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1. 

This invention relates to improvements in air 
plane control systems and more particularly to 
an improved and novel arrangement of an actu 
ating mechanism for aerodynamic surfaces. 
In certain arrangements or con?gurations of 

main supporting surfaces for airplane, and espe 
cially in those cases in which the main surface 
is generally characterized as having a high de 
gree of sweep back angle, it is necessary to pro 
vide some means for arrangement for maintain 
ing the longitudinal stability characteristics of 
the airplane when it is found necessary to utilize 
high lift devices such as flaps. Moreover, it is 
particularly important in such an arrangement 
that longitudinal stability or adverse pitching 
moments be closely controlled during landing or 
take-off operations of the airplane, since at that 
time any adverse disturbance of the direction of 
the airplane becomes a critical factor and may 
impair the safe operation thereof. Therefore, 
the present invention constitutes what is believed ' 
to be an important improvement in the arrange 
ment of. control surfaces in an airplane of the 
above type and especially when high lift devices 
or ?aps are in. use, for the pitching moment pro 
duced thereby is automatically compensated by 
the concurrent upward de?ection of the usual 
lateral control surfaces such as ailerons. 

Accordingly, an important object of the pres 
ent invention is to provide an interconnection 
between the usual lateral control system and any 
suitable high lift device for the purpose of trim 
ming the airplane in its longitudinal attitude. 
Another object is to provide an operating sys 

tem for carrying out the above stated purposes 
and. in which the lateral control system is free 
for normal operation in the usual manner. 
Further objects of the present invention reside 

in the provision of means for automatically mov 
ing the high lift device or flaps into a de?ected or 
down position and at the same time, moving 
the lateral control surface, for example ailerons, 
into. an upward deflected position to counteract 
and. substantially cancell out pitching moments 
produced by the. flap devices. 
Other objects and advantages to be attained 

herein. will: be pointed out and described in the 
following speci?cation covering a preferred em 
bodiment of the present invention when consid 
ered in view of the accompanying drawings in 
which: 

1‘ is a general schematic view. of the prin 
cipalparts and elements of the present invention 
arranged: on a supporting" surface. or wing; 

Fig. 2 is a partial sectional‘ elevation particu 
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2 larly‘ illustrating the driving mechanism and its 
operative connection with a flap device of split 
type; ‘ 

Fig. 3‘ is a further sectional detail. of the aileron 
mechanism and its relation with respect to the 
wing surface, 

Fig. 4 is a plan‘ view of the diiferential mecha 
nism showing further details thereof, and 

5 is a front elevational view of the differ 
ential mechanism of Fig. 4. 
Referring now in particular to Fig. l, the gen 

eral arrangement of the several parts and ele 
ments of the present invention is clearly indi 
cated, and as‘ there- shown, includes a high lift 
device or ?ap I0 arranged to be pivotally de?ected 
by a motor and gear unit H‘. A_ lateral control 
surface‘ or aileron I2‘, is positioned along the 
trail-ing edge of‘the wing or main supporting sur 
face l3‘, and‘ a differential lever mechanism I4‘ is 
conveniently arranged with respect to the aileron 
and with respect to the motor and gear unit II, 
in order that a suitable interconnecting means 
as a chain or combination chain and cable l5 
may be disposed therebetween for operation of 

> a secondary control device later described. The 
differential‘ mechanism I4‘ also includes means 
for the connection of primary control cables I6, 
which cables are suitably mounted to ride on 
pulley units I1 and are rigged with the usual 
pilot’s control column (not shown), hence the 
aileron can‘ be utilized for importing lateral con 
trol to the airplane. 

Referring now to Fig. 2, a preferred arrange 
ment for mounting the flap Ill and for connect 
ing the flap with the operating motor and gear 
unit 1 I1, is shown to advantage. The intercon 
nection between the flap and operating motor 
includes a horn ill, a connecting member’ or arm 
l9‘, and a crank arm 20‘ operatively carried in 
the motor-gear unit I I. In this arrangement the 
operating motor‘ and gear box may be suitably 
lbolted or otherwise secured by the provision of 
flange ears 2l= to a vertical member of the'wing 
structura-suoh as a spar or ‘beam; indicated at 
22‘. The crank arm or operating member 20 is 
mounted on a shaft Hand is adapted to be turned 
through a'predetermined angle so the ?ap l0 
will be moved through approximately 45° be 
tween its closed or up position and‘ its down 
position. The dotted. line position of the arm 2!), 
connecting rod l9, and‘ horn l8, clearly indicate 
the amount of angular deflection and motion 
necessary‘ for this purpose. While it is not im 
portant to the present invention to show the 

‘ exact or a particular arrangement of the gearing 
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to be contained in the unit II, it is contemplated 
that any suitable system of reduction gears may 
be employed lbetween the driving motor such 
as the one indicated at 24 Fig. 1, and the shaft 
23 for operating arm 20. The particular novelty 
claimed for this operating unit ‘II is exempli?ed 
in the further arrangement and addition of a 
driving shaft '25 and sprocket gear 26, ?xedly 
secured to the shaft. This latter driving shaft 25 
is arranged substantially normal to the flap oper 
ating shaft 23 in order that the driving chain or 
chain and cable combination |5 may extend 
spanwise of the wing for convenient engagement 
with a secondary control or an actuator and 
sprocket 2'! which will be described in more detail 
in connection with the differential lever device 
shown to particular advantage in Figs. 4 and 5. 
The motor is essentially of high speed type and 
therefore requires a considerable gear reduction 
for each of the operating shafts 23 and 25. A 
requirement of this gear reduction is that the 
flap Ill be de?ected downwardly through an angle 
of approximately 45° and that concurrently with 
this ?ap motion, the chain drive means |r5 operate 
actuator 21 to produce approximately a ‘10° up 
ward de?ection of the aileron surface |2. It is, 
of course, understood that the amount of de?ec 
tion of the ?ap l0 and the counter-de?ection of 
the aileron l2 will be governed by certain design 
features peculiar to each installation and that for 
the present invention, the above indicated de 
grees of movement for both the ?ap and the 
aileron apply to best advantage in an arrange 
ment shown in Fig. 1. Though not shown, any 
suitable type of double acting limit switch, re 
sponsive to the movement of v?ap l0, may be 
inserted in the electric system for motor 24. This 
limit switch should act to stop the motor upon 
the flap reaching the limits of its travel, both 
up and down. 

Referring now to Fig. 3, there is indicated one 
suitable arrangement for hingedly mounting the 
aileron member l2 on a pivot shaft 30, which ex 
tends longitudinally thereof and is suitably 
mounted in ?xed bearing members (not shown) 
carried by an adjacent structural part of the 
wing I3. A suitable horn 3| is attached to the 
inner margin of the aileron l2 and the same is 
provided with a boss or ear 32 for the attach 
ment of a push-pull rod 33, the latter member be 
ing connected with the differential lever mech 
anism l4. There is also shown in Fig. 3 the posi 
tion of actuator 21 relative to the aileron and its 
securement to the structural member or spar 22. 
A more detailed showing of the differential 

mechanism l4 will be found in Figs. 4 and 5. As 
there shown, the differential mechanism includes 
a pair of substantially vertically spaced support 
ing arms 34 each of which is pivotally mounted 
at one end in a suitable bracket element 35 while 
the opposite end of each of these arms 34 is se 
cured in spaced adjacence so that the operating 
arm 36 of the actuator member 21 may be piv 
otally positioned therebetween. A bell crank 
member or element 31 is arranged between the 
supporting arms 34 and is also pivotally mounted 
on a shaft 38, the latter shaft serving as the com 
mon pivot for each of the arms 34 with respect 
to the bracket 35. Thebell crank member or ele 
ment 3'! is formed to provide a pair of control 
cable arms 39 and 40 and an operating arm 4|. 
The arrangement and relation of the several arms 
on the bell crank 31 is such that cable arms 39 
and 40 project oppositely therefrom whileoperat 
ing arm 4| is angularly arranged at substantially 
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a 90° position from each of the cable arms. The‘ 
bell crank 31 is further arranged so that the 
cable arms 39 and 40 respectively are positioned 
at the lower and upper extremities thereof, while 
the operating arm 4| is disposed intermediately 
thereof. Moreover the bell crank member 31 may 
be conveniently formed as an integral member, 
however, it is equally possible to construct the 
same of separate parts which are assembled in a 
?xed manner. A second bell crank or transfer 
member 42 is pivotally mounted in the space be 
tween supporting arms 34 and is arranged at a 
suitable position intermediate the ends of these 
supporting arms, for pivotal movement about 
pivot elements 43. The transfer member 42 is 
provided with a single operating arm 44, the 
outer end of which is provided with a pair of suit 
able pivotal connections for a connecting link 45 
and the push-pull rod 33. Link 45 forms the 
interconnection between bell crank arm 4| and 
transfer member 42 as clearly indicated in Fig. 4. 
A suitable cable member [6 extends from the 
cable arms 39 and 40 respectively to the pilot’s 
control column (not shown) located in the cock 
pit or other position in the fuselage. 

Considering ?rst the normal operation of this 
differential lever mechanism I4, it will be under 
stood that the pilot may move the control column 
in a side to side manner, and that tension thereby 
will be exerted in either one or the other of the 
cables I 6 in the usual manner. If we assume, for 
the purpose of this description, that a pull is 
exerted on cable i6 connected to the cable arm 
39, the bell crank 3'! will be moved in a clockwise 
direction as viewed from Fig. 4. Angular dis 
placement of cable arm 39 will cause operating 
arm 4| to move in accordance therewith and, in 
turn, link 45 will exert a clockwise rotational 
force on the intermediately disposed transfer 
member or secondary bell crank 42. The motion 
of the latter bell crank 42 will be transmitted to 
push-pull rod 33 through its connection with the 
arm 44 as before described. The backward or 
rearward movement of push-pull rod 33 will effect 
an upwardly directed movement or de?ection of 
aileron surface I2, and the degree of de?ection 
will be determined by the extent of clockwise ro 
tation of bell crank 37. It will be observed that 
the differential lever mechanism utilizes the 
principle of a pantograph in that pivot points 38, 
43, and the pivotal connections at each end of 
link 45 form the corners of a parallelogram lever 
system. In this pantograph arrangement, the 
supporting arms 34 are relatively ?xed with re 
spect to the remainder of the system and there 
fore displacement of the arm 4| will result in 
substantially the same displacement of the arm 
44 provided the two arms 4| and 44 are of equal 
lengths. 
The secondary controller or actuator device 21 

which is directly subject to operational control 
by the motor gear unit || through the chain 
drive I5 is suitably mounted in a supporting 
bracket 46. This actuator device 21 includes a 
sprocket wheel or gear 41 mounted for rotation 
on a bearing carried by bracket 46 and operatively 
related with an internally positioned screw jack 
48 and integrally formed operating arm 36. The 
operation of member 27 is such that upon its ro 
tation by movement of the chain drive [5, the 
screw jack and operating arm will be threaded 
inwardly or outwardly without relative rotation 
as dictated by the direction of rotation of the 
drive shaft 25, Fig.‘ 2. Since operating arm 36 of 
this secondary controller 21 is directly and piv 
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otally connected with the free end of the sup 
porting arms 34 of the differential lever mech 
anism l4, it will be seen that angular displace 
ment of the supporting levers 34 about pivot shaft 
38 will result. Hence the actuator member 21 
will serve angularly and bodily to displace the dif 
ferential lever system through any desired degree 
of displacement. Assuming that the control 
cables [6 are at that time ?xed so as to im 
mobilize the pantograph system and especially the 
transfer member 42, it will be evident that bodily 
displacement of the differential lever mechanism 
M will result in an angular displacement of the 
aileron surface l2 through interconnection of the 
push-pull rod 33. Hence a secondary control over 
the position of the aileron is established without 
interference with the primary or pilot’s control 
through cables I6. 
The foregoing description covers a preferred 

arrangement of operating parts and elements 
for carrying out the stated objects, and is believed 
to exemplify a very simple yet efficient and trou 
ble-free arrangement of operating mechanisms 
for the rapid and positive angular adjustment 
between the flap l0 and the aileron l2. As be 
fore stated, it is of material importance especial 
ly in an airplane con?guration in which the main 
supporting surface is characterized by a high de 
gree of sweep-back angle, that the longitudinal 
stability thereof be positively and adequately 
provided for at such times as it becomes necessary 
to utilize high lift devices such as flaps or the like, 
An important advantage which is attained in the 
present invention is evidenced in the arrange 
ment of the differential lever device M, which 
permits at all times the normal and free opera 
tion of the aileron l2 for attaining lateral con 
trol of the airplane and at the same time, for 
permitting a certain and advantageous amount 
of angular de?ection to be imposed thereon for 
the purpose of trimming the airplane in its lon 
gitudinal attitude. Hence the aileron member I2 
serves in its usual capacity as a lateral control 
member and also as a trimming device when em 
ployed in combination with high lift devices or 
?aps. 

It is apparent that the above described embodi 
ment of the present invention discloses an effi 
cient and simple structure and one which will at 
tain each and every one of the objects herein set 
forth; but it is to be understood, however, that 
certain modi?cations, alterations, and other 
minor changes may be made in the several parts 
and elements hereof without departing from the 
spirit and intended scope of the invention as 
de?ned by the claims hereinafter appended. 
What is claimed is: 
1. In a control mechanism for operating a de 

vice or agency, a ?rst crank lever, a second crank 
lever, a link pivoted to and interconnecting said 
?rst and second crank levers, a push-pull rod 
connected to said second crank lever and to the 
device or agency to be operated, means for an 
gularly adjusting said ?rst crank lever to effect 
a longitudinal change of position of the said 
push-pull rod to operate the device or agency, 
relatively ?xed means for supporting the said 
?rst and second crank levers in a pivotal man 
ner, and means for moving the ?xed supporting 
means to superpose a longitudinal change of po 
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sition of said push-pull rod irrespective of the 
change of position of said push-pull rod by said 
adjusting means. 

2. In a control system for the simultaneous ac 
tuation of different aerodynamic surfaces, a gear 
unit having a ?rst and second operating shaft, 
a crank on the ?rst shaft, means operatively con 
necting the crank with an aerodynamic surface, a 
rotary element on the second operating shaft, a 
differential mechanism associated with a differ 
ent aerodynamic surface for effecting independ 
ent operation thereof, a rotary controller unit 
operatively related with a differential mechanism 
and adapted to be driven by the rotary element 
on the second shaft, and power means for said 
gear unit whereby the crank will be moved to ef 
fect a displacement of the associated aerody 
namic surface and the rotary controller unit will 
be operated to effect displacement of the differen 
tial mechanism and consequently a displacement 
of the associated different aerodynamic surface. 

3. In an airplane control system, an aileron 
surface, flap means, a differential mechanism 
mounted for swinging movement and including 
a crank system carried thereby, means connect 
ing said crank system with the aileron surface, 
means for actuating said crank system to move 
said aileron, a power unit operatively associated 
with said ?ap means for moving the same, and 
means connecting said power unit with said dif 
ferential mechanism whereby said differential 

_ mechanism may be moved simultaneously with 
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movement of said flap means to effect concur 
rent movement of said aileron irrespective of the 
action of said means for actuating said crank 
system. 

4. In an airplane, an aileron, a ?ap, a differ 
ential mechanism mounted for swinging move 
ment and including a crank system operatively 
carried thereby, a push-pull rod connecting said 
crank system with said aileron, means actuating 
said crank system to move said aileron, means 
for moving said ?ap, and means operated by said 
flap moving means for swinging said differential 
mechanism in a manner to effect a' longitudinal 
change of position of said push-pull rod and 
hence movement of said aileron. 

5. In an airplane, an aileron, a flap, a differen 
tial mechanism mounted for swinging movement 
and including a crank system operatively carried 
thereby, a push-pull rod connecting said crank 
system with said aileron, cable means for actu 
ating said crank system, a motor operated unit 
for moving said flap, and means operatively in 
terconnecting the motor operated unit and said 
differential mechanism whereby operation of said 
motor unit to effect movement of said ?ap will 
be accompanied by a simultaneous swinging 
movement of said differential mechanism and 
hence movement of said aileron. 

JOHN NOYES, JR. 
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