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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 means for limiting
the descent of an aircraft to a predetermined
altitude and more particularly to a device oper-
ative to maintain the altitude of an aircraft at a
predetermined value under the control of a
barometric device such as a sensitive altimeter
which, upon the aircraft descending to a prede~
termined altitude, closes a relay circuit which
controls an electric servomotor to vary the engine
throttle setting to thereby maintain the altitude
substantially constant at the predetermined
value,

The instant device is of value in controlling the
throttle of an aircraft engine during the descent
of an airplane for an instrument landing in
accordance with an improved form of the well-
known Army Air Corps blind landing system. In
this improved system, a descent is made in sev-
eral stages along a course aligned with the land-
ing runway and marked by a plurality of aligned,
spaced, high frequency marker beacon trans-
mitters. The flight of the aircraft is under auto-
matic control both in the horizontal and vertical
blanes. It is essential that the descent from the
last marker beacon station to the landing field
be started from an altitude of approximately
two hundred feet, depending of course on the
particular aeroplane employed. In order to limit
the descent to an altitude of such g value, it is
also essential that the predetermined altitude

. be reached some time prior to bassing over the
i last marker beacon station and that the altitude
{ thereafter remain substantially constant until

{
i which time the altitude control is rendered in-
{" operative and the final stage of the descent to
L. a landing is begun. The descent from the point
i of the maxrker beacon station next breceding the

the said last marker beacon station is passed, at

last station is made at a constant rate from s

i higher predetermined altitude, such that the air-
i craft reaches the desired lower altitude of two

hundred feet prior to passing the last marker
beacon station. Immediately upon reaching the

i desired altitude of two hundred feet, or slightly
< prior thereto, the device according to the inven-
I tion opens the aircraft engine throttle a sufficient
© amount to stop the descent and to maintain level

flight at the selected altitude until the last mark-
er beacon station is passed over, at which time the

. barometric pressure-responsive device becomes
' ingperative under the contro] of a relay actuated
|
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by the output of a marker beacon receiver which
forms no part of the subject matter of the pres-
ent invention. The throttle is again reduced to
a point such that the final stage of descent is
made at a constant rate until contact is made
with the ground.

Devices responsive to barometric pressure for
regulating an engine throttle control are old in
the art, as is also the broad idea of regulating
the altitude of an aircraft by control of the engine
throttle, such apparatus being disclosed in the
U. 8. Patent No. 1,997,412, granted to Eduard
Fischel. The Fischel patent discloses an electric
servomotor for controlling the aircraft engine
throttle, the operation of the servomotor being
in turn intermittently controlled by a switch
adapted to be contacted by an altimeter pointer.
The switch contacts are adapted to be adjusted
relative to the altimeter pointer such that a neu-
tral or electrically dead contact will be aligned
with the pointer at some preselected altitude. If
the setting of the neutral contact is such that the
selected altitude differs from the instant altitude,
the servomotor will be energized to either open
or close the engine throttle to cause the aircraft
to ascend or descend until the predetermined
altitude is reached. Various means are also dis-
closed adapted to vary the operation of the
altimeter. control to prevent overshooting and
hunting at the selected altitude. The devices of
Fischel are, however, not suited for use in the
above-noted blind landing system since they
continuously adjust the throttle during an ascent
or descent, as distinguished from the instant
device which allows the aircraft to descend at
a constant rate and effect a control over the en-
gine throttle only slightly prior to reaching the
selected altitude, Since the difference in the
throttle setting required to change from the
descent to level flight, at a speed slightly above
the stalling speed of the airplane, is only a small
amount, the instant device is capable of making
the necessary change in setting of the throttle
without any appreciable overshooting of the de-
sired altitude.

The device in accordance with the invention
also incorporates the novel feature of energizing
the throttle-setting servomotor by means of a
photoelectric controlled relay, the photoelectric
device being controlled by a sensitive altimeter,
The use of a photoelectric device in conjunction
with a sensitive altimeter renders it possible to
effect an accurate control not possible in any
device in which the altimeter itself is required
to actuate the control switches, since any fric-
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tion loading imposed on the altimeter introduces
an error of as much as fifty feet in the response
of the control. In actual flight tests with the
device in accordance with the invention, it has
been possible to maintain the preselected alti-
tude ccnstant within plus or minus ten feet due
to the fact that the sensitive altimeter is not
required to mechanically actuate any control
element.

The principal object of the invention is the
provision in combination with an aircraft power
plant, of a sensitive barometric pressure-respon-~
sive device operative upon attaining a predeter-
mined altitude for controlling the power output
of the power plant to thereafter maintain the
altitude substantially constant,

A further object of the invention is the provi-
sion in an aircraft power plant regulating means
of a power means for regulating a power output
control member, means for energizing said power
means, a photoelectric device for controlling said
last-named means and a sensitive altimeter for
causing actuation of said photoelectric means
upon the attainment of a predetermined altitude.

Ancther object of the invention is the provi-
sicn in an apparatus of the character described
of a novel means for controlling a switch by
means of a sensitive altimeter through the me-
dium of a photoelectric cell and a light source
cooperating with said altimeter to control said
switch.,

Other objects of the invention not specifically
enumerated above will become apparent by ref-
erence to the detailed description in the spcifi-
cation and the appended drawings in which:

Figure 1 illustrates schematically an arrange-
ment of the elements in accordance with the in-
vention associated with an aircraft engine throt-
tle-control element;

Figure 2 illustrates partly in section, the de-
tail construction of the altimeter and photoelec-
tric control device illustrated in Figure 1;

Figure 3 is a sectional view taken on
3—3 of Figure 2, and

Figure 4 is a schematic view of the Army Air
Corps blind landing system as used by an air-
plane equipped with the automatic altitude con-
trol device of the present convention.

Referring to Figure 1, the numeral | repre-
sents a throttle-control lever for controlling the
throttle valve of an aircraft engine (not shown)
and the lever is pivoted by means of a pivot 2 to
the lower end of a floating lever 3, rotatably
mounted on the eccentric 6. At its upper end,
the lever 3 is pivoted to a manual control rod 4
by means of the pivot 5 The eccentric 6 is
mounted on a shaft 7, rotatably supported in &
bracket 8 and having the gear sector 9 rigidly
secured thereto and rotatable therewith, As the
gear sector 9 is rotated in either direction, the
eccentric 6 will shift the lever 3 about the pivof
5, to thereby shift the throttle-control lever | to
vary the power output of the associated engine.
In any given position of the eccentric 6, however,
the manual control rod 4 may be employed to
independently shift the throttle-control lever f.
The manual control rod 4 is adapted, however,
to he controlled by any suitable automatic de-
vice, if so desired. This floating lever throttle
adjustment is old in the art and forms no part
of the present invention.

The gear sector 9 meshes with a worm 10,
mounted on the end of an armature shaft 1 of
the reversible direct current electric motor 12.
The electric motor 12 is provided with an arma-
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ture conductor {2a, adapted to be connected roi. however, i

a suitable direct current source of power (ng
shown) and also has split field winding conne
tions 14 and 15 which are connected through
limit switch device (3 of a conventional tym
The limit switch (3 is adapted to break the fiel
circuit of motor 12, upon the motor having mad
a predetermined number of revolutions either
the forward or reverse directions, TFrom th
limit switch device 13, the field conductor 4}
connected to a stationary contact 16 of a relay
generally indicated by the reference numeral?
The field conductor 15 is similarly connected
a second stationary contact 1T of the relay 4
A double contact 18, on the end of a relay arma
ture spring 19 of the relay 20, is adapted to
connected by means of a conductor 22 to the d
rect current supply source for the motor i
The relay 20 is provided with a convention
solenoid coil 21 which is connected in series wih
an electric battery 23 and a pair of switch con
tacts 24, of a sensitive meter type of relay §
The armature 19 of the relay 20 is normal
vieldingly urged into a position such that con
tacts {T and 18 are engaged, completing a cireul
from the power supply through conductor 151
armature conductor (2e¢ of the motor 12,
thereby cause the motor {2 to rotate the g
sector 9 to adjust the throttle-control lever Ik
a position so as to reduce the power outputd
the engine to cause the airplane to descendll
a power glide at a predetermined rate of desc
Upon the motor 12 having turned a predetén
mined number of revolutions, the limit switch ]
will interrupt the supply of power to the moly
through the field conductor {5. Whenever rely|
coil 21 is energized, the contacts 16 and I8 wi
he in engagement, causing the motor 2 to rolal
in the opposite direction until Iimit switchll
interrupts the supply of power thereto, there
advancing the throttle towards the open positin,
a predetermined amount from ifs normal posl
tion, as determined by the previously mentioned
setting due to the above-described action of th
motor {2, The relay 25 is connected by meansol
conductors 26 and 27 to a sensitive photoelectti;
cell 30, which is preferably of the photronic type
i. e., it requires no external power source for the
operation of the relay 25. The conductor 21
provided with manually operated switch means
28, The photronic cell 30 is associated with
sensitive altimeter, generally indicated by the
reference numeral 35, which has a pointer acty
ating shaft 4! for driving the indicating pointg
42, and a reflecting surface or mirror secured
the outer end thereof to rotate with the pointe
42. 'The mirror 44 is adapted to cooperate with
a light source 45, which by means of a condensing
lens 46 is adapted o project a beam of light ony
the reflecting surface 44, As shown by the dotte
lines in Figure 1, when the pointer 42 is opposils
the two hundred foot indication mark on th
cial #8 of the altimeter 35, the mirror 44 isi
such a position, that the beam of light from th
light source 45 will be directed onto the photronit}
cell 3B, thereby causing the relay 25 to be ¢
ergizod to close the contacts 24 and to enetg
te motor 12, The conductor 26 of the photronis!
cell 38 has connected in series, therewith, a telyy
50 adapted to be controlled by the output of g
maxrker beacon radio receiver 51, so that fl
photronic cell 38 is rendered inoperative to co
trol the motor 12 upon the relay 50 being ach
atzd by marker beacon receiver 51, This co
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trol, however, forms no part of the present in-
vention.
“. Referring to Figure 2, it will be seen that alti-
meter 35 comprises an external casing 34 and an
‘Iinternal casing 36 which contains the altimeter
‘proper, The casing 36 is adapted to be rotatably
mounted in the casing 34 by means not shown,
‘and is provided with gear teeth 37, which mesh
‘with a worm 38 mounted on the casing 34 and
-adapted to be rotated by turning the setting knob
'39. The initial setting of the mirror 44 relative
to the light source 45 can thereby be adjusted
as desired. The light source 45 and the condens-
ing lens 46 are each carried in a suitable housing
formed integral with the casing 34, and in a
similar manner, the photronic cell 30 is similarly
‘supported from the casing 34. The photronic cell
30 comprises a cover glass 32 and a photosensi-
tive element 31 placed behind the cover glass 32
‘and suitably electrically connected to the con-
ductors 26 and 27,

As seen in Fig. 3, the cover glass 32 may be
coated with an opaque material, as at 38, to
‘thereby prevent light from passing through the
_cover glass until the light beam passes off of the
‘mask area 33.
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Operation

A conventional showing of an airdrome
equipped for blind landing of aireraft is de-
picted in Figure 4, wherein the letter I, indi-
cates a point on the runway of the landing field
and the letters A and B indicate “inner” and
‘outer” radio transmitting stations, respective-
ly. - These stations operate on different fre-
quencies. The inner station A is located a pre-
determined distance from the end of the runway

‘the maximum possible gliding angle of the air-
plane -and upon the nature and height of ob-
structlons in the vicinity of the airdrome. The
outer station B is at a fixed distance from the
inner station A. The distance between stations
A and B generally is not less than the distance

términed altitude at the outer station B to a
glven altitude at the inner station A; the change
in:altitude being accomplished, while flying be-
tween the stations B and A along the landing
path toward the point 1., by properly reducing the
forward speed of the airplane from a normal
crilsing speed at the outer station B to a gliding
speed at the inner station A, In other words be-
tween stations B and A, the aircraft engine is
throttled to obtain a speed slightly in excess of
the stalling speed. Since the distance between
the fwo stations is fixed, it is necessary that the
airplane, when passing over the outer station B,
be approximately at a predetermined altitude

slightly in excess of the stalling speed, the air-
plane eruising speed will be decelerated to slight-
ly above the stalling speed when it reaches the
Inner station A. The speed of the airplane im-
Iediately prior to passing over station A and its
altitude thereabove will depend largely upon the
type of airplane,

Assuming an airplane P, equipped with the
altomatic altitude control device of the inven-
tlon, to be in the process of making an instru-
ment landing and approaching the outer station
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determined altitude of 1000 feet may be initiated
by suitable adjustment of the control rod 4 to
obtain the required throttled setting, either
manually by the pilot or automatically by any
suitable automatic device (not shown) withous
regard to the automatic control device of the
invention. In such a case, the switch 28 of the
automatic altitude control device is opened to
brevent energization of the relay 25. An alterna-
tive method of rendering the automatic altitude
control device quiescent without opening the
switch 28 would be to so operate the adjusting
mechanism 37—38 as to position the photronic
cell 30 beyond the contemplated range of de-
flection of the altimeter pointer 42, For exam-
ple, when the pointer 42 is opposite the number
8 on the dial 48 with the altimeter reading at
1800 feet, and the photronic cell 39 is located
between the numbers 8 and 0 on the dial, light
from the source 45 impinging the mirror 44 will
not be reflected to the cell 30 by the anti-clock-
wise deflection of the pointer from 8 to 0 result-
ing from the lowering of the altitude to 1000
feet. In the normal or quiescent condition of
the automatic altitude control device, the relay
25 is always deenergized and the contact I8 is
free of the contact 1§ but in engagement with
the contact 17. This condition is further char-
acterized by the fact that the eccentric § is
rositioned at the limit of its throw in one direc-
tion by reason of the servomotor having com-
rleted the predetermined number of revolutions
in the direction controlled by the circuit from
the power supply through contacts 18 and 171
and conductors 15 and 2. The breaking of this
circuit (which may be termed the throttle-clos-
ing circuit) without disturbing the relative en-
gagement of contacts 7 and 8 is effected, as
previously mentioned, by the limit switch device
3. In the quicscent conditicn of the automatic
altitude control device, the eccentric § serves as
& pivot or fulerum about which the lever 3 is
moved for varying the setting of the engine
throttle, during manual or automatic operation
of control rod 4, It is to be noted, also, that
while the companion circuit to the servomotor
through conductors 22 and {4 (which may be
termed the throttle-opening circuit) is broken
at the contact I6, there is no break in the ecircuit
at this time at the point controlled by the limit
switch device 13. Hence only the engagement of
contact 18 with contact 8 is required to com-
plete the circuit which controls the reversing of
the servomotor.

With the automatic altitude control device in
its quiescent condition and the airplane P
headed for station B from a point beyond the
station at an altitude over 1000 Teet, the throttle
setting is changed by operation of control rod 4
to decrease the power output of the engine suf-
ficiently to lower the altitude of the airplane
at a rate enabling it to pass over station B ap-
Preximately at the desired altitude of 1000 feet.
By suitable means, such as a signal light on the
instrument panel cperated by a marker beacon,
the pilot is signalled when the airplane is direct~
ly over station B. At this time, the altimeter
should read 1000 feet, as indicated by the full
line construction of Figures 1 and 2. Upon re-
ceipt of the signal, the control rod 4§ is operated
to shift the floating lever 3 into a predeter-
mined position about the eccentric § to effect,
through the resultant movement of the throttle-
control lever, a change in throttle setting. The
throttle setting will now be such as decreases
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the power output of the aircraft engine to the
proper value necessary to cause the airplane to
descend in a power glide at a predetermined
rate of descent enabling it to reach the desired
lower altitude of 200 feet prior to passing over
the inner station A. When the engine is thus
throttled to obtain a speed slightly in excess of
the stalling speed the cruising speed of the air-
plane will be decelerated to slightly above the
stalling speed when it reaches station A. The
automatic altitude control device is also con-
ditioned at the start of the glide to limit the
descent to the 200 ft. level. If the photronic
cell 30 is beyond the contemplated range of de-
flection of the altimeter pointer 42, as is possible
under the previously described alternate method
of rendering the automatic altitude control de-
vice quiescent, the conditioning process consists
merely in operating the adjusting mechanism
371—39 until the photronic cell 30 and the source
of light 45 are positioned relatively to the dial
40 as shown in Figures 1 and 2. In the event
that the cell and light source already have this
setting, but with the switch 28 open, the auto-
matic altitude control device is conditioned for
operation simply by closing the switch, This
conditioning process having been completed, the
throttle setting remains constant during the
descent of the airplane until the sensitive alti-
meter pointer 42 moving in a counter-clockwise
direction with decreasing altitude, arrives sub-
stantially at the predetermined lower altitude
indication, for example, the two hundred foot
mark, as illustrated by the dotted line construc-
tion of Pigures 1 and 2. During the deflection
of the altimeter pointer, the mirror 44 continu-
ally changes its position relative to the light
source 45 and no incident light is reflected there-
from to a point on the cell 30 above the mask 33
until the pointer 42 reaches the two hundred
foot indication mark on the dial 40 of the alti-
meter, or slightly prior thereto.

‘When the heam of light impinges the light-
sensitive element contained in the cell, the lat-
ter is energized and generates sufficient cur-
rent to operate the sensitive electrical relay 25
which, in turn, operates the relay 28 to energize
the relay coil 21 to attract the armature 19 to
engage contact 18 thereof with contact 16. 'The
engagement of contacts 16 and 18 closes the
throttle-opening circuit to the electric motor
12; the latter being energized through conduc-
tors 22, 14 and 12q to cause immediate rotation
of the worm (0 through the predetermined
number of revolutions in the required direction
necessary to move the eccentric 6 to a position
at the limit of its throw in the opposite direc-
fion as distinguished from its position during
the quiescent condition of the automatic alti-
tude control device. By reason of this move-
ment of the eccentric 6, the lever 3 is swung
about the pivot 5 and shifts the throttle-control
lever | in a throttle-opening direction until the
eccentric is at the limit of its movement (which
occurs when the limit switch 13  breaks the
power supply of the motor through the field
conductor 14), at which time the throttle setting
is such as to increase the power output of the
engine an amount to just sustain the airplane
in horizontal flight or to cause the airplane to
climb at a low rate. The throttle remains open
throughout the deflection of the reflected light
across the unmasked area of the cell 30 and,
hence, the increased power output due to the
open throttle is effective as a retarding and lift-
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ing force to stop the descent of the airplane an
to cause it to ascend after a very slight ove
shooting of the 200 ft. mark. It will thus. b
seenn that upon reaching the predetermined alt
tude of two hundred feet, the engine throtl
will be continuously and quickly adjusted-t
wards the wide open position to stop the desce
of the airplane, The airplane will then begin
ascend from a level slightly below the 200 fo
altitude until the altitude is slightly over 2
feet, at which time the photronic cell 30 w
become deenergized, allowing the armature 19
break engagement between contacts 16 and
and to restore engagement between contacts
and 18, causing motor {2, by reversing the pos
tion of eccentric 6, to return the engine throt
to its former power output reducing positio
The airplane will then descend until the throttle
is again opened as previously described, The
movement of the eccentric 6 and, hence the
change in throttle setting, from one predete
mined limit to the other, occurs rapidly and
there are no pauses between the predetermined
limits. The airplane will tend to oscillate slight«
1y above and below the predetermined altitude
of 200 feet, due to the intermittent reversing
of the throttle setting caused by thie alterna-
tion of the motor 12, As only a small move-
ment of the throttle is necessary at a speed
slightly above stalling speed, to change from
descent to level, this automatic altitude control
device allows the airplane to descend along &
straight glide which ensures that the aircraft
will reach the desired lower altitude prior to
passing to the last radio control station A, and
quickly makes the necessary change in throttls
setting to prevent more than a slight over-
shooting of the desired lower altitude. By care-
ful design and due to the sensitive action of the
photronic cell 30, it has been possible to main-
tain the predetermined altitude of two hundred
feet within plus or minus ten feet, which for
practical purposes may be considered as main-
taining the altitude substantially constant a
the preselected value, After passing over the
last marker beacon station A, the altitude con
trol, exerted by the photronic cell 30, may be
discontinued either manually by opening the'
switch 28 or automatically by operation of the.
relay 50. The electric servomotor 12 will then
restore the engine throttle to the glide position
anhd the glide can thereafter continue at a con-~
stant rate of descent until contact is made with -
the ground.

The predetermined altitude necessary at the
beginning of the last stage of the descent in an
instrument landing will vary with various types
of aircraft, and the value of this predetermined
altitude may be adjusted within reasonable lim-
its by means of the adjusting mechanism 37, 38
and 39 (Figure 2) previously described.

‘While a photronic type of photoelectric cell has
been illustrated in the drawings, it is to be un-
derstood that any other type of light-sensitive
cell may be employed, the photronic cell being
used simply because it requires no external bat- |
tery and generates sufficient current of itself |
to actuate a sensitive type of relay, thus greatly |
zeducing the cost and weight of the installa- |
ion.

Having now described our invention and the |
manner in which it is to be employed, what |
we claim to be new and desire to secure by Let- |
ters Patent is:
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cults for the servomotor means having a com-
mon control switch normally and yieldably posi-
joned in circuit-closing relation to the circuit
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nthe said given direction and in circuit-opening
elation to the other circuit, normally inactive
¢lay means energizable for reversing the posi-
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ing of said servomotor, means operatively con-
nected to said servomotor control means for bias-
ing said control means to cause said servomotor
to normally position said power output control
means in a predetermined low output position
corresponding to a predetermined uniform rate
of descent of the aircraft, and barometric pres-
sure responsive means associated with said servo-
motor control means operative upon descent of
said aireraft below an altitude corresponding
to a predetermined barometric pressure to actu-
ate said servomotor control means in a reverse
sense to position said power output control means
in an increased power output position, to thereby
stop the descent of the aireraft and to cause the
same to ascend.

3. The structure as claimed in claim 2, in which
the barometric pressure responsive means in-
cludes a sensitive altimeter having a shaft ro-
tatable in accordance with variation in baro-
metric pressure, a source of light, a photoelectric
cell adapted to cooperate with said source of
light, and a reflector carried by such altimeter
shaft and rotatable therewith, said reflector being
adapted to direct light from said source onto
said photoelectric cell upon the attainment of
said predetermined barometric pressure, a double
acting relay forming said servomotor control
means, said relay being normally biased in one
direction to cause the servomotor to position the
power output control means in the predetermined
low power output position, and said relay heing
operatively connected to said photoelectric cell
to be energized under the control thereof when
the reflector directs light from said source onto
said photoelectric cell, the energizing of said
relay causing said servomotor to move the power
output control to increase the power output of
the aircraft power plant.

CARL J. CRANE,
RAYMOND K. STOUT.




