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(57) ABSTRACT

A method for controlling a rotation damper operating
according to the gyroscopic principle for a motor vehicle,
wherein the rotation damper includes a flywheel, which is
driven by a drive and rotating about a rotation axis with an
angular velocity w,, which is cardanically mounted via a
first bearing element and via a second bearing element,
wherein the flywheel is rotatably mounted on a first bearing
element and at a rotation angle @, and the first bearing
element is rotatably mounted on a second bearing means
about a first axis that is oriented orthogonally to the rotation
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axis of the flywheel, and the second bearing element is
rotatably mounted at a second rotational angle ().

5 Claims, 1 Drawing Sheet
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1
METHOD FOR CONTROLLING A
ROTATION DAMPER FUNCTIONING
ACCORDING TO THE GYROSCOPIC
PRINCIPLE

The invention relates to a method for controlling a rota-
tion damper operating according to the gyroscopic principle
for a motor vehicle.

Rotation dampers operating according to the gyroscopic
principle represent a new approach to damping of the
build-up of the rotations of a motor vehicle. The construc-
tion of the rotation damper is in this case designed in such
a way that the axis of rotation of a cardanically mounted
flywheel is deflected, for example as a result of vertical
movement caused by ground irregularities. The resulting
precision momentums should/can then be damped only in
such a way that a damping effect is created at the wheel
carrier. The gyroscopic principle serves in this case as a gear.
Depending on the precision moment, the damper can be
operated with a very high spread between a minimum and a
maximum characteristic curve.

A typical method for controlling a rotation damper of a
motor vehicle operating according to the gyroscopic prin-
ciple, which contains all the features of the preamble of the
patent claim 1, is known from DE 10 2013 015 702 B3.

The object of the invention is to provide a method for
controlling a rotary damper for a motor vehicle operating
according to the gyroscopic principle.

This object is achieved with the features of claim 1.

The dependent claims describe advantageous further
developments of the invention.

The rotation damper for a motor vehicle operating accord-
ing to the gyroscopic principle to be controlled comprises a
rotating flywheel driven by a drive about an axis of rotation
at the angular velocity w,, which is cardanically mounted
via a first bearing element and via a second bearing element.
In this case, the flywheel is rotatably mounted on the first
mounting element at an angle of rotation ¢, and the first
bearing element is mounted at a first axis that is orthogonal
to the axis of rotation of the flywheel at a rotational angle ®
on the second bearing means. The second bearing means is
rotatably mounted on a second axis, which is oriented
orthogonally, at a second rotational angle ¥ on the motor
vehicle. Furthermore, the first bearing element is operatively
connected to the first a shaft drive and the second bearing
element can be operatively connected through a similar
means to a wheel carrier, so that an inward/outward move-
ment of the wheel carrier results in the rotation of the second
bearing element relative to the motor vehicle assembly at the
second rotation angle W. In addition, the rotation damper
comprises also a control device for controlling the shaft
drive that is operationally connected to the first bearing
element.

According to the invention, a torque My, is used as a
control variable acting on the second bearing element, and
as a manipulated variable is used a torque Mg that can be
adjusted via the shaft motor, so that the control of the
manipulated variable Mg, is carried out as a function of the
angle of rotation © and of the angular velocity w,, of the first
bearing element about the first axis.

The method according to the invention proves to be
advantageous because a quick reaction to introduced inter-
ferences can be realized as a result of controlling the
manipulated variable Mg depending on the rotation angle ©
and on the angular velocity wg.
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It is preferred when the control used by the controller is
provided with a PD characteristic according to the formula
Mg=c*0+k*m,, wherein ¢ an k are negative in magnitude.

The constants ¢ and k are in this case determined for a soft
damper characteristic curve as well as for a hard character-
istic curve. Both Icl>lkl as well as Icl<l/kl are possible,
although Icl<Ikl proves to be more practical.

A stochastic change between a hard and a soft character-
istic curve with different movement states of the damper is
possible. This makes it possible to fulfill the requirements of
a skyhook rule algorithm.

The control can be improved when additionally the angle
y and/or the angular velocity ,, is/are used. The resulting
torques are then as follows:

WP
My=c*0+k*wg+a*o,,
and

My=c*0+k*wg+a*o,,+b*y,

wherein a<0 and b<0.

A further optimized improvement takes into consideration
translational accelerations in the x-, y- and/or z direction.
For a small angle ®, the acceleration can be omitted in the
x-direction. For a large angle ®, the acceleration in the
x-direction should be taken into account in the equation
above. The same is true also about pitching and rolling, or
the acceleration in the y-direction and z-direction. The
respective positions of X, y and z are in this case irrelevant.

Other advantages, features and application possibilities
will become evident from the following description in
conjunction with the embodiment illustrated in the drawing.

The drawing shows the following:

FIG. 1 a schematic illustration of the operation of the
rotation damper to be controlled.

FIG. 1 shows a rotation damper, which is overall desig-
nated by the reference numeral 10, for a motor vehicle in a
schematic illustration.

The rotation damper 10 comprises a flywheel 14 rotating
about an axis of rotation 12 with the angular velocity ,,
which is cardanically mounted via a first bearing element 16
and a second bearing element 18.

In this case, the flywheel 14 is rotatably mounted at the
rotational angle ¢ on the first element 16, and the first
bearing element 16 is rotatably mounted on the second
bearing element 18 at a rotational angle ® about an axis of
rotation 16a that is oriented orthogonally to the axis of
rotation 12 of the flywheel 14, and the second bearing
element 18 is mounted about a second axis 18a that is
oriented orthogonally to the first axis 16a at a second angle
of rotation W rotatably on a motor vehicle assembly 100.

Not shown in the schematic illustration according to FIG.
1 is a drive of the flywheel 14, a shaft drive that is
operationally connected to the first bearing element via a
drive shaft, and the connection of the second bearing ele-
ment 18 to a wheel carrier. A representation of the control
device is also omitted.

The schematically indicated rotation damper 10 uses the
effect of angular inertia in order to initiate the forces in the
chassis in a suitable location. These forces are intended to
replace the function of a conventional damping element.

The following is a brief explanation of the functional
principle.

In the initial state, the flywheel 14 rotates with the angular
velocity o, about the rotational axis 12. If a torque Mg, is
effective on the first axis 16a of the first bearing element 16,
atorque My, is created as a result of the precession about the
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second axis 18a. The momentums lead to an angular veloc-
ity of'the first or second bearing element 16, 18. A torque M,
consequently leads to an angular velocity wg of the first
bearing 16. This rotation changes the direction of the angular
velocity vector o, of the flywheel 14. The flying wheel 14
reacts to such a disturbance with the precession momentum
M, mentioned above. However, since the angular velocity
o,,, which is construction dependent, also changes the
angular velocity vector w,, of the flywheel 14, there is a
direct influence on all three axes. The introduction of energy
in an axis indicates a change of the energy of both other
axes. If the second bearing element 18 is considered as an
input, then My, and o, are oriented in the same direction.
This energy can be removed again on the first axis 16a of the
first bearing element, so that Mg and wg are oriented in
opposite directions. The opposite case is also possible. When
the components Mg and wg, are aligned in the same direc-
tion, this leads to unequally oriented amounts of My, and w..
Ifthe entire energy of the torque Mg is not removed, then the
angular velocity of w, of the flywheel 14 will be increased
as a result of the feedback effect. The excess energy is stored
in the form of kinetic energy in the rotational movement of
the flywheel 14. The transmission ratio of the individual
momentums is in this case determined by the inertia levels
of the flywheel 14.

If the second bearing element 18 is now connected with
a wheel carrier so that an inward/outward movement of the
wheel carrier causes a torque My, and an angular velocity m,,
of the second bearing element 18 about the second axis 18a,
a relative movement of the bearing element 16 about the first
axis 16a is created. If a counter-momentum Mg to the
angular velocity wg of the first bearing element 16 is applied,
then the relative movement of the bearing element 16 about
the first axis 16 will be damped. This again leads to damping
of the angular velocity o,, of the second bearing element 18
about the second axis 18a. The damping will be stronger or
weaker depending on the magnitude of the component of the
counter-momentum Mg.

In contrast to that, if a momentum Mg is applied that is
oriented in the same direction as the angular velocity w,, this
will support the inward/outward movement. This means that
that the rotation damper 10 can be also used as an actuator
in order to actively position the vertical forces and thus to
assume the functions of an active chassis.

According to the method of this invention, in order to
achieve the effects mentioned above, a torque My, that is
acting as a control variable is used on the second bearing
element 18, and a torque Mg that can be set via the shaft
motor is used as a manipulated variable. In this manner, the
control of the manipulated variable is carried out as a
function of the angle of rotation ® and of the angular
velocity wg of the first bearing element 16 that takes place
about the first axis 16a.

The invention claimed is:

1. A method for controlling a rotation damper operating
according to the gyroscopic principle for a motor vehicle,
wherein the rotation damper comprises:
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a flywheel driven by a drive, rotating about a rotation axis
with an angular velocity w,, which is cardanically
mounted via a first bearing element and a second
bearing element, wherein the flywheel is rotatably
mounted at a rotation angle ¢ on the first bearing
element,

and the first bearing element is rotatably mounted at the
second bearing element about a first axis oriented orthogo-
nally to the rotation axis of the flywheel at a first rotation
angle ©, and the second bearing element is rotatably
mounted about a second axis oriented orthogonally to the
first axis at a second rotation angle W, wherein the first
bearing element is operationally connected to a shaft drive
and the second bearing element is connected to a wheel
carrier, so that an inward and outward movement of the
wheel carrier causes a rotation of the second bearing element
at the second rotation angle W, wherein a torque My, acting
on the second bearing element is used as a control variable
and an adjustable torque Mg, that is set via the shaft motor
is used as a manipulated variable, wherein the control of the
manipulated variable My is carried out as a function of the
first rotation angle ©® and of the angular velocity wg of the
first bearing element about the first axis.

2. The method for controlling a rotation damper operating
according to the gyroscopic principle according to claim 1,
wherein the control of the manipulated variable Mg is
carried out with a controller with the PD characteristic
according to the equation:

My=c*0+k*wg, wherein c and k are constants and |c|
and |k<0.

3. The method for controlling a rotation damper operating
according to the gyroscopic principle according to claim 2,
wherein in addition to the control of the manipulated vari-
able My, the rotation angle 1 and the angular velocity w,, of
the second bearing element are taken into account according
to the equation:

Mg=c*0+k*wg+a*0,,, and/or

My=c*0+k*wg+a*o,,+b*y,

Wherein lal and [bl<0 or a or b=0.

4. The method for controlling a rotation damper operating
according to the gyroscopic principle according to claim 2,
wherein along with the control of the manipulated variable
Mg, a translation acceleration is taken into consideration in
the x-, y- and z-direction.

5. The method for controlling a rotation damper operating
according to the gyroscopic principle according to claim 2,
wherein along with the control of the of the manipulated
variable Mg, a rotational angle position, angular velocity
and angular acceleration in the x-, y- and z-directions of the
chassis are taken into consideration relative to the road or
street.
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