 1) the slide 20 associated therewith is shifted
from ineffective to effective or Qut position thus register-
ing each valued aperture 22 on such slide with its related
column C.

1t should here be noted that once a slide is shifted to
Out position its first binary valued aperture would im-
mediately open up the column C associated therewith.
Consequently, in order to serve only a column requiring
several binary values, for example 2, 4 and 8 to serve
column 14, it would be necessary to shift all of such
binary slides (2, 4 and 8) simultaneously. While this
simultaneous operation of the slides is contemplated, the
present disclosure also includes the gate slide No. “0,”
previously explained, which has the function of cutting
off flow of fluid through any of the columns C until the
selected binary slides have been shifted from In to Out
position.

With the foregoing in mind it will now be assumed
that fluid under pressure is being supplied to the mani-
fold chamber 12. In order to serve tube 18 associated
with the column C valued nine, binary slides No. 1 and
No. 8 are shifted to Out position as illustrated in Fig. 4.
In this connection it will be noted that column No. 9 is
already open at binary slides No. 2, 4, 16, etc. for the
reason that the passage apertures 23 on such slides are
already or normally registered with that particular col-
umn (9). Once these slides No. 1 and No. 8 are proper-
ly shifted to Out position all of their passage apertures
are misaligned with respect to the columns with which
they were previously associated thus assuring that none
of such columns will be opened. Simultaneously there-
with column 9 is now conditioned for serving fluid. In
the present disclosure when the gate or master slide No.
“(0” is shifted to Out position, fluid under pressure will
discharge from the manifold 12 via column No. 9 into
the tube 18 communicated therewith.

For the purposes of pointing out the magnitude of the
present invention, Fig. 5 has been elaborated upon along
its left hand margin. It will there be noted that the addi-
tion of each binary slide doubles the number of columns
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6
C which can be served. For example, it will be appre-
ciated that when 20 slides are used such 20th slide would
be identified as binary slide No. 524,288 which would
serve-up to column No. 1,048,375, the next (21st) binary
slide” numbered 1,048,376 serving up to 2,096,751 and
SO on.

_In addition to the foregoing it will now be appreciated
that the same results can be obtained with the structure
illustrated in- Fig. 7 in which shiftable bars 20’ are sub-
stituted for laminar slides 20. In this arrangement fluid
is supplied from the manifold 12" as before into inde-
pendent columnar ports. These ports are normally
blocked by the shiftable bars 20"’ guided in bores 13"
extending parallel to the manifold to traverse the colum-
nar ports. These shiftable bars 20”” have annular grooves
21"’ in lieu of apertures which grooves are either valued
ones 22" or passage grooves 23" for the same reasons
as explained in connection with the preferred embodi-
ment of this invention. }

The same results are obtained in an arrangement such
as that depicted in Fig. 6 showing a plurality of coaxial
tubes or sleeves 20°. 1In this arrangement the innermost
tube 14’ constitutes the manifold 12’ which has a plu-
rality of radially arrayed apertures or ports as does the
outermost tube 16’. The intermediate coaxial tubes 20’
which are comparable to the slides 20 are provided with
ports or apertures adapted to register or become offset
relative to  the radially arrayed apertures in the manifold
wall 14" and the plate or outermost wall 16’ of this ar-
rangement. Each intermediate coaxial tube 20/ is pro-
vided with valued apertures 22’ and passage apertures
23’ in a pattern corresponding to that previously men-
tioned in the preferred embodiment so that when one
or more of the coaxial tubes 20’ are rotated or turned
relative to the others and the manifold, a columnar port
is established at a preselected one of the radially arrayed
apertures in the manifold. In this arrangement the inter-
mediate coaxial members are also adapted for sliding
movement lengthwise the manifold. To this end then the
radially arrayed apertures in the manifold wall 14’ can
be grouped in accordance with digital values so that one
group thereof will serve ports from 0 to 9 and by shift-
ing lengthwise the manifold 12’ another group of ports
valued from 10 to 19 can be served if desired.

In any event it will be appreciated that the present in-
vention embraces a series of collective, independently
movable ported members adapted to assume one of two
positions for serving a preselected identifiable columnar
port to effect operation or transmit intelligence to some
other instrumentality.

While the device herein has been described in specific
detail it will be appreciated that it is susceptible to modi-
fication, alteration and/or variation without departing
from the spirit of the invention it contains. I therefore
desire to avail myself of all modifications, alterations,
and/or variations as fairly come within the purview of
the appended claims.

What I claim as new and desire to protect by Letters
Patent is:

1. A permutation valve device comprising a manifold
having a first plurality of aligned ports, means fixedly
associated with said manifold in spaced relationship
thereto, said means having a second plurality of aligned
ports each of which is opposite to and in registry with a
different manifold port, the pairs of opposite ports de-
fining columns each of which is consecutively designated
as 1, 2, 3, 4, . . ., etc., a plurality of valve members
positioned in the space between said manifold and means
in sealing and slidable relationship to said manifold and
means as well as to each other, each valve member being
individually movable between two positions, said posi-
tions comprising an actuated and a non-actuated posi-
tion, each member having a first and second plurality of
fluid passages therethrough designated respectively as
valued and non-valued passages, the valued passages
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being arranged so that they are not aligned or in: regis-
ter with any columns in the non-actuated position and
are aligned with columns in the actnated position, and
the non-valued passages being arranged so that they are
in alignment with columns in the non-actuated position
and are not aligned in the actuated position, each
valve member being designated by a number chosen
sequentially from the binary system beginning with 2°,
the arrangement of the valued passages of each member
relative to the columns being related to the binary desig-
nation of that member as follows: a member whose
binary designation is x, when moved into the actuated
position, has valued passages in alignment only with
columns designated by the series x through (2x-1); 3x
through (4x-1); 5x through (6x-1); 7x through (8x~1)

etc., and there being a non-valued passage for each
member in every column except in those columns having
valued passages.

2. An arrangement according to claim 1 wherein the
valve members are cylindrical sleeves mounted telescop-
ically one within the other, for slidable movement between
actuated and non-actuated position.

3. An arrangement according to claim 1 wherein the
valve members are flat strips and are movable slidably
between said two positions. . :

4. An arrangement according to claim 1 wherein the
valve members are rods slidably inserted in holes provided
therefor in the means fixedly associated with the manifold,
the fluid passages comprising grooves in said rods.

5. A permutation valve device comprising a manifold
having a plurality of successive ports, each port defining
a column, and said columns being consecutively desig-
nated as 1,2, 3,4 . . . etc., a plurality of valve members
positioned in relatively superposed relation to cover the
ports in said manifold and in sealing and slidable rela-
tionship to said manifold as well as to each other, each
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valve member being individually movable between two
positions, ,said positions comprising an actuated and a
non-actuated -position, each member having a first and
second plurality of fluid passages therethrough designated
respectively as.valued and non-valued passages, the valued
passages being arranged so that they are not aligned or
in register with any columns in the non-actuated position
and are aligned with columns in the actuated position,
and the non-valued passages being arranged so that they
are in alignment with columns in the non-actuated posi-
tion and are not aligned in the actuated position, each
valve member being designated by a number chosen
sequentially from, the binary system beginning with 2°, the
arrangement of the valued passages of each member rela-
tive to the columns being related to the binary designation
of that member as follows: a member whose binary desig-
nation is x, when moved into the actuated position, has
valued passages in alignment only with columns desig-
nated by the series x through (2x-1); 3x through (4x-1);
5x through (6x-1); 7x through (8x-1) . .. etc., and
there being a non-valued passage for each member in
every column except in those columns having valued
passages.
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