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5 Claims.

My invention relates t6 a device usable on an
alrplane to determine the approach or presence
of a dangerous flying condition. More particu-
larly, the preferred embodiment relates to-a de-
vice capable of giving an indication to the pilot

upon the approach or presence of either a:-stall- -

ing condition or a high speed condition.

In my -co-pending applica.tion Serial . No.
380,280, I have disclosed an air vane extending
generally forward in the air stream produced by
the forward movement of an airplane - through
the air, This air vane is inclineq slightly down-~
ward so that, during normal flight, the air stream

strikes the upper surface thereof to exert a -

downward pressure which is resisted by suitable
stop means.  However, upon the approach of
stalling conditions, the position of the vane is
such that air will strike the under portion there-
of and lift it to give an indication of the danger-
ous condition. In my application supra, a sec-
ondary air vane is shown, cooperatively asso-
ciated with the main air vane in such manner
as to give an indication of the approach or pres-
ence of a maximum allowable speed condition,
thus permitting the pilot to correct this condi-
tion before structural failure occurs.

It is an object of the present invention to use
a single air vane to give an indication of the
approach or presence of a stalling condition and

of a high-speed condition, such indications being

given on the same or different indicating means
which may warn the pilot through visual, audi-
ble, or otherwise sensitive means.

Another object of the invention is to movably
mount an air vane in-the air stream in such po-
sition that the air will strike the upper surface
thereof during normal flight but will strike the
lower surface thereof upon the gapproach or pres-
ence of a stalling condition, in combination with
a means resiliently restraining the downward
force on the air vane in normal flight. When

the forward speed of the airplane becomes such

as to move the vane against the action of this
resilient means to a predetermined position, &
high-speed indication will be given. Itis another
cbject of the Invention to apply such a restrain-
ing force to the air vane throughout only 2 por=-
tion of its locus of motion.

Ag discussed in my application supra, the air

vane may be positioned sufficiently far removed
from the fuselage and wings of an airplane sc
. as not to be substantially infiuenced by deflected
portions of the air stream moving thereadjacent.
The present invention can be used in such an
environment and can produce both a high speed
and stall indication without the use of a sec~-
ondary air vane. In this and other respects, the
present invention is an improvement on that
shown in my application supra.

On the other hand, the present invention is
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concerned, in one of its aspects, with the novel

positioning of an air vane to be influenced by
air currents adjacent an airfoil, for example, an’
airplane wing, and this embodiment of the in-

vention will be particularly described by way .
of example.

It is an object of the present invention to pro- -
vide a device for indicating a flight condition of
an airplane and which is responsive to the con-
ditions of air flow in the vicinity of .an- airfoil.
In this mdnner, the device can he sensitive to
the very conditions which establish a condltion -
of dangerous flight.

While the invention can be used to be respon-
sive to air currents other than those affected by

‘and flowing in the vicinity of an airfoil, it is

particularly applicable to use in conjunction with
the wing of an airplane, and this embodiment

. will be described in detail, without intention of
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limiting the invention thereto.

During normal flight, the air stream is divided
in its approach to the leading edge of the wing
to produce air currents flowing smoothly along
the upper and lower surfaces of the wing. As &
stalling condition is approached, turbulence is
produced in the upper air stream, starting usu-
ally near the trailing edge and moving forwardly. .
I have found that the air currents adjacent the

leading edge of a wing are less turbulent and . -

can be more satisfactorily used to give an accu-
rate indication of the approach or presence of a
stalling condition, and it is an object of the pres-
ent invention to provide a novel means respon-
sive to conditions in air flow adjacent the lead-
ing edge. -

My tests indicate that as the wing approaches
a stalling condition, there.are greater changes
in the direction of air flow adjacent the leading
edge.
an almost vertical flow of air in front of the
leading edge. If an air vane is éxtended gen-
erally forward in this zone, it will be influenced
by these greater changes in the air currents in
such manner as to glve a very accurate and posi-
tive indication of the approach or presence-of & _
stalling condition. Preferably, the air vane Is
so positioned that the air currents during normal
flight will exert a pressure on one side thereof
and, during stalling conditions, will exert a pres-
sure on the opposite side thereof, and it is an
object of the present invention to provide a de-
vice operating on this principle.

It is another object of the present invention
to provide such an air vane in combination with
means responsive to an increase in downward
and backward air pressure on the upper surface
of the air vane for indicating the conditlon of
maximum allowable speed.

Siill another object of the invention is to pro-
vide a suitably counterbalanced air vane mem-

Under actual stalling conditions, there is -
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ber carrying an air vane extending generally
forward of the leading edge of an airplane wing.

Another object of the present invention is to
provide an air vane member extending generally
forward from an airfoil and operatively con-
nected to mechanism within the air foil, and to
provide a novel sealing device for sealing the
junction of the zirfoil and the external mech-
anism. {

Stiil another object of the invention is to pro-
vide a novel contact system (preferably posi-
tioned within the airfeil) in operative relation-
ship with an air vane positioned outside this
airfoil. ' g

Another object of the invention is to provide
a device which can be made to give separate
warning signals upon the approach of a stall or
a dangerous high speed condition.

If the device of the invention is installed on

both right and left wings of an alrplane, for

example adjacent the leading edges of the wings
on both sides of a fuselage in a monoplane, these
devices can be connected in such way as to give
a warning when one or both wings approach a
stalling condition or when the wings are sub-
- jected to a dangerous high speed condition, and
it is an object of the present invention to dis-
pose & suitable responsive device on each wing
and to connect these devices electrically in a
novel manner,
Further objects and advantages of the inven-
. tion will be made evident to those skilled in the
art from the following description of one em-
bodiment of the invention, this showing being

exemplary and being made without intent of .

limiting the invention thereto, it being apparent
that various changes can be made without de-
parting from the spirit of the invention.

- Pigure 1 is a sectional view of my airplane
stall and high speed indicating apparatus taken

30

[
St

40

from the line {—1 of Fig. 2 shown in conforming -

connected relation with a fragmentary portion
of the leading edge of an airplane wing, said
fragmentary portion of said airplane wing being
shown in cross section; Fig. 2 is a fragmentary
sectional view taken from the line 2—2 of Fig. 1;
Fig. 3 is a fragmentary elevational view taken
from the line 3—3 of Fig. 1; and Figs. 4, 5, 6
and 7 are wiring diagrams indicating different
ways of connecting the invention to one or more
indicating means.

Similar characters of reference refer {o simi-
lar parts and portions throughout the several
views of the drawings:

The air vane member {, electrical contact
members 2 and 3, casing member 4, sealing
member § and the dual contact member € con-
stitutes the principal parts and portions of the
{llustrated embodiment of my airplane stall and
high speed indicating apparatus.

The air vane member | is provided with an
air vane la at its forward end, this air vane
being shown as a plate-like portion. The air
vane member | is pivotally mounted on a pin {b
which is rigidly secured to the casing member
4, as shown best in Figs. 1 and 2 of the drawings.

This air vane memkter { is provided with an
Integral counterweight portion le and opposed
contact engaging arm portions {d and le which
are preferablv made of electrical insulated ma-
terial, all as shown best in Fig. 1 .of the drawinegs.

The casing member 4 is provided with a curved
side wall portion 4z which conforms with the
curvature of the leading edge of the airplane
wing A, as shown best in Fig. 1 of the drawings,

E=N
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and which is suitably secured to a frame mem-
ber 4f attached to the inner side of the airplane
wing, as shown In Figs. 1 and 2. This casing
member 4 is also provided with integral side por-
tions 4b extending in spaced parallel relation
backwardly from the curved side wall portions
4a, as shown best in Fig. 2 of the drawings. This
casing member # is also provided with a back-
wardly extending bottom portion 4¢ on which the
electrical contact members 2 and 3 and the dual
contact member 6 are rigidly secured by means
of bolts 2a¢. These elecirical contact members
2 and 3 and the dual contact member 6 are suit-
ably insulated by insulation plates 2b from each
other snd from the casing 4, as shown best in
Fig. 1 of the drawings.

Referring particularly to Fig. 1 of the draw-
ings, it will be observed that the electrical con-
tact members 2 and 3 respectively comprise re-
silient plate spring portions 2¢ and 3a, each
carrying a contact, these contacts being spaced
from each other. The electrical contact member
6 iikewise provides a resilient plate spring por-
tion 6z on which are mounted contacts 6 and
§c respectively arranged in spaced opposed re-
lation with the contacts of the contact members
2 and 3. The plate spring portion 3a of the
electrical contact member 3 is relatively heavy as
compared with the other plate springs and acts
to assert a restraining force on the air vane
member |, for a purpose tc be hereinafter men-
tioned, so long as this plate spring portion 3a
is lifted from engagement with a stop 44, shown
in Fig. 1 as a pin extending bhetween the side
portions 4%,

Positioned in spaced relation to the upper side
of the counterweight portion (¢ of the air vane
{ is a stop member 44, which is integral with
the casing 4. Positioned beneath the arm por-
tion le of the air vane member | is a stop mem-
ber &e¢ which is integral with the casing &, as
shown best in Fig. 1 of the drawings. These
stop members 4d and de are arranged to limit
the pivotal movement of the air vane members
{ preventing the plate spring portions 2c and 3a
of the electrical contacts 2 and 3 respectively
and the plate spring portion 6a of the dual con-
tact member 6 from being bent out of operative
position. It will be noted that the casing mem-
ber 4 at its connection with the leading edge -
of the airplane, is positioned in a frame member
47 which is rigidly secured to the inner side of
the airplane wing near its leading edge, as shown
best in Figs. 1 and 2 of the drawings. Electri-
cally connected with the electrical contacts 2
and 3 and the dual contact member 6 are elec-
trical conductor wires 2d, 3b and 6d respectively,
which are arranged to extend to the pllot's com-
partment of the alrplane and connect with sig-
nalling devices, not shown in the drawings, and
no part of my present invention.

It will be noted that the casing member .4 is
provided with an opening 4g therein through
which the air vane member { extends and in

3 which said air vane member | is pivotally

mounted. This casing member 4 is provided .

with a funnel-shaped flange portion 4k around

the opening 4¢ therein on the outer side of which
is positioned one end of the sealing member 5.
This sealing member 5 is preferably made of
pliable material, such as rubber or the like and
the opposite end of this sealing member § from
the end positioned around the flange portion 4n
is positioned in an annular groove portion 1f of
the sealing connection member lg on the shank
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portion 1% of the air vane member |, all as shown

best in Fig. 1 of the drawings. Opposite ends of.

this sealing member 5 are resilient and tend
to contract and tightly engage the flange portion
47 and the sealing connection member {f, all
as shown best in Fig. 1 of the drawings. This
sealing member § prevents dust, water, or other
elements from entering the opening 8¢ in the
casing member 4 and causing damage to the
-electrical contacts 2 and 3 and other mechanism
within the airplane wing. :

Figure 4 shows one way of connecting the in-
vention to produce separate warnings upon the
presence or approach of a stalling or high speed
condition of an airplane. Referring thereto, the
contact member 2 is connected by conductor 2d
with a stall-warning device 18 connected in series
with a source of potential Il which, in turn, is

3

rapid,, as is‘also the return movement to the

" full-line position, so that the circuit is completed

5

or'interrupted quickly and positively.

It will be apparent that movement of the air
vane member |-from its full-line position to its
dotted line position E takes place after the re-
straining force of the plate spring portion 3¢ has

~ been removed'by engagement thereof with the

10

connected by conductor 6d to the contact mem- -

ber 6. When the contacts of the contact mem-
bers 2 and 6 are in closed position, current will
flow therethrough and through the stall-warning
device 10 to give an indication of the presence or
approach of a stalling condition. A separatz
speed-warning device (2 is connected in series
with the potential source {1 and is connected to
the contact member 3 by conductor 2b. Corre-
spondingly, the warning of a high speed condi-
tion will be obtained when the contacts of the

contact members 3 and 6 are brought into en- :

gagement. .

The operation of the invention during condi-
tlons of flight is substantially as follows: When
the airplane is travelling in normal flight, the

air vane la is in such position that the air cur- -

rent strikes the upper surface thereof to create
8 downward pressure thereon. These air cur-
rents are indicated generally by the arrows B,
and the downward force exerted thereby is op-
posed by the restraining action of the plate spring
portion 3¢ which must be lifted from its stop 4j
by the contact engaging arm le if the air vane
member | is to move from its full-line position
shown in.Fig, 1 toward its dotted line position,
indicated by the dotted lines C. When the air-
plane reaches a dangerous high speed condition,
the air vane member { overcomes the restraining
action of the plate spring portion 3a¢ and moves
into its dotted line position C and these contacts

come into engagement to complete the eircuit to °

the speed warning device 12. As soon as the
condition of excessive speed is corrected, the air

. vane member | again moves forward and inter-

rupts the circuit.

The air vane la is dispoéed in such position *

‘that. upon the approach or presence of a stalling
condition, the air currents will strike the lower
surface thereof, as indicated diagrammatically by
the arrows D. - At this time, the air vane member
i will overcome the light restraining force nf the
spring 2¢ resting against the stop member 4% and
will move upwardly into its dotted line position
Indicated by the letter E, thus bringing the con-
tact of the contact member 2 into ensagement
with the contact 6b and closing the circuit
through the stall warning device 10. As soon as
the stalling condition is corrected (as by decreas-

ing the angle of attack of the airplane). the air .

currents will again strike .the upper surface of
the air vane fa, thus moving the air vane mem-
ber I into its full-line position shown in Fig, 1.
The angle of movement of this air vane member
i between its full-line position and the dotted
line position E is preferably small. Also, the
rate of movement between these positions is very

75

stop 4. _

By such a construction, a single air vane can
be used to give a warning of the presence or
approach of a stalling condition or a high speed
condition., Separate warning devices 10 and 12
can be used, though, if desired, the invention can
be connected as shown in Fig. 5 to use a single
warning device 12a which gives a warning of the
presence or approach of either adverse condition.
The circuit shown in Fig. 5 is generally similar
to that shown in Fig. 4 except that the contact
members 2 and 3 are electrically connected by
a conductor 13, whereby the warning circuit will
be completed upon either upward or dewnward
movement of the air vane sufficient to complete
the circuit through the contact members 2 and
3 respectively in which case the middle contact 6
may be eliminated by connecting member 3 fo
6d instead of connecting to member 2 by con-
ductor (3. ‘

In many instances, it will be satisfactory to
dispose the device shown in PFig. 1 on only one
wing of the airplane. However, a more satisfac-
tory system is to install one of the devices on
both right and left wings to indicate separately
the conditions affecting each wing. In this event,
the circuit shown in Fig. 4 can be duplicated to
provide four warning devices grouped in pairs to
indicate stalling or high speed conditions affect-
ing the wings. Alternatively, as shown in Fig.
6, the two sets of contact members (respectively.
responsive to conditions affecting the wings) may
be wired in parallel to permit the use of a single
Stall-warning device 10 and a single speed warn-
ing device 12, In Pig. 6, the contact members on
the other wing are indicated by primed numerals,
otherwise corresponding to the numerals applied
to the contact members in Pig. 1. From Fig. 6
it will be apparent that the stall warning device
10 will be energized upon the presence or ap-
proach of a stalling condition affecting either the
right or left wing, while the speed warning de-
vice 12 will be energized in response to the pres-
ence or approach of a dangerous speed condition
affecting either wing.

In some instances. it may be desirable to give

.8 warning only when both wings are subject to

the presence or approach of a stalling condition.
In this instance, the circuit shown in Fig. 7 may
be used, this circuit including means for connect-
ing in series relationship the stall responsive con-
tacts and for connecting in series relationship tha
speed-responsive contacts. In this embodiment,
electrical connection of the contact members 2
and 6 will cause current to flow from one ter-.

"minal of the source 11 through the closed switrh

contacts and through the conductor 2d to the
stall warning device 0. A conductor I5 con-
nects this device with the contact membor 2’
and if this member is in electrical contact with
the contact member 8’ (as it would be if the asso-
clated wing were subjected to a stalling condi-
tion), the circuit to the source 1§ will be com-
pleted through conductor 16. If, however, both
wings are not in a stalling condition, the warning
will ' not be given. If both wings are subjected
to a high speed condition, current will flow from
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the source {1 through contact members 6 and 3
to the speed warning device (2 and thence
tarough contact members 3’ and 6 to the source,
thus giving a warning of excessive speed. It will
he noted that it is considered impractical to indi-
cate any difference in maximum speed of the
two wings. :

While the invention has been particularly de-
seribed in & placement adjacent the leading edge
of the wing, it will be apparent that it may be
used in other positions to be influenced by the
air stream adjacent the wing or other airfoil.
Likewise, the device can be used at positions far
remote from an airfoil, for example, at & position
in the main air stream and substantially out of
the influence of the air current flowing in the
vicinity of the wing or fuselage. In this instance,
the vane fa will still extend forward and down-
ward, though the angle of inclination will not

usually be as large as shown in Fig. 1. The air :X

vane will be so positioned that the air currents
will reach the upper surface and exert a down-
ward pressure thereon during the existence of
non-stalling conditions, but will shift to press up-

ward on the lower surface of the air vane when- -

the angle of attack becomes such as to establish
a dangerous stalling condition.

Though I have shown and described a partic-
ular construction, combination and arrangement
of parts and portions, I do not wish to be limited
to this particular construction, combination and
arrangement, but desire to include in the scope
of my invention the construction, combination
and arrangement substantially as set forth in the
appendeq claims.

Having thus described my invention, what I
claim as new and desire to secure by Letters Pat~
tent is: -

1. In an airplane combination stall and high
speed indicating apparatus of the class described,
the combination with the leading edge of an air-
plane wing, of a pivotally mounted combined stall
and hizh speed indicating air vane member ex-
tending forwardly and downwardly from near the
middle portion of said leading edge and provided
with a vane portion on its forward end and spaced
arm portions near its other end shiftable spaced
clectrical contacts intermediate said spaced arm
portions of said air vane member positioned with-
in the leading edge of said airplane wing and in-
dicating means in electrical connection with said
electrical contacts and arranged to be responsive
to a downward motion of said air vane from nor-
mal position to a predetermined lower position
for indicating a high speed condition and re-
sponsive to an upward movement of said air vane
from normal position for indicating a danger
stalling condition.

9. In an airplane combination stall and high

speed indicating apparatus of the class described,
the combination with the leading edge of an air-
plane wing, of 2 pivotally mounted combined stall
and high speed indicating air vane member ex-
tending forwardly and downwardly from near the
middle portion of sald leading edge and provided
with a vane portion on its forward end and spaced
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arm portions near its other end shiftable spaced ‘

electrical contacts intermediate said spaced arm
portions of said air vane member positioned with-
in the leading edge of said airplane wing and in-
dicating means in electrical connection with said

70

5 position to a predetermined lower
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electrical contacts and arranged to be responsive
to a downward motion of sald air vane from nor-
mal position to a predetermined lower position
for indicating a high speed condition and re-
sponsive to an upward movement of said air vane
from normal position for indicating a danger
stalling condition, said electrical contacts inde-
pendently supported on resilient members.

3. In an airplane combination stall and high
speed indicating apparatus of the class described,
the combination with the leading edge of an air-
plane wing, of a pivotally mounted combined stall
and high speed indicating air vane member ex-
tending forwardly and downwardly from near the
middle portion of said leading edge and provided
with a vane portion on its forward end and speced
arm portions near its other end shiftable spaced

“electrical contacts intermediate said spaced arm

portions of said air vane member positiond with-
in the leading edge of said airplane wing and in-
dicating means in electrical connection with said
electrical contacts and arranged to be responsive
to a downward motion of said air vane from nor-
may position to a predetermined lower position
for indicating a high speed- condition and re-
sponsive to an upward movement of said air vane
from normal position for indicating a danger
stalling condition, said electrical contacts inde-
pendently supported on resilient members, one
of said resilient members relatively heavy in rela-
tion with the other resilient member.

4. In a device responsive to a flight condition
of an airplane; an air vane disposed in the air
stream created by forward motion of the airplane
through the air; means for mounting said air
vane to swing about an axis generally transverse
to the direction of flight and disposed to the rear
of the center of pressure of the air vane, sald air
vane being disposed in a normal position inclined
forward and downward with respect to the alr
stream such that the air stream strikes the upper
surface of sald air vane in normal flight; electric
contact and circuit means responsive to a down-
ward motion of said air vane from said normal
position for
indicating & high speed conditlon; and similar
means responsive to an upward motion of sald air
vane from said normal position for indicating a
dangerous stalling condition.

5. In an airplane combination stall and high
speed indicating apparatus of the class described,
the combination with the leading edge of an alr-
plane wing, of an air vane member pivotally
mounted slightly below the middle of the leading
edge of sald sirplane wing, an air vane portion
on the extended end of said air vane member,
spaced electrical contact members positioned
within the leading edge of said wing, a portion of
said air vane member at its opposite end from
said air vane portion arranged to shift said elec-
trical contact members into engagement with
each other and indicating means in electrical
connectlon with said electrical contacts and ar-
ranged to be responsive to a downward motion
of said air vane from the normal position to a
predetermined lower position for indicating &
high speed condition and responsive to an upward
motion of said alr vane from the normal position
for indicating a danger stalling condition.

RALPH D, LACOE.



