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(57)  Provided is a road machine (100) that can level
apaving material (PV) such that a thickness of the paving
material (PV) differs in a vehicle width direction. An as-
phaltfinisher (100)thatis an example of the road machine
(100)includes a tractor (1) that travels on aroadbed (BC),
a hopper (2) that receives the paving material (PV), a
conveyor (CV) that feeds the paving material (PV) in the
hopper (2) to a rear of the tractor (1), a screw (SC) that
spreads the paving material (PV) fed by the conveyor
(CV) at the rear of the tractor (1), a screed (3) that levels

the paving material (PV) spread by the screw (SC) at a
rear of the screw (SC), and a controller (50) that derives
afirst height (HL) and a second height (HR) of the screed
(3) with respect to the roadbed (BC). The first height (HL)
is a height of a first point (SPL) in the screed (3), the
second height (HR) is a height of a second point (SPR)
in the screed (3), and the first point (SPL) is at a position
different from a position of the second point (SPR) in a
vehicle width direction.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present disclosure relates to a road ma-
chine and a support system of a road machine.

Description of Related Art

[0002] In the related art, an asphalt finisher that meas-
ures the thickness of a paving material leveled by a
screed is known (see Japanese Examined Patent Pub-
lication No. H2-052042).

SUMMARY OF THE INVENTION

[0003] However, the asphalt finisher described above
can only respond to a case where the paving material is
leveled such that the thickness of the paving material is
uniform in the vehicle width direction, but cannot respond
to a case where the paving material is leveled such that
the thickness of the paving material differs in the vehicle
width direction.

[0004] Thus, itis desirable to provide a road machine
that can level a paving material such that the thickness
of the paving material differs in a vehicle width direction.
[0005] Accordingto an embodiment of the present dis-
closure, there is provided a road machine including a
tractorthattravels on aroadbed, ahopperthatis provided
in front of the tractor and that receives a paving material,
a conveyor that feeds the paving material in the hopper
to a rear of the tractor, a screw that spreads the paving
material fed by the conveyor at the rear of the tractor, a
screed that levels the paving material spread by the
screw at a rear of the screw, and a calculation device
that derives a first height and a second height of the
screed with respect to the roadbed, in which the first
height is a height of a first point in the screed, the second
height is a height of a second point in the screed, and
the first point is at a position different from a position of
the second point in a vehicle width direction.

[0006] The road machine described above can level
the paving material such that the thickness of the paving
material differs in the vehicle width direction.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1 is a left side view of an asphalt finisher.

Fig. 2 is a top view of the asphalt finisher.

Fig. 3 is a functional block diagram of a controller.
Fig. 4 is a schematic view of a left surface of the
asphalt finisher.

Fig. 5 is a schematic view of a back surface of the
asphalt finisher.
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Fig. 6 is a schematic view of the left surface of the
asphalt finisher.

DETAILED DESCRIPTION OF THE INVENTION

[0008] Figs. 1 and 2 are schematic views of an asphalt
finisher 100 that is an example of a road machine ac-
cording to an embodiment of the present disclosure. Spe-
cifically, Fig. 1 is a left side view of the asphalt finisher
100, and Fig. 2 is a top view.

[0009] The asphalt finisher 100 is mainly configured
by a tractor 1, a hopper 2, and a screed 3. In the example
shown in Figs. 1 and 2, the asphalt finisher 100 is dis-
posed such that a vehicle length direction thereof corre-
sponds to an X-axis direction and a vehicle width direction
thereof corresponds to a Y-axis direction. In addition, a
Z-axis is disposed to be perpendicular to each of an X-
axis and a Y-axis. Specifically, a front side in the vehicle
length direction corresponds to a +X side, a rear side in
the vehicle length direction corresponds to a -X side, a
left side in the vehicle width direction corresponds to a
+Y side, a right side in the vehicle width direction corre-
sponds to a -Y side, an upper side in a vertical direction
corresponds to a +Z side, and a lower side in the vertical
direction corresponds to a -Z side.

[0010] The tractor 1 is a mechanism for causing the
asphalt finisher 100 to travel. In the example shown in
Figs. 1 and 2, the tractor 1 rotates a rear wheel 5 using
a rear wheel traveling motor and moves the asphalt fin-
isher 100 by rotating a front wheel 6 using a front wheel
traveling motor. Both of the rear wheel traveling motor
and the front wheel traveling motor are hydraulic motors
that rotate by receiving supply of a hydraulic oil from a
hydraulic pump. The tractor 1 may include a crawler in-
stead of the wheels.

[0011] A controller 50 is an example of a calculation
device. In the example shown in Figs. 1 and 2, the con-
troller 50 is a computerincluding a CPU, a volatile storage
device, and a non-volatile storage device and is config-
ured to be mounted on the tractor 1 and to control the
asphalt finisher 100 by operating various types of func-
tions. Various types of functions of the controller 50 are
realized, for example, as the CPU executes a program
stored in the non-volatile storage device. The various
types of functions realized by the controller 50 include,
for example, a function of controlling a discharge amount
of the hydraulic pump that discharges a hydraulic oil for
driving a hydraulic actuator and a function of controlling
a flow of the hydraulic oil between the hydraulic actuator
and the hydraulic pump. The hydraulic actuator includes
a hydraulic cylinder and a hydraulic motor.

[0012] The hopper 2 is a mechanism for receiving a
paving material PV. The paving material PV is, for exam-
ple, an asphalt mixture. In the example shown in Figs. 1
and 2, the hopper 2 is provided on the front side (+X side)
ofthe tractor 1 and is configured to be opened and closed
in the Y-axis direction (vehicle width direction) by a hop-
per cylinder 24. The asphalt finisher 100 usually brings
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the hopper 2 into a fully open state so that the paving
material PV is received from a loading platform of a dump
truck. The dump truck is an example of a vehicle (trans-
port vehicle) that transports the paving material PV sup-
plied to the asphalt finisher 100. In addition, the asphalt
finisher 100 can continue to travel while pushing the
dump truck forward via a push roller 2b even when re-
ceiving the paving material PV from the loading platform
of the dump truck. Figs. 1 and 2 show that the hopper 2
is in a fully open state. For the sake of clarity, Figs. 1 and
2 omit showing the paving material PV received in the
hopper 2.

[0013] Anoperator of the asphalt finisher 100 manually
closes the hopper 2 when the paving material PV in the
hopper 2 decreases and collects the paving material PV
near an inner wall of the hopper 2 at a central portion of
the hopper 2. This is to enable a conveyor CV which is
at the central portion of a bottom surface of the hopper
2 to transport the paving material PV to the rear of the
tractor 1. The paving material PV transported to the rear
of the tractor 1 is spread in the vehicle width direction
behind the tractor 1 and before the screed 3 by a screw
SC.

[0014] The conveyor CV is driven by a hydraulic motor
that rotates by receiving supply of a hydraulic oil from the
hydraulic pump. In the example shown in Figs. 1 and 2,
the conveyor CV is configured to transport the paving
material PV in the hopper 2 to the rear of the tractor 1
via a transport passage CP. The transport passage CP
is a substantially rectangular parallelepiped space
formed inside the tractor 1. Specifically, the conveyor CV
includes a left conveyor CVL and a right conveyor CVR
that operate separately from each other.

[0015] The screw SC is driven by a hydraulic motor
that rotates by receiving supply of a hydraulic oil from the
hydraulic pump. Specifically, the screw SC includes aleft
screw SCL and aright screw SCR that operate separately
from each other. In the shown example, the left screw
SCL is provided to protrude to the left side from the width
of the tractor 1. The right screw SCR is provided to pro-
trude to the right side from the width of the tractor 1.
[0016] The screed 3 is a mechanism for leveling the
paving material PV. In the example shown in Figs. 1 and
2, the screed 3 mainly includes a front screed 30 and a
rear screed 31. The rear screed 31 includes a left rear
screed 31L and aright rear screed 31R. The front screed
30, the left rear screed 31L, and the right rear screed
31R are disposed to be deviated from each other on the
front and rear sides. Specifically, the left rear screed 31L
is disposed behind the front screed 30, and the right rear
screed 31R is disposed behind the left rear screed 31L.
The screed 3 is a floating screed pulled by the tractor 1
and is connected to the tractor 1 via a leveling arm AM.
The screed 3 is moved up and down together with the
leveling arm AM in response to expansion and contrac-
tion of a screed lift cylinder 25.

[0017] Therear screed 31 is configured to expand and
contract in the vehicle width direction by an expanding
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and contracting cylinder 60. The expanding and contract-
ing cylinder 60 is supported by a support portion fixed to
a casing of the front screed 30 and is configured to ex-
pand and contract the rear screed 31 in the vehicle width
direction. Specifically, the expanding and contracting cyl-
inder 60 includes a left expanding and contracting cylin-
der 60L and a right expanding and contracting cylinder
60R. The left expanding and contracting cylinder 60L ex-
pands and contracts the left rear screed 31L in a space
behind the front screed 30 to the left. The right expanding
and contracting cylinder 60R expands and contracts the
right rear screed 31R in a space behind the front screed
30 to the right. In Figs. 1 and 2, for the sake of clarity, a
coarse dot pattern is attached to the paving material PV
spread before the rear screed 31, and a fine dot pattern
is attached to the paving material PV (newly constructed
pavement body NP) leveled by the screed 3.

[0018] The leveling arm AM is configured to connect
the screed 3 to the tractor 1. Specifically, the leveling arm
AM includes a left leveling arm AML and a right leveling
arm AMR. Each of the leftleveling arm AML and the right
leveling arm AMR has one end (rear end) connected to
the screed 3 and the other end (front end) connected to
the tractor 1 (leveling cylinder 23).

[0019] The leveling cylinder 23 is a hydraulic cylinder
that moves a front end of the leveling arm AM up and
down in order to adjust a leveling thickness of the paving
material PV. In the example shown in Figs. 1 and 2, a
cylinder portion of the leveling cylinder 23 is connected
to the tractor 1, and a rod portion thereof is connected to
the front end of the leveling arm AM. The front end of the
leveling arm AM is attached to the tractor 1 to be slidable
up and down. In a case of increasing the leveling thick-
ness, the controller 50 causes a hydraulic oil discharged
by the hydraulic pump to flow into a rod-side oil chamber
of the leveling cylinder 23 and contracts the leveling cyl-
inder 23 to raise the front end of the leveling arm AM. In
addition, in a case of reducing the leveling thickness, the
controller 50 causes the hydraulic oil in the rod-side oil
chamber of the leveling cylinder 23 to flow out and ex-
pands the leveling cylinder 23 to lower the front end of
the leveling arm AM.

[0020] Specifically, the leveling cylinder 23 includes a
left leveling cylinder 23L that moves a front connection
point (left front connection point) of the left leveling arm
AML up and down and a right leveling cylinder 23R that
moves a front connection point (right front connection
point) of the right leveling arm AMR up and down. The
controller 50 can separately expand and contract the left
leveling cylinder 23L and the right leveling cylinder 23R.
[0021] The screed liftcylinder 25 is a hydraulic cylinder
for lifting the screed 3. In the example shown in Figs. 1
and 2, the screed lift cylinder 25 includes a left screed lift
cylinder 25L and a right screed lift cylinder 25R. The left
screed lift cylinder 25L has a cylinder portion connected
to a left rear end portion of the tractor 1 and a rod portion
connected to a rear connection portion (left rear connec-
tion portion) of the left leveling arm AML. In addition, the
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right screed lift cylinder 25R has a cylinder portion con-
nected to a right rear end portion of the tractor 1 and a
rod portion connected to a rear connection portion (right
rear connection portion) of the right leveling arm AMR.
In a case of lifting the screed 3, the controller 50 causes
a hydraulic oil discharged by the hydraulic pump to flow
into a rod-side oil chamber of the screed lift cylinder 25.
As a result, the screed lift cylinder 25 contracts, a rear
end portion of the leveling arm AM is lifted, and the screed
3 is lifted. In addition, in a case of lowering the lifted
screed 3, the controller 50 enables the hydraulic oil in
the rod-side oil chamber of the screed lift cylinder 25 to
flow out. As a result, the screed lift cylinder 25 is expand-
ed by the weight of the screed 3, the rear end portion of
the leveling arm AM is lowered, and the screed 3 is low-
ered. During construction, the screed lift cylinder 25 is in
a state that can expand and contract in response to an
up-and-down movement of the screed 3.

[0022] A side plate 40 is attached to a distal end of the
rear screed 31. The side plate 40 is a plate-shaped mem-
ber extending in the vehicle length direction and includes
a left side plate 40L and a right side plate 40R. Specifi-
cally, the left side plate 40L is attached to a distal end
(left end) of the left rear screed 31L, and the right side
plate 40R is attached to a distal end (right end) of the
right rear screed 31R.

[0023] In the shown example, the side plate 40 is also
attached to a distal end of a mold board 41. The mold
board 41 is a member for adjusting the amount of the
paving material PV staying in front of the rear screed 31,
out of the paving material PV spread by the screw SC,
and may be configured to expand and contract in the
vehicle width direction together with the rear screed 31.
[0024] Specifically, the mold board 41 is a plate-
shaped member extending in the vehicle width direction
andincludes aleft mold board 41L and a right mold board
41R. In the shown example, the left side plate 40L is
attached to a distal end (left end) of the left mold board
41L, and the right side plate 40R is attached to a distal
end (right end) of the right mold board 41R.

[0025] The mold board 41 is configured to adjust a
height in a Z-axis direction regardless of the rear screed
31 and the side plate 40. By moving the mold board 41
up and down, the operator of the asphalt finisher 100 can
adjust the size of a gap between a lower end of the mold
board 41 and a roadbed BC and adjust the amount of
the paving material PV passing through the gap. For this
reason, by moving the mold board 41 up and down, the
operator of the asphaltfinisher 100 can adjust the amount
(height) of the paving material PV staying on the rear
side (-X side) of the mold board 41 and the front side (+X
side) of the rear screed 31 and can adjust the amount of
the paving material PV taken into the lower side of the
rear screed 31.

[0026] A screed step 42 is a member configuring a
scaffold when a worker works behind the screed 3. Spe-
cifically, the screed step 42 includes a left screed step
42L, a central screed step 42C, and a right screed step
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42R.

[0027] A retaining plate 43 is a plate-shaped member
for preventing the paving material PV spread in the ve-
hicle width direction by the screw SC from being scattered
in front of the screw SC in order to appropriately spread
the paving material PV in the vehicle width direction by
the screw SC. In the example shown in Figs. 1 and 2,
the retaining plate 43 includes a left retaining plate 43L
and a right retaining plate 43R.

[0028] Next, an example of a support function that is
one function of the controller 50 will be described with
reference to Fig. 3. Fig. 3 is a functional block diagram
of the controller 50. The support function is a function for
supporting an operation of the asphalt finisher 100 by the
operator of the asphalt finisher 100. The support function
is mainly realized by cooperation of a cylinder stroke sen-
sor S1, a distance sensor S2, an inclination sensor S3,
the controller 50, and a leveling thickness control device
55. The distance sensor S2 and the inclination sensor
S3 may be omitted. In Fig. 3, blocks representing the
distance sensor S2 and the inclination sensor S3 that
can be omitted are drawn with broken lines.

[0029] The cylinder stroke sensor S1 is a sensor that
detects an expansion and contraction amount (stroke
amount) of the hydraulic cylinder. The cylinder stroke
sensor S1 may be any type of sensor. In the shown ex-
ample, the cylinder stroke sensor S1 is a sensor using
ultrasound and is configured to separately detect a stroke
amount of each of the left leveling cylinder 23L, the right
leveling cylinder 23R, the left screed lift cylinder 25L, and
the right screed lift cylinder 25R. Specifically, the cylinder
stroke sensor S1 includes four independent cylinder
stroke sensors.

[0030] Thedistancesensor S2isa sensorfordetecting
a distance between the tractor 1 and the roadbed BC.
The distance sensor S2 may be any type of sensor. In
the shown example, the distance sensor S2 includes a
left distance sensor S2L that detects a distance between
a left end portion of the tractor 1 and the roadbed BC in
the Z-axis direction using laser light and a right distance
sensor S2R that detects a distance between a right end
portion of the tractor 1 and the roadbed BC in the Z-axis
direction using laser light. Specifically, the left distance
sensor S2L is attached to a front end portion of a left
surface of a frame of the tractor 1, and the right distance
sensor S2R is attached to a front end portion of a right
surface of the frame of the tractor 1.

[0031] Theinclination sensor S3 is a sensor for detect-
ing the inclination of the tractor 1. The inclination sensor
S3 may be any type of sensor. In the shown example,
the inclination sensor S3 is a capacitance type inclination
sensor and is configured to detect the inclination of the
tractor 1 with respect to a horizontal plane. Specifically,
the inclination sensor S3 is configured to detect a pitch
angle and a yaw angle of the tractor 1.

[0032] The leveling thickness control device 55 is con-
figured to control a leveling thickness. In the shown ex-
ample, the leveling thickness control device 55 is an elec-
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tromagnetic valve for controlling the flow rate of a hy-
draulic oil flowing into the leveling cylinder 23 or flowing
out from the leveling cylinder 23. Specifically, the leveling
thickness control device 55 increases and decreases a
flow path area which is a sectional area of a pipeline that
connects the leveling cylinder 23 and the hydraulic pump
to each otherin accordance with a control command from
the controller 50.

[0033] More specifically, the leveling thickness control
device 55 can increase the leveling thickness (left lev-
eling thickness) of the paving material PV (newly con-
structed pavement body NP) on the left side (+Y side) of
a front-rear axis AX of the asphalt finisher 100 by flowing
a hydraulic oil discharged by the hydraulic pump into a
rod-side oil chamber of the left leveling cylinder 23L and
contracting the left leveling cylinder 23L to raise the front
end of the left leveling arm AML. In addition, the leveling
thickness control device 55 can decrease the left leveling
thickness by flowing out the hydraulic oil in the rod-side
oil chamber of the left leveling cylinder 23L and expand-
ing the left leveling cylinder 23L to lower the front end of
the leftleveling arm AML. Similarly, the leveling thickness
control device 55 can increase the leveling thickness
(right leveling thickness) of the paving material PV (newly
constructed pavement body NP) on the right side (-Y
side) of the front-rear axis AX of the asphalt finisher 100
by flowing the hydraulic oil discharged by the hydraulic
pump into a rod-side oil chamber of the right leveling
cylinder 23R and contracting the right leveling cylinder
23R to raise the front end of the right leveling arm AMR.
In addition, the leveling thickness control device 55 can
decrease the right leveling thickness by flowing out the
hydraulic oil in the rod-side oil chamber of the right lev-
eling cylinder 23R and expanding the right leveling cyl-
inder 23R to lower the front end of the right leveling arm
AMR.

[0034] In the shown example, the front-rear axis AX of
the asphalt finisher 100 is an axis that extends along the
vehicle length direction perpendicularly intersecting an
axle 5X of the rear wheel 5 and forms a center line of the
tractor 1.

[0035] After acquiring information from the cylinder
stroke sensor S1 or the like and executing various types
of calculation, the controller 50 outputs a control com-
mand to the leveling thickness control device 55 or the
like in accordance with the calculation result. Specifically,
the controller 50 determines whether or not a predeter-
mined condition is satisfied based on the information ac-
quired from the cylinder stroke sensor S1 or the like, and
when it is determined that the predetermined condition
is satisfied, the controller 50 outputs a control command
to the leveling thickness control device 55 or the like.
[0036] More specifically, the controller 50 includes a
calculation unit 50A and a leveling thickness control unit
50B as functional blocks configured by software, hard-
ware, or a combination thereof.

[0037] The calculation unit 50A is configured to calcu-
late information necessary for controlling the leveling
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thickness. In the shown example, the calculation unit 50A
is configured to calculate the height of the screed 3 with
respect to the roadbed BC.

[0038] Herein, an example of a method in which the
controller 50 calculates the height of the screed 3 with
respect to the roadbed BC will be described with refer-
ence to Figs. 4 and 5. Fig. 4 is a schematic view of a left
surface of the asphalt finisher 100, and Fig. 5 is a sche-
matic view of a back surface of the asphalt finisher 100.
For the sake of clarity, in Figs. 4 and 5, a dot pattern is
attached to the front screed 30. The same applies to Fig.
6 to be described later.

[0039] The calculation unit 50A of the controller 50 is
configured to calculate a first height HL and a second
height HR of the screed 3 with respect to the roadbed
BC. The first height HL is the height of a first point SPL
in the screed 3, and the second height HR is the height
of a second point SPR in the screed 3. The first point
SPL is at a position different from the position of the sec-
ond point SPR in the vehicle width direction. In the shown
example, the first point SPL is a left rear end point of a
screed plate of the front screed 30, and the second point
SPR is a right rear end point of the screed plate of the
front screed 30. However, the first point SPL and the
second point SPR may be points corresponding to other
points in the front screed 30.

[0040] Specifically, the calculation unit 50A derives a
left imaginary line VTL that passes through a grounding
point of a left rear wheel 5L and a grounding point of a
left front wheel 6L based on a radius RD1 of the left front
wheel 6L and a radius RD2 of a left rear wheel 5L. Sim-
ilarly, the calculation unit 50A derives a right imaginary
line VTR that passes through a grounding point of a right
rear wheel 5R and a grounding point of a right front wheel
(not shown) based on the radius RD1 of the right front
wheel and the radius RD2 of the right rear wheel 5R. The
radius RD1 is the length of a line segment that connects
an axle 6X of the front wheel 6 and a grounding point of
the front wheel 6 to each other, and the radius RD2 is
the length of a line segment that connects the axle 5X of
the rear wheel 5 and a grounding point of the rear wheel
5to each other. In addition, the radius RD1 and the radius
RD2 are values registered in advance in the non-volatile
storage device of the controller 50 or the like.

[0041] In the shown example, the calculation unit 50A
is configured to derive the position of the left imaginary
line VTL by calculating coordinates of the grounding point
of each of the left rear wheel 5L and the left front wheel
6L in a three dimensional orthogonal coordinate system
of which the origin is a reference point RP. Similarly, the
calculation unit 50A is configured to derive the position
of the rightimaginary line VTR by calculating coordinates
of the grounding point of each of the right rear wheel 5R
and the right front wheel in the three dimensional orthog-
onal coordinate system of which the origin is the refer-
ence point RP.

[0042] In the shown example, the reference point RP
is an intersection point of the center line (front-rear axis
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AX) of the tractor 1 extending along the vehicle length
direction (X-axis direction) and the axle 5X of the rear
wheel 5.

[0043] In addition, the calculation unit 50A is config-
ured to derive a relative position of the first point SPL
with respect to the reference point RP. In the shown ex-
ample, the calculation unit 50A is configured to derive
coordinates of the first point SPL in the three dimensional
orthogonal coordinate system of which the origin is the
reference point RP.

[0044] More specifically, the calculation unit 50A de-
rives a length ST1 of the left leveling cylinder 23L based
on the stroke amount of the left leveling cylinder 23L de-
tected by the cylinder stroke sensor S1 and further cal-
culates coordinates of a left front connection point P1L
of the left leveling arm AML based on the length ST1. In
addition, the calculation unit 50A derives a length ST2 of
the left screed lift cylinder 25L based on the stroke
amount of the left screed lift cylinder 25L detected by the
cylinder stroke sensor S1 and further calculates coordi-
nates of a left rear connection portion P2L of the left lev-
eling arm AML based on the length ST2. Then, the cal-
culation unit 50A calculates coordinates of the first point
SPL based on the coordinates of the left front connection
point P1L and the coordinates of the left rear connection
portion P2L.

[0045] Similarly, the calculation unit 50A derives the
length of the right leveling cylinder 23R based on the
stroke amount of the right leveling cylinder 23R detected
by the cylinder stroke sensor S1 and further calculates
coordinates of the rightfront connection point (not shown)
of the right leveling arm AMR based on the length. In
addition, the calculation unit 50A derives the length of
the right screed lift cylinder 25R based on the stroke
amount of the right screed lift cylinder 25R detected by
the cylinder stroke sensor S1 and further calculates co-
ordinates of the right rear connection portion (not shown)
of theright leveling arm AMR based on the length. Then,
the calculation unit 50A calculates coordinates of the sec-
ond point SPR based on the coordinates of the left front
connection point and the coordinates of the left rear con-
nection portion.

[0046] The dimension of each member such as the lev-
eling cylinder 23, the screed lift cylinder 25, the leveling
arm AM, and the front screed 30 and the position (coor-
dinates) of a connection point of each of the leveling cyl-
inder 23 and the screed lift cylinder 25 with respect to
the tractor 1, and the like are registered in the non-volatile
storage device of the controller 50 or the like in advance.
For this reason, the calculation unit 50A calculates the
coordinates of the first point SPL and the second point
SPR based on a value registered in advance in the non-
volatile storage device or the like and the detection value
of the cylinder stroke sensor S1. This is because the lev-
eling arm AM and the screed 3 are rigidly connected to
each other in the shown example.

[0047] In addition, the calculation unit 50A derives a
distance between the leftimaginary line VTL and the first
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point SPL as the first height HL (left leveling thickness)
based on the leftimaginary line VTL and the coordinates
of the first point SPL calculated through the method de-
scribed above. Similarly, the calculation unit 50A derives
a distance between the rightimaginary line VTR and the
second point SPR as the second height HR (right leveling
thickness) based on the right imaginary line VTR and the
coordinates of the second point SPR calculated through
the method described above.

[0048] The leveling thickness control unit 50B is con-
figured to control the leveling thickness of the paving ma-
terial PV. In the shown example, the leveling thickness
control unit 50B is configured to adjust the leveling thick-
ness such that a target leveling thickness set in advance
and an actual leveling thickness match each other. The
target leveling thickness is, for example, a distance be-
tween a design surface set in design data and the road-
bed BC. Specifically, the target leveling thickness set in
advance includes a left target leveling thickness that is
a target value of the thickness of the paving material PV
to be leveled in a region on the left side of the front-rear
axis AX of the asphalt finisher 100 and a right target lev-
eling thickness that is a target value of the thickness of
the paving material PV to be leveled in a region on the
right side of the front-rear axis AX of the asphalt finisher
100. For example, the left target leveling thickness is a
target value of the thickness of the paving material PV
immediately below a left end portion of the screed plate
of the front screed 30, and the right target leveling thick-
ness is a target value of the thickness of the paving ma-
terial PV immediately below a right end portion of the
screed plate of the front screed 30.

[0049] More specifically, the leveling thickness control
unit 50B generates a control command with respect to
the leveling thickness control device 55 such that the first
height HL (left leveling thickness) calculated by the cal-
culation unit 50A and the left target leveling thickness
match each other.

[0050] Similarly, the leveling thickness control unit 50B
generates a control command with respect to the leveling
thickness control device 55 such that the second height
HR (rightleveling thickness) calculated by the calculation
unit 50A and the right target leveling thickness match
each other.

[0051] For example, in a case where the first height
HL (left leveling thickness) calculated this time is larger
than the left target leveling thickness, the leveling thick-
ness control unit 50B generates a control command for
lowering the front end of the left leveling arm AML by
expanding the left leveling cylinder 23L to decrease the
left leveling thickness and outputs the control command
toward the leveling thickness control device 55. On the
contrary, in a case where the first height HL (left leveling
thickness) calculated this time is smaller than the left tar-
get leveling thickness, the leveling thickness control unit
50B generates a control command for raising the front
end of the left leveling arm AML by contracting the left
leveling cylinder 23L to increase the left leveling thick-
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ness and outputs the control command toward the lev-
eling thickness control device 55.

[0052] With such a configuration, the controller 50 can
level the paving material PV such that the thickness of
the paving material PV in the vehicle width direction (Y-
axis direction) differs.

[0053] Next, another example of the method in which
the controller 50 calculates the height of the screed 3
with respect to the roadbed BC will be described with
reference to Fig. 6. Fig. 6 is a schematic view showing
the left surface of the asphalt finisher 100 and corre-
sponds to Fig. 4.

[0054] The method to be described with reference to
Fig. 6 is mainly different from the method described with
reference to Fig. 4 in that the left imaginary line VTL and
the right imaginary line VTR are derived using an output
of at least one of the distance sensor S2 and the inclina-
tion sensor S3, but is the same as the method described
with reference to Fig. 4 in terms of the other points.
[0055] Specifically, the calculation unit 50A derives a
left locus BCL that is a line which represents the surface
shape of the roadbed BC through which the left front
wheel 6L and the left rear wheel 5L pass based on an
output of the left distance sensor S2L, which is acquired
each time the asphalt finisher 100 advances by a prede-
termined distance (for example, several centimeters).
The calculation unit 50A may use an output of the incli-
nation sensor S3 in order to derive the left locus BCL.
[0056] The leftlocus BCL is a line that connects points
hit by laser light emitted by the left distance sensor S2L
(measurement points) each time the asphalt finisher 100
advances by the predetermined distance (a line on an
imaginary plane parallel to an XZ plane). The calculation
unit 50A calculates coordinates of each measurement
point on the left locus BCL in the three dimensional or-
thogonal coordinate system of which the origin is the ref-
erence point RP.

[0057] Similarly, the calculation unit 50A derives a right
locus that is a line which represents the surface shape
of the roadbed BC through which the right front wheel
(not shown) and the right rear wheel 5R pass based on
an output of the right distance sensor S2R, which is ac-
quired each time the asphalt finisher 100 advances by a
predetermined distance (for example, several centime-
ters). The calculation unit 50A may use an output of the
inclination sensor S3 in order to derive the right locus.
[0058] The right locus is a line that connects points hit
by laser light emitted by the right distance sensor S2R
(measurement points) each time the asphalt finisher 100
advances by the predetermined distance (a line on an
imaginary plane parallel to the XZ plane). The calculation
unit 50A calculates coordinates of each measurement
point on the right locus in the three dimensional orthog-
onal coordinate system of which the origin is the refer-
ence point RP.

[0059] After then, the calculation unit 50A derives a
single straight line representing the left locus BCL as the
left imaginary line VTL. In the shown example, the left
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imaginary line VTL is an approximate straight line of the
left locus BCL, which is derived using the least square
method.

[0060] Similarly, the calculation unit 50A derives a sin-
gle straight line representing the right locus as the right
imaginary line VTR. In the shown example, the right im-
aginary line VTR is an approximate straight line of the
right locus, which is derived using the least square meth-
od.

[0061] The calculation unit 50A may derive straight
lines that represent the left locus BCL and the right locus
respectively using another method other than the least
square method as the left imaginary line VTL and the
right imaginary line VTR.

[0062] Then, the calculation unit 50A derives a dis-
tance between the left imaginary line VTL and the first
point SPL as the first height HL (left leveling thickness)
based on the leftimaginary line VTL and the coordinates
of the first point SPL calculated through the same method
described with reference to Fig. 4. Similarly, the calcula-
tion unit 50A derives a distance between the right imag-
inary line VTR and the second point SPR as the second
height HR (right leveling thickness) based on the right
imaginary line VTR and the coordinates of the second
point SPR.

[0063] In addition, the leveling thickness control unit
50B generates a control command with respect to the
leveling thickness control device 55 such that the first
height HL (left leveling thickness) calculated by the cal-
culation unit 50A and the left target leveling thickness
match each other. In addition, the leveling thickness con-
trol unit 50B generates a control command with respect
to the leveling thickness control device 55 such that the
second height HR (right leveling thickness) calculated by
the calculation unit 50A and the right target leveling thick-
ness match each other.

[0064] With such a configuration, the controller 50 can
level the paving material PV such that the thickness of
the paving material PV in the vehicle width direction (Y-
axis direction) differs.

[0065] As described above, as shown in Figs. 1 and 2,
the asphalt finisher 100 includes the tractor 1 that travels
on the roadbed BC, the hopper 2 that is provided in front
of the tractor 1 and that receives the paving material PV,
the conveyor CV that feeds the paving material PV in the
hopper 2 to the rear of the tractor 1, the screw SC that
spreads the paving material PV fed by the conveyor CV
at the rear of the tractor 1, the screed 3 that levels the
paving material PV spread by the screw SC at the rear
of the screw SC, and the controller 50 that is the calcu-
lation device which derives the first height HL (see Fig.
5) and the second height HR (see Fig. 5) of the screed
3 with respect to the roadbed BC. In addition, as shown
in Fig. 5, the first height HL is the height of the first point
SPL in the screed 3, and the second height HR is the
height of the second point SPR in the screed 3. The first
point SPL is at a position different from the position of
the second point SPR in the vehicle width direction (Y-
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axis direction).

[0066] AsshowninFig. 5, the controller 50 may derive
an imaginary line VT (the leftimaginary line VTL and the
rightimaginary line VTR) that represents the roadbed BC
based on the dimension of a traveling member, calculate
a distance between the left imaginary line VTL and the
first point SPL as the first height HL (left leveling thick-
ness), and calculate a distance between the right imag-
inary line VTR and the second point SPR as the second
height HR (right leveling thickness).

[0067] The dimension of the traveling member is, for
example, the radius RD1 of the front wheel 6, the radius
RD2 of the rear wheel 5, and the like. In a case where
the tractor 1 is a crawler type instead of a wheel type,
the dimension of the traveling member is, for example,
adistance between arotation axis of a traveling hydraulic
motor that rotates a crawler and an outer surface of a
crawler link vertically below the rotation axis.

[0068] At least one of the distance sensor S2 that de-
tects a distance to the roadbed BC and the inclination
sensor S3 that detects the inclination of the tractor 1 may
be attached to the tractor 1. In this case, as shown in Fig.
6, the controller 50 may derive the imaginary line VT (the
leftimaginary line VTL and the right imaginary line VTR)
that represents the roadbed BC based on an output of
atleast one of the distance sensor S2 and the inclination
sensor S3, calculate a distance between the left imagi-
nary line VTL and the first point SPL as the first height
HL, and calculate a distance between the right imaginary
line VTR and the second point SPR as the second height
HR.

[0069] The asphalt finisher 100 may include an actu-
ator that adjusts the leveling thickness. In the example
shown in Figs. 1 and 2, the asphalt finisher 100 includes
the leveling cylinder 23 as the actuator that adjusts the
leveling thickness. In this case, the controller 50 may
control an expansion and contraction amount (stroke
amount) of the leveling cylinder 23 such that each of the
first height HL and the second height HR and the height
of the design surface match each other.

[0070] The controller 50 may recognize the position of
each of the first point SPL and the second point SPR
using coordinatesin a predetermined coordinate system.
In the example shown in Figs. 4 to 6, the controller 50
may recognize the position of each of the first point SPL
and the second point SPR using coordinates in the three
dimensional orthogonal coordinate system of which the
origin is the reference point RP. The reference point RP
is the intersection point of the center line of the tractor 1
extending along the vehicle length direction (X-axis di-
rection) of the asphalt finisher 100 and the axle 5X of the
rear wheel 5.

[0071] The screed 3 may include the front screed 30
and the left rear screed 31L and the right rear screed
31R that are capable of expanding and contracting in the
vehicle width direction (Y-axis direction). In this case, as
shown in Fig. 5, the first point SPL may be the left rear
end point of the screed plate of the front screed 30, and
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the second point SPR may be the right rear end point of
the screed plate of the front screed 30.

[0072] Asshownin Figs. 5 and 6, the controller 50 may
detectunevenness of the roadbed BC based on an output
of at least one of the distance sensor S2 and the inclina-
tion sensor S3, derive the straight line (the left imaginary
line VTL and the rightimaginary line VTR) thatrepresents
the roadbed BC including such unevenness, calculate a
distance between the straight line (left imaginary line
VTL) and the first point SPL as the first height HL, and
calculate a distance between the straight line (right im-
aginary line VTR) and the second point SPR as the sec-
ond height HR.

[0073] The straightline (the leftimaginaryline VTL and
the right imaginary line VTR) derived by the controller 50
may be an approximate straight line. In the example
shown in Fig. 6, the left imaginary line VTL is an approx-
imate straight line of the left locus BCL derived based on
an output of the distance sensor S2. In addition, the
straight line (the left imaginary line VTL and the right im-
aginary line VTR) derived by the controller 50 may be an
approximate straight line derived using the least square
method.

[0074] The preferable embodiment of the present in-
vention has been described in detail hereinbefore. How-
ever, the present invention is not limited to the embodi-
ment described above. Various modifications, substitu-
tions, or the like can be applied to the embodiment de-
scribed above without departing from the scope of the
present invention. In addition, characteristics described
separately can be combined insofar as technical incon-
sistencies do not occur.

[0075] For example, the controller 50 is mounted on
an edge side (the tractor 1 of the asphalt finisher 100) in
the embodiment described above, but may be mounted
on a cloud side (outside the asphalt finisher 100). In this
case, the controller 50 may be configured to acquire in-
formation output by various types of devices attached to
the asphalt finisher 100 through a communication device
mounted on the tractor 1 and to transmit a control com-
mand to the leveling thickness control device 55 or the
like through the communication device mounted on the
tractor 1. For example, the communication device is con-
figured to control communication with an external device
via a communication network.

[0076] The communication network is configured to
mainly connect the asphalt finisher 100, a management
device, and a supporting device to each other. The com-
munication network includes, for example, at least one
of a satellite communication network, a mobile phone
communication network, an Internet network, and the
like.

[0077] The supporting device is, for example, a com-
puter including a CPU, a ROM, a RAM, an input and
output interface, an input device, a display, and the like.
Specifically, the supporting device includes a mobile
communication terminal, a fixed communication termi-
nal, and the like. The mobile communication terminal is
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a laptop, a tablet PC, a mobile phone, a smartphone, a
smart watch, smart glasses, or the like.

[0078] The management device is a device provided
in an external facility such as a management center and
stores and manages information transmitted by the as-
phalt finisher 100. The management device is, for exam-
ple, a computer including a CPU, a ROM, a RAM, an
input and outputinterface, an input device, a display, and
the like. Specifically, the management device acquires
and stores information received through the communi-
cation network and manages the information such that
the operator (administrator) can refer to the stored infor-
mation as necessary.

[0079] The asphalt finisher 100, the management de-
vice, and the supporting device are connected to each
other, for example, using a communication protocol such
as the Internet protocol. Each of the asphalt finisher 100,
the management device, and the supporting device,
which are connected to each other via the communication
network, may be one or more.

[0080] The controller 50 may be provided at the man-
agement device or may be provided at the supporting
device. In addition, the calculation unit 50A and the lev-
eling thickness control unit 50B of the controller 50 may
be distributed and disposed at the management device
and the supporting device.

[0081] As described above, at least one of the asphalt
finisher 100, the management device, and the supporting
device may configure a support system that supports the
movement of the asphalt finisher 100.

Brief Description of the Reference Symbols
[0082]

1 tractor

2 hopper

2b push roller

3 screed

5 rear wheel

6 front wheel

23 leveling cylinder

24 hopper cylinder

25 screed lift cylinder

30 front screed

31 rear screed

40 side plate

41 mold board

42 screed step

43 retaining plate

50 controller

50A calculation unit

50B leveling thickness control unit
55 leveling thickness control device
60 expanding and contracting cylinder
100 asphalt finisher

AM leveling arm

CP transport passage
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CV conveyor
PV paving material
SC screw

Claims

1.

A road machine (100) comprising:

a tractor (1) that travels on a roadbed (BC);
ahopper (2) thatis provided in front of the tractor
(1) and that receives a paving material (PV);

a conveyor (CV) that feeds the paving material
(PV)in the hopper (2) to a rear of the tractor (1);
a screw (SC) that spreads the paving material
(PV) fed by the conveyor (CV) at the rear of the
tractor (1);

a screed (3) that levels the paving material (PV)
spread by the screw (SC) at a rear of the screw
(SC); and

a calculation device (50) that derives a first
height (HL) and a second height (HR) of the
screed (3) with respect to the roadbed (BC),
wherein the first height (HL) is a height of a first
point (SPL) in the screed (3),

the second height (HR) is a height of a second
point (SPR) in the screed (3), and

the first point (SPL) is at a position different from
a position of the second point (SPR) in a vehicle
width direction.

The road machine (100) according to claim 1,
wherein the calculation device (50) derives an imag-
inary line (VT) that represents the roadbed (BC)
based on a dimension of a traveling member, calcu-
lates a distance between the imaginary line (VT) and
the first point (SPL) as the first height (HL), and cal-
culates a distance between the imaginary line (VT)
and the second point (SPR) as the second height
(HR).

The road machine (100) according to claim 1,

wherein at least one of a distance sensor (S2)
that detects a distance to the roadbed (BC) and
an inclination sensor (S3) that detects an incli-
nation of the tractor (1) is attached to the tractor
(1), and

the calculation device (50) derives an imaginary
line (VT) that represents the roadbed (BC)
based on an output of at least one of the distance
sensor (S2) and the inclination sensor (S3), cal-
culates a distance between the imaginary line
(VT) and the first point (SPL) as the first height
(HL), calculates a distance between the imagi-
nary line (VT) and the second point (SPR) as
the second height (HR) .
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4. The road machine (100) according to any one of

claims 1 to 3, further comprising:

an actuator (23) that adjusts a leveling thick-
ness,

wherein the calculation device (50) controls the
actuator (23) such that each of the first height
(HL) and the second height (HR) matches a
height of a design surface.

The road machine (100) according to any one of
claims 1 to 3,

wherein the calculation device (50) recognizes a po-
sition of each of the first point (SPL) and the second
point (SPR) using a coordinate in a predetermined
coordinate system.

The road machine (100) according to any one of
claims 1 to 3,

wherein the screed (3) includes a front screed
(30) and a leftrear screed (31L) and a right rear
screed (31R) that are capable of expanding and
contracting in the vehicle width direction,

the first point (SPL) is a left rear end point of a
screed plate of the front screed (30), and

the second point (SPR) is a right rear end point
of the screed plate of the front screed (30).

The road machine (100) according to claim 3,
wherein the calculation device (50) detects uneven-
ness of the roadbed (BC) based on the output of at
least one of the distance sensor (S2) and the incli-
nation sensor (S3), derives a straightline (VTL, VTR)
that represents the roadbed (BC) including the une-
venness, calculates a distance between the straight
line (VTL) and the first point (SPL) as the first height
(HL), and calculates a distance between the straight
line (VTR)and the second point (SPR) as the second
height (HR).

The road machine (100) according to claim 7,
wherein the straight line (VTL, VTR) is an approxi-
mate straight line.

A support system of a road machine (100) including
atractor (1) that travels on aroadbed (BC), a hopper
(2) that is provided in front of the tractor (1) and that
receives a paving material (PV), a conveyor (CV)
that feeds the paving material (PV) in the hopper (2)
to a rear of the tractor (1), a screw (SC) that spreads
the paving material (PV) fed by the conveyor (CV)
at the rear of the tractor (1), and a screed (3) that
levels the paving material (PV) spread by the screw
(SC) at arear of the screw (SC), the support system
comprising:

a calculation device (50) that derives a first
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height (HL) and a second height (HR) of the
screed (3) with respect to the roadbed (BC),
wherein the first height (HL) is a height of a first
point (SPL) in the screed (3),

the second height (HR) is a height of a second
point (SPR) in the screed (3), and

the first point (SPL) is at a position different from
a position of the second point (SPR) in a vehicle
width direction.
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