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(57) Abrege(suite)/Abstract(continued):

drive motor Is controlled to drive the driving wheel In accordance with a drive assistance degree depending on the driving force
manually induced into the driving wheel, wherein the control unit comprises an anti-rollback operational mode in which it Is adapted

to control the drive motor such that an unintended rolling of the driving wheel Iis avoided. The invention also relates to a wheel chair
having such a drive assistance device.
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Abstract

The invention relates to a drive assistance device for a
wheel chair having a drive motor, a driving wheel, a
sensor means which is designed such that a driving force
manually induced into a driving wheel 1s detected, and a
control wunit, designed such that the drive motor 1is
controlled to drive the driving wheel 1in accordance with
a drive assistance degree depending on the driving force
manually induced into the driving wheel, wherein the
control unit comprises an anti-rollback operatilional mode
in which it is adapted to control the drive motor such
that an unintended rolling of the driving wheel 1s
avoided. The invention also relates to a wheel chair

having such a drive assistance device.
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Description

The invention relates to a drive assistance device and a

wheel chair having a drive assistance device.

A known drive assistance device 1s disclosed 1n
EP 0 945 113 A2. Such drive assistance device for a wheel
chair comprises a drive motor, a driving wheel, a sensor
means which 1s designed such that 1t 1s adapted to
determine a driving force induced by hand 1into the
driving wheel and a control unit which 1s designed such
that the drive motor for driving the driving wheel 1s
driven 1n accordance with a degree of drive assistance
depending on the driving force which 1s induced into the

driving wheel by hand.

Such wheel chairs provide the wheel chair driver with the
option to drive the wheel chair manually, 1.e. by hand,
for instance via respective hand rims provided at the
driving wheels, however, supporting this manual drive
depending on respective need by a drive motor or by drive
motors. In order to achieve this, the sensor means
detects the respective force manually induced 1into the
hand rim and the control unit controls the drive motor or
the drive motors for driving the driving wheel 1n
accordance with a degree of drive assistance depending on

the force induced into the hand rim.

Drive systems of the present kind are suilted to take some
of the physical strain from the wheel chair driver. The
manual force induced by hand by the wheel chair driver
into the driving wheel, for instance via a hand rim, and
the torque resulting therefrom and, in addition, an
electric driving force or a corresponding driving torque
of the drive motors which 1s developed 1n accordance with
a drive assilistance degree depending on the manually

induced force due to the control unit controlling the
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drive motor correspondingly, act together as a driving
force or driving torque, respectively. In this kind of
operation there are therefore acting a manual driving
force and the torque resulting therefrom and the torque
of the driving motor in the same direction. Consequently,
both torques are added as far as their magnitude 1is

concerned.

As a result, a wheel chair driver provides only a part of
the force which 1s necessary for locomotion and,
therefore, can without major strain negotiate slopes
uphill and downhill. The relation between the manually
induced forces and the torques provided by the electric
motor, that 1s the level or degree of drive assistance
can be adjustable 1in accordance with the sgspecific
personal needs or requirements of the wheel chalr driver,
and, as the case may be, can be selected 1n advance and

preset.

When driving on a slope or ramp 1t 1is still necessary for
a wheel chair driver 1in spite of the support of the
motors to provide a higher power for locomotion than in
case of driving on an even plane. Moreover, the driving
speed 1s qulite slow 1n such driving situations, for
instance at slopes or ramps. Therefore, 1t may happen
that i1n those phases where the wheel chair driver has to
release the grip at the hand rim in order to reposition
the hand for the next push, the wheel chair can loose soO
much speed that, in view of the downhill force, the wheel
chalr rolls back before the wheel chair driver can effect

a subsequent pushing motion at the hand rim.

Moreover, 1t 1s possible that the wheel chair driver
underestimates a slope and, therefore, ends up in a
situation there he 1s no 1longer able to muster the
required power at the hand rim in sufficient frequency in

order to effect locomotion 1n the desired direction. As
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the case may be, he will be forced to make short stops
between two pushing motions. This, however, 1involves the
risk that, in view of the downhill force, the wheel chair
unintendedly rolls back, contrary to the desired driving

direction.

It 1s desirable to provide a drive assistance device of
the kind explained above as well as a wheel chair
equipped with such drive assistance device which solves
the problem as explained above 1n connection with the
undesired reversal of the driving direction due to the

downhill force.

The control unit of the drive assistance device 1n
accordance with the present invention comprises an anti-
rollback operation mode. If the control unit operates 1n
this anti-rollback operation mode, it can drive the drive
motor such that an unintended rolling of the driving

wheel 1s avoided.

It is possible to avoid unintended rolling of the driving
wheel merely by corresponding layout of the control unit,
that means only by a respective design of the software
under which the controls unit operates. In order ¢to
achieve this, there are to be processes preferably only
respective signals and physical values which anyway are
present or are used for operating the drive assistance
device of the wheel chair. In case of a wheel chair
which, as usual, has two larger driving wheels and two
smaller, freely pivotable running wheels which are not
driven, the two driving wheels operate with respect to

the anti-rollback function independently from each other.

The drive assistance device according to the present
invention can avoid an unintended rolling away of the

wheel chair without use of a mechanical brake.
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In an advantageous embodiment of the present invention, a
control unit is designed such that 1t  operates
alternatively either in a regular operation mode, 1n
which the prevention of an unintended rolling of the
driving wheel is disabled, and, alternatively thereto, 1n
an anti-rollback operation mode 1in which the driving
motor, 1f required, 1is driven such that an unintended

rolling of the driving wheel 1s avoided.

The regular operation mode comprises preferably a torque
control which causes that the driving motor 1s driven for
driving the driving wheel in accordance with a driving
force which i1s manually 1induced into the driving wheel,
wherein the proportion between the manual driving force
and the driving torque provided by the electric motor

corresponds to the degree of drive assistance.

The anti-rollback operation mode comprises preferably a
rotational frequency control which controls the
rotational frequency of the driving wheel. In this case,
the target value of zero for the rotational frequency of
the driving wheel 1is preset 1in order to achieve halt,

1.e. no rotation of the driving wheel.

In the anti-rollback operation mode, alternatively the
torque control or the rotational frequency control can be

employed.

This gives the option to adapt the control
characteristics and regulation characteristics of the
drive assilstance device to specific operational
situations 1n an advantageous manner. In accordance
therewith, a change between torque control and rotational
frequency control 1s preferably effected depending on
operational parameters. In thils respect, the rotational
frequency of the driving wheel, the direction of rotation

of the driving wheel, the magnitude of the driving force
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induced by hand into the driving wheel, the direction of
the driving force induced by hand into the driving wheel,
the amount of the torque resulting from the driving force
induced by hand into the driving wheel and the torque
provided by the drive motor in accordance with a drive
assistance degree depending on the driving force 1induced
by hand into the driving wheel, the effective torque
provided by the drive motor and the value of a timer
switch are used taken alone or together or 1n various
combinations. If deemed necessary, and appropriate, other
values or further software elements are taken 1into

account and used, too.

The anti-rollback operation mode can be switched on,
switched off and switched on and off by hand. It 1is
possible that several drive assistance degree switches
are provided with which different drive assistance levels
can be preselected. The anti-rollback operation mode can
be switched on, switched off or switched on and switched
off by means of one or every of sald drive assistance
degree switches and can also be switched on, switched off
or switched on and off by one or several separate

swltches.

In one of the embodiments of the invention the control
unit can be designed such that upon switching on 1t 1s

always in the regular operation mode. Alternatively to
that or in accordance with a corresponding preselection
the control unit can be designed such that upon switching
on 1t 1is 1in the same operational mode 1in which 1t had

been before it had been switched off.

The drive assistance device according to the present
invention can comprise, 1n a manner known as such, a hand
rim through which a force can be i1nduced by hand into the
driving wheel. The drive motor can be designed as an

electric motor and, specifically, as a hub drive motor.
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Such a hub drive motor can be arranged 1n the hub of a
driving wheel together with a rechargeable battery and

the control unit.

In the following, the 1invention 1s further explained 1in
connection with preferred embodiments and referring to

the drawings, 1in which

Fig. 1 1s an embodiment of a wheel chair in accordance
with the present 1invention having a drive assistance

device 1n accordance with the present invention,

Fig. 2 1is a first flow chart of the embodiment according

to Fig. 1,

Fig. 3 is a second flow chart of the embodiment according

to Fig. 1,

Fig. 4 is a third flow chart of the embodiment according

to Fig. 1 and

Fig. 5 is a fourth flow chart of the embodiment according

to Fig. 1.

Fig. 1 shows in a perspective depiction a wheel chair
having two driving wheels 10. Each driving wheel 10
comprises a hub 11 which is connected via common spokes
17 with a wheel rim 18 on which a tire 19 1s mounted. A
drive motor, which is designed as an electric motor (not
shown), a rechargeable battery (not shown) and a control

unit 20 are placed within said hub 11.

A hand rim 12 1is connected with said hub 11 wvia three

struts 13 and three spoke elements 14.

If a manual force is induced into the hand rim 12, this

is directly transferred to the hub 11 via the struts 13

and the spoke elements 14. A sensor means detects the

effect of the force, which is effected on a spoke element
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14. This effect is, at the one hand, attention generated
in the spoke element 14 and, on the other hand, a
deformation or bending of the spoke element. At least one
of these effects is detected and serves as a measure for
the force induced into the hand rim 12. A control unit
controls the drive motor to provide a torque 1n
accordance with this measure. Here, variable assistance
degrees or assistance degrees which are pre-programmed

can be provided.

Suitable sensor means and sensors are for 1nstance

disclosed in EP 0 945 113 A2.

The control unit is adapted to exert an anti-rollback-
function (ARF) which i1is realised only by designing an
appropriate software. Only such signals and physical
values are processed which are anyway existent or will be
used for operating a wheel chair with a drive assistance
device not having the anti-rollback-function. Both
driving wheels operate with respect to the anti-rollback-

function independent from each other.

In a preferred embodiment, a control unit operates 1n a
regular operation mode by using a torque control. This
means that the drive motor 1is controlled such that 1t
provides a specific torque in accordance with a selected
drive assistance degree or a drive assistance degree
momentarily provided by other functions as well as the

force manually induced into the hand rim 12.

In an anti-rollback operation mode which 1s alternatively
available said control unit operates either 1n accordance
with the torque control as explained above or 1t
switches, 1f the need arises, to a rotational frequency
control which controls the rotational frequency of the

driving wheel wherein the target value of the rotational



CA 02674328 2009-07-22

Applicant: Ulrich Alber GmbH

frequency of the driving wheel is zero, which leads to a

halt of the driving wheel.

In the following, at first the switching off of the
control unit and, together with that, of the anti-
rollback-function is described in connection with Fig. 2.
If a cut-off switch which is indicated as button 0 in the
flow chart according to Fig. 2 1s pushed for longer than
0.1 seconds, a query is effected whether the rotational
frequency of the driving wheel is larger than -1/min and
smaller than 1/min, i.e. whether the wheel 1s at a halt.
If this is not the case, the system can not be switched
off. If the driving wheel is at a halt, the system 1is

switched off upon operation of the button.

Switching on of the system as well as of the specific
anti-rollback-function is in the following explained 1n
connection with Figures 3 and 4. Fig. 3 relates to a
button 1 which is a switch-on button serving to select a
first drive assistance degree. Fig. 4 refers to button 2,
which is a button via which a second drive assilistance
degree can be selected. It 1s understood for a person
skilled in the art that also a greater number of buttons
can be provided. It 1is also understood that the drive

assistance degrees can be adjustable or programmable.

If one of said two switch-on buttons, namely button 1 1in
Fig. 3 and button 2 in Fig. 4, 1s pushed for longer than
0.1 seconds, a first query 1s effected whether the system
is switched off. If this is the case, the system 1is
activated with the respective drive level. If the system
1s switched on, the drive level corresponding to the
respective button 1s activated. Both switch-on buttons
button 1 and button 2 therefore can not only be used for
activating the system 1in case it had been switched off
but also for switching from drive level 1 to drive level

2 and from drive level 2 to drive level 1, respectively.
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Next, a query 1is effected whether the respective button
is pushed for longer than three seconds. If this 1s not
the case, the system remains activated in the respective
drive level. The control unit than operates 1n the

regular operational mode using a torque control.

If the respective switch-on button button 1 or button 2
is pushed for longer than three seconds, an anti-
rollback-function which is already activated 1s disabled
and a disabled anti-rollback-function is switched on. The
switch-on buttons button 1 and button 2 therefore can be
used for switching on the anti-rollback-function as well

as for switching 1t off.

The mode of operation of the anti-rollback-function 1is
explained in the following in connection with the flow
chart according to Fig. 5. The corresponding program
sequence is repeated in a cyclic manner. At first, a
query takes place whether the anti-rollback-function 1is
activated. If this is the case, 1t 1s determined whether
a force is induced into the hand rim, wherein not only
the force as such is determined but also the direction of
the force. Corresponding to this direction the right-hand
part of the flow chart is processed if this direction 1s
defined as positive, 1f the direction 1s defined as
negative, i1.e. the counter direction of the first
direction, the 1left-hand part of the flow chart 1is
processed. If no force 1s detected, the value of the
timer switch (ARF-timer) 1s checked. If this 1s not
larger than zero seconds, the torque M wheel provided by

the drive motor 1s reduced to 0 linearly with respect to

time.

If the value of the timer switch ARF-timer 1s larger than
0 seconds, a query takes place whether the rotational
speed of the wheel n wheel 1s smaller than zero and at

the same time, the flag NR 1s set to 1, or whether a
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rotational speed n wheel is larger than zero and, at the
same time, the flag NL is set to 1. If both conditions
are not fulfilled, the cycle 1s terminated and commences
again from the start. If one of both conditions 1is
fulfilled, the rotational speed control is activated and
the target value of the wheel frequency n target 1s set
to zero. The meaning of the before-mentioned queries and
of the flags NR and NL will be explained in the followlng
in connection with the 1left-hand branch and the right-
hand branch, respectively, of the flow chart according to

Fig. 5.

The right-hand branch of the flow chart according to Filg.
5 is activated if, upon activated anti-rollback-function,
a positive force is manually induced into the hand rim,
i.e. a force F hand rim larger than zero 1s detected. In
this case, a further query 1s effected as to whether the
rotational frequency control 1is active. As explailined
above, the torque control is in general used in the anti-
rollback mode. If the rotational frequency control is not
active in case of a positive force, the next query and
the operational result therefrom 1s omitted and a query
is effected whether the rotational speed of the wheel
n wheel is larger than zero. Values larger than zero 1in
connection with the rotational speed or the rotational
frequency of the wheel and in connection with a force
manually induced 1into the hand rim mean that they have
the same direction. If the last mentioned query 1s
answered with vyes, 1.e. the wheel turns 1n the same
direction, 1n which a force has Dbeen i1nduced 1into the
hand rim, the torque control remains further activated,
the wvalue of the timer switch ARF-timer 1s set to 5

seconds and the flag NR 1s set to the value 1.

If, however, 1t 1s detected in the topmost rhombus of the

right branch of the flow chart according to Fig. 5 that

10
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the rotational frequency control is active, a query 1s
effected whether the sum of the torques, namely the
torque resulting from the drive force manually induced
into the driving wheel and the torque provided by the
drive motor in accordance with a drive assistance degree
depending on the drive force manually 1induced 1into the
driving wheel, expressed by the parameter M GR(1l+x) 1S
larger than the torque currently provided by the drive
motor which is 1in accordance with the active torque

control calculated in accordance with this control.

If the answer 1s to the negative, this means that the
force manually induced by the wheel chair driver and the
driving force provided by the drive motors 1n accordance
with the drive assistance degree do not produce a
sufficient torque which is larger than the torque which
is currently provided by the rotational frequency
control. If the rotational frequency control would be
deactivated then, this would 1lead to an unintended
reversal of direction. The rotational frequency control
therefore remains active in this case and agaln a query
is effected whether there is rotation of the wheel 1in the
first direction, i.e. whether a rotational frequency
n wheel is larger than zero. If this 1s not the case, the
flag NR 1s set to 0. If this 1s the case, the value of

the timer switch ARF-timer 1s set to 5 seconds and the

flag NR 1s set to 1.

If, however, it 1s detected by the before-mentioned query
of the values of the hypothetically added torques and the
current torque of the drive motor according to the
rotational frequency control that this hypothetical sum
is larger, this means that the wheel would rotate in the
desired direction upon activated torque control. In this
case, the rotational frequency control is deactivated and

the torque control 1s activated. Afterwards, the query

11
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concerning the rotational frequency of the wheel is again

effected.

The left branch of the flow chart according to Fig. 5
proceeds 1in an analogue manner, wherein a negative force
and a negative rotational frequency of the driving wheel
means that the force and the rotational speed of the
driving wheel have the same direction. This could for

instance be defined as clockwise or as anti-clockwise.

Accordingly, clockwise rotation, 1.e. values of the
marker or flag NR larger than zero correspond to the
right branch of the flow chart according to Fig. 5 and
anti-clockwise rotation, 1.e. values smaller than zero of
the flag NL correspond to the 1left branch of the flow

chart according to Fig. 5.

In the flow chart according to Fig. 5, the flag NR 1s set
to 1 if there is a positive rotational frequency of the
wheel when there is a positive force at the hand rim.
Otherwise, the flag NR is set to 0. Correspondingly, the
flag NL is set to 1 if there 1s a negative rotational
frequency of the wheel upon a negative force at the hand

rim.

The two bottom rhombi 1i1n the centre branch of the flow
chart according to Fig. 5 relate to cases 1n which no
force 1s induced 1into the hand rim. By providing the
flag, the target direction of the rotation of the wheel
in accordance with prior c¢ycles 1s detected. In the
lowermost rhombus of the center branch of the flow chart
according to Fig. 5 a query 1s effected whether the
rotational frequency of the wheel 1s larger than zero
and, at the same time, the flag NL has the value 1, which
would mean, that wupon a negative force a negative
rotational frequency of the wheel 1is provided. In this

case, the target direction of the rotational frequency

12
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and the actual direction would not coincide. Accordingly,
if the answer to this query 1is to the positive, the

rotational frequency control is activated.

The foregoing are examples of certain aspects of the
present invention. Many other embodiments, including
modifications and variations thereof, are also possible
and will become apparent to those skilled in the art upon
a review of the invention as described herein.
Accordingly, all suitable modifications, wvariations and
equivalents may be resorted to, and such modifications,
variations and equivalents are intended to fall within
the scope of the invention as described herein and within

the scope of the patent claims appended hereto.

13
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hub
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struts

spoke elements
spokes

wheel rim

tire
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Claims

We claim:

1. Drive assistance device for a wheel chair,

comprising a
drive motor,

a driving wheel,

a sensor means which 1s adapted to detect a drive force

manually induced into said driving wheel, and

a control unit which 1s adapted to control said drive
motor for driving the driving wheel 1n accordance with a
drive asslstance degree depending on the drive force

manually induced into the driving wheel

characterized i1n that,

the control unit comprises an anti-rollback operational
mode which i1is designed such that the drive motor 1is

controlled such that an unintended rolling of the driving

wheel 1s avoided.

2. Drive assistance device according to claim 1,
characterized in that the control unit is designed such
that it operates in a normal operational mode 1in which
avoiding of an unintended rolling of the driving wheel 1s
disabled or, in said anti-rollback operational mode, 1n
which the drive motor, 1f needed, 1s controlled such that

an unintended rolling of the driving wheel 1is avoided.

3. Drive assistance device according to claim 2,
wherein the normal operational mode comprises a torque
control characterized in that the drive motor for driving
the driving wheel 1is controlled 1in dependence of a

driving force manually induced in said driving wheel.
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4. Drive asslstance device according to any one of
claims 1, 2 or 3, characterized 1in that that anti-

rollback mode comprises a rotational frequency control in
which the rotational frequency of the driving wheel 1s

controlled.

5. Drive assistance device according to c¢laim 4,
characterized in that in said anti-rollback operational
mode either the torque control or the rotational

frequency control 1s used.

6. Drive assistance device according to claim 5,
characterized in that the control unit is designed such
that a change between torque control and rotational
frequency control is effected depending on operational

parameters.

7. Drive assistance device according to claim 6,
characterized in that the operational parameters 1include
one or more parameters of the group consisting of: a
rotational frequency of the driving wheel, a rotational
direction of the driving wheel, a magnitude of the
driving force manually induced into the driving wheel, a
direction of the driving force manually induced into the
driving wheel, a sum of the torque resulting from the
driving force manually induced into the driving wheel,
and a torque provided by that driving motor in accordance
with the drive assistance degree depending on the driving
force manually induced into the driving wheel, the torque

currently provided by said driving motor, and a value of

a timer switch.

8. Drive assistance device according to any one of
claims 1 to 7, characterized in that the anti-rollback

operational mode can be manually switched on or can be

manually switched off or can be manually switched on and

off.
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9. Drive assistance device according to c¢laim 8,
characterized in that a plurality of drive assistance
degree switches 1is provided serving to preset different
drive assistance degrees and that the anti-rollback
operational mode can be switched on or off or on and off
by one or each of said drive assistance degree switches.

10. Drive assistance device according to claim 9,
characterized in that the control unit is 1in the normal

operational mode when switched on.

11. Drive assistance device according to claim 9,
characterized in that the control unit is, when switched

on, in the same operational mode in which 1t had been

before 1t was switched off.

12. Drive assistance device according to any one of
claimes 1 to 11, characterized in that a force can be

manually induced into the driving wheel via a hand rim.

13. Drive assistance device according to any one of
claims 1 to 12, characterized in that the drive motor 1is

an electric motor.

14 . Drive assistance device according to claim 13,
characterized in that the drive motor and a rechargeable
battery and the control unit are housed in a hub of the

driving wheel.

15. Wheel chair having a drive assistance device

according to any one of claims 1 to 14.
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Fig. 1

Sheet 1
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