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When I speak of the mechanical control of aircraft, I nat-
urally mean automatic control. Before undertaking a detailed
description of the automatic-control mechanism, I will state
briefly the fundamental conditions for such devices. These are:

1. The control device must be sensitive at one or more
reference values. I advisedly say reference bases (Bezugsgrgs—

sen) and not reference attitudes (Bezugslagen);

3. It must stop the angular motions of the airplane which
are not purposely produced by the pilot, and it must damp aperi-

odically as much as possible any oscillations arising;

3. It must be possible to switch it off and on by a sim-
ple hand lever and always leave the pilet free to take personal

contrel without first switching off the control device.

On an airplane there are, in principle, three steering
axes; on an alrship, two. For certain reasons, which I will im-
mediately set forth, thé most lmportant axis is the transverse
one, which is served by the elevator. The next most important

one is the longitudinal one, which is served by the ailerons.

*'"Motorische Flugzeugsteuerung" in the 1927 Yearbook of the
Wissenschaftliche Gesellschaft ffir Luftfahrt, pp. 91-98.
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If the matter te regarded from a purely technical viewpcint, the
latter is the more important of the two; but the auvtomatic cen-
trol of the elevator is important for other reasons of an aero-
dynamic nature. As now built, any airplane which has a certain
natural stability about its transverse axis, purchased this sta—'
bility rather dearly. I can imagine, however, that an airplane
which is not longitudinally stable can be better built aerody-
namically. Hence the automatic control of the elevator is very
important, entirely aside from the fact that it removes one di-
mension of space from the entire control problem, and the air-
plane can then be flown in the same manner as a motor car is
driven. The pilot can have his ‘hands free, since he can bal-
ance the airplane with the rudder without using the ailerons.

I, at least, had to le.a;f.‘n' to hold a flying boat on its step with
my arms behind my back. The economical operation ef the ele-
vator is very important, since it enables the avoidance of det-
rimental drag during flight.

Previous attempts at automatic control of the elevator have
proved unsatisfactory principally for the reason that the basis
of reference was incorrectly chosen. All poésible bases'of ref-
erence may be chosen, éxcepting only the force of gravity. A
pendulum, or other object, which is subject to the influence ef
gravity, is not suited to serve as a basis of reference. An
alirplane cannot be considered stable merely when its lengitudinal

axls occupies a certain position in space, but only when it has
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sufficient fcrward speed to render if maneuverable about all its
axes. In ideal concurrence With this speed stabilization, we
oan°adnpt for the elavater very widely differing reference bases,
namely, the maximum speed, the climbing speed, and the diving
speed; and lastly, also the vertical acceleration. With the
knywledge of the latter, the questicn can be directly answered
as to what saféty factsr the cell should have, since the air-
plane can then be aut@matinally‘so contrclled that only a defi-
nite and prescribed maximum vertical stress can be developed
on the wings. S5 simple as the cenditiens for the stability of
the elevator pisitisn are, the coanditions for the ailersns are
all the more complex. It is approximately correct to say that
the airplane is stable with reference to the ailerons, when
the air flow is directly frcm the front. An automatic control
tased on this principle alone WouI@ not be very practicable.
In gusty weather the airplane would be very unstable, Whioh'is
not enly very disturbing but also somewhat dangereus. The lat-
eral compenent of the ailr velacity must therefrre include an-
>ther faotdr, namely, the vertical and, to be very exact, also
the angular velocity of the airplane about the vertical axis.
A11 these components »f the lateral control must also be deter-
minable with reference ts ne another. |

The relatively least impcrtant autcmatic control is the
directional. Its directing instrument must be a compass.

After this brief survey of the problem, I wish to discuss
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the model cnd its fundamental principles. The control mechanism
here shown consists of three parts. The first part is the "di-
réctor" which, in this case, is a negative-pressure indicator,
so constructed that thé speed pointer con oscillate between two
stops, one of which characterizés the admissible maximum speed
through the 2ir, and the other the admissible minimum speed, or
the corresponding dynomic pressures.

The second part, which is built with the third part, forms
a gyroscope consisting of two numerically equal gyroscopic tops
coupled tbgether but revolving in opposite directions. I call
this mechanism an "inertia froame." Such an inertia frame hes
various valuable charccteristics. In the first place, it hes
an accurately defined axis of sensitivity, i.e., this inertia
frame reacts simply to turns about a definite constructionsal
axis, not being affected by any other turn, but being exceeding-
1y sensitive to turns abouﬁ the constructional axis.

In order to illustrate the sensitiveness of the reaction,
we will take the fundamental equation for the precessional

motion of a gyroscope and of an inertia frame:

Herein de/dt represents the angular speed of the frame
about its axis of sensitivity. J 1is the total momentum of the
gyroscopes and Q = the precessional resistance, which éan be

expressed as
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dca
° =8, dt®

In other words, the precessional resistance, in a forced
motion of the frame about the axis of sensitivity is equal to
the product of tshe mémeﬁt nf inertia of the gyroscope about the
axis of precession and %hé angular acoeieration of the precess-
ion, if we disregard the constant mechanical resistances cof

precession., We thus obtainh the angle of inclination

i.e., the angle of inclingtion, produced by a forced moment

about the sensitivity axis, equals the ratio of the moment of

O

inertia about the precessional axis and the momentum multiplied
by the angulsar velocity of precession.

| The ratic 6/J, with rapidly revolving gyrcscopes is, how-
ever, always around 1/2000. Hence it is obvious that, even at
é very siall angle of ihclination; a very noticeable angle of
precession is pfoduced, which can be utilized to intrcduce fhe
oountei—control ferce.

The common precessional axis of these two gyrcscopése now
acts on contacts, which set in operaticn and direct the third
part, which is the reél control mechanism. The automatic con-
trol comes into action at a definite and very smell angular
velocity, which is not perceptible to the naked eye. A further

result is that the deflection ¢f the controls is proportional
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to the angular speed of the airplane, i.e., proportional to the
steering force required to offset this angular speed. It thus
guarantees the maximum steering economy, which is very impor-
tant for fuel economy.

This can be illustrated by an example. Every airplane and
airship has a considerable moment 6f inertia about the trans-
verse axis. If the control surface is deflected about this axis
when the speed of the aircraft has dropped to w, the control
surface must produce a moment proportional to the product cf.
the moment of inertia times the square of this angular speed.

- Hence the smaller the angular speed and the more economical

the oo&resanding rudder derlection, just so much smaller is

~ the absolutely necessary expenditure of energy. It follows
that the head resistance or drog of an airplane, and still more
of an airship, is greatly reduced by keeping the oscillations
as small‘as possible. With an airship this steering economy

is very important. On long flights (like the transoceanic ones)
the fuel saving may amount to tons.

In order fo carry the fuel saving to the 1limit, all factors
affecting the motion of the ooﬁtrol surfaces must be regulable
within wide limits, since the proportionality factor bvetween
the angular speed and the corresponding rudder deflection dif-
fers according to the type of the aircraft and possibly also
according to the weather conditions.

This is very largely the case with the control mechanism



under consideration. -The pilot cean regulate this proportien-
ality factor ét will from his seat. He cen likewise regulate
at will the effect of the "director" and hence of the air-
speed indicator, the altimeter, the ascending and descending
speed meters, etc., as required by the type of aircroft or by
the weather conditions. He can therefore regulate within wide
limits the rudder deflection corresponding to any given angu-
lar spced.

The need of on aperiodic damping of any oscillatory motion
has been mentioned. This damping consists in advancing the
action of the controls, as illustrated by Figure 1. The air-
plane, for example, is deflected upward by o gust. The elevator
is deflected downward. Thus the speed of the airplane is re-
duced. Then the elevator does not remain stationary, but moves

in the opposite direction. The airplane now attempts to resume
its original position. The elevator goes farther back, reaches
the midship position and acts czaoinst the motion, before the
airplone resumes its original position. To a certain degree
it therefore asymptotically approaches ifs original position.
This is effected chiefly by giving both gyroscope axes a cer-
tain directional force toward the parallel position. Then a
certain deflection of the gyvroscopes corresponds to a certain
angular speed coout the axis of sensitivity. As already men-
tioned, the relation between the deflection of the gyroscope

and the angular speed of the cirplene can be regulated within
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wide 1limits and indeed as follows.

The inertia frame is free to oscillate cbout its axis of
sensitivity ond is connected with the airplene only in o closed
circuit, not rigidly. The closed-circuit connection is of two
kinds. In one case, the inertia frame in the nirplaone has a
directional force on a definite position of the saome, and, in
the other case, it is coupled with the engular speed of the cir-
plane through a turbulent-flow brake, which can be regulated.
'In one case it is therefore affected by the position and in the
other case by the cngular épeed in a waoy which can be regulated.
Since the.sign of the‘angular—speed effect, however, is shifted
by phases, it causes 2 damping of the motion, which can be car-
ried as far as desired. Without sufficient damping, there can
be no stability.

The inertia frames and steering devices are all alike for
these three axes of control, oanly the "directors® differing.
Naturally the stcering apparatus must be so mounted that the
sensitivity axis of the inertia freme will be parallel to the
steering axis concerned. As already mentioned, the "director"
for the aileron machine differs greatly from the one for the
elevator machine. In the one case the aircraft flies in a curve,
while in all other cases it flies straight ahead. In order to'
fulfill these conditions strictly once for all, a relatively
complex instrument would be required. This instrument would

hold the altitude and simultaneously bring the angular speed
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of the airplcne about the vertical axis to the mechanicol repre-
sentation and indeed as a distance. Thereby the airplane is
always laid strongly in the curve and again taken out. The
centrifugal accelercation, which determines the attitude of the
airplane in the curve, is the prodﬁct of the angular speed aond
the air speed. The ongular attitude with respect to the ver-
tical can therefore be mechaonically presented in quite a simple
manner, HNevertheless, strict fulfillment requires a rather
complex instrument. It is possible, however, to get dlong with
comparatively simple means, if the actual conditions in a com-
mercial airplane are considered. With a commercial airplane,
long stretches ar;)floWn without any considerable curves.

Such must indeed be the case for fhe sake of flight economy.
\When, therefore, no curving flight is contemplated, the control
mechanism can be so adjusted that the airplane will be kept

on 2 straight course. However, if curves are to be flown, then
the adjustment of the device must be somewhat changed, so that
the airplane may lie in the curve and still react in some de-—
gree to lateral winds, sincg‘these influences are difficult to
distinguish with a relatively simple instrument; It cen, of
course, be done, but it is questionable as to whether the re-
sult warrants the cost. In the end it all amounts to the same
thing with respect to the further development, if we take the

:stability of the third steering axis (i.e., the course axis)

"into consideration. Then a curve must be installed, since it
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indicates a change of course and this device can then simulte-
neously produce even the effect of the aileron mochine, In or-
der to avoid possible errors, I will state again that it is
never necessary, even with the simple "director" of the aileron
machine, to install every curve as such, but only a kind of
curve "premonitor." The pilot can, of course, even fly the
whole distance inzéurve préparedhess, For the sake of4steering
economy, however, it is better to reduce the sensitivity on a
long straight flight in much the seme way as the driver of an
automobile, on a straight road, sets the gas lever on the steer—
ing Wh861,

A-p pendix

I will now show you such a oontrol devioe. For this pur-
pose the device was mounted on an unstable balénoe beam, which
is kept in equilibrium by shifting o weight. The vertical
force or gravity was taken as the "director'" instead of the
dynamic pressure. A sort of steering surface is connected with
the weighf;shifting as a signal, which shows the rudder deflec~'
tion produced by'the control mechanism thrice enlarged . It
is seen that the unstable bean, dne end of which rests on the
table, is damped aperiodically by switching oﬁ the stabilizing
device, assumes.the horizontal position and remains in it. It
can be thrown off the honi;bntal position by force, e.g., by
striking the balance beam With the fist, As you see, it'goes,

aperiodically damped, back to the position of stability:. I now

<
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switch off the "director." You see that the balance beam gradu-
ally sags at one end or the other. When the "director" is
switched on again, it resumes its normal position. I now switch
off the domping device and you see that the balance beam begins
to pass through oscillations of constantly inoreaSing amplitude.
If I cgain switch on the domping device, the oscillations are

immediately damped and the beam resumes the horizontal position.
Comment s

Enginecer Drexler.- It gave me greot pleasure to listen

to the arguments of the lecturer. It is certainly a source of

s

sfaction for one whe has devoted himself to th
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e problem of
automatic circraft control for twenty years to know that the
circle of its advocates is ever growing wider.-

When I published a series of articles on the problem of
automatic aircraft control ("Zur Frage der automatischen Flug—-
zeugsteuerung") in Der Motorwagen in 1911-1913, I stood alone
in the whole world. I did not let this fact discourage me, but
continued to work on this problem for years.

A1l the work done, which was verified by many experimental
results and hundreds of photographs, was mot-wasted, but formed
the basis for such work as the lecturer has been doing. The
lecturer has my heartiest thanks for joining me in the effort
to overcome the antipathy, which now exists among aircraft pi-

lots, to every kind of automatic control. It is perfectly ob-
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vious to me that automatic aircraft control will soon be a mat—
ter-of-course énd compulsory for every commercial aircraft.

The only question now is how to accomplish this. Today's lec- -
ture shows that I am no longer alone in working on this problem,

It pleased me that the lecturer, in his prefatory remarks,
mentioned three fundamental conditions, although I am not en-—
tirely satisfied with them. 1In the above-mentioned ar%ioles in-
Der Hotorwagen, I set forth in 1911, ten requirements of auto-
matic confrol. Any one who has had experience in this field
must make much greater requirements of automatic airplane con-
trol, than the three fundamentai conditions mentioned by the
lecturer in -his introduction.

The essential principle of automatic contrel has certainly
been comprehended by the lecturer. He naturally based his re-—
marks on the three requisite steering maneuvers. What greatly
disappointed me, however, was the lecturer's assumption that
the elevator is to a certain degree the 1limit of automatic con—
tfol. According to his views, the ailerons piay only a subor-
dinate role and the rudder is of nd coﬁsequence at all. With
my many years of experience I cannot accept this view. The
rudder is the most important in any system of automatic air-
craft control. Far behind it comes the elevator and then, for
airplanes (not for airships, as the lecturer correctly main-
tained), the ailerons.

- The automatic control for airplanes must consist essenti—
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ally of four parts: a releasing device, which switches on a
certain auxiliary force; an easily disconnectable coupling
between this auxiliary force and the.steering controls; the
control transmission to the rudder as the principal thing; and,
lastly, a safety device, so that the steering machine will nev-
er force the controls too far and thus cause a catastrophe.

The chief problem in any automatic aircraft control is
- the necessary releasing device. I do not agree with the lec-
turer that a pendulum is unsuited to serve as such a releasing
device. It is only necessary for such a pendulum to be cor-
rectly constructed and for measures to be taken to prevent it
from being affected by acceleration influences, in so far as
the latter are not desired.

The lecturer seems to me to be entirely in error, in hold-
ing that the releasing of the auﬁomatic control can be made to
depend on the vertical motions of the aircraft in flight. If
an airplaqe Grops, be it for a hundred meters or even more,
this can have nothing to do with the automatic control. If
care is taken that the releasing device for the elevator con-
trol guarantee a given speed, a certain longitudinal attitude
of the airplane, a certain flight altitude, and a certain for-
ward driving force of the engine, any up-and-down motion of
the aircraft can then be co:rected in a much simpler manner.

Judging from the arguments of the lecturer and his showin%

of the model, he seems to be a firm believer in the gyroscope
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for releasing the requisite auxiliary force. Experience has
taught me that. this cannot be done with the gyroscope alone
and especially with two gyroscopes céupled together and rotat-
ing in opposite directions. A very complicated device would in-
deed have to be created to produce any effect in such a case.

The third principal condition specified by the lecturer
for an automatic control, namely, simple switching off by a
hand lever, is, in my opinion, the principal requirement of
mechanical control. Unfortunately, I have been able to learn
very little on this point. This last problem has grown me
many a gray hair. If we wish ultimately to develop a mechan-
ical contfol for aircraft, we must not, as the lecturer thinks,
simply take away from the pilot the altitude and lateral con-
trol, so thaf he, like the lecturer, can "learn" wifh his hands
tied behind his back, but we must first fix our attention on
the directional control. Only then will we have made so much
progress that the pilot of o commercial airplane (say with 20
passenger@, setting out from Tempelhofer field on a trip to
Hamburg, with due allowance for the drift, can, after reaching
the proper flight altitude, enter the dining room and be served
with a cutlet by the dirplane weiter and then, after two hours
arise’from the table and say "We will be in Fuhlsbuttel in ten
ninutes." And, behold, it is so!

The other thing with which I am not satisfied is the "Mr.

Director," especially if he can ve interviewed only when he
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stops at one of the two fixed end points. Just on the way it
should be preferably possible to interview the "director,"
whom I would rather call the "outrider," in so far as the me-
chanical control of the airplane is concerned. - It is assumed
that every attitude of the aircraft, air speed, altitude, en-
gine speed, etc., is constantly adjusted by the automatic cen-
trol.

Different opinions can be held regarding the value of the
differentials and integrals developed by the lecturei. In this
connection, what has become of the experimental coefficients,
which are known to be always decisive in practice?

Moreover, I do not believe that any damping can be effected
by "advancing the action of the centrols." In my opinion, such
a method would introduce into the motion of ah airplane an in-
admissible unsteadiness of several minutes (circular measure),
which is entirely inconsistent with the sensitiveness of the
control for "extreme steering economy" as mentioned by the lec—
turer.

In the latter part of his address, the lecturer admits
that he could not succeed with over-control, but that "to a
certain degree the éirplane tends asymptotically to resume its
original position." If I understant it correctly, this means a
constant oscillation of the airplane, an over-control which is
really inadmissible in practice.

As Mr. Boykow says, the "director" for the aileron machine
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is expected to keep the machine in the curve, but to keep the
airplane itself in normal flight with respect to oll other in-
fluences. He then continues: "In order to fulfill these con-
ditions strictly once for all, a relatively complex instrument
would be required." Herein lies the difficulty that every zuto-
matic contrbl must at all times be regulated for every possible
flight attitude. There is really no practical use for an auto-
matie control, with which the aviator is forbidden to fly curves.
His concluding sentence, in which he recommends the reduction
of the sensitivity for long straight flights, may perhaps cause
many.of the initiated to shoke their heads.

A1l in all we may judge the lecturertis invention as we
wish. The pleasing'faot remains that the principle of automatic
“aircraft control is making progress.

The following photographs will show that others have been
working on this problem.

Figure 3 shows such an automatic control installed in an
L.V.G. ai:plane. Even then it was my idea to invent a qontrol;
which was operated by a turbine gyroscope driven by the exhaust
gases of the engine and which used, as the intermediéte force,
compressed air genefated by a special propeller and rotary pumpe.
This compressed air acted, according to the position of aegyro~
scopic horizon, on the control cylinders shown in the picture
and thus actuated the corresponding controls. The lessons

learned with this apparatus showed the need of making the whole.
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steering mechanism as compact as possible.

Progress 1is shown in this respect in Figure 4, in which
the ordinary hand and foot controls are joined with the auto-
matic contrecl, thus realizing én idea which I had had in miqd
from the beginning.

Figure 5 shows one phase of the development. The first
practical flight tests were mapde with the apparatus here shown.
These tests, which were conducted quietly for a year, led to
the.construotion.of_the automatic apparatus shown in Figure 6.

As a result of the year's experience, I abandoned the hy-
draulic intermediate force as a means of control. As a turbine
constructor, I held too long to the stili common. prototype of
the servo-mtors, which are now used to regulate such engines.

Figures 7-8 illustrate our preseant control apparatus. 1In
this, I have set the chief value on the claim made by the lec-
turer for quick and unobstructed switching on and off of the
automatic control, by simply pressing a button on the hand
steering wheel. This is accomplished by switching on entirely
independent electromagnet couplings as shown in'Figure 7. The
construction of the present apparatus is shown in Figures 8,
8a, and 8b. It is characterized by the independence of each
individual control. 'Each control has a separate contact-making
and releaéing device, whereby a reversible motor rotates either
to the right or left and its powe; is transmitted to the'magnet

armature. Only when the disk of the magnet armature is at-
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tracted as a result of the electric oﬁrrent, is automatic con-
trol effected. There is a practically very important device,
namely, the end contact. This concerns a requirement which was
not mentioned by the lecturer and which in practice is as im-
portant as the whole steering apparatus itself. The automatic
control must never pull the control surfaces beyond thelr ex-
treme positions, because this would break the control cabies;
and we can all imagine what the result would be.

The three remaining pictures (Figs. 9-11) show the present
form of the automafic contTol. On the basis of my many years
of experience, I have combined the apbaratus in a single block
(Fig. 9) with the normal foot and hand controls, so that the
whole apparatus can be installed in any airplahe with four
screws and moking the proper connections with the controls.

Figure 10 shows the whole assembly. It includes a wind-
driven electric generator, zo Pitot tube for elevator control,
a storage battery, and one or more indicators, so built that
the position or deflection 6f each control surface can be read
from any desired point in the ai;plane.

Figure 11 shows the device installed in a large airplane.

In oonclusion; I wish to thank the lecturer again for his

address to us on a subject which is bound to have a great future.
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Dr. H. G. Bader.-~ I am very much pleased that the speaker

of the day has discussed the question of relieving the airplane
pilot from the controls, a problem in which I have long taken a
great interest.

I believe that we have found in the "director" described
in the lecture the device with which i1t will be possible to
solve the problem} I disagree with the lecturer, however, in
the idea of applying the "director" exclusively to the altitude
control. Eryan, who was the first éne to devote himself suc-
‘cessfully to the consideration of the stability: of the airplane,
distinguishes between inherent and automatic stability, in that
the former is obtained by parts rigidly attached to the airplane,
while the latter is obtained with the aid of servo-motors. In
any case, devices can be eumployed forblongitudinal.oontrol,
with which an auxiliary wing, correctly located and dimensioned,
can increase the inherent longitudinal stability.

Thereby the claim of the lecturer can be -confirmed by mak-
ing the damping so strong with respect to the reacting forces,
that a very quick return to the position of equilibrium can be
effected without passing through it again,“i.e.33 the return
process lies in the region between periodic and aperiodic mo-
tion. Therefore the return to the vosition of equilibrium will
not be .delayed by excessive overcoming of the damping.

The application of the "ditector" to the longitﬁdinal sta-

bilization does not therefore seem to be so urgent, since inhe-
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rent stability can be easily attained. On the contrary, it
seems to be of special importance for overcoming the natural
instability about the longitudinal axis. The lateral stabiliz-
ation through the use of a strong dihedral is impracticable,
because of the disadvontages for the piloting.

Since the changing of“the course can be most quickly effect-
ed by changing the inclination by means of the aileron control,
the stabilization of the inclined position would simultaneously
mean the steadying of the course, whereby it would not be abso-
lutely necessary, as the lecturer mentioned, to use the compass
as in the automatic steering of ships, but the speed difference
between the inner and outer wing tips can be advantageously used
for influencing the servo-motor.

It follows from the statements of the lecturer that we must
in any case provide a retuin guide to prevent oversteering, as
in the revolution-speed governors for engines. |

I would therefore suggest the application of the "director"
to the control of banked flight, since in this way the pilot
can be entirely freed from the three controls znd will thus be
enabled to give his undividcd attention to the problems of navi-
gation and to watching the engines and will also be able to con-
serve the requisite energy for landing after long flights.

Through the inherent longitudinal stability the damping of
the accelerations, which cause air sickness, would thereby be

accomplished in the same measure, as through the automatic sta-
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bilization, for in both cases it is impossible to produce a re-
tardation of like magnitude directly through the acceleration
itself, but a quick damping of the acceleration can be effected

only through the initiated motion.

Engineer F. Diemer.—~ In the choice of the reference values,

the speed is designated as the suitable value for the altitude
control. I have my doubts as to whether an automatic altitude .
control in the form of a speed stabilizer will satisfactorily
accomplish the purpose in view.

The rngle of attack is the decisive factor for preserving
any desired condition of flight. In unaccelerated rectilinear
fiight a definite speed corresponds to the angle of attack, so
that the former can be tdken as the reference value for the pres—
ervation. of the latter. In all accelerated flight conditions,
this is not the case, however, wherefore an automatic control
adjusted for z certain speed in curvilinear flight under some
circumstances would produce angles of attack which are.not
desired,

In unaccelerated rectilinear flight, the simble speed sta-
bilizer might afford security against undesired or dangerous
flight attitudes, but in gusty weather it would allow the air—
plane to make motions, which would certainly not be agreeable
to passengers With any tendency to airéickness. If a Pitot
tube or air-speed indicator is used as the "director," the el-

eyator deflection becomes a function of the differential quo-
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tient of the speed with respect to the time and the cirplane
with aperiodicolly damped rudder motion kept constantly at the
speed determined by the pilot. 1If gusty weather prevails, in
Whicﬁ the air layers, traversed by the airplane, have different
properties, the airplene will make curves in the vertical plane
which will be disag;eeable to the occupants of the aircraft,
more disagreeable than by the present method of stébiliging,

by changing the angle of'attack, which is a function of the
vertical parallel displaoement of the airplaneAcaused by the
variations in the dynamic pressure;

A sensitive pilot will proceed as follows for obtaining
agreeable motions, when the alrplane is not near the critical
angle of attadk._.If the airblane reéeives a gust from the front,
it rises under the action of the inoredsed 1ift and then'drobs
back to its original relative speed. The pilot will first 6p~
pose this motion by pressure and will then return to the ofig—
inal dynamic pressure by very gradﬁal climbing'with timely damp-
ing of the motion. This procesé is reversed when the air speed
decreases.

In order to ameliorate the motions in the longitudinal di~-
rection, the pilot must attempt to oiffset the disturbance with
an elevator deflection in the opposite direction to that of the
stabilizer corresponding to the speed change. This circumstance

cannot be met by varying the sensitivity of the automatic control.
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An automatic altitude control of a commercial airplane
would therefore not only bring the dynamic pressure to a refer-
ence value, but éimultaneously also two others, the spatial
angle and the altitude, so that the motion of the controls pro-
duced by the speed variations will pe counteracted as soon as
the differential quotient of the spatial angle or the vertical
speed exceeds a certain value.

I cannct say as to whether this combined action of three
"directors" can be utilized without too greatly complicating
the control mechanism. In this oonnéction, I will call atten-
tion to the fact that in one case the automatic control, which
depends entirely on variations of the dynamic pressure, offers

the best solution, when the shortest climbing time is desired,

H. Boykow (concluding remarks).— Mr. Drexler criticises

me for having made too few conditions to be fuifilled by the
control machine. In reply, I can only say that, to preserve
order in a‘country, a thousand and one laws can, of course, be
made, but ?hat the quintessence of all the thousand and one
laws can be condensed into the Ten Commandments, and that these
Ten Commandments can be embraced in the one great commandment,
"Thou shalt love God above all else and thy neighbor as thyself.®
Mr. Drexler also criticises the lack of a limiting posi-
tion. I expressly stated inP> lgcture that the connection be-

tween the controlling mech?' \the controls must be only

provisional, in order to// ot to take personal chaxrge
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of fhe controls at any moment. The question of the limiting
position is fully covered by this provision. I further stated
expressly that, along with the speed regulation, any other reg-
ulations of the steering machine ooulq be made, which affect
the vertical motions and Which can be modified to meet the re-
quirements. Mr. Drexler thinks he found proof in my lecture
that the device would over-control. You have all seen that it
aperiodicalif damps the oscillations of the balance beam, and
I expressly stated that the motions of the indicator were three
times as great as the actual motions. |

Mr. Drexler also seems to have entirely misunderstéod what

I g2id on curvilinear

. ’—')

light, when he comes to the conclusion
that curves cannot be flown with this machine. That curves can

of course be flowm was expressly stated in my lecture.

Mr. Boder thinks the altitude control is not the most impor-

tent, since there is inherent stability about the transverse

and longitudinal axes. fhis is correct for the present airplane
type, but may change, since this inherent aerodynamic stability
is obtained at a rather high cost. That the lateral stability
can also be combined to a certain extent with the directional
stability follows from the control regulations, according to
which lateral stability can be obtained both by the rudder and

by the egilerons.
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Mr. Diemer objects to the reference bases, the one for the
altitude control being the air gpeed. He thinks there is a
critical angl¢ of attack, beyond which the stability almost in-
stantly ceases and that, when the ailrplane is near this critical
angle and has its speed increased by a gust, this critical angle
would be exceeded by the control machine. In answer to this
objection, I would call attention to the fact that this critical
angle is prevented in advance, since it is considerably lower
than the stabilizing angle of attack. Mr. Diemer also thinks
that such a case can occur only just before landing. Here I may
remark that ahy pilot who is not at his post just vefore landing,
but who is perhaps enjoying a cup of.coffee in the cabin, is

at least very remiss in his duties.

Translation by Dwight M. lfiner,
National Advisory Committee
for Aeronautics.
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