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PATENT OFFICE 
ETIENNE OEHMICHEN, OF VALENTIGNEY, FRANCE 

STEERING AND PROPELLING DEVICE FOR HELICOPTERS 

Application filed June 28, 1929, Serial No. 374,469, and in France July 13, 1928. 

The present invention has for object a 
steering and propelling device for machines 
of the helicopter type. 
More particularly applicable to machines having a single Ri 

peller set in motion by an engine integral 
with the cock-pit. . The invention is also ap 
plicable to machines having several noncom 
pensated lifting propellers, that is to say for 

10 which the algebraic sum of the moments of 

15 

the torques opposed by the air to the rotation 
of each of the lifting elements is different 
from zero, the said moment being considered 
relatively to any axis parallel to the axes of 
the various lifting elements. 

For greater clearness, the case of a ma 
chine having a single lifting propeller will 
be considered, the reasoning remaining rigor 
ously the same in case of machines having sev 

20 eral noncompensated propellers. 
In the particular case of an helicopter hav 

ing a single lifting propeller which is caused 
to rotate by an engine integral with the cock 
pit, the said cock-pit tends to rotate about 

25 the axis of the lifting element under the 
influence of a torque equal to the torque op 
posed by the resistance of the air to the ro 
tation of the lifting propeller. 
The principle of the invention rests on the 

30 application, at suitable chosen points of the 
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cock-pit, of aerodynamic forces suitable cho 
sen and moreover, adjustable according to a 
special method. These forces are obtained 
by the action of the auxiliary propelling ele 
ments the axes of which are located in a plane 
passing through the center of gravity of 
the machine and at right angles to the axis 
of rotation of the lifting element. 
Fig.1 showsby way of example an arrange 

ment of these forces; S designates the lift 
ing element, C the circumference described 
in the direction X by the ends of the said lift 
ing element, O the projection on the plane 
of the figure of the axis of rotation. 
The cock-pit in which the main engine Mo 

is assumed to be secured, is indicated at 1. 
At 2, 3,4,etc...., are shown beams or girders 
rigid with the cock-pit 1. 
F, F, F, etc. ... are the stresses created by the auxiliary propelling elements p", p", 

ing or supporting pro 

p', the axes of rotation X, X, X of which 
are located in the plane of the figure which 
is assumed to contain the center of gravity 
of the machine projected at O. 
The auxiliary propelling elements are me 

chanically actuated in any manner whatever, 
for instance by means of transmissions such 
as it, t, t actuated by the main engine or 
engines of the cock-pit. 

If we designate by M the driving torque 
absorbed by the rotation of the lifting ele 
ment S at a given moment, it is necessary, in 
order that the cock-pit should not tend to 
rotate on itself, that the forces such as F 
and the leverages such asl, should be related 
by the condition 
(1) FXZ +F8x7+F4x7 etc. ... =M 
If, on the other hand, the forces F, F, F. 

etc. do not admit a general resultant, the ma 
chine tends to remain on the spot, the anti 
rotation torque being simply destroyed by 
the action of the propelling elements. 

If now the condition (1) (xF=M) is real 
ized, and that, on the other hand, the forces 
F, F, F, etc. . . . admit a general resultant 
F, the machine will tend to enter in trans 
mission in the direction of F; the propelling 
stress being precisely equal to this force F. 
The simplest case in which these two con 

ditions are realized is that of Fig. 1bis, in 
which a single propelling element b is used, 
this propelling element acting at the end of 
a leverage and developing a stress F, such as 
F=M. The machine then tends to enter in 
translation and the cock-pit has, at the same 
time, no tendency whatever to rotate of itself. 
This may be very easily understood by assum 
ing, as one has always the right to do, that at 
point O have been applied two equal and di 
rectly opposed forces OA and OA, parallel 
to the forces F and equal to the said force. 
The forces F and OA determine a torquehav 
ing a moment equal to F: that is to say to M, 
this torque is transportable in its plane and 
exactly opposes itself to the anti-rotation. 
Relating to the forces OA equal and parallel 
to F, it drives the machine in its direction 
without any unbalancing since it acts at the 
center of gravity. 
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The principle of the invention is not lim 
ited to this particular case, but comprises the 
use of any number of eccentric forces, such as 
F, F, etc. . . . the intensity of which can be 
controlled at Will, so that the condition (1) 

O 
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be always fulfilled, whilst leaving the possi 
bility of making provision in order that the 
said forces admit or not a general resultant 
such as F. 
For simplifying the description, the case of 

a machine having a single lifting propeller 
will be considered. 

Figs. 2 and 3, of which 2 is a diagrammatic 
plan view and 3 a diagrammatic elevation, re 
late to this case. S is a lifting propeller ro 
tating in the direction S; the propelling ele 
ments are reduced to two, shown at p and p’; 
they rotate about two parallel axes X and X* 
by means of any transmission connected, for 
instance, to the engine Mo of the cock-pitc. 
The propelling elements are symmetrically 
arranged relatively to the axis OG. 
The line O', O joining the centers of the 

propelling-elements, passes through the cen 
ter of gravity G of the machine. The forces 
F and F created by the propelling-elements. 
p' and p” must, at every instant, be such that: 

FiXM G+Fix MPG= M. (2) 
30 in which M always designates the driving 

torque absorbed by the lifting member S. 
This driving torque M varies relatively 

slightly during flight. It is subjected to real 
ly important variations only when the ma 

35 chine is climbing, is coming down, or again 
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during a particularly rapid translation. 
This torque M will be assumed to be con 

stant, for simplifying the description, but the 
reasoning remains the same if such is not the 
C8S9. 

Assuming the condition (2) is realized, if, 
by means of a suitable device, the forces F. 
and F are subjected to diminutions equal to 
each other, the entire cock-pit will be driven 
in a movement, of rotation in a direction-X. 
If both forces F and Fare, on the contrary, 
subjected to a simultaneous increase, the cock 
pit will rotate in the direction +x. 
By causing the forces F and F to simulta 

neously varyinthesame direction, the cock-pit 
can be set in any desired direction, the rota 
tion of the said cock-pit ceasing only when 
the forces will have been brought back to the 
value for which the condition (2) is full 
filled. 

For obtaining this result, it suffices, for in 
stance, to use as propelling elements p and 
p, variable pitch propellers, the incidence 
of which is adjustable at will. 

60 The pilot, by acting on the incidence con 
trol of these two propelling elements can 
cause the cock-pit to rotate in one direction 
or the other. 
Assuming this hypothesis is realized, the 

immobility of the propeller in the space will 
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be obtained if the forces F and F are equal 
to each other. Their common value is then 
designated by F. 
If now the force F is diminished accord 

ing to a pretermined amount and that the 
force Fincreases exactly to the same amount, 
the condition (2) will always be fulfilled 
since XFR will remain constant, but the sys 
tem will then admit a general resultant equal 
to F-F. The machine will enter in trans 
lation under the effect of a tractive stress in 
cluded between O and 2F. 

For completely obtaining the result sought 
for, that is to say the control of the steering 
and of the translation, it must therefore be 
possible to operate the propelling elements 
So as to : 

(1) Simultaneously increase or diminish 
their propelling stresses for causing the ma 
chine to rotate on itselfin one direction or the 
other; 

(2) Cause the stresses of the propelling 
elements p and p° to differentially vary so 
that their sum remains constant, and this for 
causing the translation stress to vary from 
Zero to its maximum 2F. 
This result can be obtained in various ways, 

the simplest of which consists in regulating 
the angles of incidence of the propelling ele 
ments, or their speeds of rotation. 

Fig. 4 shows a particular form or carrying 
out the invention, in the case of two propel 
ling elements p and p", constituted by vari 
able pitch propellers. 
This Fig. 4 illustrates a diagrammatic plan 

view of the machine: t is the transmission ac 
tuating the propelling elements, the center 
of gravity of the machine is in the plane of 
the figure. The cock-pit is not shown b and 
b° are two arms rigidly secured on the cock 
pit and, generally speaking, all the elements 
of the figure are also secured on the said 
cock-pit; r. and rare two pulleys supported 
by the arms b and b. The rotation of these 
pulleys in one direction or the other allows, 
during the operation of the propelling ele 
ments, of modifying the mean incidence of 
their blades between given limits + i and - i. 
X is the direction of rotation of the pulleys 

which corresponds, for instance; to an in 
crease of incidence of the propelling elements 
they control. 
The propelling air-screws p and p° create 

stresses Oi Fi and O. F. 
Ca' and Ca' are cables winding on drums 

hi and h. 
same direction, the cables are simultaneously 
urged in the directions S and S, or in the di 
rections - S and -S, and the simultaneous 
rotation of both pulleys r and r is effected 
either in the direction X, or in the direction 

x, that is to say that an increase or a dimi 
nution of the incidence of the propelling ele 
ments is produced. 
If the cables. Ca' and Ca” are operated in 
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reverse direction relatively to each other, S. 
for instance for the cable Ca' and -S. for 
the cable Cai, the incidence of one of the 
propelling elements increases, whilst that 
of the other diminishes according to the same 
amount. 
The drumsh and h are respectively rigid 

with toothed crowns d and d of a differential 
gear, the planet wheels of which is mounted 
on a planet wheel-carrying shaft ps. The 
planet wheel-carrying shaft is provided with 
a shoulder ep on which the planet wheel fits 
by means of a spring R held by a nut ec, so 
that the planet wheels frictionally rotates 
about its shaft ps. On the same shaft is 
rigidly secured a lever the projection of which 
is seen at lm (represented somewhat oblique 
ly in the figure for greater clearness) and 
on which is pivoted another lever treading 
to a last steering lever di, pivoted about a 
point o. 
On the drum his secured a hand wheel v. 
The operation is as follows: 
If the lever di, usually actuated by the 

pilot's foot, acts on the lever lin, it causes the 
rotation of the planet wheel-carrying shaft 
ps about the axis XX. 
Owing to the friction existing between the 

planet wheel and its shaft, the said planet 
wheel does not rotate on itself and simulta 
neously drives both toothed crowns d and 
d' and, consequently, the drums h" and h”. 
These drums determine the simultaneous op 
eration of the cables, either in the directions 
S and S, or in the directions -S and -S, 
according to the direction of rotation of di. 
There is therefore simultaneous increase or 

diminution of the incidence of the pro 
pelling elements, this allowing to set or ori 
ent the cock-pit at will. 

If now the lever di is held stationary by 
the pilot and that the latter operates at the 
same time the hand wheel v in any direc 
tion, the planet wheel-carrying shaft ps, 
held stationary, can no longer rotate about 
the axis XX. The planet wheel therefore 
rotates on itself by overcoming the resistance 
of the friction and acts, between the crowns 
d and d, as an intermediate pinion. 
The crowns d and d then rotate in reverse 

direction, this having for effect to determine 
an increase of incidence of one of the pro 
pelling elements and an equal diminution of 
the incidence of the other. There is then 
varition of the general resultant 
with the lines of action of the propelling 
elements and equal to the difference of the 
stresses they create. This variation allows 
to vary the general translation stress be 
tween zero and its maximum value. 
The anti-rotation torque has remained 

very approximately the same, as variations 
of incidence determine approximately pro 
portional variations of the thrusts of the pro 
pelling elements p and p”. It suffices more 

parallel 

3 

over if there is a material variation of the 
torque, to act on the lever difor maintaining 
the direction of the machine in the chosen 
direction. This action of the lever di can 
take place during the operation of the hand 
wheel y. 
As will be seen, this device allows to real 

ize the previously mentioned conditions. 
The principle of the invention is not in 

any way modified if, instead of causing the 
incidence of the propelling elements to vary, 
their speed is caused to vary. It suffices to 
assume (Fig. 5) that the pulleys such as r" 
instead of acting on the incidence of the pro 
pelling elements, move for instance friction 
rollers g on rotating discs dis actuated by 
the engine and that the whole is combined in 
such a manner that the operations of the pull 
leys r and produce a simultaneous increase 
or diminution of the speed of the propelling 
elements when the cables are pulled in the 
directions S1 or S or - S1 and -S, or on 
the contrary, an increase of the speed of one 
of the propelling elements and a diminution 
of the speed of the other, when they are op 
erated in the directions S and -S and -S. 

It can even be imagined that the operation 
of these cables acts in such a way as to vary 
the speed of two independent engines, re 
spectively actuating the propelling elements 
pi and p and the cables of which control for 
instance the admission, the principle of the 
invention still consisting in utilizing the 
torque created by auxiliary propelling ele 
ments, balancing the anti-rotation torque 
of the cock-pit, with the exception of the dif 
ferences necessitated by the orientation or 
steering movements of the latter, with or 
without production of a general resultant 
of translation. 
Numerous modifications of the device de 

scribed may be considered and the use of a 
differential gear is not in any way necessary, 
The controls themselves are of any type and 
may be pneumatic, electric, link or like con 
trols. 

Fig.6 shows by way of example a modifi 
cation without differential gear, in which r" 
and r still represent operating pulleys ca 
pable of varying the stress of the propelling 
element, either by variation of their inci 
dence, or by variation of their speed; the 
said pulleys can moreover, be replaced by 
levers, rocks, etc. . . . and the cables by any 
transmission members. The pulley system 
and the cable are simply maintained by Way 
of example. r.s and rsare returning springs 
tending to pull the cables in the directions 
-S and -S. to is a drum about which 
passes the cable Ca' Ca. It is movable 
about its center O and braked on its axis, 
which latter can be moved in the guideway of 
a slide g. 
To the drum ta is connected a hand wheel 

oy and the axis O is itself urged by a forked 
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leverl pivoting about the point o and serv 
ing for steering purposes. 
If the lever l is angularly moved, the 

drum ta moves down without rotating on it 
self; the cables are urged in the directions 
SS and there is for instance simultaneous 
increase of the effect produced by both pro 
pelling elements, resulting in an orientation 
or steering-movement. 

If now the lever t being held stationary, 
the hand wheel ) is acted upon for causing 
the drum ta to rotate, the cables Ca' and Ca? 
are urged either in the directions S and -S, 
or in the directions -S or - S and the 
same effect as above is obtained. 

It will thus be seen that it is easy to im 
agine as many driving devices as desired, 
without departing from the principle of the 
invention. 
To the device may be conveniently added 

a movable surface acting as a rudder and 
mechanically connected to the lever di. Use 
less when the machine is at rest, this rudder 
acts as soon as the helicopter is in transla 
tion. It contributes by its orentation to fa 
cilitate the changes of direction and to im 
prove the stability during flight. 
The device can, on the other hand, be pro 

vided with one or more fixed pitch propel 
lers adapted to realize totally or partially the 
anti-rotation torque. 

Fig. 7 shows by way of example such an 
arrangement with a single fixed pitch pro 
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peller. 
p and pillustrate the variable pitch pro 

pelling elements. Here, the forces they create 
are of the same direction and are indicated 
at Fi and F. - 
The fixed pitch propeller h, creates the 

stress F. The leverages are assumed to be 
equal, if the propelling elements are so ad 
justed as to each create a stress F and there is 
no general resultant. The resulting torque is 
F. It remains the same if the stresses F. 
and F are simultaneously varied. There is 
then a general resultant directed in one direc 
tion or the other and which can be used for 
dragging the machine or on the contrary for 
braking it. 
The differential control of the propelling 

elements p and p' produces the steering, so 
that the manipulations of the preceding hand 
wheel and lever produce reverse effects. 
This arrangement has the advantage, in 

translation with full tractive power F, or 
really utilizing the propeller h only, the effi 
ciency of which is always greater than that of 
the variable pitch propelling elements. It 
shows, on the other hand, the multiplication 
of the method of realization or of application 
of the invention. 

Claims: 
1. In a helicopter, the combination of a 

lifting system comprising one or more rotary 
lifting elements, auxiliary propelling ele 
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ments, the axes of rotation of which are situ 
ated at a certain distance from the center of 
gravity of the machine in a plane passing 
through the said center of gravity at right 
angles to the axis or axes of rotation of the 
lifting elements and means for controlling 
the stresses created by the said propellin 
elements, said means being such that the ES 
auxiliary propelling elements create con 
stantly a torque equal and oppositely direct 
ed to the antirotation couple of the frame, 
due to the reactions of the air upon the lift 
ing element or elements and, at the will of 
the pilot, an horizontal propelling stress. 

2. In a helicopter, the combination of a 
lifting system comprising one or more rotary 
lifting rotary elements, auxiliary propelling 
elements, the axes of rotation of which are 
situated at a certain distance from the center 
of gravity of the machine in a plane passing 
through the said center of gravity, at right 
angles to the axis or axes of rotation of the 
lifting elements and means controlled by the 
pilot and adapted to render unequal the 
stresses created respectively by the said aux 
iliary propelling elements. 

3. In a helicopter, the combination of a 
lifting system comprising one or more rotary 
lifting elements, auxiliary propelling ele 
ments the axes of rotation of which are situ 
ated at a certain distance from the center of 
gravity of the machine in a plane passing 
through the said center of gravity, at right 
angles to the axis or axes of rotation of the 
lifting elements and means controlled by the 
pilot and adapted to render unequal the 
stresses created respectively by the said aux 
iliary propelling elements whilst maintain 
ing substantially constant the sum of their 
moments relatively to the center of gravity 
of the machine. 

4. In a helicopter, the combinatic, ; ; ; a 
lifting system comprising one or Inore : i:lity 
lifting elements and auxiliary propeilers, 
whose incidence is variable and the axes of 
rotation of which are situated at a certain 
distance from the center of gravity of the 
machine in a plane passing through the Said 
center of gravity, at right angles to the axis 
or axes of rotation of the lifting elements 
and means for controlling the incidence of 
the said propelling elements, the said means 
being such that the said auxiliary propel 
ling elements create constantly an equal 
torque oppositely directed to the torque of 
anti-rotation of the frame, due to the re 
actions of the air upon the lifting element or 
elements, and at the will of the pilot, an 
horizontal propelling stress. 

5. In a helicopter, the combination of a 
lifting system comprising one or more rotary 
lifting elements and auxiliary propellers 
whose incidence is variable and the axes of 
rotation of which are situated at a certain 
distance from the center of gravity of the 
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machine in a plane passing through the said 
center of FE at right angles to the axis 
or axes of rotation of the lifting elements 
and means for modifying in the reverse di 

5 rections the angles of incidence of the blades 
of the said auxiliary propelling elements. 

6. In a helicopter, the combination of a 
lifting SE comprising one or more rotary 
lifting elements and auxiliary propelling ele 

10 ments the axes of rotation of which are sit 
uated at a certain distance from the center of 
gravity of the machine in a plane passing 
through the said center of FE at right 
angles to the axis or axes of rotation of the 

ls lifting elements, pulleys controlling the ad 
justment of the incidence of the E. of the 
propelling elements, pulleys connected to 
these first pulleys by cables, driving wheels 
rigid with these second pulleys, a pinion 

20 gearing with the said driving wheels, a shaft 
on which this pinion is coupled by friction, 
a control lever adapted to cause the shaft 
carrying the said pinion to rotate about the 
axis of the driving wheels and a hand wheel 

25 rigid with one of the driving wheels. . 
testimony whereof I have hereunto af fixed my signature. 
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