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Theodore W. Kenyon, Huntington, N. Y., assignor
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Brooklyn,
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12 Claims.

Thls invention relates to reproduction of the
position of a sending instrument, such as a sensi-
tive indicator, at a remote point, and especially
to types which are self-synchronous, that is, in
which the receiver will always return to the cor-
rect position with respect to the sending instru-
ment, irrespective of its temporary displacement.

More especially, my invention relates to indi-
cators of this type using & pneumatic, in con-
trast with the isual electrical, ftransmitting
means, my invention being especially adapted
for situations in which electric current is not
available or inadvisable in view of likelihood of

breakdown in electrical circuits. My invention:

is especially adapted for aircraft.

Further objects of my invention will be appar-
ent from the following description. .

Referring to the drawings, showing several
forms my invention may assume,

Fig. 1 is an exploded view of the sending por-
tion of my invention.

Fig. 2 is a diszrammatic view showing one .

A form of my complete -system.
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Fig. 3 is a diagrammatic view of another form
my invention may assume.

Fig. 4 is a vertical section through the upper
portion of the receiving instrument of Fig. 2.

Fig. 5 is a similar section of the sendlng in-
strument of Fig. 3.

‘Fig. 6 is an end elevation of the little air tur-

bine wheel used in this form of the invention.
My system is adapied for use with a sensitive
indicator, such as a magnetic compass or direc-
tional gyroscope, and to indicate this fact, & com-
pass card is shown at | on the sending instru-
ment 2. It will be understood, however, that the
sending instrument may be merely a manually
driven indicator, if desired, as shown in PFigs. 3
and 5, having one or more controllers turned
therewith ‘of preferably the frictionless air pick-
off type. Directly on the shaft 3 of the card I,
so as to rotate at equal speed therewith, I mount
one or, preferably, two shutter devices or cut-off
plates & and § which are shown as rotated in the
same plane, the shutter § being shown in the
form of a ring having a circular opening ¢ within
which the shutter 4 loosely fits. The ring § is
shown as secured to the shaft 3 by means of a
bracket T having a central hole 8’ for shaft 3.
Immediately under the shutters 4 and 5 I position
a fixed plate 8, which may form the top of a
hollow base portion 8.. The plate 8 is shown as
provided with a plurality of radial slots 10 around
or adjacent its periphery, and also a radial slot
{1 situated nearer the center. The base member

- spiral shaped. The annular compartment 13 is

-having a similar card I,

“wise connected to exhaust pipes 20’ and 21’

(CL. 33—204)"
" 8 is shown as having an outer rim 12, on or in

which the cover plate 8 rests, and an inner rim-
13, both of which are secured to the base I4.
The top or cover plate 8 fits against the top of
the rings 12 and 13 so that the base member 9
is separated into two compartments, an inner
circular compartment {8 and an outer annular
compartment 15, the slot {1 furnishing an open-
ing to the former and the slots 10 to the latter.
The shutter 4 preferably has the greater por-
tion of its periphery 17 of spiral shape, the spiral
terminating, however, in & radial edge 18 which

10

_lies in one position parallel to the radial slot {L(.

The ring §, on the other hand, has the major
portion of its periphery circular, but has a.V-

15
shaped notch 19 formed therein. Said notch at

. its periphery is preferably as broad as the space

between two adjacent slots 10 in the disc 8, and
one side is radial and the other side slanting or

shown as connéected to a pipe 21 and the central

circular compartment 18 is shown as connected
to a pipe 20, through both of which air is pref-

erably continuously withdrawn.

At the recelving instrument, which is shown as

I place a device which

may be quiite similar to the device at the sending

end. Said device likewise has the shutters 4’

and ¥, the disc 8’ and the two-compartment
base member ¢’, said compartments being like-

In

this case, however, the shaft 3’, to which the in-

dicator. card 1’ and shutters 4’ and §’ are con-

nected, is driven as by means of a gear 22 se-

cured to shaft 3’ and the card I’, said gear being

rotated through suitable reduction gearing 23,

including pinion 2¥’, from a small air motor or

turbine 24.. Said turbine is shown as driven in -
either direction from air jets emerging from one

or both nozzles 26 and 28 forming the ends of

pipes 2§’ and 2¢’, hinged at 40 and #4i, respec-

tively, and limited in their movement by stops:
42 and 42’. As shown, the direction of rotation::

30

.of the turbine 24 is governed by the position of’

the two nozzles, the air therefrom being directed 45
through the pairs of chutes 27 and 27’ or.28 and
28, each jet dividing equally or unequally, de-
pending on whether the nozzle is central or is
moved away from - its. central position. Both
nozzles are supplied with air .under pressure as
from a pump (not shown). ™

The position of nozzle 26 is controlled by the
relative positions of the two shutters 4 and 4’ on
the sending and receiving instruments. ‘This

may be effected by means of a pair of metallic ' :
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bellows or other pressure responsive devices 29
and 28’, one of which is connected to pipe 20
and the other to pipe 20’, both pipes being con-
nected through suitable restrictions 30 and 33 to
a common exhaust pump through pipe 36. Pref-
erably one of sald restrictions is of adjustable
size, being shown as provided by a valve 33, so as

‘to balance the system and compensate for the

difference in the length of the pipes. Both bel-
lows are pivotally connected in opposition to
hinged pipe 26’ so as to rotate the same. It will
readily be seen, therefore, that as long as the
pressure within the containers 29, 29’ is equal,
nozzle 26 will be centralized and air issuing there-
from will not tend to drive the turbine 24 in

. either direction, but that a slight preponderance
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of pressure in one container over that in the
other will move the nozzle to rotate the disc in
the proper direction to restore the balance be-
tween the two elastic containers. In other words,
equilibrium can only be reached when the slots
i1 and ({’ in the two discs 8 and 8’ are covered
or uncovered the same amount in the sending
and recelving instruments.” Such condition is
satisfied only when the shutters 4 and 4’ assume
the same angular position with respect to their
respective ports. -

While the one nozzle and pair of control shut-
ters 4 and 4’ would give fairly accurate results,
greater accuracy may be secured by employing
fine controllers also, such as the supplemental
shutters § and ¥’ in connection with supplemental
chambers. The pipes 21 and 21’ therefrom are
likewise connected to flexible containers or bel-
lows 82 and 32’ to control the position of the noz-
zle 25 and are also connected to a common ex-
haust pump through restrictions 38 and-30 and
pipe 36’. Therefore the joint action of shutters 5
and §’ will move the nozzle 26 until one of slots 10
in.disc 8 is covered the same amount as the simi-
lar slot 10’ in the disc 8’. Since the slope of the
edges 34 of the notches 19 and 19’ may be made”

much greater than the slope of the spiral 17, more

accurate positioning may be secured.

However, it is' essential that the nozzle 26
should be the preponderating influence on the
turbine 24 in order that the two devices do not
work in opposition and true self-synchronism be
obtained. This may be accomplished either by
making the jet 26 much stronger, as suggested
in Fig. 3, or by positioning s shut-off valve 3§
in the supply pipe 38 leading to the nozzle 25.
This valve is arranged to shut off the supply to
the nozzle 25 whenever the pivoted jet pipe 26’
is moved away from its centralized position,
which is shown as accomplished by connecting
the pipe 26’ to bell crank lever 38 which, in turn,
moves the slide valve 39 across the ports 45 in
valve 35 so as to close the same except when the
nozzle 26 is virtually inoperative, 1. e., when it is
centralized.

Figs. 3, 5 and 6 show several variations that
my invention may take. As previously indi-
cated, the sending instrument in this form is
shown as driven by a hand crank 46 instead of
being connected to a sensitive indicator, the in-
dicating card being at 100. The crank 46 fis
shown as driving a central shaft 103 through
bevel gearing 48.

It is also obvious that it is immaterial whether
the shutters be rotated or the slotted plate. In
these flgures I have indicated the slotted plate
{08 is rotated, the.same being secured to the
shaft 103 by a set screw 50 in the hub thereof,

. 9,126,892

The shutters 104 and 105 in this case are fixed
to the top of the base rim 109 so as to be held
stationary.

In this case, also I have simplified the pneu-
matic mechanism so that only an exhaust pump
need be used. In this case the pipes 120 and 20’

and 21 and 121’ from the sending and receiving.

instruments lead directly to pairs of oppositely
directed nozzles 54, 54’ and 55, §5°, respectively,
said nozzles being enclosed in an air-tight casing
56 from which air is continuously withdrawn by
an exhaust pump (not shown). The jets from
the nozzles 54 ‘and 55 engage blades 57 on a
double-bladed rotor 58, while the jets from the
nozzles 54’ and 55’ engage oppositely directed
blades 57’ on said rotor.

Considering first the nozzles 54 and 54/, it will
be obvious that as long as the shutter plates. |04
and (04’ on the sending and receiving instru-
ments have the same relative position with re-
spect to the slot 1 in the disc 108, the jets will
be equal and no rotation of the turbine will re-

"~ sult. In case, however, of relative turning of the

sending with respect to the receiving instrument,
this balance will' be destroyed and the turbine
rotated in the proper direction to restore syn-
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chronism. For this purpose a worm drive is -

shown between the turbine 58 and the receiver,
the turbine having a skew gear 60 on the shaft
thereof driving a second skew gear 61 on a shaft
62,
meshing with a large ggar 64 secured to the shaft
103’ of the receiving instrument. Similarly, the
jets from nozzles 5% and-5%’ are controlled from
the relative positions of the flne or outer shutter
plates 105 and 1085’ and the slotted discs 108 and
108’ of the sending and recelvihg instruments.
In this case, however, instead of employing a
shut-off valve operated from the self-synchronous
shutters 4, 4’, as in Pig. 2, I merely make the
nozzles 54 and 54’ larger than §5 and 55’ so that
the former will be in control until the receiver is
very close to synchronism with the sending in-
strument, at which time the rate of flow through
the nozzles 54 - and 54’ will be substantially
equalized, so that the nozzles 55 and 55’ will as-
sume control until exact synchronism is reached.

As many changes could be made in the above
construction and many apparently widely differ-
ent embodiments of this invention could be made

without departing from the scope thereof, it is.
‘intended that all matter contained in the above

description or shown in the accompanying draw-
ings shall be interpreted as illustra.tive and not
in a limiting sense.

Having described my invention, what I claim

and desire to secure by Letters Patent is:

1. A pneumatically operated self-synchronous
repeating system, including a sending instrument
having relatively rotatable ported and shutter
members, the shutter and port being so designed
that the amount of the port area covered by the
shutter uniformly varies with the relative angu-
lar position of said port and shutter substantially
throughout a complete revolution, a receiving in-
strument having similar ported and shutter mem-
bers, a common means for withdrawing air
through the ports of both instruments, including
a pipe to each instrument, a motor for turning

responsive to variations in the relative pressure
drop in said pipes for actuating said motor to
restore synchronism.

2. A pneumatically operated self-synchronous

which carries at its other end a worm 63.

40

5%

- the rotatable member of said receiver, and means |

repeating system as claimed in claim 1, wherein -
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said last mentioned means includes a pair of op-
posed nozzles, one of each of said pipes, a common
impulse wheel for said pipes, an enclosure for
the nozzles and the wheel, and means for ex-
hausting the air from said enclosure,

3. A pneumatically operated self-synchronous
repeating system as claimed in claim 1, wherein
said last mentioned means includes a pair of
opposed flexible containers each connected with
a respective one of said pipes and throttled means
for withdrawing air from both pipes, the rela-
tive pressure in said containers governing the
motor driving means.

4. In a pneumatically operated self-synchro-
nous repeater system, a plurality of chambers,
means for creating air pressure in each different
from atmospheric pressure, a ported cover mem-
ber for said chambers through the port or ports
of each of which air passes, there being a plu-
rality of circumiferentially spaced ports over one
chamber and a single port over the other, a
shutter having a 360° spiral edge for said single
port, a second shutter having a notch therein
adapted to uncover only one of said spaced ports
at a time, and a means for relatively turning said
member with respect to both chambers.

5. In a pneumatically operated self-synchro-
nous repeater system, a sending instrument in-
cluding a plurality of concentric chambers, a
ported cover member for said chambers through
the port or ports of each of which air passes,
there being a plurality of circumferentially spaced
ports over one chamber and a single port over
the other, a shutter having a 360° spiral edge
for concentric rotation over said single port, a
concentric, rotatable second shutter having a
notch therein adapted to uncover only one of
said spaced ports at a time, and a receiver in-
cluding similarly arranged chambers, ported
member and shutters, a motor for turning the
shutters of said receiver relative to its member,
a common means for withdrawing air from the

chambers of both the sending and receiving in-.
struments including separate pipes to each, and

means responsive to variations in the relative
pressure drop. in corresponding chambers for ac-
tuating said motor.

6. A pneumatically operated self-synchronous
repeating system as claimed in claim 5, having
means whereby the control from the 360° shutters
preponderates until approximate synchronism is
reached, whereupon the other shutters assume
control.

7. In a differential fiuid flow positional control
system, a movable primary element and a remote-
1y located secondary element, a fluid motor for
moving said secondary element, and control
means for said motor, said conirol means com-
prising a frictlonless controller responsive to
movement of said primary element adapted to
produce fluid flow tending to cause said motor
to operate in but one direction, and a second
frictionless controller responsive to movement
of said secondary element and adapted to produce
an opposing fluid fiow tending to cause said mo-
tor to operate in the reverse direction, the oppos-
ing fluid flow together operating said motor.

8. A pneumatically operated self-synchronous
repeating system, including a sending instrument
having relatively rotatable ported and shutter
members, the shutter and port being so designed

that the amount of the port area covered by the-

shutter uniformly varies with the relative angular
position of said port and shutter substantially

throughout a complete revolution, a receiving
instrument having similar ported and shutter
members, a common means for cavsing air flow

through both ports, including a pipe to each
instrument, a motor for turning one of the mem-

_bers of said receiver, and means responsive to

variations in the relative pressure in said pipes
for actuating said motor to restore synchronism

" between the sending and receiving instruments.

9. In a pneumatic positional control system, a
movable primary element and a remotely located
secondary element, motive means for moving said

" secondary element, and control means for said

motive means, said control means comprising a
frictionless controller responsive to movement of
said primary element adapted to produce an air
et tending to cause said motive means to operate
in but one direction, and .a second frictionless
controlier responsive to movement of said secend-
ary element and adapted to produce an opposing
air jet tending to cause said motive means to
operate in the reverse direction, said.air jets to-
gether operating said motive means.

10. In a positional control system, a movable
primary element and a remotely located second-
ary element, motive means for moving said sec-
ondary element, and control means for said mo-
tive means, said control means comprising coarse
and fine controllers responsive to movement of
sald primary element adapted to produce mo-
tivating forces tending to cause said motive
means to operate in but one direction, coarse
and fine controllers responsive. to movement of
said Secondary element and adapted to produce
opposing motivating forces tending to cause said
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motive means to operate in the reverse direction, -

said motivating forces together operating sald
motive means, and means whereby the forces
controlled from the coarse controllers predomi-
nate until near synchronism is reached between‘
the primary and secondary elements. .

11. A pneumatically operated repeating system
comprising a plurality of chambers each contin-

“uously subjected to a predetermined suction to

produce a reduced air pressure therewithin, a
ported cover member for each chamber through
the ports of which air can pass thereto, one of said
cover members having a plurality of circumfer-
entially spaced ports and another of sald mem-

bers having a single port, and shutters cooperat--

ing respectively with said members, one having
an edge spirally shaped over 360° to cooperate
with the single port, and another having a notch
extending over an arc of less than 360° and hav-
ing a spirally shaped edge to cooperate with one

'of the circumferentially spaced ports at a time.

12. In a differential air flow self-synchronous
positional control system, a movable primary ele-
ment, a remotely located secondary element,-an
air motor for moving said secondary element, and
control means for said motor, said control means
comprising coarse and fine controllers responsive
to movement of sald primary element and adapt-
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ed to produce air flow tending to cause said mo-

tor to operate in one direction, coarse and fine
controllers responsive to movement of said sec-
ondary element adapted to produce air flow tend-
ing to cause said motor to operate in the reverse
direction, and means operated by a predetermined
air pressure dve to either of said coarse con-

" trollers for cutting off the air flow from said fine

controllers to said motor.

THEODORE W. KENYON.
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