EP 4 079 979 A1

(19)

(12)

(43)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 4 079 979 A1

EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

Date of publication:
26.10.2022 Bulletin 2022/43

Application number: 21768036.2

Date of filing: 04.03.2021

(51)

(52)

(86)

(87)

International Patent Classification (IPC):
EO02F 9/26 (2006.0%)

Cooperative Patent Classification (CPC):
EO2F 9/26

International application number:
PCT/JP2021/008397

International publication number:
WO 2021/182286 (16.09.2021 Gazette 2021/37)

(84)

(30)

(71)

Designated Contracting States:

AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Designated Extension States:

BA ME

Designated Validation States:

KH MA MD TN

Priority: 11.03.2020 JP 2020041833
Applicant: Komatsu Ltd.

Minato-ku
Tokyo 107-8414 (JP)

(72)

(74)

Inventors:

SHIMIZU, Minoru

Tokyo 107-8414 (JP)
YAMANAKA, Nobuyoshi
Tokyo 107-8414 (JP)
DAIMON, Masaki

Tokyo 107-8414 (JP)
ARATAME, Hiroyuki
Tokyo 107-8414 (JP)

Representative: Griinecker Patent- und
Rechtsanwalte

PartG mbB

LeopoldstraBe 4

80802 Miinchen (DE)

(54)

(57)

OPERATION SYSTEM

A manipulation system is provided that is used

to guide an operator to manipulate a manipulation mem-
ber. The manipulation system comprises a plurality of
types of manipulation members (81a, 83 a, 84a) manip-
ulated by an operator of a work machine to operate the

FIG.2

work machine, and a memory (10M) that stores model
data for each type of manipulation member (81a, 83a,
84a) as a model in manipulating the manipulation mem-
bers (81a, 83a, 84a).
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a manipula-
tion system.

BACKGROUND ART

[0002] Japanese Patent Laying-Open No.

2015-040422 (PTL 1) discloses a display device that dis-
plays an actual traction force value and an actual lifting
force value relative to a target traction force value and a
target lifting force value in association with an amount by
which a first manipulation unit is manipulated to control
vehicular traction force and that by which a second ma-
nipulation unit is manipulated to operate a work imple-
ment, respectively.

CITATION LIST
PATENT LITERATURE

[0003] [PTL 1] Japanese Patent Laying-Open No.
2015-040422

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] When an operator unfamiliar with such an indi-
cation of an actual traction force value and an actual lifting
force value relative to a target traction force value and a
target lifting force value visually recognizes the indica-
tion, the operator is unable to understand which manip-
ulation member should be manipulated to achieve im-
provement and how the manipulation member should be
manipulated to do so.

[0005] The present disclosure proposes a manipula-
tion system that can be used to guide an operator to
manipulate a manipulation member.

SOLUTION TO PROBLEM

[0006] In accordance with the present disclosure, a
manipulation system for a work machine is provided. The
manipulation system comprises: a plurality of types of
manipulation members manipulated by an operator of
the work machine to operate the work machine; and a
storage unit that stores model data for each type of ma-
nipulation member as a model in manipulating the ma-
nipulation members.

ADVANTAGEOUS EFFECTS OF INVENTION

[0007] The manipulation system of the present disclo-
sure can suitably be used to guide an operator to manip-
ulate a manipulation member.
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BRIEF DESCRIPTION OF DRAWINGS
[0008]

Fig. 1is a side view of a wheel loader as an example
of a work machine according to an embodiment.
Fig. 2 is a schematic block diagram showing a con-
figuration of the wheel loader according to the em-
bodiment.

Fig. 3 is a diagram for illustrating an excavation work
by the wheel loader according to the embodiment.
Fig. 4 is a schematic diagram showing productivity
of the excavation work.

Fig. 5 is a graph showing an example of a relation
between a boom angle and aboom pressure foreach
amount of soil excavated.

Fig. 6 is a graph showing a relation between the
boom pressure and the amount of soil excavated, at
a boom angle.

Fig. 7 is a diagram showing an example of a display
screen displayed on a display unit.

Fig. 8 is a schematic diagram showing actual ma-
nipulation data before time axis adjustment.

Fig. 9 is a schematic diagram showing actual ma-
nipulation data after time axis adjustment.

DESCRIPTION OF EMBODIMENTS

[0009] Hereinafter, embodiments will be described
with reference to the accompanying drawings. In the fol-
lowing description, identical components are identically
denoted. Their names and functions are also identical.
Thus, the detailed description thereof will not be repeat-
ed.

<Overall Configuration>

[0010] In an embodiment, a wheel loader 1 will be de-
scribed as one example of a work machine. Fig. 1 is a
side view of wheel loader 1 as an example of the work
machine according to the embodiment.

[0011] As shown in Fig. 1, wheel loader 1 includes a
vehicular body frame 2, a work implement 3, a traveling
unit 4, and a cab 5. Vehicular body frame 2, cab 5 and
the like constitute the vehicular body of wheel loader 1.
Work implement 3 and traveling unit 4 are attached to
the vehicular body of wheel loader 1.

[0012] Traveling unit 4 serves to cause the vehicular
body of wheel loader 1 to travel, and includes running
wheels 4a and 4b. Wheel loader 1 is movable as running
wheels 4a and 4b are rotationally driven, and also, can
perform a desired work using work implement 3.

[0013] Vehicular body frame 2 includes a front frame
2a and a rear frame 2b. Front frame 2a and rear frame
2b are attached to be capable of mutually swinging right-
ward and leftward. A pair of steering cylinders 11 is at-
tached across front frame 2a and rear frame 2b. Steering
cylinder 11 serves as a hydraulic cylinder. Steering cyl-
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inder 11 is extended and retracted by hydraulic oil re-
ceived from a steering pump 12 (see Fig. 2) to change
the traveling direction of wheel loader 1 in a rightward
direction and a leftward direction.

[0014] In the present specification, the direction in
which wheel loader 1 travels straightforward is referred
to as a front-rear direction of wheel loader 1. In the front-
rear direction of wheel loader 1, the side where work im-
plement 3 is located with respect to vehicular body frame
2 is referred to as a forward direction, and the side op-
posite to the forward direction is referred to as a rearward
direction. The left-right direction of wheel loader 1 is or-
thogonal to the front-rear direction in a plan view. The
right side and the left side in the left-right direction in
facing forward are defined as a right direction and a left
direction, respectively. A top-bottom direction of wheel
loader 1 is orthogonal to a plane defined by the front-rear
direction and the left-right direction. In the top-bottom di-
rection, the ground side is defined as a lower side and
the sky side is defined as an upper side.

[0015] Workimplement 3 and a pair of running wheels
(front wheels) 4a are attached to front frame 2a. Work
implement 3 is disposed on the front side of the vehicular
body. Work implement 3 is driven by hydraulic oil from a
work implement pump 13 (see Fig. 2). Work implement
pump 13 is a hydraulic pump that is driven by an engine
20 to discharge hydraulic oil for operating work imple-
ment 3. Work implement 3 includes a boom 14 and a
bucket 6 that serves as a work tool. Bucket 6 is disposed
at the distal end of work implement 3. Bucket 6 is an
example of an attachment detachably attached to a distal
end of boom 14. Depending on the type of work, the at-
tachment is replaced by a grapple, a fork, a plow, or the
like.

[0016] Boom 14 has a proximal end portion rotatably
attached to front frame 2a by a boom pin 9. Bucket 6 is
rotatably attached to boom 14 by a bucket pin 17 located
at the distal end of boom 14.

[0017] Front frame 2a and boom 14 are coupled by a
pair of boom cylinders 16. Boom cylinder 16 is a hydraulic
cylinder. Boom cylinder 16 has a proximal end attached
to front frame 2a. Boom cylinder 16 has a distal end at-
tached to boom 14. Boom 14 moves up and down when
boom cylinder 16 is extended and retracted by hydraulic
oil received from work implement pump 13 (see Fig. 2).
Boom cylinder 16 rotationally drives boom 14 to be raised
and lowered about boom pin 9.

[0018] Work implement 3 further includes a bell crank
18, a bucket cylinder 19, and a link 15. By a support pin
18a located substantially in the center of boom 14, bell
crank 18 is supported on boom 14 so as to be rotatable.
Bucket cylinder 19 couples bell crank 18 to front frame
2a. Link 15 is coupled to a coupling pin 18c provided at
a distal end portion of bell crank 18. Link 15 couples bell
crank 18 and bucket 6.

[0019] Bucket cylinder 19 serves a hydraulic cylinder
and also as a work tool cylinder. Bucket cylinder 19 has
aproximal end attached to frontframe 2a. Bucketcylinder
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19 has a distal end attached to a coupling pin 18b pro-
vided at a proximal end portion of bell crank 18. When
bucket cylinder 19 is extended and retracted by hydraulic
oil from work implement pump 13 (see Fig. 2), bucket 6
pivots up and down. Bucket cylinder 19 drives bucket 6
to rotate about bucket pin 17.

[0020] Cab5andapairofrunningwheels (rearwheels)
4b are attached to rear frame 2b. Cab 5 is disposed be-
hind boom 14. Cab 5 is mounted on vehicular body frame
2. Inside cab 5, a seat on which an operator of wheel
loader 1 sits, a manipulation device 8 described below,
and the like are disposed.

<System Configuration>

[0021] Fig. 2 is a schematic block diagram showing a
configuration of wheel loader 1 according to the embod-
iment. As shown in Fig. 2, wheel loader 1 includes engine
21 as a driving source, traveling unit 4, work implement
pump 13, steering pump 12, manipulation device 8, a
controller 10, a display unit 50, and the like.

[0022] Engine 21 is a diesel engine, for example. As
the driving source, engine 21 may be replaced with a
motor driven by a power storage unit, or the engine and
the motor both may be used. Engine 21 includes a fuel
injection pump 24. Fuel injection pump 24 is provided
with an electronic governor 25. The output of engine 21
is controlled by adjusting the amount of fuel injected into
the cylinder. This adjustment is performed by controlling
electronic governor 25 by controller 10.

[0023] The engine rotation speed is sensed by an en-
gine rotation speed sensor 91. Engine rotation speed
sensor 91 outputs a detection signal which is then input
to controller 10.

[0024] Traveling unit 4 serves to receive driving force
from engine 21 to cause wheel loader 1 to travel.
Traveling unit 4 includes a power transmission device
23, front wheels 4a and rear wheels 4b described above,
and the like.

[0025] Power transmission device 23 is to transmit the
driving force from engine 21 to front wheels 4a and rear
wheels 4b, and serves as a transmission, for example.
In wheel loader 1, both front wheels 4a attached to front
frame 2a and rear wheels 4b attached to rear frame 2b
constitute driving wheels that receive driving force to
cause wheel loader 1 to travel. Power transmission de-
vice 23 changes the speed of rotation of an input shaft
27 and outputs the resultant rotation to an output shaft 28.
[0026] Output shaft 28 is provided with an output rota-
tion speed sensor 92. Output rotation speed sensor 92
detects the rotation speed of output shaft 28. Output ro-
tation speed sensor 92 outputs a detection signal which
is then input to controller 10. Controller 10 calculates ve-
hicular speed based on the detection signal from output
rotation speed sensor 92.

[0027] Power transmission device 23 outputs driving
force which is then transmitted to wheels 4a and 4b via
a shaft 32 and the like. Thus, wheel loader 1 travels. Part
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of the driving force from engine 21 is transmitted to
traveling unit 4, so that wheel loader 1 travels.

[0028] Part of the driving force of engine 21 is trans-
mitted to work implement pump 13 and steering pump
12 via a power extraction unit 33. Power extraction unit
33 serves to distribute the output from engine 21 to power
transmission device 23 and a cylinder driving unit that is
formed of work implement pump 13 and steering pump
12.

[0029] Work implement pump 13 and steering pump
12 each are a hydraulic pump driven by driving force
output from engine 21. Work implement pump 13 pumps
out hydraulic oil which is then supplied to boom cylinder
16 and bucket cylinder 19 via a work implement control
valve 34. Steering pump 12 pumps out hydraulic oil which
is then supplied to steering cylinder 11 via a steering
control valve 35. Work implement 3 is driven by part of
the driving force output from engine 21.

[0030] Afirsthydraulic pressure detector 95is attached
to boom cylinder 16. First hydraulic pressure detector 95
detects pressure of hydraulic oil inside an oil chamber of
boom cylinder 16. First hydraulic pressure detector 95
outputs a detection signal which is then input to controller
10.

[0031] A second hydraulic pressure detector 96 is at-
tached to bucket cylinder 19. Second hydraulic pressure
detector 96 detects pressure of hydraulic oil inside an oil
chamber of bucket cylinder 19. Second hydraulic pres-
sure detector 96 outputs a detection signal which is then
input to controller 10.

[0032] A first angle detector 29 is, for example, a po-
tentiometer attached to boom pin 9. First angle detector
29 detects a boom angle representing an angle by which
boom 14 is lifted up (or tilted) with respect to the vehicular
body. First angle detector 29 outputs a detection signal
representing the boom angle to controller 10.

[0033] Specifically, as shown in Fig. 1, a boom refer-
ence line A is a straight line passing through the center
of boom pin 9 and the center of bucket pin 17. A boom
angle 61 is an angle formed by a horizontal line H ex-
tending forward from the center of boom pin 9 and boom
reference line A. When boom reference line A is horizon-
tal, a boom angle 61 = 0°. When boom reference line A
is above horizontal line H, boom angle 61 is positive.
When boom reference line A is below horizontal line H,
boom angle 61 is negative.

[0034] First angle detector 29 may be a stroke sensor
disposed on boom cylinder 16.

[0035] A second angle detector 48 is, for example, a
potentiometer attached to support pin 18a. Second angle
detector 48 detects the bell crank angle representing an
angle of bell crank 18 with respect to boom 14. Second
angle detector 48 outputs a detection signal representing
the bell crank angle to controller 10.

[0036] Specifically, as shown in Fig. 1, a bell crank ref-
erence line B is a straight line passing through the center
of support pin 18a and the center of coupling pin 18b. A
bell crank angle 62 is an angle formed by boom reference
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line A and bell crank reference line B. When a back sur-
face 6b of bucket 6 extends horizontally on the ground
while bucket 6 is in contact with the ground, bell crank
angle 62 = 0°. When bucket 6 is moved in a direction for
excavation (or upward), bell crank angle 62 is positive.
When bucket 6 is moved in a direction for dumping (or
downward), bell crank angle 62 is negative.

[0037] Second angle detector 48 may detect the angle
of bucket 6 (a bucket angle) with respect to boom 14.
The bucket angle is an angle formed by: a straight line
passing through the center of bucket pin 17 and a blade
edge 6a of bucket 6; and boom reference line A. Second
angle detector 48 may be a potentiometer or a proximity
switch attached to bucket pin 17. Alternatively, second
angle detector 48 may be a stroke sensor disposed on
bucket cylinder 19.

[0038] Manipulation device 8 is manipulated by an op-
erator. Manipulation device 8 includes a plurality of types
of manipulation members that are manipulated by the
operator to operate wheel loader 1. Specifically, manip-
ulation device 8 includes an accelerator manipulation
member 81a, a steering manipulation member 82a, a
boom manipulation member 83a, a bucket manipulation
member 84a, a gear-shifting manipulation member 85a,
and an FR manipulation member 86a.

[0039] Accelerator manipulation member 81a is ma-
nipulated to set a target rotation speed of engine 21. Ac-
celerator manipulation member 81a is an accelerator
pedal, for example. When the amount of manipulation of
accelerator manipulation member 81a (for an accelerator
pedal, the pressing amount, which will be hereinafter also
referred to as an accelerator opening degree) is in-
creased, the vehicular body is accelerated. When the
amount of manipulation of accelerator manipulation
member 81a is decreased, the vehicular body is decel-
erated. Accelerator manipulation member 81a corre-
sponds to a traveling-motion manipulation member in the
embodiment that is manipulated to cause wheel loader
1 to travel. An accelerator manipulation detection unit
81b detects the amount of manipulation of accelerator
manipulation member 81a. Accelerator manipulation de-
tection unit 81b outputs a detection signal to controller
10. Controller 10 controls the output from engine 21
based on the detection signal from accelerator manipu-
lation detection unit 81b.

[0040] Steering manipulation member 82a is manipu-
lated to control the direction in which the vehicle moves.
Steering manipulation member 82a is a steering handle,
for example. Steering manipulation detection unit 82b
detects the position of steering manipulation member 82a
and outputs the detection signal to controller 10. Control-
ler 10 controls steering control valve 35 based on the
detection signal output from steering manipulation de-
tection unit82b. Steering cylinder 11 extends and retracts
to change the direction in which the vehicle travels.
[0041] Boom manipulation member 83a is manipulat-
ed to operate boom 14. Boom manipulation member 83a
is a control lever, for example. Boom manipulation de-
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tection unit 83b detects the position of boom manipulation
member 83a. Boom manipulation detection unit 83b out-
puts a detection signal to controller 10. Controller 10 con-
trols work implement control valve 34 based on the de-
tection signal from boom manipulation detection unit 83b.
Boom cylinder 16 extends and retracts to operate boom
14.

[0042] Bucket manipulation member 84a is manipulat-
ed to operate bucket 6. Bucket manipulation member 84a
is a control lever, for example. Bucket manipulation de-
tection unit 84b detects the position of bucket manipula-
tion member 84a. Bucket manipulation detection unit 84b
outputs a detection signal to controller 10. Controller 10
controls work implement control valve 34 based on the
detection signal from bucket manipulation detection unit
84b. Bucket cylinder 19 extends and retracts to operate
bucket 6.

[0043] Gear-shifting manipulation member 85a is ma-
nipulated to set gear-shifting by power transmission de-
vice 23. Gear-shifting manipulation member 85ais a shift
lever, for example. Gear-shifting manipulation detection
unit 85b detects the position of gear-shifting manipulation
member 85a. Gear-shifting manipulation detection unit
85b outputs a detection signal to controller 10. Controller
10 controls power transmission device 23 based on the
detection signal from gear-shifting manipulation detec-
tion unit 85b.

[0044] FR manipulation member 86a is manipulated
to switch the traveling direction of the vehicle between
forward and rearward. FR manipulation member 86a is
switched to a position for forward travel, a neutral posi-
tion, or a position for rearward travel. FR manipulation
detection unit 86b detects the position of FR manipulation
member 86a. FR manipulation detection unit 86b outputs
a detection signal to controller 10. Controller 10 controls
power transmission device 23 based on the detection
signal from FR manipulation detection unit 86b to switch
the state of the vehicle among a forward traveling state,
a rearward traveling state, and a neutral state.

[0045] Display unit50 receives acommand signal from
controller 10 and displays various types of information.
Various types of information displayed on display unit 50
may for example be: information about a work performed
by wheel loader 1; vehicular body information such as a
remaining amount of fuel, a temperature of coolant, and
a temperature of hydraulic oil; surrounding images ob-
tained by imaging the surroundings of wheel loader 1;
and the like. Display unit 50 may be a touch panel. In this
case, a signal generated when the operator touches a
part of display unit 50 is output from display unit 50 to
controller 10.

[0046] Controller 10 is generally implemented by read-
ing various programs by a central processing unit (CPU).
Controller 10 includes a memory 10M and a timer 10T.
Memory 10M functions as a work memory and stores
various types of programs for implementing the function
of the wheel loader. Controller 10 reads the current time
from timer 10T. Controller 10 calculates the elapsed time
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from the start of the excavation work, for example, when
wheel loader 1 performs the excavation work.

[0047] Controller 10 sends an engine command signal
to electronic governor 25 so that a target rotation speed
corresponding to the amount of manipulation of acceler-
ator manipulation member 81a is obtained. Based on the
amount of fuel supplied to engine 21 that varies in re-
sponse to the control by electronic governor 25, controller
10 can calculate fuel consumption per unit running time
of engine 21, fuel consumption per unit traveling distance
of wheel loader 1, and fuel consumption per unit load
weight in bucket 6.

[0048] Controller 10 calculates a vehicular speed of
wheel loader 1 based on the detection signal of output
rotation speed sensor 92. From memory 10M, controller
10 reads a map defining the relation between the vehic-
ular speed and the traction force of wheel loader 1, and
then calculates traction force based on the map.

[0049] Controller 10 receives a detection signal of the
engine rotation speed from engine rotation speed sensor
91. From memory 10M, controller 10 reads a map defin-
ing the relation between the engine rotation speed and
the engine torque, and then, calculates engine torque
based on the map.

[0050] The traction force and the engine torque may
be calculated in a different way from reference to a map.
For example, the traction force and the engine torque
may be calculated by referring to a table, or calculation
using a mathematical expression, or the like.

<Excavation Work>

[0051] Wheel loader 1 in the present embodiment per-
forms an excavation work for scooping an excavation
target such as soil and sand. Fig. 3 illustrates an exca-
vation work performed by wheel loader 1 according to
the embodiment.

[0052] AsshowninFig. 3, wheelloader 1 causesblade
edge 6a of bucket 6 to bite into an excavation target 100,
and subsequently raises bucket 6 along a bucket trajec-
tory L as indicated by a curved arrow in Fig. 3. Thus, an
excavation work for scooping excavation target 100 into
bucket 6 is performed.

[0053] Wheel loader 1 in the present embodiment per-
forms an excavating operation for causing bucket 6 to
scoop excavation target 100, and a loading operation for
loading a load (excavation target 100) in bucket 6 onto
a carrier such as a dump truck.

[0054] More specifically, wheel loader 1 repeatedly
performs a plurality of work steps as described below in
a sequential manner to excavate excavation target 100
and load excavation target 100 onto a carrier such as a
dump truck.

[0055] Afirststepisanunloaded forward traveling step
of causing unloaded wheel loader 1 to move forward to-
ward excavation target 100. A second step is an exca-
vating (digging) step of causing wheel loader 1 to move
forward until blade edge 6a of bucket 6 bites into exca-
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vation target 100. A third step is an excavating (scooping)
step of manipulating boom cylinder 16 to raise bucket 6
and also manipulating bucket cylinder 19 to tilt bucket 6
back. A fourth step is a loaded rearward traveling step
of causing wheel loader 1 to move rearward after exca-
vation target 100 is scooped into bucket 6.

[0056] A fifth step is a loaded forward traveling step of
causing wheel loader 1 to move forward to approach the
dump truck while keeping bucket 6 raised or while raising
bucket 6. A sixth step is a soil ejecting step of dumping
bucket 6 at a prescribed position toload excavation target
100 onto a loading platform of the dump truck. A seventh
step is a rearward traveling and boom lowering step of
lowering boom 14 while causing wheel loader 1 to move
rearward to return bucket 6 to an excavating position.
The above steps are typical work steps constituting one
cycle of an excavating and loading work.

[0057] For example, based on a combination of the
determination conditions about a manipulation by an op-
erator to move wheel loader 1 forward and rearward, a
manipulation by an operator for work implement 3, and
the current hydraulic pressure of the cylinder of work im-
plement 3, it can be determined whether wheel loader 1
is currently performing an excavating step and thus work
implement 3 is currently performing an excavation work,
or wheel loader 1 is currently not performing an excavat-
ing step and thus work implement 3 is currently not per-
forming an excavation work.

<Productivity of Excavation Work>

[0058] Fig. 4 is a schematic diagram showing produc-
tivity of the excavation work by wheel loader 1. The hor-
izontal axis of the graph shown in Fig. 4 represents a
required time period from the start to the end of the ex-
cavation work (which will be hereinafter referred to as an
excavation time period). The time at which the excavation
work is started is set at time 0. The vertical axis in Fig. 4
represents the amount of the excavation target scooped
into bucket 6 (which will be hereinafter referred to as an
amount of soil excavated) through the excavation work.
The excavation time period and the amount of soil exca-
vated that are measured during actual execution of the
excavation work are plotted in the graph shown in Fig.
4. Excavation works performed by a plurality of operators,
desirably several tens of thousands or more of excava-
tion works, are plotted in Fig. 4.

[0059] The productivity of the excavation work is de-
termined based on the excavation time period and the
amount of soil excavated. When two excavation works
performed in the same excavation time period are com-
pared, the excavation work providing a larger amount of
soil excavated is determined as achieving higher produc-
tivity. When two excavation works providing the same
amount of soil excavated are compared, the excavation
work performed in a shorter excavation time period is
determined as achieving higher productivity. It is recog-
nized that the excavation time period and the fuel con-
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sumption strongly correlate with each other, and the hor-
izontal axis in Fig. 4 represents fuel consumption. The
excavation work consuming less fuel and providing a
larger amount of soil excavated is determined as exca-
vation achieving higher productivity. Several excavation
works are extracted from a plurality of excavation works
based on the level of productivity. For example, the ex-
cavation works surrounded by an ellipse in Fig. 4 and
each consuming relatively less fuel and providing a rel-
atively larger amount of soil excavated is determined as
an excavation work achieving higher productivity, and
thus extracted.

[0060] Based on the data of the extracted excavation
works, model data is generated as a model used when
the operator manipulates manipulation device 8 for an
excavation work. Model data can be generated by taking
aweighted average of data of the plurality of the extracted
excavation works. Controller 10 generates model data
from the accelerator opening degree, boom angle 61,
and bell crank angle 62 that are obtained during the ex-
tracted excavation works. The generated model data is
stored in memory 10M. Memory 10M corresponds to a
storage unit in the embodiment that stores model data.
[0061] Memory 10M stores model data serving as a
model when accelerator manipulation member 81a is
manipulated. Memory 10M stores model data serving as
a model when boom manipulation member 83a is ma-
nipulated. Memory 10M stores model data serving as a
model when bucket manipulation member 84a is manip-
ulated. Memory 10M stores model data serving as a mod-
el when a plurality of types of manipulation members are
manipulated, for each type of manipulation member.
[0062] An example of a method of calculating the
amount of soil excavated will be hereinafter described.
Fig. 5 is a graph showing an example of the relation be-
tween boom angle 61 and a boom pressure Pt for each
amount of soil excavated. In the graph in Fig. 5, the hor-
izontal axis represents boom angle 61 while the vertical
axis represents boom pressure Pt. Boom pressure Pt
refers to the pressure of hydraulic oil in an oil chamber
of boom cylinder 16 that is detected by first hydraulic
pressure detector 95. In Fig. 5, a curve A shows the case
where bucket 6 is empty, a curve B shows the case where
bucket 6 is half full, and a curve C shows the case where
bucket 6 is full. Based on the graph showing the relation
between boom angle 61 and boom pressure Pt with re-
spect to two or more amounts of soil excavated that are
measured in advance, a graph showing the relation be-
tween the amount of soil excavated and boom pressure
Pt for each boom angle 61 can be obtained as shown in
Fig. 5.

[0063] When boom angle 61 and boom pressure Pt at
a certain time point are obtained, the amount of soil ex-
cavated at that time point can be calculated. Forexample,
assuming that boom angle 61 = 6k and boom pressure
Pt = Ptk at a certain time point mk as shown in Fig. 5,
an amount of soil excavated WN at that time point mk
can be calculated from Fig. 6. Fig. 6 is a graph showing
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the relation between boom pressure Pt and aload weight
W at boom angle 61 = 6k. In the graph in Fig. 6, the
horizontal axis represents boom pressure Pt while the
vertical axis represents amount of soil excavated W.
[0064] As shown in Fig. 5, PtA represents boom pres-
sure occurring when bucket 6 is empty at boom angle 61
= 0k. PtC represents boom pressure occurring when
bucket 6 is full at boom angle 61 = 6k. WA shown in Fig.
6 represents a load weight occurring when bucket 6 is
empty at boom angle 61 = 6k. Further, WC represents a
load weight occurring when bucket 6 is full at boom angle
01 = ok.

[0065] When Pk is located between PtA and P:C as
shown in Fig. 5, amount of soil excavated WN at time
point mk can be determined by performing linear inter-
polation. Alternatively, amount of soil excavated WN can
also be obtained based on the numerical table in which
the above-described relation is stored in advance.
[0066] The method of calculating the amount of soil
excavated in bucket 6 is not limited to the examples
shown in Figs. 5 and 6. In addition to or in place of the
boom pressure and boom angle 61, the pressure differ-
ence between the head pressure and the bottom pres-
sure of bucket cylinder 19, the bucket angle, the dimen-
sions of work implement 3, and the like can be taken into
consideration as parameters for calculating the amount
of soil excavated in bucket 6. By calculation in consider-
ation of these parameters, the amount of soil excavated
can be more accurately calculated.

<Display Screen>

[0067] Fig. 7 is a diagram showing an example of a
display screen displayed on display unit 50. As shown in
Fig. 7, display unit 50 displays, by way of example, dif-
ference data 51, a bucket angle comparison unit 55, a
cylinder pressure comparison unit 56, an amount of soil
excavated 61, an excavation time period 62, a selection
unit 63, a score 64, and a score history 65. The display
screen displayed on display unit 50 is updated when one
excavation work ends.

[0068] When blade edge 6a of bucket 6 digs into the
excavation target, the pressure of the hydraulic oil in the
oil chamber of boom cylinder 16 rises. For example, by
detecting that the pressure of the hydraulic oil in the oll
chamber of boom cylinder 16 has risen during forward
traveling of wheel loader 1, it can be determined that the
excavation work has started. For example, by detecting
thatthe direction of traveling of wheel loader 1 thattravels
forward during the excavation work is switched to rear-
ward traveling, it can be determined that the excavation
work has ended.

[0069] Difference data 51 includes bell crank manipu-
lation difference data 52, boom manipulation difference
data 53, and accelerator opening degree difference data
54.

[0070] Bell crank manipulation difference data 52 rep-
resents a result of comparison between bell crank angle
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02 of the model data and bell crank angle 62 formed by
bell crank 18 operated in accordance with the actual ma-
nipulation of bucket manipulation member 84a by the op-
erator. More specifically, bell crank manipulation differ-
ence data 52 represents a difference between bell crank
angle 62 of the model data and bell crank angle 62 of the
actual manipulation data obtained in accordance with the
actual manipulation by the operator.

[0071] Bell crank manipulation difference data 52 rep-
resents a change over time in a result of comparison
between bell crank angle 62 of the actual manipulation
data and bell crank angle 62 of the model data in a time
period during an excavation work, specifically, in a time
period from the start to the end of the excavation work.
Display unit 50 displays the comparison between bell
crank angle 62 of the actual manipulation data and bell
crank angle 62 of the model data in a time-series manner.
[0072] Boom manipulation difference data 53 repre-
sents a result of comparison between boom angle 61 of
the model data and boom angle 61 formed by boom 14
operated in accordance with the actual manipulation of
boom manipulation member 83a by the operator. More
specifically, boom manipulation difference data 53 rep-
resents a difference between boom angle 61 of the model
data and boom angle 61 of the actual manipulation data
obtained in accordance with the actual manipulation by
the operator.

[0073] Boom manipulation difference data 53 repre-
sents a change over time in the result of comparison be-
tween boom angle 61 of the actual manipulation data and
boom angle 61 of the model data in a time period during
the excavation work, specifically, in a time period from
the start to the end of the excavation work. Display unit
50 displays the comparison between boom angle 61 of
the actual manipulation data and boom angle 81 of the
model data in a time-series manner.

[0074] Accelerator opening degree difference data 54
represents a result of comparison between the acceler-
ator opening degree of the model data and the acceler-
ator opening degree detected by accelerator manipula-
tion detection unit 81b in accordance with actual manip-
ulation of accelerator manipulation member 81a by the
operator. More specifically, accelerator opening degree
difference data 54 represents the difference between the
accelerator opening degree of the model data and the
accelerator opening degree of the actual manipulation
data obtained in accordance with the actual manipulation
by the operator.

[0075] Accelerator opening degree difference data 54
represents a change over time in the result of comparison
between the accelerator opening degree of the actual
manipulation data and the accelerator opening degree
of the model data in a time period during the excavation
work, specifically, in a time period from the start to the
end of the excavation work. Display unit 50 displays the
comparison between the accelerator opening degree of
the actual manipulation data and the accelerator opening
degree of the model data in a time-series manner.
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[0076] Bucket angle comparison unit 55 displays the
superimposed state of bell crank angle 62 of the actual
manipulation data and bell crank angle 62 of the model
data in a time period during the excavation work, specif-
ically, in a time period from the start to the end of the
excavation work. The solid line in the figure indicates bell
crank angle 62 of the actual manipulation data, and the
broken line in the figure indicates bell crank angle 62 of
the model data. Bucket angle comparison unit 55 dis-
plays a change over time in bell crank angle 62 of the
actual manipulation data and bell crank angle 62 of the
model data. Display unit 50 displays the comparison be-
tween bell crank angle 62 of the actual manipulation data
and bell crank angle 62 of the model data in a time-series
manner.

[0077] Cylinder pressure comparison unit 56 displays
the superimposed state of boom pressure Pt of the actual
manipulation data and boom pressure Pt of the model
data in a time period during the excavation work, specif-
ically, in a time period from the start to the end of the
excavation work. The solid line in the figure represents
boom pressure Pt of the actual manipulation data, and
the broken line in the figure represents boom pressure
Pt of the model data. Cylinder pressure comparison unit
56 displays a change over time in boom pressure Pt of
the actual manipulation data and boom pressure Pzt of
the model data. Display unit 50 displays the comparison
between boom pressure Pt of the actual manipulation
data and boom pressure Pzt of the model data in a time-
series manner.

[0078] Indifference data 51, bucket angle comparison
unit 55, and cylinder pressure comparison unit 56, the
left-right direction in the figure represents the passage
of time. The left end of the display corresponds to the
time point at which excavation starts, and the right end
of the display corresponds to the time point at which ex-
cavation ends. Each actual manipulation data is not dis-
played as it is on display unit 50, but is displayed on
display unit 50 in the state where each actual manipula-
tion data is adjusted in terms of the time axis such that
the time periods displayed on display unit 50 start at the
same start time point and end at the same end time point.
[0079] Fig. 8 is a schematic diagram showing the ac-
tual manipulation data before time axis adjustment. The
horizontal axis in Fig. 8 indicates time. The time point at
which the excavation work starts is defined as time 0.
Acquired data 71 shown in Fig. 8 represents raw data of
the actual manipulation data acquired when the excava-
tion work is performed until the excavation work ends (=
k1), i.e., when the excavation work is performed in an
excavation time period k1. Similarly, acquired data 72
represents raw data of the actual manipulation data ac-
quired when the excavation work is performed in an ex-
cavation time period k2. Acquired data 73 represents raw
data of the actual manipulation data acquired when the
excavation work is performed in an excavation time pe-
riod k3.

[0080] As described above, since the excavation time
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period is different for each excavation work, the actual
manipulation data as being raw data is not compared
with the model data, but the raw data needs to be proc-
essed to be adjusted in terms of the time axis before the
comparison between the actual manipulation data and
the model data is displayed on display unit 50.

[0081] Fig. 9 is a schematic diagram showing the ac-
tual manipulation data after time axis adjustment. The
horizontal axis in Fig. 9 indicates time. The time axis is
adjusted such that an excavation time period n is set,
and acquired data 71 in actual excavation time period k1
is setto be normalized data 71N shown in Fig. 9. Similarly,
acquired data 72 and acquired data 73 are also set to be
normalized data 72N and normalized data 73N, respec-
tively, in excavation time period n. The model data is also
adjusted to be displayed in excavation time period n. In
this way, the excavation time periods of their respective
excavation works are adjusted in terms of the time axis,
so that the actual manipulation data and the model data
can be compared with each other.

[0082] Further, a plurality of time points at which exca-
vation time period n is equally divided are set and actual
manipulation data is obtained at each of the time points,
and thereby, comparison with the model data can be fa-
cilitated. For example, 98 time points may be set, and
actual manipulation data at a total of 100 time points in-
cluding a time point 0 and a time point n may be obtained.
When the raw data of the actual manipulation data does
not include a detection result detected at any one of the
set time points, the detection result detected at the near-
est time point before this any one of the set time points
and the detection result detected atthe nearesttime point
after this any one of the set time points are linearly inter-
polated, and thereby, the actual manipulation data at
each of the set time points can be obtained.

[0083] Referring back to Fig. 7, hatching shown in dif-
ference data 51 and extending from the upper right to
the lower left represents that the amount of actual ma-
nipulation of manipulation device 8 by the operator that
is represented by the actual manipulation data is smaller
than the manipulation amount as a model example that
is represented by the model data. Further, hatching
shown in difference data 51 and extending from the upper
left to the lower right represents that the amount of actual
manipulation of manipulation device 8 by the operator
that is represented by the actual manipulation data is
larger than the manipulation amount as a model example
that is represented by the model data. Fineness of the
hatching represents the extent of the deviation from the
model data. The blank area shown in difference data 51
represents that the amount of actual manipulation of ma-
nipulation device 8 by the operator that is represented
by the actual manipulation data is close to the manipu-
lation amount as a model example that is represented
by the model data, and also that the difference between
the actual manipulation data and the model data is suf-
ficiently small.

[0084] Indifference data 51, the difference ofthe actual
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manipulation data from the model data can be displayed
in a color-coded manner. For example, in difference data
51 shown in Fig. 7, each blank area may be shown in
green, each area of hatching extending from the upper
right to the lower left may be shown in yellow, and each
area of hatching extending from the upper left to the lower
right may be shown in red.

[0085] Inthe example showninFig. 7, the manipulation
amount of bucket manipulation member 84a represented
by bell crank manipulation difference data 52 is smaller
than the manipulation amount of the model data during
the time period from the start time point of the excavation
work to about the middle of the excavation work. After
aboutthe middle of the excavation work, the manipulation
amount of bucket manipulation member 84a is substan-
tially the same as the manipulation amount of the model
data. Near the end of the excavation work, the manipu-
lation amount of bucket manipulation member 84ais larg-
er than the manipulation amount of the model data.
[0086] At the point of time when the excavation work
is started, the manipulation amount of boom manipulation
member 83a that is represented by boom manipulation
difference data 53 is smaller than the manipulation
amount of the model data. After a short time period has
elapsed since the start of the excavation work, the ma-
nipulation amount of boom manipulation member 83a is
substantially the same as the manipulation amount of the
model data. Near the end of the excavation work, the
manipulation amount of boom manipulation member 83a
is larger than the manipulation amount of the model data.
[0087] In the time period from the start of the excava-
tion work to the last half of the excavation work, the ma-
nipulation amount of accelerator manipulation member
81a that is represented by accelerator opening degree
difference data 54 is substantially the same as the ma-
nipulation amount of the model data. Near the end of the
excavation work, the accelerator opening degreeis larger
than that of the model data.

[0088] Memory 10M stores changes overtime in model
data with respect to the manipulations of accelerator ma-
nipulation member 81a, boom manipulation member
83a, and bucket manipulation member 84a. Controller
10 adjusts the time axes of the model data and the actual
manipulation data that each change over time, and then,
compares the model data and the actual manipulation
data at each time point to thereby obtain a difference
between the model data and the actual manipulation data
at each time point. Display unit 50 displays the difference
in a color-coded manner. Difference data 51 displayed
ondisplay unit50is an example of the display data related
to the model data.

[0089] Amount of soil excavated 61 represents the
amount of the excavation target scooped into bucket 6
in the excavation work, which is obtained when the dis-
play screen is updated. Excavation time period 62 rep-
resents the time period required from the start to the end
of excavation in the excavation work, which is obtained
when the display screen is updated.
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[0090] Selection unit 63 is displayed in the shape of a
selection bar by way of example.

[0091] The operator can manipulate selection unit 63,
for example, move a selector to the left or right on a bar
extending in the left-right direction in Fig. 7 to change the
position of the selector, and thereby, can select which of
the amount of soil excavated and the excavation time
period is prioritized. In the example shown in Fig. 7, the
selector is moved in the left direction to come closer to
the indication of "amount of soil ", so that the amount of
soil excavated is selected to be prioritized. The selector
is moved in the right direction to come closer to the indi-
cation of "time period", so that the excavation time period
is selected to be prioritized. Depending on the degree to
which the selector is moved in the left-right direction, it
becomes possible to adjust selection as to what degree
the amount of soil excavated or the excavation time pe-
riod is prioritized.

[0092] The excavation work to be extracted varies ac-
cording to the operator’s selection when model data is
generated. When the amount of soil excavated is select-
ed to be prioritized, the excavation work providing alarger
amount of soil excavated is extracted even if the exca-
vation work is performed in a longer excavation time pe-
riod. When the excavation time period is selected to be
prioritized, the excavation work performed in a shorter
excavation time period is extracted even if the excavation
work provide a smaller amount of soil excavated.
[0093] Score 64 is calculated based on amount of soil
excavated 61 and excavation time period 62. As amount
of soil excavated 61 is larger and excavation time period
62 is shorter, the value represented as score 64 becomes
larger. The productivity of the excavation work is evalu-
ated based on score 64. By referring to score 64, the
operator can recognize the level of the productivity of the
currently performed excavation work.

[0094] Score history 65 represents a history of scores
64 obtained in a plurality of excavation works. Based on
score history 65, the history of the productivity in a plu-
rality of excavation works is evaluated. By referring to
score history 65, the operator can recognize the level of
the productivity of the series of excavation works.

<Functions and Effects>

[0095] The following describes the functions and ef-
fects of the above-described embodiment.

[0096] The manipulation guide device according to the
embodiment includes display unit 50 shown in Fig. 7.
Display unit 50 displays a change over time in the result
of comparison between the actual manipulation data
about an actual manipulation of manipulation device 8
by the operator and the model data serving as a model
when the operator manipulates manipulation device 8,
in a time period during the operation of wheel loader 1.
[0097] By looking at the display on display unit 50, the
operator can recognize the comparison between the ac-
tual manipulation data representing the manipulation ac-
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tually performed when an excavating work is performed
and the model data representing a model manipulation
for the excavating work. The operator can easily recog-
nize how the actual manipulation by the operator differs
from the model manipulation. By recognizing the differ-
ence from the model data, the operator can perform a
manipulation closer to that of the model data in the next
excavation work, and thereby, the operator can improve
his/her own work.

[0098] As shown in Fig. 7, display unit 50 displays a
difference between the model data and the actual ma-
nipulation data. By looking at the difference displayed on
display unit 50, the operator can easily recognize whether
the actual manipulation amount is larger or smaller than
the amount of the model manipulation. By recognizing
the difference from the model data, the operator can per-
form the manipulation closer to that of the model data in
the next excavation work, and thereby, the operator can
improve his/her own work.

[0099] As shown in Fig. 7, display unit 50 displays the
difference between the model data and the actual ma-
nipulation data in a color-coded manner. The operator
can more easily recognize the difference by looking at
the color-coded data displayed on display unit 50.
[0100] As shown in Fig. 2, manipulation device 8 in-
cludes accelerator manipulation member 81a manipulat-
ed to cause wheel loader 1 to travel. The model data and
the actual manipulation data each include the amount of
manipulation of accelerator manipulation member 81a.
By looking at the display on display unit 50, the operator
can easily recognize how the manipulation of accelerator
manipulation member 81a for causing wheel loader 1 to
travel is different from the model manipulation.

[0101] AsshowninFig. 1, wheelloader 1includeswork
implement 3 including boom 14 and bucket 6. As shown
in Fig. 2, manipulation device 8 includes boom manipu-
lation member 83a manipulated to operate boom 14 and
bucket manipulation member 84a manipulated to oper-
ate bucket 6. The model data and the actual manipulation
data each include the amount of manipulation of boom
manipulation member 83a and the amount of manipula-
tion of bucket manipulation member 84a. By looking at
the display on display unit 50, the operator can easily
recognize how the manipulations of boom manipulation
member 83a and bucket manipulation member 84a for
operating boom 14 and bucket 6, respectively, are differ-
ent from their respective model manipulations.

[0102] As shownin Fig. 4, the productivity of the exca-
vation work is determined based on the excavation time
period and the amount of soil excavated. The model data
is generated by extracting an excavation work from a
plurality of excavation works based on the level of pro-
ductivity. From the plurality of excavation works, an ex-
cavation work performed in a shorter excavation time pe-
riod and providing a larger amount of soil excavated and
therefore achieving higher productivity is extracted and
used as model data. Thus, as the operator tries to bring
his/her own manipulation closer to that of the model data
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for improvement, the productivity of the excavation work
can be improved.

[0103] As shown in Fig. 7, display unit 50 further in-
cludes selection unit 63. By manipulating selection unit
63, the operator can select which of the excavation time
period and the amount of soil excavated is prioritized.
When model data is generated, the excavation work to
be extracted varies according to operator’s selection. The
operator selects the level of priority between shortening
of the excavation time period and increase of the amount
of soil excavated, and then, the excavation work corre-
sponding to the selection is extracted to generate model
data. Thereby, the model data corresponding to the op-
erator’s selection can be generated.

[0104] As shown in Fig. 7, display unit 50 displays a
change over time in the result of comparison between
the actual manipulation data and the model datain atime
period from the start to the end of the excavation work.
Thereby, the operator can recognize the comparison be-
tween the actual manipulation data and the model data
over the entire time period of the excavation work. The
operator can improve the manipulation of manipulation
device 8 during the entire time period from the start to
the end of the excavation work in the next excavation
work.

[0105] As shown in Figs. 7 to 9, the model data and
the actual manipulation data are adjusted in terms of the
time axis such that the time periods displayed on display
unit 50 start at the same start time point and end at the
same end time point. Even when the excavation time
period in which the actual manipulation data is acquired
is different from that of the model data, but when the
actual manipulation data and the model data are adjusted
in terms of the time axis, the actual manipulation data
and the model data can be more accurately compared
with each other.

[0106] The manipulation system according to the em-
bodiment is a manipulation system for wheel loader 1,
and includes: a plurality of types of manipulation mem-
bers manipulated by an operator to operate wheel loader
1; and a storage unit, as shown in Fig. 2. The storage
unit stores model data used as a model when the ma-
nipulation member is manipulated, for each type of the
manipulation members.

[0107] By using the model data for each type of the
manipulation members, the manipulation amount by
which the operator actually manipulates the manipulation
member can be compared with that of the model data for
each manipulation member. Based on the comparison
result, the operator can easily recognize how the actual
manipulation is different from the model manipulation for
each manipulation member. Recognizing the difference
from the model data allows the operator to bring the
amount of manipulation of the manipulation member
closer to that of the model data in the next excavation
work. Therefore, the manipulation system according to
the embodiment can be suitably used for instructing the
operator to manipulate the manipulation member.
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[0108] Since the storage unit stores the change over
time in model data in a time period during the operation
of wheel loader 1, for example, in a time period from the
start to the end of the excavation work, the operator can
easily recognize, for each manipulation member, at
which point during the work and how the actual manipu-
lation differs from the model manipulation.

[0109] As shown in Fig. 7, the manipulation system
further includes display unit 50 that displays display data
related to the model data. Thereby, by looking at the dis-
play on display unit 50, the operator can easily recognize,
for each manipulation member, how the actual manipu-
lation is different from the model manipulation.

[0110] As shown in Fig. 2, the manipulation member
includes accelerator manipulation member 81a manipu-
lated to cause wheel loader 1 to travel. The operator can
easily recognize how the actual manipulation of acceler-
ator manipulation member 81a for causing wheel loader
1 to travel is different from the model manipulation.
[0111] AsshowninFig. 1, wheelloader 1includeswork
implement 3 including boom 14 and bucket 6. As shown
in Fig. 2, the manipulation member includes boom ma-
nipulation member 83a manipulated to operate boom 14
and bucket manipulation member 84a manipulated to op-
erate bucket 6. The operator can easily recognize how
the actual manipulations of boom manipulation member
83a and bucket manipulation member 84a for operating
boom 14 and bucket 6, respectively, are different from
their respective model manipulations.

[0112] The above embodiment has described an ex-
ample in which memory 10M stores model data used
when an excavation work for scooping an excavation tar-
get into bucket 6 is performed, and the actual manipula-
tion data and the model data in a certain time period
during the excavation work are compared with each oth-
er. The concept of the above-described embodiment is
not limited to the case where the work machine performs
an excavation work but is applicable also to the case
where the work machine performs other operations such
as traveling. The result of comparison between the actual
manipulation data and the model data displayed on dis-
play unit 50 is not limited to the above-described differ-
ence data 51, but may show the superimposed state of
the actual operation and the model operation of the three-
dimensionally modeled work machine, for example.
[0113] The above embodiment has described an ex-
ample in which wheel loader 1 includes controller 10, and
display unit 50 mounted on wheel loader 1 displays the
comparison between the actual manipulation data and
the model data. Controller 10 and display unit 50 are not
necessarily mounted on wheel loader 1. An external con-
troller provided separately from controller 10 mounted on
wheel loader 1 and an external display may constitute a
system for displaying the comparison between the actual
manipulation data and the model data. The external con-
troller and the external display may be located at a work-
site of wheel loader 1 or may be located at a remote
location distant from the worksite of wheel loader 1.
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[0114] The above embodiment has described an ex-
ample in which wheel loader 1 includes cab 5 and is a
manned vehicle in which an operator is seated inside cab
5. Wheel loader 1 may be an unmanned vehicle. Wheel
loader 1 may not include a cab in which an operator is
seated to manipulate wheelloader 1. Wheelloader 1 may
not have a steering function executed by an operator who
is seated therein. Wheel loader 1 may be a work machine
exclusively for remote control. Wheel loader 1 may be
controlled by a wireless signal from a remote control de-
vice.

[0115] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present invention is de-
fined by the terms of the claims, rather than the descrip-
tion above, and is intended to include any modifications
within the meaning and scope equivalent to the terms of
the claims.

REFERENCE SIGNS LIST

[0116] 1 wheel loader, 2 vehicular body frame, 3 work
implement, 4 traveling unit, 5 cab, 6 bucket, 6a blade
edge, 6b back surface, 8 manipulation device, 10 con-
troller, 10M memory, 10T timer, 11 steering cylinder, 12
steering pump, 13 work implement pump, 14 boom, 16
boom cylinder, 18 bell crank, 19 bucket cylinder, 21 en-
gine, 29 first angle detector, 34 work implement control
valve, 35 steering control valve, 48 second angle detec-
tor, 50 display unit, 51 difference data, 52 bell crank ma-
nipulation difference data, 53 boom manipulation differ-
ence data, 54 accelerator opening degree difference da-
ta, 55 bucket angle comparison unit, 56 cylinder pressure
comparison unit, 61 amount of soil excavated, 62 exca-
vation time period, 63 selection unit, 64 score, 65 score
history, 81a accelerator manipulation member, 83a
boom manipulation member, 84a bucket manipulation
member, 95 first hydraulic pressure detector, 96 second
hydraulic pressure detector, 100 excavation target.

Claims

1. A manipulation system for a work machine, compris-
ing:

a plurality of types of manipulation members ma-
nipulated by an operator of the work machine to
operate the work machine; and

a storage unit that stores model data for each
type of the manipulation members as a model
in manipulating the manipulation members.

2. The manipulation system according to claim 1,
wherein the storage unit stores how the model data

changes with time.

3. The manipulation system according to claim 1 or 2,
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further comprising a display unit thatdisplays display
data related to the model data.

The manipulation system according to any one of
claims 1 to 3, wherein the manipulation member has
a travel controlling member manipulated to cause
the work machine to travel.

The manipulation system according to any one of
claims 1 to 4, wherein

the work machine comprises a work implement
including a boom and a bucket and

the manipulation member includes a boom ma-
nipulation member manipulated to operate the
boom, and a bucket manipulation member ma-
nipulated to operate the bucket.
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