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[57] ABSTRACT

This invention relates to a device for exploiting the
maximum drive unit torque of the drives of vehicles 35)
or conveyers, which vehicles (35) are movable in an
optional direction or which conveyers permit transport
of objects in an optional direction, the vehicle (35) or
the conveyer having at least two driven means (H1, H2,
H3, H4) with oblique ground contact elements (41), the
driven means being driven by a drive comprising one or
more drive units (36-39). To be able to exploit the full
power of the drives of vehicles of this type in its en-
tirety, the device in question is characterized in that the
maximum speed of the vehicle (35) and the conveyer,
respectively, is limited upon travel and conveyance,
respectively, in a travelling/conveying direction deviat-
ing from a direction substantially parallel and/or per-
pendicular to the drive shafts (43) of the driven means
(H1-H4), in which travelling/conveying direction the
vehicle (35) and the conveyer, respectively, can attain
its maximum travelling/conveying speed.

4 Claims, 7 Drawing Figures

me T ?6 2R
43 _T 3
A 90° 4
ML U )
. ’/ 3
A L tme Vi
3R il B IR
\ B \
H3 | 3 \ 3/ Hy


http://www.freepatentsonline.com

4,598,782

Sheet 1 of 6

U.S. Patent Jul 8, 1986

/d'

T
d

B

-

W )



http://www.freepatentsonline.com

U.S. Patent jul. 8, 1986 Sheet2 of6 4,598,782

~N -3
T~ /’) &N L—"1
(Vi N
1] = .
M3 > LT M

o
o o
OO o [¥g]
1o &~ " ™
Ulo>
o
o_ D
mMm  ~< -1 - "‘1'___‘-__
(lr UA)
= 2l

FIG. 2

eM &



http://www.freepatentsonline.com

4,598,782

Sheet 3 of 6

U.S. Patent Jjul 8, 1986

SE
ﬁ/L / EH
7 . .UL&”U
JEH 00LZ
ese— |y
o0 008l
06 .
A= ST W = £ (0
A LH

€ Ol



http://www.freepatentsonline.com

U.S.

Patent Jul 8, 1986 Sheet4of6 4,598,782

FIG. &

/"—\
90°\ 180°  270° / 360°

~

T TN

90°  180°\ 270°  360°

/

FIG. 5



http://www.freepatentsonline.com

U.S. Patent  jul. 8, 1986 Sheet50f6 4,598,782



http://www.freepatentsonline.com

U.S. Patent jul 8;1986 Sheet6 of 6 4,598,782



http://www.freepatentsonline.com

4,598,782

1

DEVICE FOR EXPLOITING THE MAXIMUM
DRIVE UNIT TORQUE OF THE DRIVES OF
. VEHICLES OR CONVEYERS

This invention relates to a device and in particular a
steering device, for exploiting the maximum drive unit
torque of the drives of vehicles or conveyers, which
vehicles are movable in optional directions or which
conveyers permit transport of objects in optional direc-
tions, the vehicles or the conveyer having at least two
driven means with oblique ground contact elements,
and said driven means being driven by a drive compris-
ing one or more drive units.

To be able to drive a vehicle of the type in question in
certain directions deviating from a main travelling di-
rection, say straight ahead, one or more driven means
must be driven at a higher speed than if the vehicle is to
be driven in a main direction at the same speed. Thus,
the drive must be dimensioned such that it can impart to
the driven means such a maximum torque that full speed
can be attained in the travelling directions deviating
from the main travelling direction. Such dimensioning
of the drive cannot, however, be made use of to the full
in the main travelling directions, which is unsatisfactory
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since one’s aim is primarily to exploit the full power of 25

the drive in the main directions.

The object of the present invention is to eliminate this
problem, i.e. to provide a device which allows utilizing
the full power of the drive upon travel in the main
travelling directions. This is achieved by the steering
device of the present invention which controls the trav-
eling direction and speed of drive units for individual
driving of the driven elements of the vehicle.

The invention is elucidated in more detail below
reference being made to the accompanying drawings in
which:

FIG. 1 shows a device according to the invention in
neutral position; _

FIG. 2 shows the device according to the invention
upon travel straight ahead;

FIG. 3 shows the device according to the invention
upon travel obliquely forward/to the right;

FIGS. 4 and § are curve charts relating to control
signals;

FIG. 6 shows a driven means of the vehicle accord-
ing to FIG. 1 to 3 in side view; and

FIG. 7 shows the driven means in FIG. 6 as seen from
in front.

In the drawings, there is shown a steering device
having a steering lever 1 upstanding through a limita-
tion opening 3 in a guide plate 2. The limitation opening
3 forms four limitation edges 3a, 3b, 3c and 34. The
steering lever is mounted in a fulcrum 4 beneath the
guide plate and cooperates with two guideways 5 and 6
disposed crosswise. The guideway 5 cooperates with a
resistance path 10 via a runner 8, while the guideway 6
cooperates with a resistance path via runner 7. By turn-
ing the steering lever 1 in the fulcrum 4 the runners 7
and 8 can be moved along their resistance paths 9, 10.
The steering lever 1 also cooperates with a resistance

path 11 via a runner 12 which moves along the resis- .

tance path 11 when the steering lever 1, is turned about
its longitudinal axis. In the FIGS. 19 designates a com-
parator, 20 an adder, 21 a comparator and 22 an adder.
Various signal leads are designated 23, 24, 25, 26, 27 28,
29, 30 and 31. Reference numeral 32 designates a steer-
ing direction scale, reference numeral 33 a scale show-
ing the relation between the turning deflection and
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rotation signal of the steering lever 1, reference numeral
34 a scale showing the relation between the torque of
the drive wheels and the steering signal ess, and refer-
ence numeral 35z a travelling direction scale. More-
over, in the drawings, e, designates a signal for rotation,
exa signal for steering diagonally 45° or 225°, eya signal
for steering diagonally 135° or 315°, epa control signal
for the torque of the wheels, p the turning deflection of
the steering lever, and n the torque of the wheels. The
comparator 19 is adapted to deliver an output signal
epm equal to the difference between ex and e,. The adder
20 is adapted to deliver an output signal ex; equal to the
sum of ey and e,. The comparator 21 is adapted to de-

liver a signal ep; equal to the difference between eyand :
€z, and the adder 22 is adapted to deliver an output sinal *

ems equal to the sum of ey and e,.

Said steering device is built into a vehicle 35 having a
drive comprising four drive units 36, 37, 38 and 39 for
individual driving of the wheels H1, H2, H3 and H4.

Each such wheel H1-H4 is illustrated in more detail in |

FIGS. 6 and 7 and comprises a wheel body 40 and a
plurality of rollers 41 distributed about the periphery of

the wheel body 40 and serving as ground contact ele- °

ments, the shafts 42 of said rollers being disposed
obliquely to the drive shaft 43 of the wheel body 40.
Each roller 41 is mounted on the body 40 by means of

two holders 44. The wheels H1 and H2 are so disposed

on the vehicle 35 that their roller axes 1R and 2R, which

are perpendicular to the roller shafts 42, intersect inside
said wheels H1 and H2, while the wheels H3 and H4 are .

so disposed that their roller axes 3R and 4R, which are
perpendicular to the roller shafts 42, intersect inside said
wheels H3 and H4. Such an arrangement of the drive

wheels and their rollers is disclosed in Swedish Patent -

363 781, and the main travelling directions of the vehi-
cle 35 are designated F, V, B and H. Thus, F designates
the travelling direction forward, B the travelling direc-
tion rearward, V the travelling direction to the left, and
H the travelling direction to the right. On the travelling

direction scale 35, the travelling direction straight for- -

ward F is designated 90°, the travelling direction B
straight rearward 270°, the travelling direction V
straight to the left 180°, and the travelling direction H
straight to the right 0°,

Upon travel straight ahead the steering lever is
moved, from neutral position according to FIG. 1, for-
ward in the direction 90° according to FIG. 2, the maxi-
mum deflection of the lever being limited by the edges
3a and 3¢ of the limitation opening 3 in the guide plate
2. The lower shank end of the steering lever 1 moves
the guideways 5, 6 such that the runners 7, 8 are moved
along the resistance paths 9, 10 toward the end positions
which are marked by (+4) plus polarity.

From the runner 8 on the resistance path 10 of the
steering lever 1 there is obtained the signal e, for steer-

;ing in direction 45° or 225°. The signal e,, which in this

case is positive, is coupled by the signal leads 14, 15 to
one input of the comparator 19. The signal e; for rota-
tion is coupled to the other input. In this case, that
signal equals O (no rotation). The output signal ez from
the comparator 19 is equal to the difference between the
two input signals e, and e,.

In this instance, thus en1 =e,—er =0—¢;. Said signal
(esn1) gives the torque at counter-clockwise rotation for
wheel H1.

The signal ey is also coupled by the signal leads 14, 16
to one input of the adder 22. The signal e, for rotation is
coupled to the other input. That signal in this instance
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equals 0. The output signal eps from the adder 22 is
equal to the sum of the signals e;and ey. In this instance,
thus eps=e;+ex=0 +ex. Said signal emq gives the
torque at clockwise rotation for wheel H4.

From the runner 7 on the resistance path 9 of the
steering lever 1 there is obtained the signal ey for steer-
ing diagonally in direction 135° or 315°, The signal ey,
which in this case is positive, is coupled by the signal
leads 13, 17 to one input of the comparator 21. The
signal e, for rotation is coupled to the other input. In this
case, that signal equals O (no rotation). The output signal
epm3 from the comparator 21 is equal to the difference
between the two input signals e, and ey. In this instance,
thus ey3=e;—ey,=0—e). Said signal epy3 gives the
torque at counter-clockwise rotation for wheel H3.

The signal ey s also coupled by the signal leads 13, 18
to one input of the adder 20. The signal e, for rotation is
coupled to the other input. That signal in this instance
equals =0. The output signal epp from the adder 20 is
equal to the sum of the signals e;and ey. In this instance,
thus eaxp=e;+e,=0-+e,. This signal epn gives the
torque at counterclockwise rotation for wheel H2. The
result of the cooperation between the four wheels H1,
H2, H3 and H4 will be that the vehicle 35 travels
straight ahead (the wheel H1-H4 rotate as shown by the
arrows in FIG. 2).

From the runner 12 on the resistance path of the
steering lever there is obtained the signal e; for rotation.
The signal e, is coupled by the signals leads 27, 28, 29, 30
and 31 to the comparators 19 and 21 as well as to the
adders 20 and 22. Upon clockwise rotation of the steer-
ing lever the signals ep and epss increase such that the
torques of wheels H1 and H3 increase. At the same
time, the signals ean and ep decrease such that the
torques of wheels H2 and H4 decrease. This results in
the vehicle 35 making a right-hand turn. Upon counter-
clockwise turning of the steering lever 1 the signals exn
and eps4 increase such that the torques of wheels H2 and
H4 increase. At the same time, the signals epr; and ean3
decrease such that the torques of wheels H1 and H3
decrease. This results in the vehicle 35 making a left-
hand turn.

Upon travel obliquely forward to the right the steer-
ing lever is moved in direction 45° according to FIG. 3,
its maximum deflection being limited by the edge 3a in
the guide plate 2. When the steering lever 1 is moved in
direction 45° the runner 8 moves along the resinstance
path 10 toward the end position marked by (+) plus
polarity, but the runner 7 is not affected because of the
design of the guideways 5, 6. The runner 7 thus remains
at the center of the resistance path 9, i.e. in zero posi-
tion.

The signal eps; gives the torque at counter-clockwise
rotation for wheel H1 and the signal epq gives the
torque at clockwise rotation for wheel H4. The signal
ey equals 0 when the runner 7 is at the center of the
reistance path 9. As a result, the signals ean and e for
the respective wheels H2 and H3 equal 0. Wheel H2 and
wheel H3 thus are at standstill, and the result of the
cooperation between the four wheels will be that the
vehicle 35 travels obliquely forward/to the right. If,
upon travel obliquely forward/to the right (45°), one
moves the steering lever 1 toward the direction straight
ahead (90°), the steering mechanism adjusts itself as
follows:

The lower shank end of the steering lever 1 actuates
the guideways §, 6 such that the runner 7 is moved from
the center of the resistance path 9 (zero position)
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toward the end position marked by (+) plus polarity.
The runner 8 is not affected and remains in the end
position (+) on the resistance path 10.

The signal course of signal e, from the runner 8 is
unaltered and wheels H1 and H4 thus retain the same
torque and direction of rotation as before. The signal
course of signal e, from the runner 7 is the same as upon
travel straight ahead (90°).

In travelling direction 45°, signal ey equals 0. The
signals eas and eps3 then also equal 0 and wheels H2 and
H3 are at standstill. While the steering lever 1 is moved
from direction 45° toward 90° the signal e, changes
from zero in positive direction when the runner 7 is
moved toward its end position (+). The signal ean
changes from zero in positive direction and wheel H2
begins to rotate clockwise with increasing torque. The
signal eprs changes from zero in negative direction and
wheel H3 begins to rotate counter-clockwise with in-
creasing torque. The result of the cooperation between
the four wheels will be that the travelling direction of
the vehicle 35 successively changes from obliquely
forward/to the right to straight ahead.

The full-line curve in FIGS. 4 and 5 show how the
size of signals ex and e, changes when, with maximum
deflection of the steering lever 1, one moves its direc-
tion a full time round (from 0° to 360°). The appearance
of the curves will thus be dependent upon the shape of
the limitation edges 3a, 3b, 3c and 3d. The resistance
paths 9 and 10 being physically placed at right angles to
one another, the curves for ey and ey are offset 90° in
relation to one another.

The inserted broken-line curve shows how the size of
the signals ex and ey changes when, with a small deflec-
tion of the steering lever 1, one moves its direction a full
time round (from 0° to 360°). The appearance of the
curves is not here affected by the limitation edges 3a,
3b, 3c and 34, but will take sinusvidal form becuase of
the steering mechanics of the steering lever 1.

By means of the steering system described the maxi-
mum speed of the vehicle 35 is limited upon travel in a
direction deviating from a travelling direction substan-
tially parallel and/or perpendicular to the axles 43 of
the wheels H1-H4, in which travelling direction the
vehicle 35 can attain its maximum travelling speed.
Operation of the steering lever of the steering device
will control the torque of the drive units 36-39 of the
drive. Maneuvering of the vehicle 35 is facilitated by
the fact that the steering lever 1 can take four distinct
steering lever positions for travel in the main travelling
directions.

The drive comprising the drive units 36-39 is prefera-
bly variable to permit variation of the maximum travel-
ling speed of the vehicle 35 upon travel in a given direc-
tion. Further, the guide plate 2 may be exchanged for
another guide plate with otherwise arranged guide
edges for variation of the maximum travelling speed of
the vehicle upon travel in a given direction.

The drive 36-39 may preferably be dimensioned so as
to provide a maximum vehicle speed which is limited
upon travel in a travelling direction deviating from a
travelling direction substantially parallel and/or per-
pendicular to the shafts 43 of the wheels H1-H4, in
which travelling direction the vehicle 35 can attain its
maximum travelling speed. The drive 36-39 may in-
clude or be operable by means of a program for auto-
matic control of the drive. The drive 36-39 may further
be so dimensioned that the maximum speed upon travel
or conveyance describing a curving path is limited with
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regard to the maximum speed on a corresponding
straight path obtained by the same steering lever deflec-
tion without rotation.

Alternatively, the steering device controls the torque
of the drive 36-39 resulting in that the maximum speed
upon travel or conveyance describing a curving path is
limited with regard to the maximum speed on a corre-
sponding straight path obtained by the same steering
lever deflection without rotation.

The invention is not restricted to the embodiment
described above and illustrated in the drawings. Thus,
the invention is applicable not only to vehicles which
are to carry, pull or push loads in optional directions,
but also to stationary or mobile conveyers on which
loads are to be moved in optional directions. These
vehicles or conveyers may present two or more wheels
H1-H4 with rollers 41 or several other types of drive
means and/or other types of ground contact elements
than rollers. Various types of driven means with ground
contact elements for driving vehicles in optional direc-
tions are disclosed in Swedish Patent 363 781, but the
driven means and ground contact elements can be em-
bodied in accordance with further alternatives for driv-
ing in optional directions. The steering device and/or
the drive may be embodied in many different ways for
providing the said limitation of the maximum speed in
directions other than the main travelling directions. It is
essential that the various units are so embodied that the
vehicles or the conveyers can be driven in optional
directions and exploit the full power of the drive upon
travel in the main travelling directions.

The drive may include an electric motor with gear-
box for each driven means. Said gearbox may have two
gears, viz. a low gear for travel in optional directions
and a high gear for travel in the main travelling direc-
tions, the power required being lowest upon travel in
the main travelling directions. As a result of this
change-speed gear the drive 36-39 will be variable, but
this can alternatively be achieved in another manner.

The drive 36-39 may be either of the mechanical,
hydraulic or electric type.

I claim:

1. Steering device for controlling the traveling direc-
tion and speed of vehicles, which vehicles are movable
in optimal directions including directions along a
straight path deviating from main traveling direction of
straight forward, straight backward, straight to the
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right and straight to the left and have at least two driven
means with oblique ground contact elements, the steer-
ing device comprising means for generatiang control
signals which control the direction of rotation ans speed
of drive units for individual driving of the driven means
of the vehicle, whereby said steering device controls
the traveling direction and speed of the vehicle, said
means for generating control signals further including
means to generate control signals of a limited magnitude
for controlling the speed of the drive units when the
steering device generates control signals for driving the
vehicle in directions along a straight path deviating
from the main traveling directions of the vehicle to limit
the magnitude of the control signals for controlling the
speed of the drive units relative to the magnitude of the
control signals for controlling the speed of the drive
units when the steering device generates control signals
for driving the vehicle in the main traveling directions.

2. Steering device according to claim 1 further com-
prising a program for automatic control of the vehicle,
which program is operatively coupled with said means
for generating control signals.

3. Steering device according to claim 1 wherein said
means for generating control signals of a limited magni-
tude comprises a steering lever and limitation surfaces
provided by edges of an opening in which the lever js
movable, said edges limiting deflection of said lever
when said lever is moved from a neutral position in
directions for generating control signals for driving the
vehicle in directions deviating from the main traveling
directions and said opening permitting a larger deflec-
tion of the lever when said lever is moved from the
neutral position in directions for driving the vehicle in
the main traveling directions.

4. Steering device according to claim 3 wherein said
edges providing said limitation surfaces define a square
opening for said lever, said square opening having cor-
ners, said lever being movable from the neutral position
to each corner formed by the square opening, so that
the direction of movement of the lever from said neutral
position to said corners permits generation of control
signals for controlling the vehicle in the main traveling
directions and the size of the movement permits provi-
sion of the maximum speed of the driving units for
driving the vehicle with maximum speed in the main

traveling directions.
* %k k Xk X
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