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Description

BACKGROUND

Technical Field

[0001] The present invention relates to a working ve-
hicle with an electromagnetic brake which has left and
right wheels, a working machine, and left and right elec-
tromagnetic brakes provided corresponding to the left
and right wheels.

Related Art

[0002] In the related art, ground working vehicles hav-
ing working machines which are driven for ground work
such as lawnmowing work and cultivating are known. In
addition, in such ground working vehicles, electricity-driv-
en ground working vehicles are considered having left
and right wheels which are main drive wheels independ-
ently driven for travel by a motor such as an electric motor
and a hydraulic motor, and steering wheels such as cast-
er wheels.
[0003] For example, as a working vehicle, there exists
a lawnmower vehicle equipped with a lawnmower which
is a working machine, on which a worker rides for oper-
ations of traveling and lawnmowing, and which can travel
by itself. Such a lawnmower vehicle is commonly called
a riding type lawnmower vehicle. As the lawnmower, for
example, there exists a lawnmowing rotary tool or the
like. The riding type lawnmower vehicle is principally
used off road, such as in a garden, and moves on the
ground surface for the lawnmowing work.
[0004] For example, JP 2006-507789 A discloses a
hybrid motive power unit equipped with an engine-gen-
erator integrated structure in which a rotor of a generator
is connected to an engine shaft of an internal combustion
engine. In a lawnmower exemplified as the motive power
unit, electric motors are connected independently to a
plurality of drive wheels and the drive wheels can be in-
dependently controlled with variable velocities so that
starting, stopping, changing of a velocity, and changing
of a direction of the lawnmower can be realized. As an
example of turning by an independent change of the ve-
locities of the drive wheels, a structure is described in
which electric motors are connected to left and right rear
wheels. As related art documents related to the present
invention, in addition to JP 2006-507789 A, there exists
JP H9-210106 A.
[0005] In the lawnmower vehicle in which left and right
wheels are driven by left and right motors which are in-
dependent, as described in JP 2006-507789 A, a config-
uration may be considered in which left and right elec-
tromagnetic brakes are provided for braking the left and
right wheels, to realize a working vehicle with an electro-
magnetic brake. In addition, in a working vehicle with an
electromagnetic brake, a configuration may be consid-
ered which employs left and right electromagnetic brakes

in which a brake releasing operation of the left and right
wheels is executed by supplying electricity from a power
supply and a brake operation of the left and right wheels
is executed by cutting the supply of electricity from the
power supply. Moreover, a configuration may be em-
ployed in which, in order to simultaneously brake the left
and right wheels by the left and right electromagnetic
brakes, a common switching unit is provided for the left
and right electromagnetic brakes for switching the supply
and cutting-off of the electricity between the left and right
electromagnetic brakes and the power supply. However,
there is a possibility that, when abnormality occurs in only
one of the electromagnetic brakes, such as a case where
the electricity is supplied to only the other the electro-
magnetic brake among the left and right electromagnetic
brakes due to occurrence of abnormality in the circuits
including the power supply and electromagnetic brakes,
such as line disconnection, or occurrence of abnormality
in the braking unit of one of the electromagnetic brakes
among the left and right electromagnetic brakes when
the electricity is to be supplied to the left and right elec-
tromagnetic brakes from the power supply, the vehicle
turns in a manner not intended by the driver. For example,
when one of the electromagnetic brakes is supplied with
electricity from the power supply but the other electro-
magnetic brake is not supplied with electricity from the
power supply, a difference may be caused in the traveling
states of the left and right wheels. In this case, the vehicle
may turn in some direction, and may move in a direction
not intended by the driver. Because of this, there is a
room for improvement in the point of effectively prevent-
ing the turn unintended by the driver even when abnor-
mality occurs in one of the left and right electromagnetic
brakes.
[0006] In consideration of this, JP H9-210106 A dis-
closes an abnormality diagnosis device of a magnetic
brake which is operated by a brake power supply circuit,
which detects a current value supplied from the brake
power supply circuit to a coil of the brake, extracts, from
an amplified detected signal, a signal which allows un-
derstanding of an operation state of the brake, then com-
pares the extracted value with a stored judgment value,
and judges an operation deficiency of an armature of the
brake. However, JP H9-210106 A only discloses a device
which judges an operation deficiency of the armature,
and does not disclose a unit which effectively prevents
turning unintended by the driver even when abnormality
occurs in one electromagnetic brake among the left and
right electromagnetic brakes.
[0007] An advantage of the present invention is that in
a working vehicle with electromagnetic brake, turning un-
intended by the driver is effectively prevented even when
abnormality occurs in one electromagnetic brake among
the left and right electromagnetic brakes.
[0008] EP2338752 discloses an electric vehicle.
US2012165 discloses a conveyance with electronic con-
trol for left and right motors. US2007035178 discloses
an electric brake and electric brake control apparatus.
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US2010138125 discloses a device and method for mon-
itoring a magnetic brake on rail vehicles. US2009224706
discloses a safety device for detecting inadequate elec-
tric braking and commutation to a safety brake.

SUMMARY

[0009] According to one aspect of the present inven-
tion, there is provided a working vehicle with an electro-
magnetic brake as in claim 1.
[0010] A working vehicle with an electromagnetic
brake is disclosed, comprising a left wheel and a right
wheel which are drive wheels driven for travel by a left
traction motor and a right traction motor, respectively, a
working machine which is driven for executing ground
work, a left electromagnetic brake and a right electro-
magnetic brake provided corresponding to the left wheel
and the right wheel, respectively, and which execute a
brake release operation of the left wheel and the right
wheel by supply of electricity from a power supply and
execute a brake operation of the left wheel and the right
wheel when the supply of electricity from the power sup-
ply is cut off, a common brake releasing unit which is
common to the left electromagnetic brake and the right
electromagnetic brake and which electrically connects
the power supply and the left electromagnetic brake and
the right electromagnetic brake to supply electricity from
the power supply to the left electromagnetic brake and
the right electromagnetic brake when a brake releasing
instruction is obtained, and a controller which controls
the common brake releasing unit, wherein the controller
compares electricity supply states of the left electromag-
netic brake and the right electromagnetic brake, and con-
trols the common brake releasing unit to disconnect an
electrical connection between the power supply and the
left electromagnetic brake and the right electromagnetic
brake and to brake the left wheel and the right wheel
when a difference between the compared electricity sup-
ply states exceeds an allowable upper limit. In the above-
described configuration, the traction motor may be, in
addition to an electric motor, a hydraulic motor or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a schematic diagram showing, from above,
a structure of a lawnmower vehicle which is a working
vehicle with an electromagnetic brake according to
a first embodiment of the present invention.
FIG. 2 is a diagram showing a circuit structure of
primary portions of the lawnmower vehicle of FIG. 1.
FIG. 3 is a diagram showing a structure of an ECU
which is a controller in the lawnmower vehicle of FIG.
1.
FIG. 4 is a diagram showing in detail a structure
which controls supply of electricity of left and right
electromagnetic brakes using a controller in the cir-

cuit structure of FIG. 2.
FIG. 5 is a flowchart for explaining a method of con-
trolling supply of electricity of left and right electro-
magnetic brakes in the lawnmower vehicle of FIG. 1.
FIG. 6 is a cross sectional diagram along A-A line of
a power generation unit of FIG. 1.
FIGs. 7(A) - 7(D) are diagrams showing example
changes with respect to time in a lawnmower vehicle
which is a working vehicle with an electromagnetic
brake according to a second embodiment of the
present invention, wherein: FIG. 7(A) shows an ex-
ample change with respect to time of a coil current
of a right electromagnetic brake during normal time;
FIG. 7(B) shows an example change with respect to
time of a brake stroke of the right electromagnetic
brake during the normal time; FIG. 7(C) shows an
example change with respect to time of a coil current
of a left electromagnetic brake during occurrence of
abnormality; and FIG. 7(D) shows an example
change with respect to time of a brake stroke of the
left electromagnetic brake during occurrence of ab-
normality.
FIG. 8 is a flowchart for explaining a method of con-
trolling supply of electricity to the left and right elec-
tromagnetic brakes in the second embodiment of the
present invention.
FIG. 9 is a schematic diagram showing, from above,
a structure of a lawnmower vehicle which is a working
vehicle with an electromagnetic brake according to
a fourth embodiment of the present invention.
FIG. 10 is a diagram showing a structure of an ECU
which is a controller in the fourth embodiment of the
present invention.
FIG. 11 is a schematic diagram showing stopping of
a vehicle on an inclined road in the fourth embodi-
ment of the present invention.
FIG. 12A is a diagram showing an example change
with respect to time of a movement distance and a
torque instruction of an electric motor when the ve-
hicle of FIG. 11 is controlled by a first and second
mode executing unit.
FIG. 12B is a diagram showing a first example of
alternative example change with respect to time of
the movement distance and the torque instruction of
the electric motor when the vehicle of FIG. 11 is con-
trolled by the first and second mode executing unit.
FIG. 13 is a diagram showing a second example of
alternative example change with respect to time of
the movement distance and the torque instruction of
the electric motor when the vehicle of FIG. 11 is con-
trolled by the first and second mode executing unit.
FIG. 14 is a cross sectional diagram showing a power
generation unit of a lawnmower vehicle which is a
working vehicle with an electromagnetic brake ac-
cording to a fifth embodiment of the present inven-
tion, with the traction motor omitted.
FIG. 15 is a cross sectional diagram along B-B line
of FIG. 14.
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FIG. 16 is a cross sectional diagram along C-C line
of FIG. 14.
FIG. 17 is a structural diagram showing a plurality of
constituent elements of a lawnmower vehicle ac-
cording to a fifth embodiment of the present inven-
tion.
FIG. 18 is a diagram showing a flowchart showing a
judging method of a forceful brake release in the fifth
embodiment of the present invention.
FIG. 19 is a diagram showing a flowchart showing
another judging method of the forceful brake release
in the fifth embodiment of the present invention.
FIG. 20 is a structural diagram showing a plurality of
constituent elements of a lawnmower vehicle which
is a working vehicle with an electromagnetic brake
according to a sixth embodiment of the present in-
vention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[First Embodiment]

[0012] Embodiments of the present invention will now
be described in detail with reference to the drawings. In
the following description, as a working vehicle with an
electromagnetic brake, a lawnmower vehicle having a
lawnmower as a working machine will be described, but
the working vehicle with an electromagnetic brake ac-
cording to the present invention is not limited to such a
structure. For example, the working vehicle with an elec-
tromagnetic brake may be a vehicle having, as the work-
ing machine, a working machine which executes work
with respect to the ground, that is, ground work such as,
for example, a cultivating machine, a seedling planting
machine, a soil grading machine, an excavation machine,
etc.
[0013] FIGs. 1 - 6 show a first embodiment of the
present invention. As shown in FIG. 1, a lawnmower ve-
hicle 10 which is a working vehicle with an electromag-
netic brake and which is also a riding type ground working
vehicle is a self-traveling off-road vehicle suited for lawn-
mowing. Two, left and right caster wheels 14 and 16 and
two, left and right wheels 18 and 20 are supported and
provided at positions set apart in the forward/backward
direction (left/right direction of FIG. 1) of a main frame 12
which is the vehicle body. The left and right caster wheels
14 and 16 are front wheels and are also steering wheels.
The two left and right wheels 18 and 20 are rear wheels
and are also main drive wheels. The left and right wheels
18 and 20 are respectively independently driven for travel
by left and right power generation units 22 and 24 pro-
vided on the respective sides of the left and right wheels
18 and 20. The left power generation unit 22 includes a
motive power transmission mechanism (not shown) in-
cluding a gear or the like within a casing 26, and a motor
casing of a traction motor 30 which is a left electric motor
is fixed on the casing 26. A brake casing of a left elec-
tromagnetic brake 32 is fixed on a side of the casing 26

opposite of the left traction motor 30.
[0014] Similarly, the right power generation unit 24 in-
cludes a motive power transmission mechanism (not
shown) including a gear or the like within a casing 28,
and a motor casing of a traction motor 34 which is a right
electric motor is fixed on the casing 28. In addition, a
brake casing of a right electromagnetic brake 36 is fixed
on a side of the casing 28 opposite to the right traction
motor 34. In the configuration exemplified in the draw-
ings, the traction motors 30 and 34 are placed near a
center in the width direction (upward/downward direction
of FIG. 1) of the vehicle, and the electromagnetic brakes
32 and 36 are placed on an outside in the width direction
of the vehicle. In addition, the traction motors 30 and 34
and the electromagnetic brakes 32 and 36 are placed at
positions nearer to the front (left side of FIG. 1) than axles
38 and 40 connected and fixed on the wheels 18 and 20
and protruding from the casings 26 and 28 of the power
generation units 22 and 24. Because two electromagnet-
ic brakes 32 and 36 are placed separated at the left and
the right, the degree of freedom of the layout and assem-
bly can be improved. Alternatively, unlike the example
configuration of FIG. 1, the left and right electromagnetic
brakes 32 and 36 may be placed in a single, common
casing, and the casing may be supported on the main
frame 12.
[0015] Alternatively, unlike the example configuration
of FIG. 1, the side in the front/rear direction on which the
traction motors 30 and 34 and the electromagnetic
brakes 32 and 36 are placed with respect to the axles 38
and 40 may be reversed for the left and right power gen-
eration units 22 and 24.
[0016] In this case, the positions of the traction motors
30 and 34 near the center in the width direction of the
vehicle can be shifted with respect to the front/rear direc-
tion, and therefore, the space between the power gen-
eration units 22 and 24 may be reduced.
[0017] To the wheels 18 and 20, motive power is trans-
mitted from corresponding traction motors 30 and 34
through the motive power transmission mechanisms and
axles 38 and 40, and the wheels 18 and 20 are independ-
ently driven. By matching the rotational velocities of the
left and right wheels 18 and 20 by the traction motors 30
and 34, the vehicle can travel straight forward, and by
generating a difference in the rotational velocities of the
left and right wheels 18 and 20, the vehicle can turn.
[0018] The motive power transmission mechanism
may include a reduction mechanism such as, for exam-
ple, a reduction gear device of one or a plurality of stages.
The casings 26 and 28 of the power generation units 22
and 24 are supported on the main frame 12. The caster
wheels 14 and 16 can be freely steered through 360 de-
grees or greater about the axis in the vertical direction
(direction of perpendicular of page of FIG. 1). The caster
wheels 14 and 16 may be provided in numbers other than
2, for example, only 1, on the lawnmower vehicle 10.
Alternatively, three or more caster wheels may be pro-
vided on the lawnmower vehicle 10. In addition, although
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in the present embodiment, the left and right wheels
which are the main drive wheels are set as the rear
wheels and the caster wheels 14 and 16 are set as the
front wheels, alternatively, the left and right wheels 18
and 20 which are the main drive wheels may be set as
the front wheels and the caster wheels 14 and 16 may
be set as the rear wheels.
[0019] As the main frame 12, a metal material such as
a steel material may be used, and a structure which is
formed in a beam structure or the like may be used. The
main frame 12 includes, at its upper side (front side of
FIG. 1) a horizontal plate (not shown) provided to cover
most of an upper side of the power generation units 22
and 24. A seat (not shown) on which the driver sits is
provided above the horizontal plate.
[0020] In the present document, the front side refers
to a front side of the vehicle which is the left side in FIG.
1, and the rear side refers to a rear side of the vehicle
which is the right side in FIG. 1. In addition, the lawn-
mower vehicle 10 comprises a lawnmower (mower) 42
which is a working machine, and the lawnmower 42 is
supported on a lower side of the main frame 12 between
the caster wheels 14 and 16 and the wheels 18 and 20
with regard to the front/rear direction. In the lawnmower
42, a lawnmowing blade (not shown) which is a lawn-
mowing rotary tool is provided at an inner side of a mower
deck 44. In addition, an auxiliary wheel 46 is supported
on the mower deck 44. The lawnmowing blade has a
rotational shaft directed in the vertical direction (direction
of perpendicular of the page in FIG. 1), a plurality of
blades are placed around the rotational axis, and lawn
or the like can be cut and mowed by rotating the blades.
[0021] In the lawnmower vehicle 10, a battery 48 (FIG.
2) which is a power supply unit and which is also a sec-
ondary battery is supported on an upper side or a lower
side of the main frame 12, and electric power of the bat-
tery 48 is supplied to the traction motors 30 and 34 so
that the traction motors 30 and 34 can be driven. The
battery 48 can be charged by receiving supply of electric
power from an alternating current power supply or the
like which is an external commercial power supply
through a connector or the like (not shown).
[0022] The lawnmower vehicle 10 may be of a hybrid
type, which is equipped with an engine and a power gen-
erator (not shown). In this case, the power generator may
generate power using the motive power of the engine,
and the generated electric power may be supplied to the
battery 48. As the power supply unit, besides the battery
48 which receives supply of charging electric power from
the outside, a structure having a self-power-generation
function such as a fuel cell, a solar cell, or the like may
be used. In addition, as the power supply unit, in place
of the battery 48, other electricity accumulating units such
as a capacitor may be used.
[0023] In the lawnmower 42, when a mower switch (not
shown) is switched ON, electric power is supplied from
the battery 48 shown in FIG. 2. In this case, an ECU
(Electronic Control Unit) 50 which is a controller of the

lawnmower vehicle 10 receives a signal representing
ON/OFF of the mower switch, and controls the operation
of the lawnmower 42 (FIG. 1) according to the signal. To
a motor for driving the lawnmowing blade of the lawn-
mower 42, electric power is supplied from the battery 48
through a driver for the mower (not shown). The lawn-
mower 42 having such a structure is driven for executing
ground work.
[0024] As shown in FIG. 1, the grass mowed by the
lawnmower 42 is discharged from the mower deck 44 to
one side or both sides in the width direction of the vehicle.
Alternatively, a grass collecting tank (not shown) may be
provided on the lawnmower vehicle 10, the grass collect-
ing tank and an end of the mower deck 44 may be con-
nected by a duct (not shown), and a fan provided inside
the duct may be driven so that the mowed grass is col-
lected in the grass collecting tank through the duct.
[0025] The traction motors 30 and 34 have functions
to output rotational driving powers to the wheels 18 and
20 when electric power is supplied from the battery 48
(FIG. 2), but alternatively, a function as a power generator
for recovering regenerated energy when wheels 18 and
20 are braked may be provided in the traction motors 30
and 34. The traction motors 30 and 34 are, for example,
three-phase synchronous electric motors or induction
motors or the like.
[0026] As the lawnmowing rotary tool which is the lawn-
mower, in place of the lawnmowing blade type tool, a
lawnmowing reel type tool may be used in which, for ex-
ample, a spiral blade is placed on a cylinder having a
rotational shaft parallel to the ground surface and the
grass or the like is sandwiched and mowed.
[0027] As shown in FIG. 2, the ECU 50 performs overall
control of the operations of the traction motors 30 and
34. Because the ECU 50 is an electronic circuit, the ECU
50 may be placed in a distributed manner at a plurality
of locations of the lawnmower vehicle 10. Only one ECU
50 may be provided on the lawnmower vehicle 10 or the
ECU 50 may be distributed into a plurality of elements
and the plurality of elements may be connected to each
other by a signal cable or the like. The ECU 50 includes
a control circuit unit having a CPU and a storage unit 76
(FIG. 3) such as a memory. The ECU 50 may alternatively
have a structure including the control circuit unit and a
driver circuit such as an inverter circuit which drives the
traction motors 30 and 34.
[0028] On an upper surface side of the main frame 12
shown in FIG. 1, in addition to a seat, a steering operator
which is a turn instruction provider (not shown), an ac-
celerator pedal which is an acceleration instruction pro-
vider (not shown), and a brake pedal 52 which is a brake
instruction provider (FIG. 2) are provided. The steering
operator is a steering wheel which can be rotated in one
of the left and right directions, an amount of turn instruc-
tion which is a steering angle of the steering operator is
detected by a steering amount sensor (not shown), and
the detected turn instruction amount is output to the ECU
50 as a signal. Alternatively, as the turn operator, a mono-
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lever type structure may be used. An acceleration instruc-
tion amount which is the step-on amount and the oper-
ation amount of the accelerator pedal is detected by an
acceleration sensor (not shown), and the detected ac-
celeration instruction amount is output to the ECU 50 as
a signal. Two accelerator pedals may be provided sep-
arately for forward movement and backward movement,
or a single accelerator pedal may be provided to instruct
forward acceleration by stepping on the front side and to
instruct backward acceleration by stepping on the rear
side.
[0029] Alternatively, as the turning operator, two, left
and right levers (not shown) also having a function of the
acceleration operator provided separately on the left side
and right side of the set may be employed. The left and
right levers can move swingably in the front/rear direc-
tion, can instruct acceleration in the forward direction of
the traction motor 30 (or 34) on the side of the corre-
sponding lever by being pushed forward, and can instruct
acceleration in the backward direction of the traction mo-
tor 30 (or 34) on the side of the corresponding lever by
being pushed backward.
[0030] In the lawnmower vehicle 10 having such a
structure, when the accelerator pedal is stepped on, the
vehicle can be accelerated in the forward direction or the
backward direction. In addition, during the operation or
non-operation of the accelerator pedal, the steering op-
erator may be steered so that the vehicle can be turned
according to the steering direction of the steering oper-
ator. For example, when the steering operator is set at a
neutral position for instructing the straight movement
state and the accelerator pedal of the forward direction
is stepped on, the wheels 18 and 20 are rotated in the
forward direction. As the amount of step-on is increased,
the rotation per unit time of the wheels 18 and 20 are
increased and the forward movement velocity is in-
creased. In order to configure in this manner, the ECU
50 (FIG. 2) controls the left and right traction motors 30
and 34 independently according to the input turn instruc-
tion amount and acceleration instruction amount. Spe-
cifically, as shown in FIG. 2, the ECU 50 outputs a control
signal to a driver circuit 54 for the right traction motor 34,
to control the driving of the right traction motor 34, and
outputs a control signal to a driver circuit 56 for the left
traction motor 30, to control the driving of the left traction
motor 30.
[0031] The battery 48 is connected to the ECU 50
through a main switch 58 and a DC-to-DC converter 60.
A voltage of the battery 48 is reduced by the DC-to-DC
converter 60 and supplied to the ECU 50. For example,
when the voltage of the battery 48 is 48 V, the voltage is
reduced by the DC-to-DC converter 60 to 12 V and is
supplied to the ECU 50, and the ECU 50 is activated.
[0032] As shown in FIGs. 1 and 2, for the braking of
the lawnmower vehicle 10, the left and right electromag-
netic brakes 32 and 36 as described above are provided
corresponding to the left and right wheels 18 and 20. The
electromagnetic brakes 32 and 36 execute a brake re-

leasing operation of the corresponding wheels 18 and 20
by being supplied of electricity, that is, being supplied of
electric power, from the battery 48 which is the power
supply, and execute a brake operation of the correspond-
ing wheels 18 and 20 by the supply of electricity from the
battery 48 being cut off. Specifically, as shown in FIG. 2,
the left and right electromagnetic brakes 32 and 36 are
connected to the battery 48 through a brake relay 62
which is a common brake releasing unit. The brake relay
62 is commonly connected to the left and right electro-
magnetic brakes 32 and 36, and is controlled to be
switched ON and OFF by a control signal which is output
from the ECU 50. Specifically, when the main switch 58
which is the power supply switch of the lawnmower ve-
hicle 10 is switched OFF or when the brake pedal 52 is
operated, that is, switched ON, the control signal which
is output from the ECU 50 and obtained at the brake relay
62 becomes 0. In this case, the brake relay 62 is switched
OFF, the supply of electricity from the battery 48 to the
left and right electromagnetic brakes 32 and 36 is
stopped, and the wheels 18 and 20 (FIG. 1) are braked.
When the brake pedal 52 is switched ON, a signal indi-
cating that the brake is switched ON is output from a
brake sensor 64 provided at a periphery section of the
brake pedal 52 to the ECU 50, and when the brake pedal
52 is switched OFF, a signal indicating that the brake is
switched OFF is output from the brake sensor 64 to the
ECU 50. When the brake pedal 52 is switched off, the
signal indicating that the brake is switched off may not
be output from the brake sensor 64 to the ECU 50.
[0033] On the other hand, when the main switch 58 is
switched ON and a predetermined specific condition
which is set in advance and which includes a condition
that the brake pedal 52 is not being operated, that is, that
the brake pedal 52 is not stepped on, is satisfied, a brake
releasing instruction signal CR0 is output from the ECU
50 as a control signal, the brake relay 62 receiving the
brake releasing instruction signal CR0 is switched ON,
electricity is supplied from the battery 48 to the left and
right electromagnetic brakes 32 and 36, and the braking
of the wheels 18 and 20 (FIG. 1) is released.
[0034] A detailed structure of the electromagnetic
brakes 32 and 36 will now be described with reference
to FIG. 6. FIG. 6 is an A-A cross sectional diagram of the
power generation unit 24 of FIG. 1. FIG. 6 shows the
power generation unit 24 on the right side, but the struc-
ture is similar with regard to the power generation unit
22 on the left side except that the left and right are re-
versed with respect to the power generation unit 24 on
the right side. In a cover 300 of the electromagnetic brake
36, a friction plate 301 which is a rotational member which
rotates in a linked manner with the corresponding wheels
18 and 20 (FIG. 1), steel plats 302 and 303 placed on
both sides of the friction plate 301 and with the friction
plate 301 therebetween, and a coil 313 are provided. The
steel plates 302 and 303 are supported on a brake casing
305 through an engagement pin 304 in a slidable manner
along the axial direction and a non-rotationable manner.
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The coil 313 opposes one steel plate 302 of the pair of
steel plates 302 and 303, and can attract the plate 302
when electricity is supplied. In addition, a spring 306 is
provided in the brake casing 305 such that the plate 302
cooperates with the other steel plate 303 of the pair of
steel plates 302 and 303 to sandwich and press the fric-
tion plate 301 when no electricity is supplied to the coil
313. Reference numeral 307 represents a stopping plate
which limits the movement of the other steel plate 303 in
the axial direction. The friction plate 301 forming the left
and right electromagnetic brakes 32 and 36 (refer to FIG.
1 for reference numeral 32) is connected to and fixed at
a position near an outer end of the casing of the rotational
shaft 311 that is connected, for example, to the motor
shaft of the traction motors 30 and 34 (refer to FIG. 1 for
reference numeral 30) through a coupling joint. At a cent-
er position of the rotational shaft 311, a small gear 312
forming the motive power transmission mechanism de-
scribed above is engraved.
[0035] In the electromagnetic brakes 32 and 36, the
coil 313 generates an electromagnetic force with supply
of electricity from the battery 48, to attract the one steel
plate 302 against the urging force of the spring 306. When
the supply of electricity from the battery 48 (FIG. 2) to
the coil 313 is cut off in the electromagnetic brakes 32
and 36 by the switching ON of the brake pedal 52 (FIG.
2) or switching OFF of the main switch 58 (FIG. 2), the
one steel plate 302 is pressed toward the friction plate
301 by the urging force of the spring 306, to execute a
pressing operation for braking the corresponding one of
the wheels 18 and 20, and the friction plate 301 is held
between the steel plates 302 and 303. In this case, the
corresponding one of the wheels 18 and 20 is braked.
[0036] On the other hand, when the electricity is sup-
plied from the battery 48 to the coil 313 in each of the
electromagnetic brakes 32 and 36, a pressing release
operation for releasing the braking of the corresponding
one of the wheels 18 and 20 is executed in which the one
steel plate 302 is separated from the friction plate 301
against the urging force of the spring 306. In this case,
the braking of the corresponding one of the wheels 18
and 20 is released, and traveling by the driving of the
traction motors 30 and 34 is enabled.
[0037] The stopping plate 307 described above spline-
fits an inner end side of a brake releasing shaft 308 ro-
tatably held on the cover 300 at its center. The stopping
plate 307 has a cam groove 309 which has different
depths in the circumferential direction on a surface op-
posing the other steel plate 303. The other steel plate
303 guides and holds a pin 310 in a slidable manner in
the axial direction at a position opposing the cam groove
309. One end of the pin 310 is inserted into a deep portion
of the cam groove 309, and the other end of the pin 310
contacts the one steel plate 302. The outer end side of
the brake releasing shaft 308 is protruded to the outside
from the cover 300, and, with an artificial rotational op-
eration using a predetermined tool, one end of the pin
310 is moved over a shallow portion of the cam groove

309 and the other end of the pin 310 pushes back the
one steel plate 302 against the urging force of the spring
306, so that the pressing of the friction plate 301 is force-
fully released even when the supply of electricity to the
traction motors 30 and 34 (refer to FIG. 1 for reference
numeral 30) and the coil 313 becomes not possible and
the wheels 18 and 20 (FIG. 1) can be rotated freely for
towing. The electromagnetic brake is not limited to such
a structure, and various structures may be employed
which execute the brake releasing operation of the left
and right wheels 18 and 20 when electricity is supplied
from the power supply and which executes the brake
operation of the left and right wheels 18 and 20 when the
supply of electricity from the power supply is cut off.
[0038] As shown in FIG. 3, the ECU 50 comprises a
brake release control unit 66, a right brake current sensor
68, a left brake current sensor 70, a comparator 72, a
common release control unit 74, and a storage unit 76.
The brake release control unit 66 generates a brake re-
leasing instruction signal for instructing the releasing of
the brake according to a signal indicating that the main
switch 58 (FIG. 2) is switched ON and which is input to
the ECU 50, signals which are input from a sensor, a
switch, or the like such as the brake sensor 64 (FIG. 2),
etc. In the following description, elements that are iden-
tical to the elements shown in FIGs. 1, 2, and 6 are as-
signed the same reference numerals. The brake releas-
ing instruction signal generated by the ECU 50 is output
from the ECU 50 to the brake relay 62. Because of this,
the brake relay 62 is switched ON, electric power is sup-
plied from the battery 48 to the left and right electromag-
netic brakes 32 and 36, and the braking of the left and
right electromagnetic brakes 32 and 36 is released. As
shown in FIG. 4, the brake releasing instruction signal
generated by the ECU 50 may also be output to the brake
relay 62 through an instruction signal output unit 78 pro-
vided separately from the ECU 50.
[0039] Referring back to FIG. 3, the left and right brake
current sensors 68 and 70 are provided corresponding
to the left and right electromagnetic brakes 32 and 36,
and an amount of supply of electricity to the right elec-
tromagnetic brake 36 is detected by the right brake cur-
rent sensor 68 as a current detection signal 1 (FIG. 4).
Similarly, the amount of supply of electricity to the left
electromagnetic brake 32 is detected by the left brake
current sensor 70 as a current detection signal 2 (FIG.
4). Because of this, as shown in FIG. 4, the left and right
electromagnetic brakes 32 and 36 are connected to the
ECU 50. Alternatively, the left and right brake current
sensors may be provided at a portion separate from the
ECU 50 and the detected signals of the left and right
brake current sensors may be output to the ECU 50.
[0040] The comparator 72 shown in FIG. 3 compares
the current detection signals 1 and 2 which represent the
electricity supply states of the left and right electromag-
netic brakes 32 and 36 and which are detected signals
for the left and right electromagnetic brakes 32 and 36.
[0041] The common release control unit 74 stops out-
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put of the brake releasing instruction signal CR0 to the
brake relay 62 when the controller judges that a differ-
ence between the current detection signals 1 and 2 of
the left and right brake current sensors 70 and 68, which
is a difference in the electricity supply states compared
by the comparator 72, exceeds an allowable upper limit,
to control the brake relay 62 to disconnect the electrical
connection between the battery 48 and the left and right
electromagnetic brakes 32 and 36 and to brake the left
and right wheels 18 and 20 by the spring 306. For exam-
ple, the "allowable upper limit" described above may be
set to 0. That is, a configuration may be employed in
which, when the controller judges that the difference be-
tween the current detection signals 1 and 2 is greater
than 0, the common release control unit 74 controls the
brake relay 62 to disconnect the electrical connection
between the battery 48 and the left and right electromag-
netic brakes 32 and 36 and to brake the left and right
wheels 18 and 20.
[0042] For example, when there is an abnormality such
as line disconnection in a circuit connecting the right elec-
tromagnetic brake 36, which is one electromagnetic
brake of the left and right electromagnetic brakes 32 and
36, and the battery 48, even when the brake releasing
instruction signal CR0 is output to the brake relay 62, the
right electromagnetic brake 36 is not supplied with elec-
tricity, and the current detection signal 1 is 0. If the circuit
connecting the left electromagnetic brake 32, which is
the other electromagnetic brake of the left and right elec-
tromagnetic brakes, and the battery 48 is normal, a dif-
ference is created between the current detection signals
1 and 2. Because of this, if the structure of the common
release control unit 74 described above is not provided,
only the right electromagnetic brake 36 in which abnor-
mality has occurred during travel is operated, and the
right wheel 20 is braked. Thus, the vehicle turns to the
right, and is moved in a direction unintended by the driver.
According to the present embodiment, on the other hand,
because the common release control unit 74 described
above is provided, if a difference is created between the
current detection signals 1 and 2 during travel, the com-
mon release control unit 74 controls the brake relay 62
to switch the brake relay 62 OFF, to brake both the left
and right wheels 18 and 20, and thus, the vehicle does
not turn and stops. When the abnormality and normality
of the left and right electromagnetic brakes 32 and 36
are opposite, similar operation is executed except that
the left and the right structures are reversed. In the
present embodiment, the DC-to-DC converter 60 is pro-
vided so that a single common battery 48 is used for the
battery for the ECU 50 and the battery for the left and
right electromagnetic brakes 32 and 36, but alternatively,
separate batteries having different output voltages may
be employed for the battery for the ECU 50 and the bat-
tery for the left and right electromagnetic brakes 32 and
36.
[0043] FIG. 5 is a flowchart for explaining a method of
controlling supply of electricity of the left and right elec-

tromagnetic brakes 32 and 36 in the lawnmower vehicle
of the present embodiment. In steps (hereinafter simply
referred to using "S") S10 and S12, the main switch 58
is switched ON and the ECU 50 judges that the specific
condition which is set in advance and which includes a
condition that the brake pedal 52 is not being operated
is satisfied. In S14, it is judged whether or not the brake
releasing instruction signal CR0 is output to the brake
relay 62. When it is judged that the brake releasing in-
struction signal CR0 is output, in S16, the comparator 72
compares the current detection signals 1 and 2 of the
brake current sensors 68 and 70, and it is judged whether
or not only one of the left and right electromagnetic brakes
32 and 36 is supplied with electricity by judging whether
or not the difference between the current detection sig-
nals 1 and 2 exceeds the allowable upper limit. When it
is judged that only one of the left and right electromag-
netic brakes 32 and 36 is supplied with electricity, the
common release control unit 74 switches the brake relay
62 OFF in S18, releases the supply of electricity from the
battery 48 to the left and right electromagnetic brakes 32
and 36, brakes both the left and right wheels 18 and 20,
and causes the vehicle to stop (S20).
[0044] When, on the other hand, it is not judged in S16
that only one of the left and right electromagnetic brakes
32 and 36 is supplied with electricity, that is, when it is
judged that both electromagnetic brakes 32 and 36 are
supplied with electricity, the common release control unit
74 maintains the brake relay 62 in the ON state, maintains
the supply of electricity from the battery 48 to the left and
right electromagnetic brakes 32 and 36, and maintains
the released state of the braking of both of the left and
right wheels 18 and 20.
[0045] According to the present embodiment having
such a configuration, when abnormality occurs in one
electromagnetic brake 32 (or 36) among the left and right
electromagnetic brakes 32 and 36, a difference is created
in the electricity supply states of the left and right elec-
tromagnetic brakes 32 and 36, and when the difference
exceeds the allowable upper limit, the common release
control unit 74 controls the brake relay 62 to disconnect
the electrical connection between the battery 48 and the
left and right electromagnetic brakes 32 and 36 and to
brake the left and right wheels 18 and 20. Because of
this, even when abnormality occurs in one electromag-
netic brake 32 (or 36), a turn which is not intended by the
driver can be effectively prevented. The above-described
function and structure of the ECU 50 may be realized
with a program or with hardware. For example, in the
present embodiment, the controller which controls the
brake relay 62 is not limited to the ECU 50 having the
CPU and the storage unit, and, for example, may alter-
natively be formed by a circuit structure which switches
the brake relay 62 ON when the current detection signals
1 and 2 are not 0 and there is no difference between the
current detection signals 1 and 2, and switches the brake
relay 62 OFF when there is a difference between the
current detection signals 1 and 2.
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[Second Embodiment]

[0046] FIGs. 7 and 8 show a second embodiment of
the present invention. In a lawnmower vehicle of the
present embodiment, the structures other than a part of
the ECU 50 (FIG. 3) are similar to those of the first em-
bodiment described above. Therefore, the elements sim-
ilar to or corresponding to the elements of FIGs. 1 -4 and
6 are assigned the same reference numerals and will be
described with reference to FIGs. 1 - 4 and 6.
[0047] In the present embodiment, the storage unit 76
of the ECU 50 stores changes with respect to time of coil
currents which are left and right brake electricity supply
currents and which represent the electricity supply states
to the left and right electromagnetic brakes 32 and 36.
FIGs. 7(A) - 7(D) are diagrams showing the present em-
bodiment. More specifically, FIG. 7(A) is a diagram show-
ing an example change with respect to time of the coil
current which is a current flowing in a coil 31 of the right
electromagnetic brake 36 during a normal state, FIG.
7(B) is a diagram showing an example change with re-
spect to time of an amount of stroke, that is, an amount
of displacement, of one steel plate 302 in a direction away
from the friction plate 301, which is a brake stroke of the
right electromagnetic brake 36 during a normal state,
FIG. 7(C) is a diagram showing an example change with
respect to time of a coil current of the left electromagnetic
brake 32 during occurrence of abnormality, and FIG. 7(D)
is a diagram showing an example change with respect
to time of a brake stroke of the left electromagnetic brake
32 during occurrence of abnormality.
[0048] A case is considered in which the brake releas-
ing instruction signal CR0 is output to the brake relay 62
in the braked state of the vehicle so that electricity is
supplied from the battery 48 to the left and right electro-
magnetic brakes 32 and 36, as shown in FIGs. 7(A) -
7(D). In this case, as shown in FIGs. 7(A) and 7(C), due
to the supply of electricity to the electromagnetic brakes
32 and 36, the coil current gradually increases with time
while fluctuating up and down because of the inductance,
impedance, or the like of the coil 313, and with the in-
crease in the coil current, the attraction force by the coil
313 on the one steel plate 302 is increased. In this case,
as shown in FIG. 7(B), even in the normal right electro-
magnetic brake 36, the one steel plate 302 is not sepa-
rated from the friction plate 301 so long as the force of
attraction on the one steel plate 302 by the coil 313 does
not exceed the urging force of the spring 306, and the
brake stroke stays constant. When time t1 has elapsed
and the force of attraction on the one steel plate 302 by
the coil 313 exceeds the urging force of the spring 306,
the brake stroke changes, the one steel plate 302 is sep-
arated from the friction plate 301, and braking is released.
In this case, because the one steel plate 302 rapidly ap-
proaches the coil 313, a large current disturbance α is
caused in the coil current.
[0049] On the other hand, as shown in FIG. 7(C), there
is a possibility that an abnormality may occur in the left

electromagnetic brake 32 and the one steel plate 302 will
continue to be pressed toward the friction plate 301 for
some reason even when the current flows in the coil 313.
In this case, even if the coil current gradually increases
in the initial state similar to the case of the right electro-
magnetic brake 36, the large current disturbance of the
coil current does not occur when the time t1 has elapsed.
As shown in FIG. 7(D), the brake stroke is maintained at
a constant both before and after the time t1 has elapsed.
Because of this, as is clear from comparison of FIGs.
7(A) and 7(C), when an abnormality occurs in one elec-
tromagnetic brake 32 (or 36) among the left and right
electromagnetic brakes 32 and 36, a difference is created
between the changes with respect to time of the coil cur-
rent for the left and right electromagnetic brakes 32 and
36.
[0050] In the present embodiment, for this reason, the
changes with respect to time of the coil currents of the
left and right electromagnetic brakes 32 and 36 are stored
in the storage unit 76, and are compared in the compa-
rator 72. For example, the coil currents of the left and
right electromagnetic brakes 32 and 36 may be detected
by the left and right brake current sensors 70 and 68 only
when the electromagnetic brakes 32 and 36 are transi-
tioned from the brake operation state to the brake releas-
ing operation, the changes with respect to time of the coil
currents may be stored, and the changes with respect to
time of the coil currents may be compared by the com-
parator 72. When the common release control unit 74
judges that a difference in the changes with respect to
time of the electricity supply currents of the left and right
electromagnetic brakes 32 and 36 which represent the
electricity supply states compared by the comparator 72
exceeds an allowable upper limit, for example, when the
common release control unit 74 judges that there is a
difference in the changes with respect to time of the coil
currents of the left and right electromagnetic brakes 32
and 36, the common release control unit 74 controls the
brake relay 62 to disconnect the electrical connection
between the battery 48 and the left and right electromag-
netic brakes 32 and 36 and to brake the left and right
wheels 18 and 20.
[0051] FIG. 8 is a flowchart for explaining a method of
controlling supply of electricity to the left and right elec-
tromagnetic brakes 32 and 36 in the present embodi-
ment. In the flowchart of FIG. 8, the steps other than S16
are similar to those of the flowchart of the first embodi-
ment shown in FIG. 5. As shown in FIG. 8, when it is
judged in S14 that the brake releasing instruction signal
CR0 is output to the brake relay 62, in S16, the compa-
rator 72 compares the changes with respect to time of
the coil currents which are the electricity supply currents
to the left and right electromagnetic brakes 32 and 36,
and when it is judged that the changes with respect to
time of the coil currents differ from each other by a dif-
ference exceeding the allowable upper limit, the process
transitions to S18. In S18, the common release control
unit 74 switches the brake relay 62 OFF, to release the
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supply of electricity from the battery 48 to the left and
right electromagnetic brakes 32 and 36, to brake both
left and right wheels 18 and 20, and to stop the vehicle
(S20).
[0052] In the present embodiment having such a con-
figuration also, similar to the first embodiment described
above, even if an abnormality occurs in one electromag-
netic brake 32 (or 36) among the left and right electro-
magnetic brakes 32 and 36, the turning unintended by
the driver can be effectively prevented. Other structures
and operations are similar to those of the first embodi-
ment described above, and will not be described again.
[0053] Alternatively, in the present embodiment, a con-
figuration may be employed in which amounts of wear of
the steel plates 302 and 303 or the friction plates of the
electromagnetic brakes 32 and 36 are detected, the
changes with respect to time of the coil currents are cor-
rected based on differences in the detected values of the
amounts of wear, and the changes with respect to time
of the coil currents after the correction are compared in
the comparator 72. In this case, a more effective structure
can be realized in which the left and right wheels 18 and
20 can be braked only during the occurrence of abnor-
mality, even when the amounts of wear of the steel plates
302 and 303 or the friction plates 301 differ between the
left and right electromagnetic brakes 32 and 36.
[0054] In the present embodiment, an example config-
uration is described in which the changes with respect
to time of the coil currents of the left and right electro-
magnetic brakes 32 and 36 are compared, but alterna-
tively, a configuration may be employed in which, for ex-
ample, a maximum value and a maximum current change
width α for the change of the coil current per unit time
(that is, the rate of change with respect to time of the coil
current) in the changes with respect to time of the coil
currents when transitioning from the brake state to the
brake releasing state are stored in the storage unit 76 as
the electricity supply states of the left and right electro-
magnetic brakes 32 and 36. In this case, the comparator
compares the maximum values and the maximum cur-
rent change widths α of the coil currents per unit time
between the left and right electromagnetic brakes 32 and
36, and when one or both of the maximum change and
the maximum current change width α of the coil current
exceeds an allowable upper limit, the common release
control unit 74 may switch the brake relay 62 OFF and
brake the left and right wheels 18 and 20. Alternatively,
the control of the present embodiment may be executed
in combination with the control of the first embodiment.
[0055] Although not shown in the drawings, as a third
embodiment of the present invention, separate brake cur-
rent sensors corresponding to the left and right brake
current sensors may be provided as a backup for the left
and right brake current sensors. For example, in the first
embodiment described above with reference to FIGs. 1
- 6, left and right second brake current sensors may be
provided for the left and right electromagnetic brakes 32
and 36 at different parts from the parts where the left and

right brake current sensors 70 and 68 are provided, and
connected in the ECU 50 or out of the ECU 50. During
the normal time, backup switches, such as relays, in an
OFF state are connected between the left and right sec-
ond brake current sensors and the left and right electro-
magnetic brakes 32 and 36. When abnormality occurs in
one of the brake current sensors 68 and 70, the corre-
sponding backup switch is switched ON, and the detect-
ed signal of the second brake current sensor is used for
comparison at the comparator 72. In addition, the ECU
50 switches the backup switch ON when a current de-
tection specific condition which is set in advance is sat-
isfied, to detect the electricity supply currents by the brake
current sensors 68 and 70 and the second brake current
sensors, and the detected currents of the right brake cur-
rent sensor 68 and the right second brake current sensors
are compared and the left brake current sensor 70 and
the left second brake current sensors are compared.
When it is judged that a difference in detected current
between the brake current sensor 68 or 70 and the sec-
ond brake current sensors exceeds an allowable upper
limit on the right or the left, it is judged that an abnormality
has occurred in one or some of the brake current sensors,
and the common release control unit 74 controls the
brake relay 62 to switch the brake relay 62 OFF regard-
less of the difference in the detected currents of the brake
current sensors 68 and 70 and the difference in the de-
tected currents of the second brake current sensors.
[0056] According to the third embodiment having such
a structure also, the turning unintended by the driver can
be effectively prevented even when abnormality has oc-
curred in one of the electromagnetic brakes 32 and 36
among the left and right electromagnetic brakes 32 and
36, and moreover, the vehicle can be braked without
forceful traveling of the vehicle when abnormality occurs
in any of the current sensors.
[0057] In the above-described embodiments, an ex-
emplary configuration has been described in which the
vehicle is turned by a difference in rotational velocities
of the wheels 18 and 20 which are the drive wheels, but
the present invention is not limited to this configuration.
Alternatively, for example, a configuration may be em-
ployed in which left and right steering wheels which are
operatively connected to the steering operator by a rack-
and-pinion mechanism or the like are provided in place
of the left and right caster wheels, and the orientations
of the left and right steering wheels are changed accord-
ing to steering of the steering operator.
[0058] As described above, according to one aspect
of the present invention, the working vehicle with an elec-
tromagnetic brake comprise a left wheel and a right wheel
which are drive wheels driven for travel by a left traction
motor and a right traction motor, respectively, a working
machine which is driven for executing ground work, a left
electromagnetic brake and a right electromagnetic brake
provided corresponding to the left wheel and the right
wheel, respectively, and which execute a brake release
operation of the left wheel and the right wheel by supply
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of electricity from a power supply and execute a brake
operation of the left wheel and the right wheel when the
supply of electricity from the power supply is cut off, a
common brake releasing unit which is common to the left
electromagnetic brake and the right electromagnetic
brake and which electrically connects the power supply
and the left electromagnetic brake and the right electro-
magnetic brake to supply electricity from the power sup-
ply to the left electromagnetic brake and the right elec-
tromagnetic brake when a brake releasing instruction is
obtained, and a controller which controls the common
brake releasing unit, wherein the controller compares
electricity supply states of the left electromagnetic brake
and the right electromagnetic brake, and controls the
common brake releasing unit to disconnect an electrical
connection between the power supply and the left elec-
tromagnetic brake and the right electromagnetic brake
and to brake the left wheel and the right wheel when a
difference between the compared electricity supply
states exceeds an allowable upper limit.
[0059] With the working vehicle with an electromag-
netic brake as described above, because a difference is
caused between the electricity supply states of the left
and right electromagnetic brakes when abnormality oc-
curs in one of the electromagnetic brakes among the left
and right electromagnetic brakes, the controller controls
the common brake releasing unit to disconnect the elec-
trical connection between the power supply and the left
and right electromagnetic brakes and to brake the left
and right wheels when the difference exceeds the allow-
able upper limit. Because of this, the turning unintended
by the driver can be effectively prevented even during
occurrence of abnormality in one of the electromagnetic
brakes.
[0060] According to another aspect of the present in-
vention, preferably, in the working vehicle with an elec-
tromagnetic vehicle, each of the left electromagnetic
brake and the right electromagnetic brake comprises a
rotational member which rotates in a linked manner with
a corresponding one of the wheels, a pressurizing mem-
ber which can be pressed against the rotational member,
an urging unit which applies an urging force on the pres-
surizing member in a direction toward the rotational mem-
ber, and a coil which separates the pressurizing member
from the rotational member against the urging force by
supply of electricity from the power supply, and each of
the left electromagnetic brake and the right electromag-
netic brake executes a pressurizing operation for braking
by a corresponding one of the pressuring members being
pressed against a corresponding one of the rotational
members by cutting of supply of electricity from the power
supply, and executes a press releasing operation for re-
leasing the brake by the pressurizing member being sep-
arated from the rotational member by supply of electricity
from the power supply.

[Fourth Embodiment]

[0061] FIGs. 9 - 11 and 12A show a fourth embodiment
of the present invention. FIG. 9 is a schematic diagram
showing, from above, a structure of a lawnmower vehicle
which is a working vehicle with electromagnetic brake
according to the present embodiment. FIG. 10 is a dia-
gram showing a structure of an ECU which is a controller
in the present embodiment. FIG. 11 is a schematic dia-
gram showing stopping of a vehicle on an inclined road
in the present embodiment. FIG. 12A is a diagram show-
ing an example change with respect to time of a move-
ment distance and a torque instruction of an electric mo-
tor when the vehicle of FIG. 11 is controlled by a first and
second mode executing unit. FIG. 10 also shows a rota-
tion abnormality processing unit 79 which is a structure
used in an alternative configuration of the fourth embod-
iment to be described later.
[0062] As shown in FIG. 9, the lawnmower vehicle 10
comprises left and right levers 80 and 82 which are ac-
celeration operators provided on the left and right sides
of a seat (not shown) on which the driver sits. The left
and right levers 80 and 82 can move swingably about a
shaft 84 oriented toward the width direction of the vehicle,
and have a function to instruct a target velocity of the
vehicle by an operation of the driver. The left and right
levers 80 and 82 also have a function as a turn operator.
The left and right levers 80 and 82 are also a brake main-
taining instruction provider. The functions of the left and
right levers 80 and 82 are similar to those described
above with reference to the first embodiment.
[0063] The left and right wheels 18 and 20 which are
rear wheels are independently driven for travel by the left
and right power generation units 22 and 24 supported on
the main frame 12. The power generation units 22 and
24 have structures similar to the structures described
above with reference to FIG. 1. For example, although
FIG. 9 does not show the power generation units 22 and
24 in detail, similar to the structure of FIG. 1, brake cas-
ings for the electromagnetic brakes 32 and 36 (FIG. 1)
and motor casings for the traction motors 30 and 34,
which are electric motors, are fixed on the casings 26
and 28 of the power generation units 22 and 24. In other
words, the electromagnetic brakes 32 and 36 and the
traction motors 30 and 34 are integrally provided in the
power generation units 22 and 24. Alternatively, the elec-
tromagnetic brakes may be placed in a single common
casing, and the single casing may be supported on the
main frame 12.
[0064] A left side of FIG. 9 represents the front side of
the vehicle, and a right side of FIG. 9 represents the rear
side. The traction motors 30 and 34 are synchronous
electric motors of a plurality of phases, for example, 3
phases, inductive electric motors, etc. to which electric
power is supplied from the battery 48 (FIG. 2) through
the driver circuit 54.
[0065] The lawnmower vehicle 10 is equipped with the
ECU 50 which is a main controller. In addition, left and
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right lever sensors 86 and 88 which are operator sensors
which detect an amount of operation and an operation
direction of the left and right levers 80 and 82 are provided
at the periphery section of the left and right levers 80 and
82. Detected values of the lever sensors 86 and 88 are
input to the ECU 50. The ECU 50 controls the driving of
the left and right traction motors 30 and 34 through left
and right motor controllers (not shown) which are left and
right drive wheel controllers according to the detected
values of the lever sensors 86 and 88. The left and right
traction motors 30 and 34 can be rotated in opposite di-
rections from each other by operating the left and right
levers 80 and 82 in opposite directions, and with pushing
of the left and right levers 80 and 82 in opposite directions
and by the same amount, it is possible to rotate the left
and right traction motors 30 and 34 in opposite directions
and with the same velocity. In this case, an on-the-spot
turning which is called a zero-turn may be executed in
which the vehicle turns with the central position in the
width direction of the vehicle on the same straight line as
the axle of the left and right wheels 18 and 20 as the
center of the turn. Such a vehicle is called a ZTR type
vehicle. The vehicle of the present embodiment is not
limited to the ZTR type vehicle. For example, the present
embodiment may be applied to a vehicle provided with
the steering operator and the accelerator pedal, as de-
scribed above with reference to FIG. 1.
[0066] In addition, left and right rotational angle sen-
sors 90 and 92 which detect a rotational angle per pre-
determined time of the corresponding the traction motor
30 (or 34) are provided in the power generation units 22
and 24. Detected values of the rotational angle sensors
90 and 92 are input to the ECU 50. Moreover, left and
right levers 80 and 82 are configured to be able to be
moved swingably and displaced in an outer side in the
width direction of the vehicle in a stop state where the
left and right levers 80 and 82 stand straight and the
target velocity of the vehicle is 0, that is, the neutral po-
sition. Neutral switches 94 and 96 (refer to FIG. 17) which
are left and right lever switches which are switched ON
when the levers 80 and 82 are pushed to the outside are
provided. Signals indicating the switching ON of the neu-
tral switches 94 and 96 are also input to the ECU 50.
When the neutral switches 94 and 96 are switched ON
during the time when the main switch 58 (FIG. 2) which
is the power supply switch is in the ON state, the ECU
50 judges that maintaining the brake is instructed, switch-
es the brake relay 62 (FIG. 2) OFF, and cuts the supply
of electric power from the battery 48 (FIG. 2) to the left
and right electromagnetic brakes 32 and 36. In other
words, when the neutral switches 94 and 96 are switched
ON, the ECU 50 instructs to cut the supply of electricity
to the electromagnetic brakes 32 and 36 and to maintain
the braking of the left and right wheels 18 and 20. In this
case, the left and right electromagnetic brakes 32 and
36 are switched ON and the brake state of the wheels
18 and 20 is maintained. The neutral switches 94 and 96
are switched OFF when the left and right levers 80 and

82 returns from the pushed outward state to the straight
standing state. Alternatively, in the present embodiment,
the neutral switches 94 and 96 may be omitted. Further-
more, alternatively, a configuration may be employed in
which a parking lever which can be reciprocated by push-
ing and pulling is provided on the lawnmower vehicle 10,
the parking lever is pulled to switch the neutral switch
ON, and a signal indicating the switching ON of the neu-
tral switch is input to the ECU 50.
[0067] In addition, as shown in FIG. 10, the ECU 50
comprises a torque calculating unit 98, a first and second
mode executing unit 100, a velocity and distance calcu-
lating unit 102, a right motor rotational velocity calculating
unit 104, and a left motor rotational velocity calculating
unit 106. The left and right motor rotational velocity cal-
culating units 106 and 104 calculate the rotational veloc-
ities of the corresponding traction motors 30 and 34
based on the detected rotational angles of the left and
right rotational angle sensors 90 and 92, respectively.
The left rotational angle sensor 90 and the rotational ve-
locity calculating unit 106 form a left motor velocity de-
tecting unit 108 and the right rotational velocity sensor
92 and the rotational velocity calculating unit 104 form a
right motor velocity detecting unit 110. Alternatively, un-
like the example configuration of the drawings, motor ve-
locity detecting units which detect the rotational velocities
of the left and right traction motors 30 and 34 may be
provided at the periphery section of the left and right trac-
tion motors 30 and 34, and the detected values of the
motor velocity detecting units may be input to the ECU 50.
[0068] The torque calculating unit 98 calculates a ve-
hicle velocity 0 setting torque T0 which is a torque nec-
essary for maintaining an actual velocity of the vehicle
at 0 when the target velocity of the vehicle detected by
the lever sensors 86 and 88 (FIG. 9) is 0 and which is a
torque to be generated in the traction motors 30 and 34
(FIG. 9). For example, when the levers 80 and 82 are set
in a standing straight state while the lawnmower vehicle
10 is positioned on an inclined road as shown in FIG. 11,
and the target velocity is instructed to be 0, the torque
calculating unit 98 calculates the vehicle velocity 0 setting
torque T0 necessary to balance with the load acting in a
direction to pull down the vehicle 10 by the force of gravity
and to maintain the velocity of the vehicle 10 at 0. For
example, in the state where the vehicle 10 is stopped as
shown in FIG. 11, the vehicle velocity 0 setting torque T0
necessary for maintaining the rotational velocities of the
traction motors 30 and 34 at 0 is calculated using the
detected values of the motor velocity detecting units 108
and 110 (FIG. 10). In the following description, elements
identical to the elements shown in FIGs. 9 and 10 will be
assigned the same reference numerals and described.
[0069] The first and second mode executing unit 100
alternately executes, when the target velocity of the ve-
hicle 10 detected by the lever sensors 86 and 88 is 0 and
after the actual velocity of the vehicle 10 is set to 0, a first
mode (a state of A1 in FIG. 12A) in which a first torque
T1 (FIG. 12A) smaller than the vehicle velocity 0 setting
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torque T0 (FIG. 12A) is generated in the traction motors
30 and 34, and a second mode (a state o A2 in FIG. 12A)
in which a second torque T2 (FIG. 12A) larger than the
vehicle velocity 0 setting torque T0 is generated in the
traction motors 30 and 34, to control the traction motors
30 and 34 such that movements between positions of 2
points separated in the front and rear direction of the
vehicle 10 (positions of point O and point S1 in FIG. 11)
are periodically repeated.
[0070] The velocity and distance calculating unit 102
has a function to calculate, at least during execution of
the first and second modes, a movement velocity and a
movement distance of the vehicle 10, respectively, based
on the rotational velocities of the traction motors 30 and
34 detected by the motor velocity detecting units 108 and
110.
[0071] The ECU 50 sets, during the execution of the
first and second mode executing unit 100, a movement
velocity of the vehicle 10 when the vehicle 10 transitions
from the state where the actual velocity is 0 (a state of
P1 in FIG. 12A) to the execution of the first mode, and a
movement velocity (L/ta(m/min)) of the vehicle 10 when
the vehicle 10 transitions from a state where the actual
velocity is 0 (a state of P2 in FIG. 12A) to the execution
of the second mode, to a velocity less than or equal to a
predetermined velocity (for example, less than or equal
to 1 m/min) which is set in advance. In addition, the ECU
50 sets a movement distance L of the vehicle 10 when
the vehicle 10 transitions from the state of P1 of FIG. 12A
to the first mode, and a movement distance L of the ve-
hicle 10 when the vehicle 10 transitions from the state of
P2 of FIG. 12A to the second mode, to a distance less
than or equal to a predetermined distance (for example,
less than or equal to 1 m) which is set in advance. The
first and second mode executing unit 100 sets a time
interval between the first mode and the second mode to
be a constant. Alternatively, as shown in FIG. 12A, the
first and second mode executing unit 100 may execute
a third mode (state of A3 in FIG. 12A), in which the vehicle
velocity 0 setting torque T0 is continuously generated for
a constant period which is set in advance in the traction
motors 30 and 34 at a position (position of point O in FIG.
11) where the movement distance of the vehicle 10 is 0,
between the first mode execution and the second mode
execution. The continued execution time of each third
mode is set to a very short period to not cause a problem
in endurance in the traction motors 30 and 34 and related
components. Alternatively, the execution of each third
mode may be omitted.
[0072] The present embodiment having such a config-
uration is targeted to solve the following problem. A con-
trol may be applied in which, even when the vehicle 10
is positioned on an inclined road, the stopping of the ve-
hicle 10 is maintained by instructing the target velocity
to 0 by the left and right levers 80 and 82 and generating
a suitable motor torque at the left and right traction motors
30 and 34 to balance with the load, which is also called
a powered neutral (or 0-speed control). However, when

the powered neutral is executed, for example, in a 3-
phase motor, a high current is continuously supplied in
a concentrated manner on one or two particular stator
coil(s) of one phase or two phases. In this case, there is
a possibility that a high current excessively continuously
flows in a concentrated manner in a line of a particular
phase of the traction motors 30 and 34 or in a switching
element such as a transistor or an IGBT of a particular
phase of an inverter connected to the traction motors 30
and 34, which results in a possibility of reduction of the
lifetime of the components. An object of the present em-
bodiment is to maintain the vehicle 10 at a range near a
reference position such as an initial stopping position by
supply of electricity to the left and right traction motors
30 and 34 in the lawnmower vehicle and to inhibit the
reduction of lifetime of the traction motors 30 and 34 and
the related components.
[0073] In the present embodiment, the above-de-
scribed configuration is employed for this purpose. Spe-
cifically, with the present embodiment, with the execution
of the first and second modes, the vehicle 10 is moved
in a reciprocating manner between the reference position
(point O of FIG. 11) which is an initial stopping position
and a position (point S1 of FIG. 11) which is behind the
reference position, so that the excessively continuous
flow of high current in a concentrated manner in a par-
ticular phase of the traction motors 30 and 34 can be
prevented. In this case, as shown in FIG. 12A, in the
vehicle 10, the movement distance S first becomes larger
on the negative side (that is, the vehicle moves backward)
from the position of 0, then becomes larger in the positive
side (that is, the vehicle moves forward), and these proc-
esses are automatically repeated. Because of this, burn-
out and degradation of the switching element and the line
can be effectively prevented. In addition, the time when
the vehicle remains in a range near the reference position
can be elongated without operating the left and right elec-
tromagnetic brakes 32 and 36, and the operability can
be improved. For example, a sudden downward move-
ment or popping out of the vehicle 10 when the electro-
magnetic brakes 32 and 36 are released can be prevent-
ed. As a result, according to the present embodiment,
the vehicle 10 can be maintained in a range near the
reference position which is the initial stopping position
by the supply of electricity to the left and right traction
motors 30 and 34, and reduction of the lifetime of the
traction motors 30 and 34 and the related components
can be inhibited.
[0074] In addition, the ECU 50 sets, during execution
by the first and second mode executing unit 100, the
movement velocity of the vehicle 10 to a velocity less
than or equal to a predetermined velocity and the move-
ment distance of the vehicle 10 to a distance less than
or equal to a predetermined distance during transitions
from the state where the actual velocity of the vehicle 10
is 0 to the first mode and to the second mode respectively.
For example, the traction motors 30 and 34 alternately
repeat a normal rotation and a reverse rotation with an
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angular range and period limited with respect to the axle.
For example, the rotation of the traction motors 30 and
34 is decelerated by a deceleration mechanism of the
motive power transmission mechanism and transmitted
through the axle, and the wheels 18 and 20 are rotated.
For example, maximum rotational angles of the wheels
18 and 20 for the normal rotation and the reverse rotation
may be limited to a small angle of less than 1 rotation of
the axle, and the rotational velocities of the wheels 18
and 20 may be limited to a low velocity in which the driver
cannot easily recognize the movement of the vehicle 10.
The other structures and operations are similar to those
of the first embodiment described above with reference
to FIGs. 1 - 6. Alternatively, the present embodiment may
be combined with the second embodiment or the third
embodiment shown in FIGs. 7 - 8.
[0075] FIG. 12B is a diagram showing a first example
of an alternative configuration of a change with respect
to time of the movement distance and the torque instruc-
tion of the electric motor when the vehicle of FIG. 11 is
controlled by the first and second mode executing unit.
In the alternative configuration shown in FIG. 12B, the
first and second mode executing unit 100 executes, when
the target velocity of the vehicle 10 detected by the lever
sensors 86 and 88 is 0 and after the actual velocity of
the vehicle 10 becomes 0, a small torque mode (state of
A1 of FIG. 12B) in which a small torque T1 smaller than
the vehicle velocity 0 setting torque T0 is generated in
the traction motors 30 and 34, to move the vehicle 10
backward from the reference position (position of point
O of FIG. 11) which is the initial stopping position to a
rear position (position of point S1 of FIG. 11). Then, the
first and second mode executing unit 100 alternately ex-
ecutes the second mode (state of A2 in FIG. 12B) and
the first mode (state of A4 in FIG. 12B) in order from the
second mode, to control the traction motors 30 and 34
such that the vehicle 10 periodically and repeatedly
moves between positions of 2 points (positions of points
S2 and S1 in FIG. 11) distanced by an equal distance
(L(m)) (for example, a length of less than or equal to 0.5
m) in the front and rear direction from a center at the
reference position of the vehicle 10. In this case, as
shown in FIG. 12B, the vehicle 10 repeats the recipro-
cating movement in the front and back of the reference
position. Because of this, the time period in which the
vehicle remains in a range near the reference position
can be elongated without operating the left and right elec-
tromagnetic brakes 32 and 36, and the operability can
be improved. In addition, the movement velocity of the
vehicle is set to a velocity less than or equal to a prede-
termined velocity (for example, less than or equal to 1
m/min) and the movement distance of the vehicle is set
to a distance less than or equal to a predetermined dis-
tance (2 L(m)) (for example, less than or equal to 1 m)
during the transitions from the state where the actual ve-
locity of the vehicle becomes 0 (state of A3 in FIG. 12B)
to the second mode (state of A2 in FIG. 12B) or to the
first mode (state of A4 in FIG. 12B). The other structures

and operations are similar to those of the structure de-
scribed above with reference to FIGs. 9-11 and 12A.
[0076] FIG. 13 is a diagram showing a second example
of an alternative configuration of a change with respect
to time of the movement distance and the torque instruc-
tion of the electric motor when the vehicle of FIG. 11 is
controlled by the first and second mode executing unit.
In the alternative configuration shown in FIG. 13, the first
and second mode executing unit 100 alternately exe-
cutes the second mode (state of A2 in FIG. 13) and the
first mode (state of A1 in FIG. 13) when the target velocity
of the vehicle 10 detected by the lever sensors 86 and
88 is 0 and after the actual velocity of the vehicle 10
becomes 0, in order from the second mode, and controls
the traction motors 30 and 34. In this case, as shown in
FIG. 13, in the vehicle 10, the movement distance S (FIG.
11) first becomes larger in the positive side (that is , the
vehicle moves forward) from the position of 0, and then,
becomes larger in the negative side (that is, the vehicle
moves backward), and these processes are automatical-
ly alternately repeated. The other structures and opera-
tions are similar to those of the structure described above
with reference to FIGs. 9 - 11 and 12A. In addition, the
present embodiment is not limited to the ZTR type vehicle
and may be applied to vehicles other than the ZTR type
vehicle.
[0077] Next, an alternative configuration of the fourth
embodiment of the present invention will be described
with reference to FIGs. 9 - 11 and 12A. In the lawnmower
vehicle 10 of the alternative configuration, as shown in
FIG. 10, the ECU 50 has the rotation abnormality
processing unit 79 as in the fourth embodiment described
above. The lawnmower vehicle 10 is the above-de-
scribed ZTR type lawnmower vehicle. That is, the left and
right traction motors 30 and 34 are motors of a plurality
of phases, for example, 3 phases, in which the driving is
independently controlled by the ECU 50. In addition, a
configuration is allowed in which the operation directions
of the left and right levers 80 and 82 are set to opposite
directions to set the rotational directions of the left and
right traction motors 30 and 34 opposite from each other.
[0078] Moreover, the first and second mode executing
unit 100 has, in addition to the function of the above-
described fourth embodiment, a function to synchronize,
between the traction motors 30 and 34, the switching
timing of current to be supplied to the stator coils of a
plurality of phases of the left and right traction motors 30
and 34. For example, the ECU 50 synchronizes, during
the execution of the first and second modes, the switching
timings of current to be supplied to the stator coils of U,
V, and W phases in the 3-phase traction motors 30 and
34 having the U, V, and W phases, and checks that the
actual rotational velocities of the left and right traction
motors 30 and 34 match each other based on the detect-
ed values of the motor velocity detecting units 108 and
110. Moreover, when a difference between actual rota-
tional velocities of the left and right traction motors 30
and 34 becomes a value greater than or equal to a pre-
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determined value, which is set in advance, after the
above-described synchronization of the switching tim-
ings of the current, the rotation abnormality processing
unit 79 of the ECU 50 supplies electricity or the like to
the brake relay 62 (FIG. 2) as an abnormality process,
to activate, that is, switch ON, the left and right electro-
magnetic brakes 32 and 36 which are left and right aux-
iliary brakes which brake the left and right wheels 18 and
20, respectively.
[0079] The alternative configuration of the fourth em-
bodiment having such a structure is targeted to solve the
following problem. Specifically, similar to the problem of
the fourth embodiment described above, execution of a
control called the powered neutral (or 0-speed control)
may be considered in the lawnmower vehicle 10. How-
ever, when the powered neutral is executed, for example,
in a 3-phase motor, a high current is continuously sup-
plied in a concentrated manner in the stator coil(s) of a
particular phase or two particular phases. Because of
this, there is a possibility that a high current will continue
to flow excessively continuously in a concentrated man-
ner in the line of a particular phase of the traction motors
30 and 34 or a switching element such as a transistor or
an IGBT of the particular phase of the inverter connected
to the traction motors 30 and 34, and the lifetime of the
component may be reduced. Because of this, a structure
which alternately repeats the normal rotation and the re-
verse rotation of the left and right traction motors 30 and
34 may be employed as in the fourth embodiment. How-
ever, when the left and right traction motors 30 and 34
are independently controlled by the ECU 50, the rotation-
al velocities of the left and right traction motors 30 and
34 may deviate significantly from each other due to dis-
turbance of the road or the like. For example, in the case
of the ZTR type vehicle, there is a possibility that the
vehicle 10 is oriented in a slanted direction with respect
to the intended direction of travel unless the left and right
wheels 18 and 20 simultaneously rotate in the same ro-
tational direction and the current flowing in the stator coil
is switched at the same switching timing. In this case,
the vehicle may move in a direction not intended by the
driver. An object of the alternative configuration of the
present embodiment is to maintain the vehicle 10 at a
range near a reference position such as an initial stopping
position by supply of electricity to the left and right traction
motors which are controlled independently from each
other, inhibit reduction of lifetime of the traction motor
and related components, and to prevent movement of
the vehicle in an unintended direction.
[0080] For this purpose, the present embodiment em-
ploys the above-descried structure. That is, according to
the present embodiment, the vehicle can be maintained
in a range near a reference position which is an initial
stopping position by supply of electricity to the left and
right traction motors 30 and 34, and the reduction of the
lifetime of the traction motors 30 and 34 and the related
components can be inhibited. In addition, it is possible
to effectively prevent, with activation of the electromag-

netic brakes 32 and 36, the vehicle 10 from being oriented
in a slanted direction with respect to an intended direction
due to a difference in the rotational velocities of the left
and right traction motors 30 and 34. The other structures
and operations are similar to those of the fourth embod-
iment described above with reference to FIGs. 9 - 11 and
12A. In the above description, an example case is de-
scribed in which the electromagnetic brakes 32 and 36
are employed as the auxiliary brakes, but the present
embodiment can be applied to other structures. For ex-
ample, in a normal hydraulic brake, in a structure which
uses an electric hydraulic brake which converts an op-
eration of the brake pedal into an electric signal and elec-
trically pushes or pulls a link of the hydraulic brake, the
electric hydraulic brake may be employed as the auxiliary
brake.

[Fifth Embodiment]

[0081] FIG. 14 is a cross sectional diagram showing a
power generation unit of a lawnmower vehicle which is
a working vehicle with electromagnetic brake according
to a fifth embodiment of the present invention, in which
the traction motor is omitted. FIG. 15 is a cross sectional
diagram along a B-B line of FIG. 14. FIG. 16 is a cross
sectional diagram along a C-C line of FIG. 14. FIG. 17 is
a structural diagram showing a plurality of constituent
elements of the lawnmower vehicle of the present em-
bodiment. FIG. 17 also shows a one-side erroneous
brake release processing unit 112 which is a part of an
alternative configuration of the present embodiment.
[0082] FIG. 14 is a diagram corresponding to the left
power generation unit 22 among the left and right power
generation units 22 and 24 of the lawnmower vehicle 10
in the first embodiment described above with reference
to FIG. 1. The right power generation unit 24 has a similar
structure except that the left and right are reversed with
respect to the left power generation unit 22. As shown in
FIG. 14, the left power generation unit 22 comprises a
motive power transmission mechanism 114 including a
gear or the like in a casing 28, similar to the left power
generation unit 22 of FIG. 1, and transmits the motive
power from the corresponding traction motor 30 (FIG. 1)
through the motive power transmission mechanism 114
and axle 38 to the wheel 18 (FIG. 1).
[0083] The electromagnetic brake 32 is provided in the
casing 28 and at a side opposite to the corresponding
traction motor 30. The electromagnetic brake 32 com-
prises a brake casing 305 and a cover 300 fixed on the
casing 28, and a rotational shaft 311 connected to a motor
shaft (not shown) of the traction motor 30. A small gear
312 of the motive power transmission mechanism 114 is
provided at a center portion of the rotational shaft 311.
[0084] As shown in FIG. 15, the electromagnetic brake
32 comprises a friction plate 301 which is a rotational
member which is supported on the rotational shaft 311
in a manner to be only allowed to move in the axial di-
rection and which rotates in a linked manner with the
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wheel 18 (FIG. 9), a pair of steel plates 302 and 303
which are supported on the casing 28 in a manner to be
only allowed to move in the axial direction and which are
placed on both sides of the friction plates 301 and sand-
wiching the friction plate 301, a coil 313, and a spring
306 (refer to FIG. 6). The coil 313 opposes one steel
plate 302 of the pair of steel plates 302 and 303. The
spring 306 is provided on the brake casing 305 to oppose
the one steel plate 302.
[0085] The electromagnetic brakes 32 and 36 (refer to
FIG. 1 for 36), each of which is formed as described
above, generate an electromagnetic force by supply of
electricity from the battery 48 (FIG. 17) to the coil 313,
and attracts the one steel plate 302 against the urging
force of the spring 306 (FIG. 6). Because of this, when
the supply of electricity from the battery 48 to the elec-
tromagnetic brakes 32 and 36 is cut off by the switching
OFF of the main switch 58 (FIG. 17) or the like, the friction
plate 301 is held between the steel plates 302 and 303,
and the corresponding one of the wheels 18 and 20 (FIG.
9) is braked. In addition, the spring 306 presses the one
steel plate 302 toward the side of the other steel plate
303 so that the pair of steel plates 302 and 303 press the
friction plate 301 with the friction plate 301 therebetween
during a period when no electricity is supplied to the coil
313. In this case, the friction plate 301 is pressed by co-
operation of the pair of the steel plates 302 303, and the
wheels 18 and 20 are braked.
[0086] In addition, in each of the left and right electro-
magnetic brakes 32 and 36, a forceful brake releasing
unit 116 is provided which forcefully maintains the re-
leased state of the brake by the corresponding electro-
magnetic brakes 32 and 36 even when the supply of elec-
tricity from the battery 48 to the electromagnetic brakes
32 and 36 is cut off. The forceful brake releasing unit 116
comprises a stopping plate 307 which opposes the other
steel plate 303 and which limits a movement in the axial
direction of the other steel plate 303, a pin 310 (refer to
FIG. 6), and a brake releasing shaft 308 which is sup-
ported by a spline-fit to the center portion of the stopping
plate 307 in a manner to be only allowed to be displaced
in the axial direction. The brake releasing shaft 308 is
fixed the stopping plate 307 by a ring member fixed on
the inner end portion (right side portion of Fig.15) of the
brake releasing shaft 308 and an out side spring 122
described below. The brake releasing shaft 308 is rotat-
ably held on the cover 300 and has an external end por-
tion (left end portion of FIG. 15) protruding from the cover
300 to the outside. The outer end portion of the brake
releasing shaft 308 can be artificially rotatively operated
using a predetermined tool. As shown in FIG. 16, arc
portions 118 protruding toward the outside are provided
on a plurality of locations (3 locations in FIG. 16) of the
outer peripheral surface of the stopping plate 307. Side
surfaces of the arc portion 118 in the circumferential di-
rection oppose the side surfaces in the circumferential
direction of a recess 120, which is provided to be re-
cessed toward the outside in a plurality of locations on

the inner side surface of the cover 300 in the circumfer-
ential direction. Because of this, the rotational angle of
the stopping plate 307 is restricted. In the present em-
bodiment, the stopping plate 307 corresponds to a mov-
able member.
[0087] The stopping plate 307 has a cam groove 309
(refer to FIG. 6) provided on a surface opposing the other
steel plate 303. The pin 310 has one end portion inserted
into the cam groove 309 and another end portion to be
contacted with the one steel plate 302. The cam groove
309 has a depth which gradually changes toward one
side in the circumferential direction. When the brake re-
leasing shaft 309 rotates in one direction, the one end of
the pin 310 moves over the shallow portion of the cam
groove 309, the other end of the pin 310 pushes back
the one steel plate 302 against the urging force of the
spring, the pressing of the friction plate 301 by the pair
of steel plates 302 and 303 is forcefully released, and
the braking of the electromagnetic brakes 32 and 36 is
forcefully released. In addition, an outside spring 122 is
provided between the stopping plate 307 and the cover
300, so that the outside spring 122 presses the stopping
plate 307 toward the side of the other steel plate 303.
Because of this structure, even when a defect of supply
of electricity or the like to the traction motors 30 and 34
(FIG. 9) and the coil 313 occurs, the user can forcefully
release the braking of the left and right wheels 18 and
20 (FIG. 9) using the forceful brake releasing unit 116,
and therefore the vehicle 10 (FIG. 9) can be easily towed.
Alternatively, the cam groove may be provided at a plu-
rality of locations in the circumferential direction of the
stopping plate 307, and the pins 310 may be provided in
the same number as the cam grooves.
[0088] As shown in FIG. 16 by an arrow β, the stopping
plate 307 can be rotated on both sides within a certain
angle range, and the rotational position changes between
"brake permitted time" and "forceful brake released time".
During the "brake permitted time", when the supply of
electricity to the electromagnetic brakes 32 and 36 is cut
off, the electromagnetic brakes 32 and 36 may be acti-
vated or switched ON. During the "forceful brake released
time", the brake is forcefully released by the forceful
brake releasing unit 116 as described above. FIG. 16
shows the brake permitted time. When the stopping plate
307 is rotated from the state of FIG. 16 to the front side
in the clockwise direction and reaches a side surface of
a corresponding recess 120, the forceful brake released
time is realized.
[0089] The forceful brake releasing unit 116 also com-
prises a limit switch 124 which is a movable member
position sensor provided at a portion opposing a one-
side surface in the circumferential direction (front side
surface in clockwise direction in FIG. 16) of the arc portion
118 of the stopping plate 307 in one of recesses 120
provided inside the cover 300. The limit switch 124 de-
tects a position of the stopping plate 307 which changes
to different positions between the forceful brake released
time and the brake permitted time. The limit switch 124
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detects whether or not the rotational angle of the stopping
plate 307 is greater than or equal to a predetermined
value. Specifically, the limit switch 124 detects that the
rotational angle of the stopping plate 307 is greater than
or equal to the predetermined value when the stopping
plate 307 rotates and the limit switch 124 is switched ON
by the corresponding arc portion 118 pushing the switch
124, and inputs a signal indicating the switching ON of
the switch 124 to the ECU 50 (FIG. 17). The limit switch
124 may be provided at a portion opposing a one-side
surface in the circumferential direction of the arc portion
118 of the stopping plate 307 in each recess 120.
[0090] The lawnmower vehicle also comprises an
alarm unit 126 having an alarm sound generation unit
which generates an alarm sound such as a buzzer sound
or an announcement during an alarm, a light-emitting unit
such as an LED which is turned ON or blinked during an
alarm, or a display unit such as a liquid crystal unit which
displays an alarm display during an alarm.
[0091] As shown in FIG. 17, the ECU 50 comprises an
erroneous brake release processing unit 128. The main
switch 58 is connected between the battery 48 and the
ECU 50. The main switch 58 is switched between ON
and OFF by an operation of the driver, to switch supply
and disconnection of the electric power from the battery
48 to the ECU 50. The erroneous brake release process-
ing unit 128 activates the alarm unit 126 when the main-
taining of the braking of the left and right wheels 18 and
20 is instructed by an operation of the left and right levers
80 and 82 (FIG. 9) or the like in the ON state of the main
switch 58, for example, when the neutral switches 94 and
96 are switched ON, and when it is judged that at least
one electromagnetic brake 32 (or 36) among the electro-
magnetic brakes 32 and 36 is in the forceful brake release
state based on the detected position of each stopping
plate 307 corresponding to the signal of the limit switch
124. In addition, the erroneous brake release processing
unit 128 prohibits driving of the traction motors 30 and
34 regardless of presence or absence of an operation of
the left and right levers 80 and 82 in such a case. Such
a function of the erroneous brake release processing unit
128 is realized by one or both of software and an elec-
tronic circuit.
[0092] Specifically, with the switching ON of the main
switch 58, the ECU 50 is supplied with electric power
from the battery 48 and is started up. The signal which
indicates the switching ON of the neutral switches 94 and
96 by the operation of the left and right levers 80 and 82
is input to the ECU 50. In this case, during the normal
time, even if the main switch 58 is in the ON state, if the
neutral switches 94 and 96 are in the ON state, the ECU
50 switches the brake relay 62 (FIG. 2) OFF, supply of
electric power from the battery 48 to the electromagnetic
brakes 32 and 36 is cut off, and with the switching ON of
the electromagnetic brakes 32 and 36, braking of the
wheels 18 and 20 (FIG. 9) is maintained. On the other
hand, in the configuration where the forceful brake force-
ful releasing unit 116 is provided as described above, in

the OFF state of the main switch 58, the braking of the
wheels 18 and 20 by the electromagnetic brakes 32 and
36 can be forcefully released by the user with a rotation
of the brake releasing shaft 308. However, when the ve-
hicle is to be re-started after the brake is forcefully re-
leased, there is a possibility that the user will forget to
return the vehicle to the brake permitted state (state of
FIG. 16) by rotating the brake releasing shaft 308. In this
case, if the traction motors 30 and 34 can be driven, the
vehicle can travel as in the normal state, but when the
activation of the electromagnetic brakes 32 and 36 is
required, there is a possibility that the vehicle cannot be
braked. An object of the lawnmower vehicle of the present
embodiment is to effectively prevent traveling of the ve-
hicle in the forceful brake released state of the electro-
magnetic brake.
[0093] For this purpose, the present embodiment em-
ploys the above-described configuration. Specifically,
according to the present embodiment, even if the user
erroneously attempts to re-start the vehicle in a state
where the forceful brake release of the electromagnetic
brakes 32 and 36 is executed for towing or the like of the
vehicle, the erroneous brake release processing unit 128
of the ECU 50 judges that the main switch 58 is in the
ON state, the neutral switches 94 and 96 are switched
ON, and at least one electromagnetic brake 32 (or 36)
among the left and right electromagnetic brakes 32 and
36 is in the forceful brake released state based on the
detected rotational position of the stopping plate 307. In
this case, the erroneous brake release processing unit
128 activates the alarm unit 126, and prohibits the driving
of the traction motors 30 and 34. Because of this, the
user can recognize that the vehicle is left in the forceful
brake released state and the traveling of the vehicle is
prohibited, and therefore the traveling in the forceful
brake released state of the electromagnetic brakes 32
and 36 can be effectively prevented. The user may rotate
the brake releasing shaft 308 in a direction to permit brak-
ing in a state where the main switch 58 is switched OFF,
to achieve a brake permitted state, and switch the main
stitch 58 ON again, so that a normal traveling control of
the vehicle is allowed.
[0094] FIG. 18 is a diagram showing a flowchart show-
ing a judging method of the forceful brake release in the
present embodiment. In the following description, the el-
ements identical to the elements shown in FIGs. 14 - 17
are assigned the same reference numeral and described.
In S10, the position of the stopping plate 307 is monitored
by the limit switch 124 which is a movable member po-
sition sensor, and in S12, it is checked whether or not
the position information of the stopping plate 307 is ob-
tained by the ECU 50. When the position information of
the stopping plate 307 is confirmed in S12, it is judged
in S14 whether or not the main switch 58 is switched ON.
When the main switch 58 is switched ON and the neutral
switches 94 and 96 are in the ON state, in S16, it is
checked whether or not the vehicle is still in the forceful
brake released state based on the position information
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of the stopping plate 307, and if the vehicle is still in the
forceful brake released state, the above-described erro-
neous brake releasing process is executed, the alarm
unit 126 is activated, and driving of the traction motors
30 and 34 is prohibited. If, on the other hand, it is judged
that the vehicle is not still in the forceful brake released
state in S16, a normal control is applied in S20.
[0095] Alternatively, the judgment of the forceful brake
release may be executed by another method. FIG. 19 is
a diagram showing a flowchart of another judging method
of the forceful brake release in the present embodiment.
In the case of the method of FIG. 19, after it is confirmed
that the main switch 58 is switched ON and the neutral
switches 94 and 96 are switched ON (S10) in the method
of FIG. 18, the position of the stopping plate 307 is mon-
itored and then the position information of the stopping
plate 307 is confirmed. The steps of S16, S18, and S20
are similar to the steps in the method of FIG. 18 described
above.
[0096] In addition, in the above-described configura-
tion, the limit switch 124 is used as the movable member
position sensor and the limit switch 124 detects whether
or not the rotational angle of the stopping plate 307, which
is the movable member, is greater than or equal to a
predetermined value. Alternatively, the movable member
position sensor may be another sensor, for example, a
noncontact sensor such as a gap sensor which detects
a distance between two objects, or a rotational angle sen-
sor. For example, a first sensor 150 which is provided on
the cover 300 or on a member fixed on the cover 300 (for
example, at a position of Q1 in FIG. 15), and which de-
tects a distance between the cover 300 or the member
fixed on the cover 300 and one of the pair of the steel
plates 302 and 303, for example, the other steel plate
303, may be employed as the movable member position
sensor. In this case, one of the pair of the steel plates
302 and 303 corresponds to the movable member.
[0097] In addition, as an alternative configuration, for
example, a second sensor 152 which is provided at a
portion opposing the brake releasing shaft 308 on the
cover 300 (for example, a position of Q2 in FIG. 15) and
which detects the rotational angle of the brake releasing
shaft 308 may be used as the movable member position
sensor. Alternatively, a second sensor 152 which is a
gap sensor may be provided in place of the limit switch
124 and the second sensor 152 may be used as the mov-
able member position sensor which detects the rotational
angle of the stopping plate 307. In these cases, the brake
releasing shaft 308 or the stopping plate 307 corresponds
to the movable member. Alternatively, a third sensor 154
which is provided on one of the pair of the steel plates
302 and 303, for example, on the other steel plate 303
(for example, at a position of Q3 in FIG. 15), and which
detects a distance between the pair of steel plates 302
and 303 may be used as the movable member position
sensor. In this case, the other steel plate 303 corresponds
to the movable member. The other structures and oper-
ations are similar to those of the fourth embodiment de-

scribed above with reference to FIGs. 9 - 11 and 12A.
The present embodiment is not limited to the ZTR type
vehicle, and may be applied to a vehicle other than the
ZTR type vehicle. For example, the present embodiment
may be applied to a vehicle in which the steering operator
and an accelerator pedal are provided, as described in
relation to the first embodiment shown in FIG. 1.
[0098] In addition, in the above description, a configu-
ration is described in which the left and right levers 80
and 82 are used as the brake maintaining instruction pro-
vider, but the present embodiment is not limited to such
a configuration. For example, a parking lever which can
be reciprocated may be provided at a periphery section
of the seat, and the parking lever may be used as the
brake maintaining instruction provider. For example, it
may be judged that maintaining of the braking of the
wheel is instructed when the parking lever is pulled, the
pulling operation may be detected by the lever switch
and the detected signal may be input to the ECU.
[0099] In the fifth embodiment described above, as an
alternative configuration, a configuration may be em-
ployed in which the ECU 50 comprises the one-side er-
roneous brake release processing unit 112 (FIG. 17) in
place of the erroneous brake release processing unit 128.
Specifically, the one-side erroneous brake release
processing unit 112 activates the alarm unit 126 when
maintaining of the brake of the left and right wheels 18
and 20 (FIG. 9) is instructed by an operation of the left
and right levers 80 and 82 (FIG. 9) or the like in the ON
state of the main switch 58, for example, when the neutral
switches 94 and 96 are switched ON, and when it is
judged that only one of the electromagnetic brakes 32
and 36 (refer to FIG. 2 for reference numeral 36) is in the
forceful brake released state based on the detected po-
sition of the movable member corresponding to a signal
of the movable member position sensor such as the limit
switch 124. In addition, the one-side erroneous brake
release processing unit 112 prohibits driving of the trac-
tion motors 30 and 34 regardless of whether or not the
left and right levers 80 and 82 have been operated in
such a case. The left and right traction motors 30 and 34
are independently controlled by the ECU 50. The lawn-
mower vehicle of the present embodiment is the ZTR
type vehicle as described above.
[0100] In the present embodiment, an object is to solve
the following problem in addition to the above-described
object of the fifth embodiment. When the left and right
traction motors 30 and 34 are independently controlled,
particularly in the case of the ZTR type vehicle, there is
a possibility that the user will forget to return only one of
the left and right electromagnetic brakes 32 and 36 from
the forceful brake released state to the brake permitted
state during the re-starting of the vehicle. In this case,
braking of only the wheel 18 (or 20) (FIG. 9) of one side
corresponding to the one electromagnetic brake 32 or 36
is permitted, but when only one wheel 18 (or 20) is braked
during braking of the vehicle, there is a possibility that
the vehicle will turn in an unintended direction. Therefore,
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such a state needs to be avoided. For this purpose, as
in the alternative configuration of the fifth embodiment
as described above, a configuration is employed in which
the one-side erroneous brake release processing unit
112 is provided. According to such a configuration, even
when the user erroneously attempts to re-start the vehicle
while only the electromagnetic brake 32 (or 36) of one
side is in the forceful brake released state, the one-side
erroneous release processing unit 112 activates the
alarm unit 126 and prohibits the driving of the traction
motors 30 and 34. Because of this structure, traveling in
a state where only one of the left and right electromag-
netic brakes 32 and 36 is in the forceful brake released
state can be effectively prevented. The other structures
and operations are similar to those of the fifth embodi-
ment described above with reference to FIGs. 14 - 19.

[Sixth Embodiment]

[0101] FIG. 20 is a structural diagram showing a plu-
rality of constituent elements of a lawnmower vehicle
which is a working vehicle with electromagnetic brake
according to a sixth embodiment of the present invention.
The lawnmower vehicle 10 of the present embodiment
comprises left and right rotational angle sensors 90 and
92 which detect the rotational angles of the left and right
traction motors 30 and 34, respectively, similar to the
fourth embodiment described above with reference to
FIGs. 9 - 11 and 12A. In addition, the left and right motor
rotational velocity calculating units 106 and 104 of the
ECU 50 and the left and right motor rotational angle sen-
sors 90 and 92 form left and right motor velocity detecting
units 108 and 110, respectively. The ECU 50 also com-
prises an instantaneous startup torque generation unit
130 and a second erroneous brake release processing
unit 132. Moreover, similar to the fifth embodiment de-
scribed above with reference to FIGs. 14 - 18, the lawn-
mower vehicle 10 comprises the forceful brake releasing
unit 116 (FIG. 15) provided on each of the left and right
electromagnetic brakes 32 and 36.
[0102] The instantaneous startup torque generation
unit 130 generates an instantaneous startup torque
which is set in advance in the traction motors 30 and 34
when maintaining of the braking of the wheels 18 and 20
(FIG. 9) is instructed by an operation of the left and right
levers 80 and 82 (FIG. 9) which are brake maintaining
instruction providers while the main switch 58 is in the
ON state. The "instantaneous startup torque" is, for ex-
ample, a torque necessary for rotating the traction motors
30 and 34 by a very small angle of a degree such that
the vehicle does not travel, that is, a degree of about the
backlash at the gears of the motive power transmission
mechanism which transmits the motive power of the trac-
tion motors 30 and 34 to the wheels 18 and 20. The sec-
ond erroneous brake release processing unit 132 acti-
vates the alarm unit 126 and prohibits the driving of the
traction motors 30 and 34 when the instantaneous startup
torque is generated in the traction motors 30 and 34 and

the detected value or values of the rotational angle or
angles of one or both of the traction motors 30 and 34 is
greater than or equal to a predetermined value which is
set in advance. This function of the second erroneous
brake release processing unit 132 is realized by one or
both of software and an electrical circuit.
[0103] The present embodiment is targeted to solving
a problem similar to the problem solved by the fifth em-
bodiment described above with reference to FIGs. 14 -
19. That is, an object of the lawnmower vehicle 10 of the
present embodiment is to effectively prevent traveling of
the vehicle in the forceful brake released state of the elec-
tromagnetic brakes 32 and 36.
[0104] For this purpose, the present embodiment em-
ploys the above-described configuration. That is, accord-
ing to the present embodiment, when the user attempts
to re-start the vehicle while forgetting to return the vehicle
from the forceful brake released state to the brake per-
mitted state, the instantaneous startup torque is given in
the ON state of the main switch 58, but when at least one
of the electromagnetic brakes 32 and 36 is in the forceful
brake released state, the rotational angle of the traction
motor 30 or 34 becomes greater than or equal to the
predetermined value due to the driving by the corre-
sponding traction motor 30 or 34. Thus, the second er-
roneous brake release processing unit 132 activates the
alarm unit 126 and prohibits the driving of the traction
motors 30 and 34. Therefore, traveling of the vehicle in
the forceful brake released state of the electromagnetic
brakes 32 and 36 can be effectively prevented. The other
structures and operations are similar to those of the fourth
embodiment described above with reference to FIGs. 9
- 11 and 12A or those of the fifth embodiment described
above with reference to FIGs. 14 - 19.
[0105] In the above description, the second erroneous
brake release processing unit 132 is described to activate
the alarm unit 126 and prohibit the driving of the traction
motors 30 and 34 when the above-described instanta-
neous startup torque is generated in the traction motors
30 and 34 and the detected value of the rotational angle
of at least one of the traction motors 30 and 34 is greater
than or equal to the predetermined value. Alternatively,
when the vehicle is the above-described ZTR type vehi-
cle, an alternative configuration may be employed in
which the second erroneous brake release processing
unit 132 activates the alarm unit 126 and prohibits the
driving of the traction motors 30 and 34 when the above-
described instantaneous startup torque is generated in
the traction motors 30 and 34 and the detected value of
the rotational angle of only one of the traction motors 30
and 34 is greater than or equal to the predetermined val-
ue. More specifically, during braking and re-starting of
the vehicle, there is a possibility that the user will forget
to return only one electromagnetic brake 32 (or 36) of
the left and right electromagnetic brakes 32 and 36 from
the forceful brake released state to the brake permitted
state. In this case, in a ZTR type vehicle, only one wheel
18 (or 20) corresponding to the one electromagnetic
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brake 32 (or 36) is not braked and is rotated, which may
result in the vehicle turning in an unintended direction.
On the other hand, when the above-described structure
of the alternative configuration is employed, even if the
user erroneously attempts to re-start the vehicle in a state
where only one of the electromagnetic brakes 32 and 36
is in the forceful brake released state, the second erro-
neous brake release processing unit 132 activates the
alarm unit 126 and prohibits driving of the traction motors
30 and 34. Because of this configuration, traveling of the
vehicle in a state where only one of the left and right
electromagnetic brakes 32 and 36 is in the forceful brake
released state can be effectively prevented.

Claims

1. A working vehicle with an electromagnetic brake,
comprising:

a left wheel (18) and a right wheel (20) which
are drive wheels driven for travel by a left traction
motor (30) and a right traction motor (34), re-
spectively;
a working machine which is driven for executing
ground work;
a left electromagnetic brake (32) and a right
electromagnetic brake (36) provided corre-
sponding to the left wheel (18) and the right
wheel (20), respectively, and which execute a
brake release operation of the left wheel (18)
and the right wheel (20) by supply of electricity
from a power supply, and execute a brake op-
eration of the left wheel (18) and the right wheel
(20) when the supply of electricity from the pow-
er supply is cut off;
a common brake releasing unit which is common
to the left electromagnetic brake (32) and the
right electromagnetic brake (36) and which elec-
trically connects the power supply and the left
electromagnetic brake (32) and the right elec-
tromagnetic brake (36) to supply electricity from
the power supply to the left electromagnetic
brake (32) and the right electromagnetic brake
(36) when a brake release instruction is ob-
tained; and
a controller which controls the common brake
releasing unit, characterized in that
the controller comprises:

a comparator (72) which compares the elec-
tricity supply states of the left electromag-
netic brake and the right electromagnetic
brake, and
a common release control unit (74) which
controls the common brake releasing unit
to disconnect the electrical connection be-
tween the power supply and the left electro-

magnetic brake (32) and the right electro-
magnetic brake (36), and to brake the left
wheel (18) and the right wheel (20), when
a difference between the electricity supply
states compared in the comparator (72) ex-
ceeds the allowable upper limit.

2. The working vehicle with an electromagnetic brake
according to Claim 1, further comprising:

a left brake current sensor (70) and a right brake
current sensor (68) which detect an amount of
supply of electricity for the left electromagnetic
brake (32) and the right electromagnetic brake
(36), respectively, wherein
the comparator (72) compares the electricity
supply states of the left electromagnetic brake
(32) and the right electromagnetic brake (36)
based on detected signals of the current sen-
sors.

3. The working vehicle with an electromagnetic brake
according to Claim 2, wherein
the controller comprises a storage unit (76) which
stores changes with respect to time of a left brake
electricity supply current and a right brake electricity
supply current which are the electricity supply states
for the left electromagnetic brake (32) and the right
electromagnetic brake (36), and
the comparator (72) compares the changes with re-
spect to time of the left brake electricity supply cur-
rent and the right brake electricity supply current
stored in the storage unit (76).

4. The working vehicle with an electromagnetic brake
according to Claim 1, wherein
the left traction motor (30) and the right traction motor
(34) are a left electric motor and a right electric motor,
driving of which is controlled by the controller,
the working vehicle with electromagnetic brake fur-
ther comprises:

an acceleration operator which instructs a target
velocity of the vehicle; and
an operator sensor which detects an amount of
operation of the acceleration operator, and
the controller comprises:

a torque calculating unit (98) which calcu-
lates a vehicle velocity 0 setting torque to
be generated in the electric motor neces-
sary for maintaining the velocity of the ve-
hicle at 0 when the target velocity detected
by the operator sensor is 0; and
a first and second mode executing unit (100)
which controls each of the electric motors
to alternately execute, when the target ve-
locity is 0 and after an actual velocity of the
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vehicle becomes 0, a first mode in which a
first torque smaller than the vehicle velocity
0 setting torque is generated in each of the
electric motors, and a second mode in which
a second torque larger than the vehicle ve-
locity 0 setting torque is generated in each
of the electric motors, so that a movement
of the vehicle between positions of 2 points
apart in a front and rear direction is period-
ically repeated.

5. The working vehicle with an electromagnetic brake
according to Claim 4, wherein
during the execution by the first and second mode
executing unit (100), the controller sets a movement
velocity of the vehicle to a velocity less than or equal
to a predetermined velocity, and sets a movement
distance of the vehicle to a distance less than or
equal to a predetermined distance, during a transi-
tion from a state where the actual velocity of the ve-
hicle becomes 0 to the execution of the first mode
or the second mode.

6. The working vehicle with an electromagnetic brake
according to Claim 5, further comprising:

a left motor velocity detecting unit (106) and a
right velocity detecting unit (104) which detect
rotational velocities of the left electric motor and
the right electric motor, respectively, wherein
the controller comprises a velocity and distance
calculating unit (102) which calculates the
movement velocity and the movement distance
based on detected rotational velocity of each of
the electric motors.

7. The working vehicle with an electromagnetic brake
according to Claim 4, wherein
the left electric motor and the right electric motor are
multiple-phase motors which are driven and control-
led independently by the controller,
the first and second mode executing unit (100) syn-
chronizes current switching timings of the multiple
phases of the left electric motor and the right electric
motor between the electric motors, and
the controller further comprises a rotation abnormal-
ity processing unit (79) which activates, as a process
at a time of abnormality, a left auxiliary brake and a
right auxiliary brake which brake the left wheel (18)
and the right wheel (20), respectively, when a differ-
ence in actual rotational velocities between the left
electric motor and the right electric motor becomes
greater than or equal to a predetermined value after
synchronization of the current switching timings.

8. The working vehicle with an electromagnetic brake
according to Claim 7, wherein
the left auxiliary brake and the right auxiliary brake

are the left electromagnetic brake (32) and the right
electromagnetic brake (36).

9. The working vehicle with an electromagnetic brake
according to Claim 1, wherein
the left traction motor (30) and the right traction motor
(34) are a left electric motor and a right electric motor,
driving of which is controlled by the controller,
the working vehicle with an electromagnetic brake
further comprises a brake maintaining instruction
provider which instructs cutting of supply of electricity
to the electromagnetic brake to maintain braking of
the left wheel (18) and the right wheel (20);
a main switch (58) which is connected between the
power supply and the controller and which switches
between supply and disconnection of electric power
from the power supply to the controller in response
to an operation; and
a forceful brake releasing unit (116) which is provid-
ed in each of the left electromagnetic brake (32) and
the right electromagnetic brake (36) and which main-
tains a state where the braking by the corresponding
electromagnetic brake is forcefully released even
when the supply of electricity from the power supply
to each of the electromagnetic brakes is cut off,
the forceful brake releasing unit (116) comprises a
movable member position sensor which detects a
position of a movable member which changes to dif-
ferent positions between a forceful brake released
time and a brake permitted time, and
the controller comprises an erroneous brake release
processing unit (128) which activates an alarm unit
(126) and prohibits the driving of each of the electric
motors when maintaining of the barking of the wheel
is instructed by an operation of the brake maintaining
instruction provider in an ON state of the main switch,
and when it is judged that at least one electromag-
netic brake electromagnetic brake among the elec-
tromagnetic brakes is in a forceful brake released
state based on a detected position of each of the
movable members.

10. The working vehicle with an electromagnetic brake
according to Claim 9, wherein
the electromagnetic brake comprises a rotational
member which rotates in a linked manner with the
wheel, a pair of steel plates (302, 303) placed on
both sides of the rotational member and sandwiching
the rotational member, a coil (313) which opposes
one steel plate of the pair of steel plates (302, 303)
and which attracts the one steel plate by supply of
electricity, and a spring (306) which opposes the one
steel plate so that when no electricity is applied to
the coil (313), the pair of steel plates sandwich and
press the rotational member,
the forceful brake releasing unit (116) comprises:

a brake releasing shaft (308) which is rotatably
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held on a cover of the electromagnetic brake;
and
a stopping plate (307) which is placed within the
cover and which rotates in a linked manner with
the brake releasing shaft,
the stopping plate (307) comprises a cam
groove provided on a surface opposing the other
steel plate of the pair of steel plates (302, 303),
and a pin (310) having one end inserted into the
cam groove (309) and the other end opposing
the one steel plate, wherein, with a rotation of
the brake releasing shaft (308), the other end of
the pin (310) forcefully releases the pressing of
the rotational member by the pair of steel plates
(302, 303) against an urging force of the spring
(306), and
the movable member position sensor is one of
a first sensor (150) which detects a distance be-
tween the cover or a member fixed on the cover
and one of the pair of steel plates, a second sen-
sor (152) which detects a rotational angle of the
brake releasing shaft (308) or the stopping plate
(307), a third sensor (154) which detects a dis-
tance between the pair of steel plates (302, 303),
and a limit switch (124) which detects whether
or not the rotational angle of the stopping plate
(307) is greater than or equal to a predetermined
value.

11. The working vehicle with an electromagnetic brake
according to Claim 1, wherein
the left traction motor (30) and the right traction motor
(34) are a left electric motor and a right electric motor,
driving of which is controlled by the controller,
the working vehicle with electromagnetic brake fur-
ther comprises:

a brake maintaining instruction provider which
instructs maintaining of brake of the left wheel
(18) and the right wheel (20) by cutting supply
of electricity to the electromagnetic brake;
a main switch (58) which is connected between
the power supply and the controller and which
switches between supply and disconnection of
electric power from the power supply to the con-
troller by an operation;
a forceful brake releasing unit (116) which is pro-
vided in each of the left electromagnetic brake
(32) and the right electromagnetic brake (36),
and which maintains a state where the braking
by the corresponding electromagnetic brake is
forcefully released even when the supply of elec-
tricity from the power supply to each of the elec-
tromagnetic brakes is cut off; and
a left rotational angle sensor (90) and a right
rotational angle sensor (92) which detect rota-
tional angles of the left electric motor (18) and
the right electric motor (20), respectively, and

the controller comprises:

an instantaneous startup torque generation
unit (130) which generates an instantane-
ous startup torque in each of the electric mo-
tors when maintaining of the braking of the
wheel is instructed by an operation of the
brake maintaining instruction provider in an
ON state of the main switch (58); and
a second erroneous brake release process-
ing unit (132) which activates an alarm unit
(126) and prohibits the driving of the electric
motors when the instantaneous startup
torque is generated and a detected value of
the rotational angle of at least one electric
motor among the electric motors is greater
than or equal to a predetermined value.

Patentansprüche

1. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse, das umfasst:

ein linkes Rad (18) und ein rechtes Rad (20),
die Antriebsräder sind, die zum Fahren durch
einen linken Fahrmotor (30) bzw. einen rechten
Fahrmotor (34) angetrieben werden;
eine Arbeitsmaschine, die zur Ausführung von
Bodenarbeiten angetrieben wird;
eine linke elektromagnetische Bremse (32) und
eine rechte elektromagnetische Bremse (36),
die entsprechend dem linken Rad (18) bzw. dem
rechten Rad (20) vorgesehen sind und die einen
Bremslösevorgang des linken Rades (18) und
des rechten Rades (20) durch Zufuhr von Strom
aus einer Stromversorgung durchführen und ei-
nen Bremsvorgang des linken Rades (18) und
des rechten Rades (20) durchführen, wenn die
Zufuhr von Strom aus der Stromversorgung un-
terbrochen wird;
eine gemeinsame Bremsenlöseeinheit, die der
linken elektromagnetischen Bremse (32) und
der rechten elektromagnetischen Bremse (36)
gemeinsam ist und die die Stromversorgung, die
linke elektromagnetische Bremse (32) und die
rechte elektromagnetische Bremse (36) elek-
trisch verbindet, um Strom aus der Stromversor-
gung der linken elektromagnetischen Bremse
(32) und der rechten elektromagnetischen
Bremse (36) zuzuführen, wenn eine Bremsen-
löseanweisung erhalten wird; und
eine Steuerung, die die gemeinsame Bremsen-
löseeinheit steuert,
dadurch gekennzeichnet, dass
die Steuerung umfasst:

einen Vergleicher (72), der die Stromver-
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sorgungszustände der linken elektromag-
netischen Bremse und der rechten elektro-
magnetischen Bremse vergleicht, und
eine gemeinsame Löse-Steuereinheit (74),
die die gemeinsame Bremsenlöseeinheit
steuert, um die elektrische Verbindung zwi-
schen der Stromversorgung, der linken
elektromagnetischen Bremse (32) und der
rechten elektromagnetischen Bremse (36)
zu trennen und das linke Rad (18) und das
rechte Rad (20) zu bremsen, wenn eine Dif-
ferenz zwischen den im Vergleicher (72)
verglichenen Stromversorgungszuständen
die zulässige Obergrenze überschreitet.

2. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 1, das ferner umfasst:

einen linken Bremsstromsensor (70) und einen
rechten Bremsstromsensor (68), die eine
Stromversorgungsmenge für die linke elektro-
magnetische Bremse (32) bzw. die rechte elek-
tromagnetische Bremse (36) erfassen, wobei
der Vergleicher (72) die Stromversorgungszu-
stände der linken elektromagnetischen Bremse
(32) und der rechten elektromagnetischen
Bremse (36) basierend auf erfassten Signalen
der Stromsensoren vergleicht.

3. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 2, bei dem

die Steuerung eine Speichereinheit (76) um-
fasst, die zeitliche Änderungen eines linken
Bremsen-Versorgungsstroms und eines rech-
ten Bremsen-Versorgungsstroms speichert, die
die Stromversorgungszustände für die linke
elektromagnetische Bremse (32) und die rechte
elektromagnetische Bremse (36) sind, und
der Vergleicher (72) die zeitlichen Änderungen
des linken Bremsen-Versorgungsstroms und
des rechten Bremsen-Versorgungsstroms ver-
gleicht, die in der Speichereinheit (76) gespei-
chert sind.

4. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 1, bei dem

der linke Fahrmotor (30) und der rechte Fahr-
motor (34) ein linker Elektromotor und ein rech-
ter Elektromotor sind, deren Betrieb durch die
Steuerung gesteuert wird,
das Arbeitsfahrzeug mit elektromagnetischer
Bremse ferner umfasst:

einen Beschleunigungsoperator, der eine
Sollgeschwindigkeit des Fahrzeugs an-
weist; und

einen Operatorsensor, der eine Ausmaß
der Betätigung des Beschleunigungsopera-
tors erfasst, und
die Steuerung umfasst:

eine Drehmomentberechnungseinheit
(98), die ein in dem Elektromotor zu er-
zeugendes Einstellmoment der Fahr-
zeuggeschwindigkeit 0 berechnet, das
zum Halten der Fahrzeuggeschwindig-
keit auf 0 erforderlich ist, wenn die vom
Operatorsensor erfasste Sollge-
schwindigkeit 0 ist; und
eine Ausführungseinheit (100) für ei-
nen ersten und einen zweiten Modus,
die jeden der Elektromotoren steuert,
um, wenn die Zielgeschwindigkeit 0 ist
und nachdem eine tatsächliche Ge-
schwindigkeit des Fahrzeugs 0 wird,
abwechselnd einen ersten Modus, in
dem ein erstes Drehmoment in jedem
der Elektromotoren erzeugt wird, das
kleiner als das Einstellmoment der
Fahrzeuggeschwindigkeit 0 ist, und ei-
nen zweiten Modus auszuführen, in
dem ein zweites Drehmoment erzeugt
wird, das größer als das Einstellmo-
ment der Fahrzeuggeschwindigkeit 0
ist, so dass eine Bewegung des Fahr-
zeugs zwischen Positionen von 2
Punkten, die in einer Vorwärts- und
Rückwärtsrichtung auseinander lie-
gen, periodisch wiederholt wird.

5. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 4, bei dem

während der Ausführung durch die Ausfüh-
rungseinheit (100) für den ersten und den zwei-
ten Modus während eines Übergangs von ei-
nem Zustand, in dem die tatsächliche Ge-
schwindigkeit des Fahrzeugs 0 wird, zur Aus-
führung des ersten Modus oder des zweiten Mo-
dus die Steuerung eine Bewegungsgeschwin-
digkeit des Fahrzeugs auf eine Geschwindigkeit
von weniger als oder gleich einer vorbestimmten
Geschwindigkeit einstellt und einen Bewe-
gungsabstand des Fahrzeugs auf einen Ab-
stand von weniger als oder gleich einem vorbe-
stimmten Abstand einstellt.

6. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 5, ferner mit:

einer linken Motorgeschwindigkeitserfassungs-
einheit (106) und einer rechten Geschwindig-
keitserfassungseinheit (104), die Drehge-
schwindigkeiten des linken Elektromotors bzw.
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des rechten Elektromotors erfassen, wobei die
Steuerung eine Geschwindigkeits- und Ab-
standsberechnungseinheit (102) umfasst, die
die Bewegungsgeschwindigkeit und den Bewe-
gungsabstand basierend auf der erfassten
Drehgeschwindigkeit jedes der Elektromotoren
berechnet.

7. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 4, bei dem

der linke Elektromotor und der rechte Elektro-
motor Mehrphasenmotoren sind, die von der
Steuerung unabhängig angetrieben und ge-
steuert werden,
die Ausführungseinheit (100) für den ersten und
den zweiten Modus die Stromschaltzeiten der
mehreren Phasen des linken Elektromotors und
des rechten Elektromotors zwischen den Elek-
tromotoren synchronisiert, und
die Steuerung ferner eine Rotationsanomalie-
Verarbeitungseinheit (79) umfasst, die als Pro-
zess zu einer Zeit der Anomalie eine linke Hilfs-
bremse und eine rechte Hilfsbremse aktiviert,
die das linke Rad (18) bzw. das rechte Rad (20)
bremsen, wenn eine Differenz der tatsächlichen
Drehgeschwindigkeiten zwischen dem linken
Elektromotor und dem rechten Elektromotor
nach Synchronisation der Stromschaltzeiten
größer oder gleich einem vorbestimmten Wert
wird.

8. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 7, bei dem

die linke Hilfsbremse und die rechte Hilfsbremse
die linke elektromagnetische Bremse (32) und
die rechte elektromagnetische Bremse (36)
sind.

9. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 1, bei dem

der linke Fahrmotor (30) und der rechte Fahr-
motor (34) ein linker Elektromotor und ein rech-
ter Elektromotor sind, deren Betrieb durch die
Steuerung gesteuert wird,
das Arbeitsfahrzeug mit einer elektromagneti-
schen Bremse ferner umfasst:

einen Bremsenhalteanweiser, der das Ab-
schalten der Stromversorgung der elektro-
magnetischen Bremse anweist, um das
Bremsen des linken Rades (18) und des
rechten Rades (20) aufrechtzuerhalten;
einen Hauptschalter (58), der zwischen der
Stromversorgung und der Steuerung ge-
schaltet ist und der als Reaktion auf eine

Betätigung zwischen dem Zuführen von
elektrischer Energie von der Stromversor-
gung zur Steuerung und dem Trennen
wechselt; und
eine Zwangs-Bremsenlöseeinheit (116),
die sowohl in der linken elektromagneti-
schen Bremse (32) als auch in der rechten
elektromagnetischen Bremse (36) vorgese-
hen ist und einen Zustand aufrechterhält, in
dem das Bremsen durch die entsprechende
elektromagnetische Bremse zwangsweise
gelöst ist, auch wenn die Stromzufuhr von
der Stromversorgung zu jeder der elektro-
magnetischen Bremsen unterbrochen ist,
wobei die Zwangs-Bremsenlöseeinheit
(116) einen Positionssensor für ein beweg-
liches Element umfasst, der eine Position
eines beweglichen Elements erfasst, das
zwischen Zeit der Zwangslösung der Brem-
se und einer Bremserlaubniszeit in ver-
schiedene Positionen übergeht, und
die Steuerung eine Falsch-Bremsenlöse-
Verarbeitungseinheit (128) umfasst, die ei-
ne Alarmeinheit (126) aktiviert und das An-
treiben eines jeden der Elektromotoren ver-
hindert, wenn in einem EIN-Zustand des
Hauptschalters durch einen Betrieb des
Bremsenhalteanweisers das Aufrechter-
halten des Bremsens des Rades angeord-
net wird und wenn basierend auf einer er-
fassten Position jedes der beweglichen Ele-
mente beurteilt wird, dass sich mindestens
eine elektromagnetische Bremse unter den
elektromagnetischen Bremsen in einem
Zwangs-Bremsenlösezustand befindet.

10. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 9, bei dem
die elektromagnetische Bremse ein Rotationsele-
ment, das sich in Verbindung mit dem Rad dreht, ein
Paar Stahlplatten (302, 303), die auf beiden Seiten
des Rotationselements angeordnet sind und das Ro-
tationselement umschließen, eine Spule (313), die
einer Stahlplatte des Paares von Stahlplatten (302,
303) gegenüberliegt und die die eine Stahlplatte
durch Stromversorgung anzieht, und eine Feder
(306) umfasst, die der einen Stahlplatte gegenüber-
liegt, so dass, wenn keine Elektrizität an die Spule
(313) anliegt, das Paar von Stahlplatten das Rotati-
onselement einschließt und presst,
die Zwangs-Bremsenlöseeinheit (116) umfasst:

eine Bremsenlösewelle (308), die drehbar an ei-
ner Abdeckung der elektromagnetischen Brem-
se gehalten ist; und
eine Anschlagplatte (307), die innerhalb der Ab-
deckung angeordnet ist und die sich in mit der
Bremsenlösewelle gekoppelter Weise dreht,
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die Anschlagplatte (307) auf einer Seite, die der
anderen Stahlplatte des Paares von Stahlplat-
ten (302, 303) gegenüberliegt, eine Nockennut
aufweist, und ein Stift (310) ein Ende aufweist,
das in die Nockennut (309) eingeführt ist, und
dessen anderes Ende der einen Stahlplatte ge-
genüberliegt, wobei bei einer Drehung der
Bremsenlösewelle (308) das andere Ende des
Stiftes (310) die Pressung des Rotationsele-
ments durch das Paar von Stahlplatten (302,
303) gegen eine Druckkraft der Feder (306)
zwangsweise freigibt, und
der Positionssensor des beweglichen Elements
ein erster Sensor (150), der einen Abstand zwi-
schen der Abdeckung oder einem an der Abde-
ckung befestigten Element und einem der Stahl-
plattenpaare erfasst, ein zweiter Sensor (152),
der einen Drehwinkel der Bremsenlösewelle
(308) oder der Anschlagplatte (307) erfasst, ein
dritter Sensor (154), der einen Abstand zwi-
schen dem Paar Stahlplatten (302, 303) erfasst,
oder ein Endschalter (124) ist, der erfasst, ob
der Drehwinkel der Anschlagplatte (307) größer
oder gleich einem vorbestimmten Wert ist oder
nicht.

11. Arbeitsfahrzeug mit einer elektromagnetischen
Bremse nach Anspruch 1, bei dem
der linke Fahrmotor (30) und der rechte Fahrmotor
(34) ein linker Elektromotor und ein rechter Elektro-
motor sind, deren Betrieb durch die Steuerung ge-
steuert wird,
das Arbeitsfahrzeug mit einer elektromagnetischen
Bremse ferner umfasst:

einen Bremsenhalteanweiser , der das Ab-
schalten der Stromversorgung der elektromag-
netischen Bremse anweist, um das Bremsen
des linken Rades (18) und des rechten Rades
(20) aufrechtzuerhalten;
einen Hauptschalter (58), der zwischen der
Stromversorgung und der Steuerung geschaltet
ist und der als Reaktion auf eine Betätigung zwi-
schen dem Zuführen von elektrischer Energie
von der Stromversorgung zur Steuerung und
dem Trennen wechselt; und
eine Zwangs-Bremsenlöseeinheit (116), die so-
wohl in der linken elektromagnetischen Bremse
(32) als auch in der rechten elektromagneti-
schen Bremse (36) vorgesehen ist und einen
Zustand aufrechterhält, in dem das Bremsen
durch die entsprechende elektromagnetische
Bremse zwangsweise gelöst ist, auch wenn die
Stromzufuhr von der Stromversorgung zu jeder
der elektromagnetischen Bremsen unterbro-
chen ist,
einen linken Drehwinkelsensor (90) und einen
rechten Drehwinkelsensor (92), die Drehwinkel

des linken Elektromotors (18) bzw. des rechten
Elektromotors (20) erfassen, und
die Steuerung umfasst:

eine Einheit (130) zum Erzeugen eines mo-
mentanen Anlaufdrehmoments, die ein mo-
mentanes Anlaufdrehmoment in jedem der
Elektromotoren erzeugt, wenn in einem
EIN-Zustand des Hauptschalters (58) das
Aufrechterhalten der Bremsung des Rades
durch einen Betrieb des Bremsenhaltean-
weisers angewiesen wird; und
eine zweite Falsch-Bremsenlöse-Verarbei-
tungseinheit (132) umfasst, die eine Alar-
meinheit (126) aktiviert und das Antreiben
der Elektromotoren verhindert, wenn das
momentane Anlaufdrehmoment erzeugt
wird und ein erfasster Wert des Drehwinkels
von mindestens einem Elektromotor unter
den Elektromotoren größer oder gleich ei-
nem vorbestimmten Wert ist.

Revendications

1. Véhicule de travail à frein électromagnétique,
comprenant :

une roue gauche (18) et une roue droite (20) qui
sont des roues motrices entraînées pour se dé-
placer par un moteur de traction gauche (30) et
un moteur de traction droit (34),
respectivement ;
une machine de travail qui est entraînée pour
exécuter des travaux de terrassement ;
un frein électromagnétique gauche (32) et un
frein électromagnétique droit (36) prévus en cor-
respondance avec la roue gauche (18) et la roue
droite (20), respectivement, et qui exécutent une
opération de relâchement de frein de la roue
gauche (18) et de la roue droite (20) par l’ali-
mentation en électricité à partir d’une alimenta-
tion électrique, et exécutent une opération de
freinage de la roue gauche (18) et de la roue
droite (20) lorsque l’alimentation en électricité à
partir de l’alimentation électrique est coupée ;
une unité commune de relâchement de frein qui
est commune au frein électromagnétique gau-
che (32) et au frein électromagnétique droit (36)
et qui relie électriquement l’alimentation électri-
que et le frein électromagnétique gauche (32)
et le frein électromagnétique droit (36) pour l’ali-
mentation en électricité de l’alimentation électri-
que au frein électromagnétique gauche (32) et
au frein électromagnétique droit (36) lorsqu’une
instruction de relâchement de frein est obtenue ;
et
un dispositif de commande qui commande l’uni-
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té commune de relâchement de frein, caracté-
risé en ce que
le dispositif de commande comprend :

un comparateur (72) qui compare les états
d’alimentation en électricité du frein électro-
magnétique gauche et du frein électroma-
gnétique droit, et
une unité commune de commande de relâ-
chement (74) qui commande l’unité com-
mune de relâchement de frein pour décon-
necter la connexion électrique entre l’ali-
mentation électrique et le frein électroma-
gnétique gauche (32) et le frein électroma-
gnétique droit (36), et pour freiner la roue
gauche (18) et la roue droite (20), lors-
qu’une différence entre les états d’alimen-
tation en électricité comparés dans le com-
parateur (72) dépasse la limite supérieure
autorisée.

2. Véhicule de travail à frein électromagnétique selon
la revendication 1, comprenant en outre :

un capteur de courant de frein gauche (70) et
un capteur de courant de frein droit (68) qui dé-
tectent une quantité d’alimentation en électricité
pour le frein électromagnétique gauche (32) et
le frein électromagnétique droit (36), respecti-
vement, dans lequel
le comparateur (72) compare les états d’alimen-
tation en électricité du frein électromagnétique
gauche (32) et du frein électromagnétique droit
(36) sur la base de signaux détectés des cap-
teurs de courant.

3. Véhicule de travail à frein électromagnétique selon
la revendication 2, dans lequel
le dispositif de commande comprend une unité de
stockage (76) qui stocke des variations par rapport
au temps d’un courant d’alimentation en électricité
du frein gauche et d’un courant d’alimentation en
électricité du frein droit qui sont les états d’alimen-
tation en électricité pour le frein électromagnétique
gauche (32) et le frein électromagnétique droit (36),
et
le comparateur (72) compare les variations par rap-
port au temps du courant d’alimentation en électricité
du frein gauche et du courant d’alimentation en élec-
tricité du frein droit stockées dans l’unité de stockage
(76).

4. Véhicule de travail à frein électromagnétique selon
la revendication 1, dans lequel
le moteur de traction gauche (30) et le moteur de
traction droit (34) sont un moteur électrique gauche
et un moteur électrique droit dont l’entraînement est
commandé par le dispositif de commande,

le véhicule de travail à frein électromagnétique com-
prend en outre :

un opérateur d’accélération qui donne une ins-
truction d’une vitesse cible du véhicule ; et
un capteur d’opérateur qui détecte une quantité
de fonctionnement de l’opérateur d’accéléra-
tion, et
le dispositif de commande comprend :

une unité de calcul de couple (98) qui cal-
cule un couple de réglage à 0 de vitesse de
véhicule à générer dans le moteur électri-
que nécessaire pour maintenir la vitesse du
véhicule à 0 lorsque la vitesse cible détec-
tée par le capteur d’opérateur est égale à
0 ; et
une unité d’exécution de premier et deuxiè-
me modes (100) qui commande chacun des
moteurs électriques pour exécuter de ma-
nière alternée, lorsque la vitesse cible est
égale à 0 et après qu’une valeur réelle de
la vitesse du véhicule devient 0, un premier
mode dans lequel un premier couple infé-
rieur à un couple de réglage à 0 de vitesse
de véhicule est généré dans chacun des
moteurs électriques, et un deuxième mode
dans lequel un deuxième couple supérieur
au couple de réglage à 0 de vitesse de vé-
hicule est généré dans chacun des moteurs
électriques, de sorte qu’un mouvement du
véhicule entre les positions de 2 points sé-
parés dans une direction avant et arrière
soit répété périodiquement.

5. Véhicule de travail à frein électromagnétique selon
la revendication 4, dans lequel
lors de l’exécution par l’unité d’exécution de premier
et deuxième modes (100), le dispositif de commande
règle une vitesse de mouvement du véhicule à une
vitesse inférieure ou égale à une vitesse prédéter-
minée, et règle une distance de mouvement du vé-
hicule à une distance inférieure ou égale à une dis-
tance prédéterminée, lors de la transition d’un état
où la vitesse réelle du véhicule devient 0 à l’exécution
du premier mode ou du deuxième mode.

6. Véhicule de travail à frein électromagnétique selon
la revendication 5, comprenant en outre :

une unité de détection de vitesse de moteur gau-
che (106) et une unité de détection de vitesse
de moteur droit (104) qui détectent les vitesses
de rotation du moteur électrique gauche et du
moteur électrique droit, respectivement, où
le dispositif de commande comprend une unité
de calcul de vitesse et de distance (102) qui cal-
cule la vitesse de mouvement et la distance de
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mouvement sur la base de la vitesse de rotation
détectée de chacun des moteurs électriques.

7. Véhicule de travail à frein électromagnétique selon
la revendication 4, dans lequel
le moteur électrique gauche et le moteur électrique
droit sont des moteurs polyphasés qui sont entraînés
et commandés indépendamment par le dispositif de
commande,
l’unité d’exécution de premier et deuxième modes
(100) synchronise les moments de commutation de
courant des multiples phases du moteur électrique
gauche et du moteur électrique droit entre les mo-
teurs électriques, et
le dispositif de commande comprend en outre une
unité de traitement d’anomalie de rotation (79) qui
active, en tant que traitement à un instant d’anoma-
lie, un frein auxiliaire gauche et un frein auxiliaire
droit qui freinent la roue gauche (18) et la roue droite
(20), respectivement, lorsqu’une différence de vites-
ses de rotation réelles entre le moteur électrique
gauche et le moteur électrique droit devient supé-
rieure ou égale à une valeur prédéterminée après
synchronisation des moments de commutation de
courant.

8. Véhicule de travail à frein électromagnétique selon
la revendication 7, dans lequel
le frein auxiliaire gauche et le frein auxiliaire droit
sont le frein électromagnétique gauche (32) et le
frein électromagnétique droit (36).

9. Véhicule de travail à frein électromagnétique selon
la revendication 1, dans lequel
le moteur de traction gauche (30) et le moteur de
traction droit (34) sont un moteur électrique gauche
et un moteur électrique droit, dont l’entraînement est
commandé par le dispositif de commande,
le véhicule de travail à frein électromagnétique com-
prend en outre un fournisseur d’instruction de main-
tien de frein qui donne une instruction de coupure
d’alimentation en électricité au frein électromagné-
tique pour maintenir le freinage de la roue gauche
(18) et de la roue droite (20) ;
un interrupteur principal (58) qui est relié entre l’ali-
mentation électrique et le dispositif de commande et
qui commute entre l’alimentation et la déconnexion
de la puissance électrique de l’alimentation électri-
que au dispositif de commande en réponse à une
opération ; et
une unité de relâchement de frein avec force (116)
qui est prévue dans chacun du frein électromagné-
tique gauche (32) et du frein électromagnétique droit
(36) et qui maintient un état dans lequel le freinage
par le frein électromagnétique correspondant est re-
lâché avec force même lorsque l’alimentation en
électricité de l’alimentation électrique à chacun des
freins électromagnétiques est coupée,

l’unité de relâchement de frein avec force (116) com-
prend un capteur de position d’élément mobile qui
détecte une position d’un élément mobile qui varie
à différentes positions entre un instant de relâche-
ment de frein avec force et un instant d’autorisation
de freinage, et
le dispositif de commande comprend une unité de
traitement de relâchement de frein erroné (128) qui
active une unité d’alarme (126) et interdit l’entraîne-
ment de chacun des moteurs électriques lorsque le
maintien du freinage de la roue est donné pour ins-
truction par une opération du fournisseur d’instruc-
tion de maintien de frein dans un état DE MARCHE
de l’interrupteur principal, et lorsqu’il est jugé qu’au
moins un frein électromagnétique parmi les freins
électromagnétiques est dans un état de relâchement
de frein avec force sur la base d’une position détec-
tée de chacun des éléments mobiles.

10. Véhicule de travail à frein électromagnétique selon
la revendication 9, dans lequel
le frein électromagnétique comprend un élément ro-
tatif qui tourne de manière liée avec la roue, une
paire de plaques en acier (302, 303) placées sur les
deux côtés de l’élément rotatif et prenant en tenaille
l’élément rotatif, une bobine (313) qui est opposée
à une plaque en acier de la paire de plaques en acier
(302, 303) et qui attire la plaque en acier par alimen-
tation en électricité, et un ressort (306) qui est op-
posé à la plaque en acier de sorte que, lorsqu’aucune
électricité n’est appliquée à la bobine (313), la paire
de plaques en acier prenne en tenaille et presse l’élé-
ment rotatif,
l’unité de relâchement de frein avec force (116)
comprend :

un arbre de relâchement de frein (308) qui est
maintenu en rotation sur un cache du frein
électromagnétique ; et
une plaque d’arrêt (307) qui est placée dans le
cache et qui tourne de manière liée avec l’arbre
de relâchement de frein,
la plaque d’arrêt (307) comprend une rainure de
came prévue sur une surface opposée à l’autre
plaque en acier de la paire de plaques en acier
(302, 303), et une broche (310) ayant une ex-
trémité insérée dans la rainure de came (309)
et l’autre extrémité opposée à la plaque en acier,
où, avec une rotation de l’arbre de relâchement
de frein (308), l’autre extrémité de la broche
(310) relâche avec force la pression de l’élément
rotatif par la paire de plaques en acier (302, 303)
contre une force de sollicitation du ressort (306),
et
le capteur de position d’élément mobile est l’un
d’un premier capteur (150) qui détecte une dis-
tance entre le cache ou un élément fixé sur le
cache et l’une de la paire de plaques en acier,
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d’un deuxième capteur (152) qui détecte un an-
gle de rotation de l’arbre de relâchement de frein
(308) ou de la plaque d’arrêt (307), d’un troisiè-
me capteur (154) qui détecte une distance entre
la paire de plaques en acier (302, 303) et d’un
interrupteur de fin de course (124) qui détecte
si l’angle de rotation de la plaque d’arrêt (307)
est supérieur ou égal à une valeur prédétermi-
née ou non.

11. Véhicule de travail à frein électromagnétique selon
la revendication 1, dans lequel
le moteur de traction gauche (30) et le moteur de
traction droit (34) sont un moteur électrique gauche
et un moteur électrique droit, dont l’entraînement est
commandé par le dispositif de commande,
le véhicule de travail à frein électromagnétique com-
prend en outre :

un fournisseur d’instruction de maintien de frein
qui donne une instruction de maintien du frein
de la roue gauche (18) et de la roue droite (20)
en coupant l’alimentation en électricité au frein
électromagnétique ;
un interrupteur principal (58) qui est relié entre
l’alimentation électrique et le dispositif de com-
mande et qui commute entre l’alimentation et la
déconnexion de la puissance électrique de l’ali-
mentation électrique au dispositif de commande
par une opération ;
une unité de relâchement de frein avec force
(116) qui est prévue dans chacun du frein élec-
tromagnétique gauche (32) et du frein électro-
magnétique droit (36) et qui maintient un état
dans lequel le freinage par le frein électroma-
gnétique correspondant est relâché avec force
même lorsque l’alimentation en électricité de
l’alimentation électrique à chacun des freins
électromagnétiques est coupée ; et
un capteur d’angle de rotation gauche (90) et un
capteur d’angle de rotation droit (92) qui détec-
tent des angles de rotation du moteur électrique
gauche (18) et du moteur électrique droit (20),
respectivement, et
le dispositif de commande comprend :

une unité de génération de couple de dé-
marrage instantané (130) qui génère un
couple de démarrage instantané dans cha-
cun des moteurs électriques lorsque le
maintien du freinage de la roue est donné
pour instruction par une opération du four-
nisseur d’instruction de maintien de frein
dans un état DE MARCHE de l’interrupteur
principal (58) ; et
une deuxième unité de traitement de relâ-
chement de frein erroné (132) qui active une
unité d’alarme (126) et interdit l’entraîne-

ment des moteurs électriques lorsque le
couple de démarrage instantané est généré
et une valeur détectée de l’angle de rotation
d’au moins un moteur électrique parmi les
moteurs électriques est supérieure ou égale
à une valeur prédéterminée.
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