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26 Claims.

My invention- relates broadly to aircraft and
more particularly to a mechanism for controlling
the flight of aircraft.

An object of this invention is to provide novel

5 means for compensating for the variable forces
exerted on the flight control means of aircraft
when in operation.

Another object of my invention is to provide a
construction of pressure compensating mecha-
nism for preventing relatively large pressures
which are established against the planes of an
aircraft from interfering with the control forces
applied by the pilot at the control mechanism ot
the aircraft.

Another object of my invention is to provide a
construction of pressure compensating mecha-
nism for the control of aircraft in which a gradu-
ated compensating force may be applied to the
control mechanism proportional to the pressure
incident against the planes of the aircraft.

Still another object of my invention is to pro-
vide a variable pressure compensating mechanism
for contrel of an aircraft by which selected com-
pensating forces are introduced to counteract
pressures incident upon the control planes of the
aireraft as such pressures increase or decrease
with respect to the control planes.

A further object of my invention is to provide
a construction of compensator for pressures in-
cident against the planes of an aircraft whereby
the control forces applied by the pilot at the con-
trols of the aircraft are maintained substantially
constant independent of the increase or decrease
in the surface pressure against the rudder, ele-
vator controls or ailerons.

A still further object of my invention is to pro-
vide a construction of parallelogram mecha-~
nism for a pressure compensator introduced be-
tween the control planes and the pilot control
of an aircraft for accurately transmitting control
forces from the pilot’s position independently of
large variations in surface pressure against the
control planes.

Another object of my invention is to provide a
45 construction of compensator employing a mul-
tiplicity of calibrated spring units each having
different pressures which may be selectively rend-
ered effective against the lever mechanism of
the commpensator for insuring continuous control
of the control planes from the pilot’s position
independently of variations in surface pressure
against the control planes of the airplane ac-
cording to different velocities of the aircraft.

Other objects and advantages of my invention
will be apparent from the follawing detailed de-
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scription considered in connection with the ac-
companying drawings, submitted for purposes of
illustration only, and not intended to define the
scope of the invention, reference being had for
that purpose to the surjoining claims. 5

In the drawings wherein similar reference
characters refer to similar parts throughout the
several views:

Figure 1 is a perspective view of the device of
my  invention as applied to the fuselage of an
airplane;

Fig. 2 is a side elevation of the force compen-
sating mechanism of Figure 1;

Fig. 3 is a schematic illustration showing the
position of the compensating mechanism in one
operating position; )

Fig. 4 is a view similar to Figure 3 showing the
parts in another operating position;

Fig. 5 is a view similar to Pigure 4 showing the
position of the parts in a still different operating o
position;

Fig. 6 is a horizontal sectional view showing one
embodiment of the constructional details em-
ployed in carrying out my invention;

Fig. 7 is a transverse vertical sectional view
taken on line T—17 of Fig. 6;

- Fig. 8 is a detailed vertical sectional view on
line 8—8 of Fig. 6;

Fig. 9 is a longitudinal sectional view taken on
line 9—9 of Fig. 6; 30
Fig. 10 is a horizontal sectional view taken on
line 10—I10 of Fig. 11, showing a modified form of

my invention;

Fig. 11 is a longitudinal sectional view taken
on line I1—I11i of Fig. 10; 35

Fig. 12 is a transverse vertical sectional view
taken on line 12—12 of Fig. 13;

Fig. 13 is a transverse vertical sectional view
taken on line §3—13 of Fig. 10;

Pig. 14 is a schematic view illustrating the theo-
retical principles involved in the practical appli-
cation of my invention, and

Pig. 15 shows a characteristic curve of forces
obtained by creating a balanced condition in the
control system of my invention where an airplane
is flying at a theoretically constant flight speed.

Referring to the drawings in detail, Fig. 1is a
perspective view illustrating one desirable ar-
rangement of the control system of my invention.
The control mechanism at the pilot’s position is 50
described more fully in my application Serial No.
524,184, filed March 20, 1931, now Letters Patent
No. 1,900,068, issued March 7, 1933. Reference
character 1 designates the hand grip which is
manipulated by the pilot for actuating some of g5
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the controls of the aircraft. The ailerons have
been designated at 2 and are controlled through
cables 3 actuated by members 4 and 5, intercon-
nected through cable 6 from the three way steer-
ing mechanism as will be more fully understood
from the application hereinbefore referred to.

The elevator planes are represented by refer-
ence character 7, controlled from the three way
steering mechanism through a cable, indicated
generally at 8. The rudder is designated at §
controlled through levers 10 connected through
control cables || with the compensating mecha-
nism designated generally at 2. The compen-
sator mechanism will be described in more detail
hereinafter. It will be seen that the compen-
sator has been illustrated as including a parallel-
ogram mechanism interconnected by a link mem-
ber against which variable tension may be ren-
dered effective for compensating for pressures
against the control member 9. A similar com-
pensator may be employed between the control
mechanism and the elevator planes and another
compensator mechanism may be employed be-
tween the control and the ailerons.

For the purpose of explaining the principles of
my invention, the compensator has been illus-
trated in association with the controls leading to
the control member 9, but it will be understood
that a similar compensator may be provided at
{3 for counterbalancing the pressure against the
ailerons and at 14 for counterbalancing the pres-
sure against the elevator planes 1.

I have designated the pressure regulating
mechanism for the compensators generally at 15
consisting of shaft 16 journaled at 1T and having
manual means such as a pair of foot pedals 18 for
movement of shaft 16 in one direction and an
intermediate member such as a foot pedal 19 con-
nected to gears 20 with a shaft 16 for moving the
shaft 16 in the opposite direction. As repre-
sented in Fig. 2, shaft 16 is provided with three
sprocket members 21, 22 and 23 which normally
run idle on shaft 16. However, three independ-
ent clutches or other force control mechanisms
24, 25 and 26 are provided, and are connected
through links 27, 28 and 29 with the pressible
foot levers 31, 32 and 33 which may be actuated
to independently connect one or more of the
sprockets 21, 22 and 23 with the shaft (6 to im-
part movement to one or more of the chains 34,
35 and 36 for adjusting the compensator for the
ajlerons, the rudder or the elevator planes respec-
tively as will be described in more detail herein-
after. By operation of any one of the foot levers
31, 32 and 33, pressure regulation for the com-
pensator on one of the controls may be effected
to the exclusion of the others or pressure regula-
tion may be effected for two or all three of the
controls by the selective actuation of the clutches.

In many instances, it will be unnecessary to
effect selective actuation of the compensators as
all of the compensators may be functioned simul-
taneously. In lieu of the foot levers 31, 32 and
33 for synchronizing the operation of the com-
pensators, I may employ a control wheel placed
in a vertical longitudinally extending plane be-
tween the two pilot seats in the aircraft where
the wheel may be connected through a chain and
sprocket arrangement or through gearing with
the compensators for selecting the amount of
counterbalanced pressure rendered effective by
the compensators. The structure of the several
compensators is similar so that the description
of the compensator indicated at 12 and used with

20,539

the control member will suffice as a general de-
scription for all of the compensators.

Figs. 3, 4 and 5 schematically illustrate the
position of the compensating mechanism for dif-
ferent positions of the control member 9. Fig. 4
illustrates the position of the compensator mech-
anism when the control member 9 is in neutral
position. Fig. 3 shows the position of the com-
pensator mechanism when the control member 9
is swung to the left. Fig. 5 shows the position of
the compensator mechanism when the control
member 9 is moved to the right. In each in-
stance, the controls 37 are shown leading to the
compensator mechanism for actuating the par-
allelogram levers frpm the three-way steering
mechanism operated from the control indicated
generally at I. _

The compensator mechanism is mounted in a
frame consisting of a pair of side wall portions

38 and upper and lower cover portions indicated :

at 39. Supporting members 40 extend parallel
to the side wall portions 38 and are secured
thereto by means of clamps indicated at 4f.
The supporting members 40 connect with the

fuselage of the aircraft for supporting the com- :

[}

10

pensator in a position wherein the controls.are -

aligned with the compensator.” A shaft member
42 extends transversely through the frame
structure as shown. In one of the side walls
38, there is mounted a bushing 43 having a key-
way 43a cut therein adapted to be aligned with
a keyway 42a in shaft 42. A key 44 extends lon-
gitudinally through the keyways 42¢ and 43q
and serves as a guide for allowing transverse

movement of shaft 42 through the frame of :

the compensator within certain limits as will be
hereinafter explained in detail. In the oppo-
site side wall 38, I mount a rotatable bushing 45
which is prevented from lateral displacement by
reason of ring member 46 which is secured to
rotatable bushing 45 as bushing 45 is inserted
through the side wall 38 and locked in position
therein by a set screw or other suitable means
s0 that bushing 45 while anchored in the side

. wall 38 is free to revolve.

The interior of bushing 45 is screw threaded
to engage screw threads 41 which are formed
on the axially and transversely movable shaft §2.
The rotatable bushing 45 has an inner extension
thereon indicated at 48 on the periphery of
which sprocket teeth 49 are formed, which teeth

‘engage the chain 35 leading from gear 22 adapt-

ed to be connected through clutch means 25 with
shaft 16 actuated by the pilot pressing upon foot
pedals {8 and 19. The pilot in pressing upon
foot pedals 18 revolves shaft 16 in a clockwise
direction. When gear 22 is connected with shaft
16 through clutch 25, chain 35 is driven for im-
parting motion to rotatable bushing 45 in a clock-
wise direction. Movement of the bushing 45 in
a clockwise direction serves to advance shaft
42 through bushing 43 while maintaining the
shaft in the same vertical plane. Shaft 42 car-
ries a flange member 50 thereon. A sleeve mem-
ber 51 is arranged to embrace the shaft 42 and
project transversely therefrom for a distance
sufficient to provide an abutting surface for the
end of a coil spring 52 which is concentrically
disposed about shaft 42 between the sleeve 5|
and flange §0. As the shaft 42 advances toward
the left, the tension exerted by spring 52 against
sleeve 51 is increased. As shaft 42 advances to-
ward the right, the tension in spring 52 is de-
creased. .

The sleeve §i is provided with oppositely pro-
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jecting pintles shown at 5la and 515 which ex-
tend into aligned recesses into parallel extend-
ing plates 53. Plates 53 are each mounted on
ball bearing supports 54 carried by the hub por-
tions 5 of the parallel plate members 56. The
parallel plate members 56 each have diametri-
cally extending elongated portions between the
ends of which there is provided transversely ex-
tending connection members indicated at 57 and
88. The transversely extending connection §7 is
formed by a bolt member extending through a
sleeve 59 disposed between the parallel plate
members 56.

The sleeve 59 is connected with the set of
parallel lever members 680 which are journaled
adjacent one edge of the frame of the compen-
sator. The journal for the parallel extending
lever members 60 is formed by a sleeve &1 which
has a portion extending between the lever mem-
bers 60 and portions projecting above and below
the lever members 60 and centered between the
upper and lower plates 39 by means of a bolt
member 62 extending through the upper and
lower plates. The sleeve member 6f has an
integral radially projecting extension 63 thereon

which is adapted to move in an arcuate slot 64 -

formed in the plate member 65. The abutment
of the radially extending arm 63 with opposite
ends of the slot 64 formed in plate 65 limits the
angular movement of lever members 60.

Lever members 60 are controlled by connecting
members 37 leading to the three-way steering
device which is actuated from control I. The
other set of lever members constituting the par-
alleogram has been represented at 66 which levers
have their opposite ends connected with controls
i1 leading to the control member 9. Lever mem-
bers 66 are journaled in the compensator frame
by means of bolt member 61. Lever members
68 have a sleeve formed integral therewith indi-
cated at 68 which enables the lever members

66 to be revolved about the bolt member 6T.

Lever members 66 have bolt member 67 extend-
ing therethrough and through the spacing mem-
bers 69 between the parallel plate members 56.
The parallel plate members 56 are thus pivotally
connected with lever members 66 and lever mem-
bers 60 so that angular displacement of the set
of lever members 60 by means of controls 37
produce corresponding displacements of the set
of lever members 66. For the purpose of in-
creasing rigidity, it will be observed that the sets
of lever members 60 and 66 are in the nature of
bowed frames united at their extremities and
spaced from each other intermediate the ex-
tremities thereof.

The connection of the parallel extending plate
members 86 with the sets of lever members 60
and 66 is such that the parallel extending plate
members are displaced toward or away from the
center line extending through the pivot points
62 and 67 of lever members 60 and 66 in propor-
tion to the angular displacement of the lever
members. That is, as the angular distance
through which the sets of lever members 60 and
66 increase, the center line of plate members 56
more closely approaches the center line of sets
of levers 60 and 66 taken through pivct points
62 and 61 which is the condition represented in
Figs. 3 and 5.° On the other hand, as lever mem-
bers 60 and 68 are restored to a parallel position
normal to the control wires 11 and 37 and par-
allel to shaft 42, the distance between the cen-
ter line of plate members 56 and the center line

3

of the pivots 62 and 67 is increased to the max-

imum. :

This condition enables the sleeve 51 to be sub-
Jjected to. varying opposing forces offered by
spring 52. The effect of spring 52 is, as previ-
ously noted, directly controllable by movement
of bushing 45 through chain 35 for transversely
shifting the shaft 42. By the selective move-
ment. of shaft 42 transversely, various counter-
balancing forces may be introduced against the
movement of sleeve 51 for correspondingly bal-
ancing the movement of the plate members 56
toward the center line of the pivots of the sets
of lever members 60 and 66 for thereby counter-

balancing surface pressures incident upon the -

control member 8.

Inasmuch as the surface pressures which must
be compensated on large planes increase to rela-
tively great proportions, dependent upon the area
of the surface and the speed of the craft, pro-
vision must be made for increasing the compen-
sating forces as the force exerted on the flight
control means increases. For this purpose I in-
troduce yielding means such as a multiplicity
of coil springs having different tension char-
acteristics, which springs are shown more clear-
ly in Figs. 10, 11, 12 and 13. It will be under-
stood of course that power means may, if desired,
be employed in lieu of the multiplicity of springs,
or in combination with other yielding means to
effect the desired force compensation. In this
form of the invention the size of the sleeve 51
is increased and is given the form of a cylindri-
cal member T0 which is slidable concentrically
over shaft 42. fi flange Tl is carried by sleeve
10. ,

Sets of parailel rod members are secured in
flange 11, one setiof rod members being indicated
at 72 shown in Fig. 13, another set being shown
at T3 and a further set being shown at T14.
These sets of rod members are disposed on di-
ametrically opposite sides of the central trans-
versely movable shaft 42. The ends of the rod
members project through apertures formed in
the plate member 15 which compares to the
abutment 50 in Figs. 1, 6 and 9, except that its
transverse area is enlarged to provide means for
guiding the sets of rods 72, 13 and 4.

The sets of rods which extend longitudinally
about the central transversely movable shaft 42
each serve as supports for sets of coil springs
having differing tension characteristics, for ex-
ample the set of coil springs 76 located on rods
12 each have one tension characteristic. The
set of coil springs 17 disposed on rod members 73
each have a different tension characteristic.
Similarly the sets of coil springs 18 each have
still another tension -characteristic. These
springs are rendered effective for compensating
for surface pressure in a progressive order so that
when the tension of one set of springs has been
utilized . the tension of the remaining sets of
springs is brought into effect.

The cylindrical member 70 is provided with
pintles 70z and 10b which fit into recesses in the
parallel extending plates §3 for subjecting the
oppositely extending portions of the plates to
tension of the selected coil springs for corre-
spondingly controlling the sets of levers 60 and
66 and proportionally compensating for surface
pressures incident upon the rudder. The sets
of springs are brought into effect in predeter-
mined order according to the movement of the
foot pedals 18 and the corresponding shift of the
bushing 45 for transversely moving the shaft 42,
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4
The shift from one set of springs to several of
the sets of springs is effected in predetermined
order, that is, the first set of springs 18 are first
rendered effective in balanced relation to oppose
the movement of the shaft 42 under predeter-
mined tension. The set of springs 7171 is next
brought into coaction with the set of springs

18 as shaft 42 continues in its transverse move--

ment toward the left. 'The set of springs 76
are then brought into coaction with the sets of
springs 11 and 78 upon continued movement
of shaft 42 toward the left. The central spring
52 is next brought into coaction with the sets
of springs 17, 16 and 718 upon the further move-
ment of foot pedals 18 and the further cor-
responding advance of shaft 42 toward the left.

The displacement of the control member 9 by
increasing surface pressure can, therefore, be
resisted by changes in the effective spring pres-
sure tending to urge shaft 42 toward the left
and resisting the tendency of the center line of
the plate members 56 to approach the center
line of the pivots 62 and 671. It will be clear that
as the member 42 is shifted toward the leff, the
resistance offered the surface pressure against
the confrol member 9 is correspondingly in-
creased.

In order to reduce the compensating force, the
pilot operates pedal {9 thereby driving shaft 42
in the opposite direction relieving the plate mem-
bers 53 from pressure in a transverse direction
under control of the yielding means, The com-
pensating pressure may be entirely removed by
movement of pedal 19 to a position where the coil
springs are rendered ineffective to oppose the
movement of plate members 53 with respect to
the position of the pivots 62 and 67.

The spring arrangement provided in the com-
pensator of my invention is based upon the
theory graphically explained in Figs. 14 and 15.
To fully understand the theory, I refer to Fig. 6
showing constructional details, and to Figs. 3
and 4. In Fig. 4 the compensator is schematically
shown in a neutral position. Referring to Fig. 6,
I assume that the spring 52 has a certain contrac-
tion, and that the chain wheel 48 is inoperative.
With the compensator in neutral (Fig. 4), the
parallelogram levers 60 and 66 are parallel to
shaft 42. In this position the coil spring has first
maximum contraction (for a previously given ad-
justment), but this maximum contraction is now
ineffective since the pressure of the coil spring
52 working against the sleeve member 51 is of
a direction exactly through the center of the link
56, and thus also of a direction exactly through
the center of plate 53 (Fig. 7).

If now the pilot moves the control, with the
effect as to pull cable 37, the levers 60 and 66
swing off neutral, thus approaching a position as
schematically shown in Fig. 3. However, it is
clear that, if the pilot brings about a displace-
ment of levers 60 and 66 of but one degree rota-
tion, the plates 5§3 necessarily have to rotate too
and they will, as may be seen from the drawings
(Fig. 6), rotate about twice as much as the levers
60 and 66. Therefore, even as soon as the com-
pensator is brought but a trifle off its neutral
position (Fig. 4), the contracted coil spring is
rendered effective, since now its pressure does not
work through the dead point, i. e. through the
center of the link, or the plates 53, but tends to
rotate the plates 53. However, the plates 53,
pivotally connected with sleeve member 51, can
rotate only when the distance between the axis
of shaft 42 and the center of the link is being

20,639

increased. Thus, the sliding sleeve member §l
under the pressure of the coil spring moving off

.the line of centers of the two pivoted levers 60

and 66, with the assistance of the shaft 42 as a
reaction, “lifts” the link. Thereby the two levers
60 and 66 receive an angular displacement, and
the center line of the link has a displacement to-
wards the line of centers of the two pivoted le-
vers 60 and 66.

In Fig. 14 the control member is schematically
illustrated at 9, connected through control source
11 with the opposite ends of lever member 66.
The compensating force increases as the angle «
increases. The contraction of the coil spring de-
creases, but simultaneously the required reaction
given by sleeve member 51 sliding over shaft 42
increases. The surface pressure is compensated
inasmuch as the state of spring contraction ap-
proaches the required transverse reaction (TR) or
its close normal (s) as indicated in Fig. 15. A
ratio of two to one, or slightly better, should be
selected for the angle « and the angle of surface
incidents, The surface pressure on the control
member 9 is indicated by letter P. This force
may be vectorily analyzed into force O and force
F. Force F has its reaction indicated at R’.
Force O may be vectorily analyzed into forces
O1 and Oz, Force O1 has a reaction R2, Force
O3, however, extends through the point of force
transmission at 51—T0.

In creating a reaction to force Oz at this point,
the control surface pressure, that is, the pres-
sure P is compensated. The required reactions
are M produced by the shaft 42 and TR furnished
by the potential energy in the spring system. The
spring system is in a neutral position when the
parallelogram lever members 60 and 66 are
parallel to the shaft 42. Because of variations
in surface pressure due to different wind veloci-
ties, the system must be adapted to compensate
for varlous wind velocities, It is for this reason
that one spring device is not sufficient and that
a multiplicity of sets of spring should be em-
ployed. The yielding means are so calibrated that
the force exerted thereby is sufficient to compen-
sate for different surface pressures equivalent to
the varying forces exerted upon the flight control
members. The manipulation of the foot pedals 18
to bring the different sets of springs into effect
may be considered as the movement of the com-
pensator to a “first shift position”, “second shift
position”, “third shift position” and “fourth shift
position”.

When fully released, the controls may be slight-
ly stiff in reversed direction with the airplane on
the ground, but in taking off or in landing, the
surfgee pressure is fully compensated with no
forces on the controls and, in flight with increas-
ing speed, the surface pressure would gradually
become more noticeable, equivalent to the differ-
ence of the control surface pressure not compen-
sated. The pilot makes but one manipulation to
shift the springs from their released position to
first, in order to have, for example, a 100 m/h
air velocity compensated.

With additional increase in speed, the differ-
ence in actual surface pressure and compensated
surface pressure would be reflected in the con-
trols. Arriving at approximately 140 m/h flight
speed, the pilot, again by but one movement,
shifts to “second”. With this manipulation, by
means of the shift device and the gear and the
shaft, the pilot advances the transversal shaft
and thereby brings the second group of springs
in the proper position for its basic-contraction,
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dimensioned so that this second group, togéther
with the now more contracted first group com-

- pensates a surface pressure equivalent to about
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150 m/h velocity. Similarly, a next shift manipu-
lation adjusts the conditions for higher flight
speed, the third shift being dimensioned for a
compensation of 175 m/h velocity. - Additional
contraction, if necessary, would take care: of
emergency conditions where one sided motor
power affects the control surfaces.

In Fig. 15 I have shown the characteristic
curve for obtaining a balanced condition of op-
eration of the controls, for a condition where an
airplane is assumed flying at a theoretically con-
stant flight speed. In such a condition, the
changes of control surface pressure are but fune-
tions of the changes of the control surface in-
cidence. From this may be seen, that the com-
pensator, the theory of which has been explained,
must provide an arrangement for varying flight
speed conditions. To this end, the spring ad-
justing device, operated from the cockpit, pro-
viding the adjustment of the spring or of the sev-
eral springs, has been introduced. Thus the
spring adjusting device serves to adjust the inner
spring energy of the compensator for any desired
flight speed of the airplane. After the adjust-
ment has been made by the pilot, the compensator
again works entirely automatically, Therefore,
the spring adjusting device operated from the
cockpit serves to adjust the compensator for
changes of control surface pressure resulting from
changes of the flight speed, or the wind velocity
respectively.

The system of my invention is desirable in large
transport planes and dirigibles in which the con-
trol surface is necessarily large. The pilots, by
use of the compensating system of my invention,
are enabled to control the angular position of
the control planes with precision and with slight
physical exertion or strain, which would, other-
wise, be the condition experienced in attempting
to move large control surfaces against large wind
velocities.

It will be understood that although the inven-
tion has been described with particular reference
to a force compensating device for only one of
the control surfaces, that force compensating de-
vice may be employed for any control mechanism
employed to influence the flight of aircraft.

In describing the arrangement of springs in
the control system of my invention, I have se-
lected only one embodiment of my invention as
I realize that other mechanism may be employed
for varying the compensating forces according

. to wind velocities and I desire that it be under-
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stood that, although I have described my inven-
tion in one of its preferred embodiments, that

.modifications may be made and that no lmi-

tations upon my invention are intended other
than are imposed by the scope of the appended
claims.

What is claimed is:

1. In a control system for aircraft, an aircraft
including ailerons, rudder and elevator planes, a
pilot control, means interconnecting said pilot
control with said rudder, ailerons, and elevator
planes, said means comprising a force compen-
sating mechanism including a system of levers
for automatically increasing or decreasing its
compensatory effect in accordance with changes
of the control surface pressure resulting from
changes of the control surface incidence for coun-
teracting the effect of surface pressure on said
ailerons, elevator planes and rudder with respect

S
to said pilot control, manually operable means to
adjust the force compensating mechanism.

2. In an aircraft, a rudder, ailerons, and ele-
vator planes, a pilot control, means interconnect-
ing said pilot control with said ailerons, rudder
and elevator planes, said means including a sys-
tem of interconnected levers for counteracting
the effect of surface pressure to any desired de-
gree of the prevailing control surface pressure for
a control surface incidence from zero to maximum
on said ailerons rudder and elevator planes with
respect to said pilot control according to the
bressure exerted thereagainst under conditions
of changing velocity. .

3. In an aircraft, a set of ailerons, elevator
planes and a rudder, a pilot control, means in-
terconnecting said pilot control with said set of
ailerons, elevator planes and said rudder, means
including a system of interconnected levers in-
terposed in said last mentioned means for coun-
teracting the effect of surface pressure on said
set of ailerons elevator planes and rudder with
respect to said pilot control, and means con-
nected with said last mentioned means for se-
lectively modifying the counteracting force for
introducing a predetermined counteracting force
for predetermined velocities and accompanying
surface pressures.

4. In an aircraft control system, an aircraft
having ailerons, elevator planes and a rudder, a
pilot control, means interconnecting sald pilot
control with said ailerons, elevator planes and
rudder, a force compensating device including a
system of levers interposed in said connection
means, and separate means for selectively con-
trolling said force compensating device for mod-
ifying the force at which pressures incident upon
said ailerons, elevator planes and rudder are
rendered effective upon said pilot control.

5. A pressure compensator for aireraft com-
prising in combination with a movable plane
member, a control for varying the angular posi-
tion of said plane, and means interposed between
said control and said movable plane comprising
a pair of parallel extending pivoted levers, a link
interconnecting said levers for transmitting
forces between said control and said movable
plane, and means for controlling the lateral pres-
sure effective upon said link.

6. In a pressure compensator for aircraft, the
combination of an angularly movable plane, a
control member, and means interconnecting said
control member and said angularly movable
plane comprising a pair of parallel extending
pivoted levers, a link interconnecting said pivoted
levers, and spring means laterally effective
against substantially the central portion of said
link for controlling the displacement of said link
in the direction of the pivots of said parallel
extending levers for opposing effective wind pres-
sure against said angularly movable plane.

7. A pressure compensating mechanism for
aircraft, comprising in combination an angular-
1y movable plane, a control, means interconnect-
ing said control and said angularly movable plane
comprising a pair of parallel extending pivoted
levers, a link interconnecting said levers at a po-
sition remote from the pivots thereof, and spring
means effective against substantially the central
portion of said link for controlling the displace-
ment of said link toward the pivots of said levers
for compensating for wind pressure incident
against said movable plane.

8. In a pressure compensating system for air-
craft, a movable plane, a control, cables inter-
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connecting said control and sald movable plane,
means interconnected with said cables compris-
ing a palr of parallel extending pivoted lever
members, a link interconnecting said lever mem-
bers in positions remote from the pivots of sald
lever members and constituting a force trans-
mitting means between said lever members, a
coil spring effective against substantially the
central portion of said link, and means for vary-
ing the contraction of said coil spring for con-
trolling the displacement of said link toward
the line of centers of said pivoted lever mem-
bers for compensating for surface pressure in-
cident against said movable plane.

9. In a pressure compensating system for air-
craft, the combination with an angularly mov-
able plane, a control means interconnecting said
control and said angularly movable plane, said
means including a pair of parallel extending piv-
oted lever members connected at thelr opposite
extremities with the aforesaid means, a link in-
terconnecting said parallel extending lever mem-
bers, and resilient means for controlling the dis-
placement of sald link toward the line of centers
of said parallel extending lever members.

10. In a pressure compensating system for air-
craft, the combination with an angularly mov-
able plane, a control means interconnecting said
control and said angularly movable plane, said
means including a pair of parallel extending piv-
oted lever members connected at their opposite
extremities with the aforesaid means, a link in-
terconnecting said parallel extending lever mem-
bers, resilient means for controlling the dis-
placement of said link toward the line of cen-
ters of sald parallel extending lever members,
and means operative from a position adjacent
said control for varying the effective resistance
of said resilient means to pressures incident
against said movable plane.

11. In a pressure compensating system for air-
craft, the combination with a control, an an-
gularly movable plane, means interconnecting
said control with said angularly movable plane,
sald means including a pair of parallel extend-
ing lever members pivoted at their centers and
connected at their extremities with said means,
a link interconnecting said lever members, means
for limiting the angular displacement of said
lever members for effecting a predetermined
angular shift in the position of said plane while
the center line of said link varies in its special
relation with respect to the center line of the
pivots of said lever members, resilient means for
controlling the displacement of said link to-
ward the line of centers of said lever members,
and means for varying the force effective against
substantially the central portion of said link to
compensate for surface pressures effective against
said movable plane.

12. In a pressure compensator for aircraft, a
frame structure, a shaft member extending trans-
versely through said frame structure, screw
threads on one end of said shaft member, a ro-
tatable sleeve journaled in said frame structure
and engaging the screw threads on said shaft,
means for rotating said sleeve for laterally dis-
placing said shaft, a pair of parallel extending
lever members pivoted with respect to said frame
structure, control means connected with the ex-
tremities of one of said lever members, an angu-
larly movable plane, means interconnecting the
other of said parallel extending lever members
with said angularly movable plane, & link inter-
connecting said lever members and displaceable

20,8890

with respect to the center line of said pﬁoted le~

‘ver members, and spring means operative under

control of said laterally shiftable shaft and effec-
tive against substantially the central portion of
said link for opposing the effects of wind pressure
against said plane.

13. In a pressure compensator for aircraft, a
frame structure, a laterally shiftable shaft dis-
posed in said frame structure, means engaging
one end of said shaft for controlling the displace-
ment of said shaft laterally of said frame struc-
ture, a pair of parallel extending lever members
pivoted on said frame structure, a control mecha-
nism connected with one of said lever members,
an angularly shiftable plane connected with the
other of said parallel extending lever members, a
link interconnecting said parallel extending lever
members remote from the pivot points of said
parallel extending lever members, a sleeve mem-
ber connected with said link and embracing said
transversely shiftable shaft, and a coil spring
carried by said transversely shiftable shaft and
effective against said sleeve for opposing surface
pressures incident against said plane.

14. In a pressure compensator for aircraft, a
frame structure, a pair of parallel extending lever
members pivoted with respect to said frame struc-
ture, 8 control mechanism connected with the ex-
tremities of one of said lever members, an angu-
larly shiftable plane area connected with the ex-
tremities of the other of said lever members, a
link extending between said lever members in a
position remote from the pivots thereof, the cen-
ter line of said link varying in position with re-
spect to the center line of the pivots of said lever
members in accordance with the angular dis-
placement of said plane area, a shaft extending
through said frame structure normal to the cen-
ter line through the pivots of said lever members,
a sleeve disposed concentrically with respect to
sald shaft, a coil spring carried by said shaft and
axially effective against said sleeve, and means for
Iaterally shifting said shaft for varying the force
offered by sald spring to the movement of said
link with respect to the center line of pivots of
said lever members and the angular displacement
of sald plane area under varying conditions of
wind pressure.

15. In a pressure compensator for aircraft, a
frame structure, a pair of parallel extending lever
members pivoted with respect to said frame struc-
ture, a control mechanism connected with the
extremities of one of said lever members, an
angularly shiftable plane area connected with the
extremities of the other of said lever members, a
link extending between said lever members in a
position remote from the pivots thereof, the cen-
ter line of said link varying in position with re-
spect to the center line of the pivots of said lever
members in accordance with the angular dis-
placement of said plane area, a shaft extending
through said frame structure normal to the cen-
ter line through the pivots of said lever members,
a flange carried by said shaft, a plurality of sets
of rod members carried by said sleeve and ex-
tending parallel to said shaft and slidable
through the flange on said shaft, sets of coll
springs disposed concentrically.upon each of said
sets of shafts, a central coil spring carried by said
shaft member extending between the end of sald
sleeve and the flange on said shaft, said sets of
coil springs and said central coil spring each
having different -tension characteristics, and
means for shifting said shaft laterally for render-
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ing said sets of coil springs and said central coil
spring progressively effective for controlling the
displacement of said link toward the line of cen-
ters of the pivots of said lever members under
conditions of increasing surface pressure against
sald plane ares.

16. In a pressure compensator for aircraft, a
frame structure, a pair of parallel extending lever
members pivoted with respect to sald frame
structure, a control mechanism connected with
the extremities of one of said lever members, an
angularly shiftable plane area connected with
the extremities of the other of said lever mem-
bers, a link extending between said lever members
in a position remote from the pivots thereof, the
center line of said link varying in position with
respect to the center line of the pivots of said
lever members in accordance with the angular
displacement of said plane area, a shaft extend-
ing through said frame structure normal to the
center line through the pivots of said lever mem-
bers, a sleeve disposed concentrically with respect
to said shaft, a plurality of coil springs of differ-
ent tension characteristics effective against sald
sleeve, and means for selectively rendering said
coil springs progressively effective against.said
sleeve with a cumulative force for compensating
for increasing surface pressures against said
plane area.

17. In a pressure compensator for aircraft, a
frame structure, a pair of parallel extending lever
members pivoted with respect to said frame struc-
ture, a control mechanism connected with the ex-
tremities of one of said lever members, an angu-
larly shiftable plane area connected with the ex-
tremities of the other of said lever members, a
link extending between said lever members in a
position remote from the pivots thereof, the cen-
ter line of sald link varying in position with
respect to the center line of the pivots of said lever
members in accordance with the angular dis-
placement of said plane area, a shaft extending
through said frame structure normal to the
center line through the pivots of said lever mem-
bers, a sleeve disposed concentrically with respect
to said shaft, a plurality of coil springs each hav-
ing different tension characteristics against said
sleeve, said coil springs disposed symmetrically
on centers on opposite sides of said shaft extend-
ing in diametrical lines through said shaft, and
means controlled by the lateral displacement of
said shaft for rendering said coil springs selec-
tively effective for cumulative action with respect
to the displacement of said link toward the line
of centers of said pivoted lever members for op-
posing the effects of surface pressure against said
plane area.

18. A pressure compensating system for air-
craft, comprising in combination with an angu-
larly movable plane area a housing, means for
supporting the housing with respect to the fuse-

lage of an aircraft, a pair of lever members piv-

. oted adjacent opposite ends of said housing, a

link member interconnecting said lever members,
a shaft member extending transversely through
said housing in a position intermediate said lever
members, a sleeve member slidable over said
shaft, a pivotal connection between said sleeve
member and said link member, a plurality of
resilient means operative with respect to said
sleeve member for compensating for the effects of
surface pressure against said angularly movable
plane area, and means for selecting the number

4

of said resilient means which are rendered effec-
tive with respect to said link member.

19. In an aircraft, a rudder, a set of elevator
planes and a set of ailerons, means for independ-
ently adjusting said rudder, elevator planes and
ailerons, pressure means for compensating for
wind pressure effects against said rudder, elevator
planes and ailerons, and a set of clutches for se-
lectively rendering any one of said last mentioned
means effective independently.

20. In an aireraft, a rudder, a set of elevator
planes and a set of allerons, means for independ-
ently adjusting said rudder, elevator planes and
ailerons, pressure means for compensating for
wind pressure effects against said rudder, elevator
planes and ailerons, and a set of manually actu-
ated clutches for selectively rendering said means
effective to oppose wind pressure effects on said
rudder, elevator planes and ailerons.

21, In an airplane having an airfoil, control
means for the airfoil to influence the flight of the
airplane, manual means to actuate the control
means, and equalizing means interposed between
the manual means and the control means to pre-
vent the control means from influencing the op-
eration of the manual means, .

22. An airplane having flight control means,
manual means to actuate the flight control
means, and force compensating means inter-
posed bétween the flight control means and the
manual means to prevent the control means from
influencing the manual means. ’

23. In an aircraft, an airfoil, actuating means
connected with said airfoil, a control mechanism,
and means interposed between said control mech-
anism and said actuating means for counteract-
ing the forces of surface pressure exerted upon
said airfoil, and manually operable means for
varying the force exerted by said force counter-
acting means.

24. An airplane having a fuselage, an airfoil
fixed to the fuselage, flight control means asso-
ciated with the airfoil to vary the direction of
flight of the aircraft, manual means to actuate
the flight control means, force compensating
means associated with the flight control means
and the manual means to prevent the forces ex-
erted upon the flight control means from being
transmitted to the manual means, and manually
operable means to vary the force exerted by the
force compensating means.

25. In an aircraft, an airfoil, actuating means
connected with said airfoil, a control mechanism,
and means including & system of levers and yield-
able means interposed between said control mech-
anism and said actuating means for transmitting
control forces from said control mechanism to
said airfoil while compensating for influence of
pressure incident upon said airfoil with respect
to said control mechanism.

26. In an airplane having a fuselage, airfoil
means associated with the fuselage to support the
airplane, means associated with the airfoil to con-
trol the flight of the airplane, manual means to
actuate the flight control means, and force com-
pensating means interposed between the flight
control means and the manual means comprising
a system of levers and yielding means adapted to
exert a force upon deformation directly propor-
tional to the force exerted by the flight control
means.

RICHARD P. MUELLER.
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S ‘ CERTIFICATE OF CORRECTION.
Relssue No. 20,539. _ : : 'VOcto'beI“ 19,1937.
o . ° RICHARD P. MUELLER. -
It 1s hereby certified that error appears in the printed specification
of the above numbered patent raquir:lng correction as follows: Page 6, first
column, line 52, claim1l, for "special" read spacial; page 7, second col-
umn, line 2%, claim 21, after the word "means" second occurrence, Insert
including a system of levers; line 29 s claim 22, after the word "means"
second occurrence, insert including levers 3 1ine 35, clalm 23, strike out
"the word "and" ‘and insert after the word "means" including a series of le=~
" vers; line L6, claim 2).;., strike out the words "associated with" and insert
instead comprising levers interposed between, and that the said Letters
Patent should be read with these corrsctions therein that the same’ may con-
form to the record of the case.in the Patent Office.
Signed and sealed this lst dey of February, A. D. 1938'.

Henry Van Arsdale,
{Seal) . Acting Commissioner of Patents.




