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This invention relates to the arrangement and
operation of vessels, such as airships, and more
particularly is concerned with bow controls for
said airships. S

Bow elevators on airships have been tried on
certain early airships but were later abandoned
when it was found that tail fins were indispensa-
ble and tail elevators attached to them were so
effective as to be sufficient under normal operat-
ing conditions. . ‘

More recently, however, conditions have been
encountered in which the agvailability of an addi-

- tional steering device on the ship’s bow would ap-
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pear desirable. Such instances are the checking

of a dive from low altittide, the zooming up from .

a take-off field or the hurdling of a ground obsta-
cle. In these maneuverings, when performed with
tail elevators alone, the tail of the ship is de-

.pressed and sweeps through a lower arc then

the path of the center of buoyancy does because
the action of the tail elevator is an indirect one.
It actually elicits a down force on the tail in
order to pitch the ship up so that its own propel-
lers can drive it upwards. Bow elevators, on the
other hand, act directly by creating an up force
in front of the center of buoyancy in order to
pitch the ship upwards. Therefore the danger
of the tail fin striking the ground is definitely
lessened when the maneuver is assisted or initi-
ated by bow elevators. In hurdling an obstacle
the maneuver of climbing the bow over it with up
bow elevators and then lifting the tail over it
with the tail elevators is especially useful.
Another potential advantage of bow elevators
is' derived when flying through gusty weather
while trying to steer the ship steadily and to check
When-
ever the ship runs into a zone.of different wind
direction or into @ vertical current its bow is
attacked by the disturbances first. Therefore the
ship tends to veer to leewards. or in the direc-
tion yielding to the currents. Any attempt to

‘combat this veerage, and to keep the ship on her

course or on an even keel with tail control sur-
faces alone evokes a bending moment, and en-
hances the drift or change of altitude. This is
because the disturbanceé (wind gust) attacks in
front of the ship’s center of gravity while the con-
trol force acts in-the rear of the center of gravity
(see Fig. 1). - ‘

On the othef hand, if the gust were to be
- counteracted by a bow elevator (see Fig. 2), its

force would be intercepted right at or near its
seat of attack and only the difference, if any,

. quired to-hold them ai &

would be left to throw any bending moment into
the ship as & beam. Thus, bow control surfaces
when operated to combat gusts may save the ship
from the punishment of large and frequent bend-
ing moments and also smooth out its path and &
minimize its deviations of course and altitude in
gusts. -

Since bow control surfaces can be arranged in-
dependent of any fixed fins, they lend themselves
well o good aerodynamical balance in such fash- 10
ion that it takes only very little effort to incline
them to any angle of incidence within their ef-

- fective range of angles of attack. For instance

when they are arranged to be rotatable about an
axis only slightly forward of the forward quarter 15
of their depth from leading edge, the torque re-
particular angle of
attack can be very Small. ‘

Now besides these advantages, bow control sur-
faces of conventional design, such as would con- gp
sist of one or several surfaces mounted rotatably
with reference to the ship’s hull and attached
through horns or segments, cables or wires o &
control wheel operated by a helmsman, would
bossess -four serious disadvantages. Our inven- gg
tion aims at obviating these disadvantages and
thereby rendering bow control surfaces amenable
to practical usefulness.

These disadvantages and- their remedy by our
invention will now be considered. o

For one thing bow control surfaces, when held
in neutral and not alertly operated In gusts
would act as fins in the wrong place, namely for-
ward of the center of gravity. In this condition
they would actually reduce ths dynamic stability 35
of the craft and enhance both the stresses and
deviations incurred. Secondly under the very
same condition, even the most alert incidence éon-
trol would suffer from an undesirable lag inas-
much as the bow surface would not begin to 4¢
furriish any restoring force until they have
reached an incidence greater than the angle of
the relative wind in their place. 'This relative
wind makes an angle « with the ship’s axis, whose
tangent one would expect to be the ratio of the 45
transverse component velocity of the gust to the
flicht speed.  Wind tunnel tests have recently re-

-vealed, however, that the actual angle of the

streamlines on the bow of an airship under oblique
attack are even steeper (8) because the flow tends 50
to escape around the hull of the ship, (see Fig, 3) ,
thus enhancing the difficulty just explained.

These two disadvantages are at once overcome
by the following new expedient: The bow control
surfaces are not connected directly to a control 56
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wheel controlling their angular incidence but
they are hinged to float or trail freely in the wind
that hits them. To insure free trailing or vaning,

- their axis is disposed well within the forward

quarter of the surface from their leading edges.

. Thus vaning they do not act as fixed fins, nor
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would they detract from the ship’s dynamic sta-
bility, and in gusts they are always ready to offer
immediate response to any control command that

is superimposed to their incidental position. De- -

liberate control according to our invention is ef-
fected by suitable means such as a torquemotor.
A torquemotor is a device which imposes a torque
of controlled magnitude and direction upon &

shaft independent of the instantaneous angular -

position of this shaft and essentially independent
of its rotary velocity if it happens to be rotating
slowly. Electric torquemotors are commercially
available. This invention while fully explained
by reference to an electric torquemotor should not
be construed to be limited to electric torque-
motors, since any hydraulic, pneumatic, aero-
dynamic or mechanical torquemotor similar in
action, provided it does not contain any self-
locking gearing, may give the same action, as
those skilled in the art will be well aware.

Deliberate control from a helmsman’s wheel is
now, according to the present invention, ob-
tained by means regulating the input of the
torquemotor in accord with the position of the
helmsman’s wheel. These means may take the
form of a potentiometer rheostat control (see
Fig. 4). Here any rotation of the wheel away
from neutral will feed more voltage, in one direc-
tion or another, to the torquemotor. The latter
will therefore turn the control surface to the
angle of attack where the resistive moment of
the air forces tending to trail the surfaces is
equal or balanced by the torque imparted inde-
pendent of the instantaneous direction of the
varying neutral or stream plane.

It will be noted that torque control has the
desirable feature of producing larger control
angles for any given wheel position, at low speeds
(where air forces are smaller) than at high speed.
This characteristic at once provides ample control
at low speed when it is most needed and safe-
guards the ship against brusque maneuvers at
high speed where they are not needed but only
cause punishment.

Another method of electrical torquemotor con-
trol lends itself well if alternating current power
is available. Here the means for input control
may take the form of a device shifting the phase
of the current, for instance between the stator
and the rotor of the torquemotor.

It will be noted that with this novel method
of steering through forque impulses rather than
compulsory incidence control, the helmsman with

equipment such as described so far would not

know the position or incidence which the bow
surfaces assume at any time, nor how they re-
spond to his commands. In order to supply him
with this knowledge the invention contemplates
provision for a remote indicating incidence in-
dicator which may take the form of an electri-
cally operated position transmitter. A preferred
form of this instrument consists of a pair of
selsyns, one coupled to the control surface, the
other in the conftrol room and carrying a pointer
moving in front of a graduated dial.

The torquemotor drive of bow or other surfaces
lends itself well to automatic control. If it is for
instance desired to arrange the system so as to be
automatically responsive to impulses obtained
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from some apparatus or instrument which is itself

_sensitive to some physical characteristic of the

ship’s motion as described in Klemperer Patent
No. 1,763,590. Thus an altimeter, an inclinometer
or a gust detector could be operatively connected
to an input controller similar to that attached to
the hand wheel as hereafter described in detail.
‘The two control commands can be arranged to be
used either independently or together.

Occasions may arise, for instance during land-
ing or take-off, when the helmsman wishes to ob-
tain direct control of the incidence angle of the
bow control surfaces in conventional fashion.
To enable him to do this at will, the present
invention contemplates provision of a clutch or
coupling permitting a direct control line to be
brought into operating relation with the control
surface. This control line would be operated
either by a separate hand wheel or by the same
hand wheel as was the torquemotor. The mecha-
hism engaging or disengaging this clutch can
be hand operated and may be combined with a
switch cutting the electric or torque control in or
out simultaneously, although this is not necessary
as the direct angle confrol would overrule the
torque impulse.

Whether the torquemotor is arranged between
the clutch and the surface as shown or the clutch
between the motor and the surface is immaterial

for the principle of the invention.

Occasions may arise, for instance in ground
handling, where it might be undesirable to have
the free floating bow control surfaces swing

~around unchecked. To guard against this they

can be equipped with a locking device locking
them temporarily in neutral.
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The third difficulty to mention in connection

with bow elevators is their weight balance. Since

.the axis has to be well forward the surfaces are

likely to become tail heavy. Although it is natu-
rally possible to balance them by a counter weight
or to some degree by a long spring suitably at-
tached, the present invention also contemplates
compensating the overweight by a constant
torque. This constant torque can be supplied
either by a spring of automatically controlled
constant force or, preferably, by suitably adjust-
ing a definite torque to be supplied by the torque-
motor itself when the controls are in neutral and
always present additive or subtractive to the con-
trol torque.

Inasmuch as the balancing torque required will
vary when the ship is inclined at different atti-
tudes to the horizon, a correction of this balanc-
ing torque proportional to the cosine of the atti-
tude angle and controlled automatically by an
inclinometer is preferably provided.

The fourth disadvantage of bow controls not
yvet mentioned is their additional parasite drag.
This drag is of course also reduced by the float-
ing arrangement inasmuch as the surfaces when
not required in action would always trail in the
attitude of least resistance. However, occasions
of relatively long stretches of steady voyages in
smooth air may occur where the bow elevators
would not be needed for an extended period. The
present invention contemplates retracting them
during these periods inside the hull., Accordingly
they would be mounted where the design of the
hull structure offers opportunities for a suitable
recess into which the control surfaces would be
wholly or partly retracted., Deep main frames for
instance of triangular construction or longitudi-
nal gangways are envisaged to be so built as to
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house the retracted parts without detrimental
encroachment of the gas space inside the hull.
‘While some of the advantages of bow control

" surfaces are most convincingly demonstrable for

altitude control, the present. invention is not

. megnt to be limited to the control in the plane
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of pitching, but also to cover rudders for direc-
tional or course control in the plane of yawing,

or any arrangement for other directional control

in space as well. It is also pointed out that al-
though manual confrol literally understood would
mean hand operated, operation through foot
pedals or any other muscular operation should
be considered within the scope of this invention.

‘The foregoing and other objects of the inven-~.

tion are achieved in the invention hereinafter
specifically described and illusirated in the ac-
companying drawings. o

Figs. 1, 2 and 3 are diagrams explalning the
effect of a vertical gust on & ship in flight » nd
its control by stern and bow elevators, respec-
tively.

Fig. 4 is a diagra,mma,tic sketch of the electric
control of the bow elevator. :

Fig. 5 is the diagrammatic view of the bow of
an airship, showing the elevator arrangement and
its operating mechanism.

Fig. 6 is a cross-sectional view taken at lines
¢—6 in Fig. 1.

Referring to Fig. 5, the bow of the airship hull
i § carries the elevator surfaces 12 mounted on the
shaft 13, which is in releasable engagement with
the electrical torquemotor 14, This torguemotor
is controlled by the electrical input controller 1§
mounted on the handwheel 16 or the handwheel
shaft {1. By turning the handwheel the electric
current for the torquemotor flowing through the
input controller is being regulated to suit the
power required for turning the elevator surface.

At the end of the elevator shaft (3 is provided
a disengageable clutch {8, which carries o seg-
ment or sprocket 2{. A control line 1§ leading
over a sprocket 28 mounted on the handwheel
shaft, operstively engages the segment or
sprocket 21 to thereby mechanically connect and
control the turning of the elevator shaft. The
lever 25, disengaging the clutch (8, is operated
by means of a control line 28 from the helms-
man’s stand located in the control car.
trol line 26 is connected with the electrical switch
27 in electric line leading to the torque motor in
such a way that the electric current feeding the
torque motor is cut off, as soon as the ciutch on
the elevator shaft is engaged.

In order to know at all times the angle of in-
cidence of the elevator surface, a selsyn transmit-
ter 28 of standard design may be mounted on the
elevator shaft and is electrically connected with a
selsyn position indicator 29 provided with a dial
and hand and mounted in the control room.. The

current for the selsyn indicator system passes’

through electric contacting rings 30 secured to
the handwheel shaft, or the electricity may be
supplied directly through a switch 3{ from an
electric power source.

For operating the elevator surface entirely au-
tomatically an electric controlling apparatus 32 is
employed, which is sensitized by a Venturi tube
33 as described and claimed in Klemperer Patent
1,763,590, which tube is positioned in the air
stream of the airship preferably at the top there-
of. In the drawings this is shown at 90° from

- its actual position as disclosed in the construc-

tion illustrated in said Patent No. 1,763,580. 'That
is the venturi should be positioned 90° from the

The con-

3

surface which it-controls. Im this case the hand- |

wheel is not operated and the electric torquemo-

trolling apparatus 32. In case the bow elevator
is not desired to be operated its position is fixed
by engaging the clutch and locklng the hand-
wheel against turning.

When, during flight, the bow elevator surfaces
are not needed, the air resistance, due to their
projecting from the ship’s hull, can be partly or
entirely eliminated by swinging the surfaces in-
side the airship hull. One manner of accomplish-

ing the retraction of the control surfaces. is by.
‘making the elevator surface shaft in twe sections
"which are advantageously connected by a hinge

34. The hinge, while the elevator is in operation,
is locked by a sleeve 86. When the elevator is to
be retracted into the airship hull, the hinge is
unlocked either directly or by a remote control,

-.operated from the elevator control stand. In re-

tracting the elevators the front braces 480 may be

tensioned by winches inside the hull, which are

then slowly released under tension while the rear
braces 41 are becoming slack and are stowed away
inside the ship, whereas the upper and lower
braces 42 are so mounted on the structure that
they do not change their length when the eleva-
tors are swung inwardly. ‘Therefore, the eleva-

- tors are held in proper position vertically fo in-

sure safe retraction of the surfaces.

From the foregoing description it is believed
that the operation and structure of this novel
airship control will be understood. It will be ap-

_ tor 4 is directly connected with the electric con- .
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preciated, therefore, that a construction has been -

provided which, due’to the floating arrangement

of the control surfaces, eliminates the disadvan-

tages of the flxed surfaces to a large degree s¢

that their practical applicatlon is possibie a,nd'

preferable.

Although we have described and #lustrated
only certain forms our invention may assume, it
will be apparent to those skilled in the art that
it is not limited thereto or thereby but is defined
in the appended claims.

What we claim is:

1. In an airship, a bow control surface located
forwa,rdly of the center of buoyancy of the air-
ship, a shaft located less than a quarter of the
mean chord length aft of the leading edge of
said surface, about whose axis the surface is free-
ly pivotable under the influence of the relative
wind flowing past said surface, and a torque-
motor coupled to said surface.

2. In an airship, a bow control surface located

‘forwardly of the center of buoyancy of the air-

ship, a shaft located less than a quarter of the
mean chord length aft of the leading edge of said
surface, about whose axis the surface is freely
‘pivotable under the influence of the relative wind
flowing past said surface, a torquemotor coupled

to said surface and means to manually control
_and reverse the input of said torquemotor.

3. In an airship, a bow control surface located
forwardly of the center of buoyancy of the air-
ship, a shaft located less than a quarter of the
mean chord length aft of the leading edge of said
surface, about whose axis the surface is freely
pivotable under the influence of the relative wind
flowing past said surface, a torqguemotor coupled
to said surface and means to manually control
and reverse the voltage of said torquemotor.

4. In an airship, a bow control surface located
forwardly of the center of buoyancy of the air-
ship, a shaft located less than a quarter of the
mean chord length aft of the leading edge of said
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4.
surface, about whose axis the surface is freely
pivotable under the influence of the relative wind
flowing past said surface, a torquemotor coupled
to said surface and means to manually control
and reverse the input phase of said torquemotor.

5. In an airship, a bow control surface located

forwardly of the center of buoyancy of the air-.

ship, a shaft located less than & quarter of the
mean chord length aft of the leading edge of said

-surface, about whose axis the surface is freely

pivotable under the influence of the relative wind
flowing past said ‘surface means to indicate the
angular position of said bow control surface, and
a _torquemotor for controlling the angle of attack
of said surface if and when desired. .

6. In a vessel, a control surface located for-
wardly of the center of buoyancy of the vessel, a
shaft located within the forward quarter of said
surface, about whose axis the surface is free to
pivot under the influence of the relative fluid

. flowing past said surface, a torquemotor coupled
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to said surface, means to manually control and
reverse said torquemotor and additional means
for direct manual control of the incidence angle
of said control  surface and a clutch to engage
and disengage, respectively, either the manual
incidence control or the torquemotor control at
will.

7. In an airship, a bow control surface located

forwardly of the center of buoyancy of the air-
ship, a shaft located less than a quarter of the

. mean chord length aft of the leading edge of said

40

surface, about whose axis the surface is freely
pivotable under the influence of the relative wind
flowing past said surface, a torquemotor coupled
to said surface and a servo device a¢tuated auto-
matically by an instrument sensitive to some flight
parameter calling for a definite control response.

8. A vehicle including a body adapted for
movement through fluid, a control surface piv-
otally mounted on the body and adapted for nor-
mal free movement on its pivot and manually

- controlled means for applying torque to said sur-
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face regardless of its angular position at the time
it is desired to apply the torque, automatic means
for controlling the torque applying means when
desired, means for manusally applying torque to
the surface when desired, and said vehicle having
& recess into which the surface can be retracted,

9. An airship including a body adapted for
movement through fluid, a control surface piv-
otally mounted on the body and adapted for nor-
mal free movement on its pivot and means nor-
mally unconnected with said surface for applying
torque to said surface regardless of its angular
position at the time it is desired to apply the
torque. : .

10. A vehicle including a body adapted for
movement through fluid, a control surface piv-
otally mounted on the body and adapted for nor-
mal free movement on its pivot and means nor-

mally unconnected with said surface for apply- .

ing controlled torque to sazid surface regardless
of its angular position at the time it is desired
to apply the torque, and said vehicle having a
recess into which the surface can be retracted
after the latter has been lined up by said con-
trolled torque in a position to enter said recess.

-11, A vehicle including a body adapted for
movement through fluid, a control surface freely
pivoted on the body, means for selectively con-
trolling sald surface but normally unconnected
therewith said vehicle having a recess into which
the surface can be retracted, and means for re-
tracting said surface into sald recess when said

2,058,803

control means is connectéd and is operated to
move said surface to a position where it may enter
sald recess.

12. A vehicle including a body adapted for
movement through fluid, a control surface piv-
otally mounted on the body and adapted for nor-
mal free movement on its pivot and manually
controlled means for applying torque to said sur-
face regardless of its angular position at the time
it is desired to apply the torque, automatic means
for controlling the torque applying means when
desired, means for manually applying torque to
the surface when desired.

13. In an airship, the combination with the
body of the airship, of at least two. control sur-
faces pivoted freely and independently on op-
posite sides of the body, whereby they are indi-
vidually free to assume positions determined by
the air stream flowing thereby, and means se-
lectively connectable to said surfaces for control-
ling the angle of attack of each surface if and
when desired, comprising means for applying s
free torque to said surfaces. .

14. In an airship, the combination with the
body of the airship, of at least two control sur-
faces pivoted freely and independently on oppo-
site sides of the body, whereby they are individ-
ually free to assume positions determined by the
air stream flowing thereby, and means selectively
connectable to said surfaces, for controlling the
angle of attack of each surface if and when de-
sired, comprising a manuaslly controlled torque-
motor.

15. In an airship, the combination with the
body of the airship, of at least two control sur-
faces pivoted freely and independently on oppo-
site sides of the body, whereby they are individ-
ually free to assume positions determined by the
air stream flowing thereby, means selectively
connectable to said surfaces, for controlling the
angle of attack of each surface if and when de-
sired, comprising a means for rotating said sur-
faces, and an air stream controlled device on said
airship for controlling said last-mentioned means.

16. In an airship the combination with the body

‘of the airship, of at least two control surfaces

pivoted freely and independently on opposite
sides of the body, whereby they are individually
free to assume positions determined by the air
stream flowing thereby, means selectively con-
nectable to sald surfaces, for controlling the an-
gle of attack of each surface if and when desired,
comprising a surface rotating means, and clutch
mechanism for selectively connecting each of said
surfaces to sald surface rotating means whereby
the latter can be operated to rotate said surfaces.
17. In an airship, a pivoted bow control surface
located forwardly of the center of the buoyancy
of the airship on one side thereof, a second sim-
ilar bow control surface located on the opposite
side of the bow, said surfaces being mounted for
free pivotal movement independently of each
other and any control mechanism therefor, and
means for imposing a free torque on both of said
surfaces to resist their pivotal moevements, said
surfaces being free to pivot independently of each
other against the free torque applied to said sur-
faces. : .
18. In an airship, a bow control surface located
forwardly of the center of buoyancy of the air-
ship, a shaft located less than a quarter of the
mean chord length aft of the leading edge of said
surface about whose axis the surface freely piv-
ots under the influence of the relative wind flow-
ing past said surface, and manually controlled
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means for applying torque to said surface regard-
less of its angular position and independent of
any other control surfaces, and & recess on said
airship into which said surfaces can be retracted
when not in use.

" 19, In an airship the combination with an air-
ship body of an elevator surface freely pivoted
to the bow of said airship, whereby it may assume
a normal inactive position in the airstream fiow-
ing thereby so that it offers a minimum of re-
sistance to the forward movement of the airship,
means selectively operable for actuating said sur-

face to control the angle of attack thereof and.

being normally inoperative, and means for se-
lectively connecting said control means to said

surface whereby said surface can be pivoted as

desired to various angles of attack with reference
to the airstream.

20. In an airship, the combination with an &ir-
ship body of an elevator surface freely pivoted
to the bow of said airship, whereby it mmay as-
sume a normal inactive position in the airstream
fHowing thereby so that it offers a minimum of
resistance to the forward movement of the air-
ship, means selectively operable for actuating said
surface to control the angle of attack thereof and
being normally inoperative, and means for se-

“lectively connecting said control means to said sur-

face whereby said surface can be pivoted as de-
sired to various angles of attack with reference
to the airstream, comprising a clutch arranged
between said surface and said control means.
21. 71 an airship, the combination with an air-

5

ship body of an elevator surface freely pivoied to
the bow of said airship, whereby it may assume
a normal inactive position in the airstream flow-

. ing thereby so that it offers & minimum of resist-

ance to the forward movement of the airship,
means selectively operable for actuating said
surface to control the angle of attack therzof and
heinz normally inoperative, and means for se-

surface whereby said surface can be pivoted as
desired to various angles of attack with refer-
ence to the airstream, said control means com-
prising & torquemotor, and means for connecting
said torquemotor to said surface comprising a
manually controlied means for energizing said
torquemotor. : ’

22. In an airship, a freely rotatable control sur-

" face arranged in unbalanced position on its pivot

lectively connecting said conirol means to sald .-

10

15

and located forwardly close to the balanced end

of the ship and means for balancing the unbal-

25

anced weight of said surface by exerting a re- -

sistance to_ the movement of the surface due to
its unbslanced weight sufficient to compensate
for the unbalanced weight thereof, comprising
a torquemotor.

23. A device as set forth in claim 22 in which
the torquemotor is capable of Increasing or de-
creasing the angle of said surface from theé zero
position where said torgquemotor normally bal-
ances the unbalanced weight of said surface.

WOLFGANG B. KLEMPERER.
HERMAN R. LIEBERT.
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