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3 Claims.

* 'The invention described herein may be manu-
‘factured and used by or for the Government for

- governmental purposes, without the payment to
us of any royalty thereon,

This invention relates to barometric pressure
responsive control devices and more particularly
‘relates to a means whereby a control switch or
switches may be actuated by a sensitive altimeter
at respective preselected altitudes, to thereby in-
~itiate a desired control effect on the flight of an
associated aircraft.

The device in accordance with the invention
‘15 of general application to control the opening or
.closing of a switch at preselected altitudes for
“any desired purpose, but is particularly adapted
for use in conjunction with automatic or semi-
automatic aireraft landing equipment where it is
necessary to have a sensitive altimeter operative
~to cause a throttle control device to alter the en-
. gine power output at certain predetermined alti-
tudes during the course of a descent.

It has already been suggested in the prior art
to operate a switch including contacts closed by
" an altimeter to complete an electric circuit, but
stich a switch imposes great strains on the indi-
. cating mechanism of the altimeter since the con-
tacts serve as stops for the pointer, and if the
-contacts are engaged with wiping action, the
friction destroys the accuracy of indication of a
" sensitive instrument, - Straining of the pointer
and indicating mechanism also occurs in an-
- other known device where the pointer serves as a
: switch contact and is intermittently brought into
. engagement with any one of a plurality of fixed
. contacts arranged on the instrument dial. It is
also known in the prior art to employ an indi-
- cating instrument with a rotatable dial or indi-
..-cating element, having an aperture which per-
mits a beam of light to pass therethrough to en-
ergize a photoelectric cell when the indicating
element is in a predetermined position, the
photoelectric cell being operative to energize or
" “deenergize a control circuit through the medium
‘of a relay. If, however, it is attempted to apply
" this principle to a conventional single pointer
altimeter reading from zero to fifteen or twenty
thousand feet, it will be found that the size of
aperture necessary to pass a sufficient amount of
light for operation of the photo cell will cover
an appreciable amount of the space of a thousand
foot interval, so that the response of the control
device cannot be accurately confined to a par-
ticular altitude as measured by the altimeter
within a 'small range of error and further, if it
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at a short interval apart in terms of altitude,
such as at two hundred feet and at eight hundred
feet, the resultant errors will be greatly increased
due to the large portion of the interval between
zero and one thousand feet on the dial, being
occupied by the necessary apertures.

In order to overcome the difficulties present in
the known prior art constructions it is proposed
in accordance with the invention to employ a
photoelectric means controlled by a sensitive
altimeter to in turn control a relay or other
switching device, thus avoiding imposing any
friction or other loads on the aitimeter indicat-
ing mechanisms. The invention further em-
ploys an altimeter of the well-known two pointer
sensitive type and replaces the pointers by ro-
tatable dials or shutters each having apertures
therein which may be aligned at some predeter-
mined altitude or altitudes to allow light from a
source such as a lamp to pass therethrough and
impinge on the light sensitive surface of a photo-
electric cell which then becomes operative to
energize a control relay. 'The two pointer type
of altimeter, as well-known in the art is con-
structed so that one pointer rotates to indicate
hundreds of feet, while the other pointer indi-
cates thousands of feet, the hundred foot pointer
thus making ten complete revolutions for one
complete revolution of the thousand foot interval
pointer. By placing one or more apertures in the
disc or dial operated by the hundred foot pointer
shaft, it is possible to make an aperture of suffi-
cient width to pass the requisite amount of light
through an aperture in the disc or dial actuated
by the thousand foot pointer shaft and yet have
the altitude change, corresponding to a move-
ment of the aperture from the light admitting
position to the cut off position, be as small as ten
feet. REach of the discs serves as a shutter for
the other, so that with a sequence of operations
of the relay at say two hundred and eight hun-
dred feet, the photocell will not again be ener-
gized until the thousand foot disc has rotated
through a complete revolution which is ten
thousand feet, which is beyond the range in
which the device is intended to be used.

The principal object of the invention is the
provision in combination with a barometric
pressure responsive indicating instrument having
two poinfer shafts rotatable relative to each
other in a predetermined ratio, of a pair of
apertured discs each mounted on a respective one
of said pointer shafts, the said apertures being
aligned in one predetermined relative position of

is attempted to utilize two such apertures located 86 the discs to permit light to pass from a source
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placed on one side of said discs to a light sensi-
tive cell placed on the opposite side of the dises,
the light sensitive cell being operative to control
an electric circuit controlling device,

Other objects of the invention not specifically 5
pointed out above will become apparent to those
skilled in the art by reference to the detailed
description in the specification and to the ap-
pended drawing in which:

Fig, 1 illustrates a side elevation partly in sec- 10
tion of the elements of the invention, and;

Fig, 2 illustrates in perspective one operative
position of the rotatable shutters or dials of the
device of Fig. 1, and;

Fig. 3 illustrates in perspective a second op-
erative position of the rotatable shutters of the
device of Fig, 1, and;

Fig. 4 illustrates a further disposition of the
apertures of the shutters of the device of Fig, 1
where the predetermined altitude for operation 20
of the relay exceeds one thousand feet.

Referring now to Fig, 1, the reference numeral
I denotes a cylindrical housing containing there-
in a sensitive altimeter 2 of the well-known two
pointer type, one example of such an altimeter o
being shown in the U, 8. Patent No. 2,024,313
granted to Adolf Urfer. The altimeter is pro-
vided with a hollow shaft 3 actuated by the
altimeter indicating mechanism (mot shown) so
that it makes one complete revolution for a one 30
thousand foot change of altitude. A disc 4 is
rigidly secured to the shaft 3, and is rotatable
therewith. A shaft 5 is concentrically arranged
within the hollow shaff 3 and extends beyond
the end of shaft 3, the shaft 5 also being actu- 3
ated by the altimeter indicating mechanism so
that the shaft makes, for example one complete
revolution within the altitude range from zero
to ten thousand feet. A disc § is rigidly mounted
on the shaft 5 adjacent its outer end and is 40
rotatable therewith, the discs 4 and 5 preferably
being provided with suitable altitude indicia
thereon and adapted to cooperate with a sta-
tionary reference pointer (0 for calibration or
checking purposes. The discs 4 and 5 in effect 43
constitute rotatable dials respectively angularly
positioned by the indicating mechanism of the
altimeter in accordance with the instant pres-
sure saltitude relation. The disc 4 is provided
with one or more apertures in the form of narrow 50
slits T and 8 respectively, and the disc 6 is simi-
larly provided with an enlarged aperture 9. A
light. source 12 including a lamp 13 is located
on one side of the disc assembly and directly
opposite a photoelectric cell 14, arranged on the 55
opposite side of the disc assembly. The photo-
electric cell 14 is preferably of the Photronic
type which generates sufficient current to oper-
ate a relay without the use of a local battery
and is electrically connected by means of con- g
ductors 15 to the coil {6 of a sensitive electrical
relay generally indicated by the reference
numeral 20. 'The relay 20 is provided with a
pivoted relay arm (7, having an electrical con-
tact 18 mounted thereon and adapted to engage 45
a stationary contact 19. The relay arm 7 is
suitably biased by a spring so that the contacts
18 and 19 are normally disengaged and brought
into engagement whenever the coil 16 is suffi-
ciently energized by the current generated by
the photoelectric cell 14, to attract the relay
arm |71 against the yielding resistance of the
spring. The contacts 17 and {8 are respectively
electrically connected to the conductors 21 and
22; and form a part of a suitable electrical con- 79
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trol circuit not shown, which may hs uil
for any desired purpose such as the sequ
operation of a switch or the like to conts
throttle positioning servomotor. It.is of cours
obvious that the relay 20 may be employe
deenergize an electric circuit by arranging

tacts 18 and 19 to normally be engaged and tp

can then pass through the aligned apertures s
strike the photosensitive surface of the pho
electric cell 14, The photoelectric cell I4, up
becoming energized develops sufficient current
actuate the sensitive relay 20 as previoy
explained.

Figures 2 and 3 illustrate the arrangement
the apertures in the respective discs 4 and §
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at altity
spective

respect:
4 is pierced by apertures T and 8 which may b By 81

/ it is po
tric rel
titudes

opbposite the two hundred and eight hundred fee
indicia respectively. The disc 6 or thousand

dial is provided as shown with a single arcuats two pr
aperture 9 extending from the two hundred fod -:less 01.
to the eight hundred foot portion of the dia ~-sired,

‘of reg
until -
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interval from zero to one thousand feet. Th
single aperture 9, however, may be made in th
form of two separate spaced apertures, the singl

aperture being used simply because of the close ‘ular ¢
spacing of the predetermined altitude intervals. - WE
If the discs or dials 4 and 6 are rotated clockwise heen
by the altimeter indicating mechanism from the an_d !
zero position to the position shown in Fig, 9, skille
the aperture 7 on the disc 4 opposite the two ~inver
hundred foot indicia will have rotated until it is Wi
aligned with the beam of light transmitted from . 1.
the light source (2 and the arcuate aperture 9 vice
on the disc 6 will also have rotated into register 1_nd1f
with the beam of light allowing the light to pass iﬁif

through the apertures to impinge on the photo
cell 14 of Fig. 1, and causing the same to become
energized. In the interval from two hundred feet
to eight hundred feet the aperture 7 moves out
of register with the beam of light and the beam
is cut off by the disc 4 until the aperture 8 oppo-
site the eight hundred foot indicia on disc 4 is in
register with the beam of light, as seen in Fig. 3.
The disc 6 in the meantime has rotated clock-
wise an angular distance of eight tenths of a
thousand foot interval but leaving the arcuate
aperture 9 still in register with the light beam,
so that at eight hundred feet altitude the light
beam can again pass through the aligned aper-
tures to impinge on the photoelectric cell 14
(Fig. 1). It will be seen that as the discs 4
and 6 rotate clockwise with increase of altitude
the apertures T and 8 will become aligned respec-
tively with the aperture 9 once each revolution
of the disc 4 or once in every thousand feet, but
the apertures T and 9 will not become aligned
with each other and in register with the beam
of light until the disc 6 has made a complete
revolution, which will occur at an altitude of
10,200 feet and similarly the apertures 8 and 9
will not again register with the heam of light
until the altimeter reads 10,800 feet, All the
purposes for which the device is to be operative,
for example, automatic instrument landing con-
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trol, are intended to occur at altitudes less than
ten thousand feet. It will be understood from
the above description that since the disc 4 is
rotated for a given change in altitude an amount
in the example illustrated of ten times the
angular displacement of the disc 6, the size of
the apertures in the disc 4 may be made such,
that ample light may pass therethrough to ener-
gize the photocell and yet be cut off in as little
as a ten or twenty foot change of altitude.

Where for any reason it may be desired to ac-
tuate the relay 20 at altitudes in excess of one
thousand feet for example at five and nine thou-
sand feet respectively, the disc 6, as seen in Fig. 4
is provided with apertures 8¢ and 9b located in
radial alignment with the corresponding alti-
tude indicia respectively and the disc 4 is pro-
vided with a single aperture Ta located in radial
alignment with the zero indication. The light
heam can then pass through the disc apertures
at altitudes of five and eight thousand feet re-
spectively and the apertures will not again come
into registry with the light beam until altitudes
of fifteen and nineteen thousand feet are reached
respectively.

By suitably locating the apertures in the discs
it is possible to cause actuation of the photoelec-
tric relay at any one or more predetermined al-
titudes, the device in no way being limited to the
two preselected altitudes illustrated, since regard-
less of the number of preselected altitudes de-
sired, the discs will not again repeat the sequence
of registrations of apertures with the light beam
until the dial 6 has made a complete revolution
from the last respective register of the partic-
ular apertures.

While a preferred form of the invention has
been illustrated and described, other variations
and modifications will become apparent to those
skilled in the art as falling within the scope of the
invention as defined by the appended claims,

We claim:

1. A barometric pressure responsive control de-

vice comprising a sensitive altimeter having two
indicator actuating shafts, one of said shafts be-
ing rotatable through a greater angular displace-
ment than the other of said shafts for a given
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change in barometric pressure and the relative
displacement of said shafts being in a predeter-
mined ratio, a pair of apertured concentric discs
each rotated by a respective one of said shafts
and the apertures in said discs being in align-
ment in a predetermined position of said discs
corresponding to a predetermined altitude, a light
source, & photoelectric cell arranged to receive
light from said source, said discs being arranged
in the path of light from said source to said pho-
toelectric cell and operative in the said predeter-
mined position of said discs to permit light to
pass through the said apertures and impinge on
the light sensitive element of said photoelectric
cell, an electric circuit including a control relay
operatively connected to said cell and energized
when light from said source is transmitted to said
photoelectric cell,

2. The structure as claimed in claim 1, in which
one of said discs is provided with at least one
aperture and the other of said discs is provided
with a plurality of apertures, the apertures in
said discs being arranged so that light from said
source may pass therethrough at different prede-
termined relative positions of said dises corre-
sponding to predetermined altitudes.

3. In combination a sensitive altimeter includ-
ing a first shaft angularly positioned in accord-
ance with the instant pressure altitude relation
and a second shaft rotatable through an angle
equal to a predetermined multiple of the dis-
blacement of said first shaft for the same pres-
sure altitude relation, a photoelectric relay, a
light source adapted to transmit s beam of light
to the photosensitive element of said relay, a pair
of shutter elements each respectively associated
with one of said shafts, said shutter elements
being arranged in overlapping relation in the
line of transmission of light from said source to
the photosensitive element of said relay, and a
light transmitting aperture in each of said shutter
elements adapted to be in register with each other
and with saild beam of light in a predetermined
relative position of said altimeter shafts.
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