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Development of a Virtual Excavator using SimMechanics and
SimHydraulic
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Abstract: Excavation is an important work in mining, earth removal and general earthworks. Nowadays,
automation in excavator has been studied by several researchers. In the excavator research methods, simulation
is one of the low cost methods for applied to test safely. In this paper, designed a virtual hydraulic excavator
that with the control and the dynamic. At first, the simulation of hydraulic system for excavator’s attachment
such as boom, arm and bucket using Matlab/Simhydraulic is presented. Second, the dynamic model of
excavator is distributed to combine with the hydraulic system. For controlling this system, electric joysticks are
used to operate the orifice open areas in Main Control Valve. The simulation result is described to analysis the

performance of this virtual excavator.
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L 1. Introduction
D,#6)  inertia

Ce(6.8)  Coriolis and centripetal effects In the construction, mining, agriculture and
Gu(0) . gravity forces wasted disposal fields, no other tool has been
By#) : friction more versatile than the excavator.

. : corresponding input matrix A large amount of these machines, whose

; N ) design has remained hugely unchanged for
=7, 12 1374 ¢ specifies the torques acting on

the shafts
Fr . Interactive torques between the bucket

decades, are currently in service worldwide.
Simplicity and  reliability are key factors
contributing to success of this design. However,

contrary to this expected increase in equipment
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demand, the abundance of skilled operators is

operator and the working conditions at
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automation of the hydraulic excavator, there is
also research being conducted on its modeling. A
dynamic model of the excavator can be used for
development of an automation algorithm and the
algorithm without
incurring high costs [2, 5]. The model can also be

subsequent testing of this

applied to various situations such as simulation
training for excavator operators [6] or estimation
and analysis of systems characteristics. However,
these studies [16] have not been progressed
Specially, the
hydraulic system and mechanical system of the

considerably. model combined

excavator. In this paper, a virtual excavator
included the hydraulic system and dynamic model
was contributed and developed using
SimMechanics and SimHydraulic of Matlab/
Simulink software. In this study, the performance
of the virtual excavator's attachment such as
boom and arm and bucket will be described. In
addition, user can visualize and verify dynamic
system behavior of virtual excavator in a virtual

reality environment through the user interface.

2. Virtual Excavator

The virtual excavator can be considered as a
subsystem that includes dynamic system and
hydraulic
includes the operation signal and 3D graphics

system. Also the virtual excavator

monitor interface. In this study, the system is
modeled to approach of the 15 tons excavator
mechanical

class of D company such as

parameters, hydraulic circuit and components etc.

Circuit Body
parameters parameters
v v
force
Operation Hydraulic “|  Dynamic
Signal System |  speed System
<
Result Graph Result Animation

Fig. 1 Structure of virtual excavator

3D graphics
Monitor Interface

The structure of the virtual excavator is shown

in figure 1. The dynamic system and the

30 szoAsrAE X 2013. 3

hydraulic
Simcapse toolbox of Matlab/Simulink software. In

system are modeled by using the

addition, 3D graphics for monitor interface shown
in figure 2 is contributed by using 3D animation
These are from Matlab/
Simulink software so it is very compatible and

toolbox. toolboxes

convenient to connect and collect data between
the subsystems.

ST G-

Fig. 2 3D graphics for monitor interface
3. Dynamic model of virtual excavator

The dynamic model of excavator can be
expressed concisely using the form of the well-

known rigid-link manipulator equations of motion:
D,(0)8,,(6.0) +G(0) +B,(6) =Tt (1)

of the
excavator is designed by using the SimMechanics
software. At first, the 3D CAD model is created
by Solidworks Second, the
SimMechanics model is built by translate from the
3D CAD model.

In this paper, the dynamic model

software.

3.1 3D CAD model of excavator

The 3D model of 1.5 ton excavator class of D
company 1s distributed by using CAD software is
shown in figure 3. In this model, the parameters
applied real excavator parameters such as mass
and the length of parts and inertia moment. And
revolute joints are used to connect of each module
such as lowerbase and upperbase and boom and
arm and bucket.
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Fig. 3 3D model of excavator

3.2 3D CAD model of SimMechanics model

The first translation
SimMechanics  link
intermediate physical modeling XML file from a

step 1s to use the

exporter to create an
CAD assembly. The second translation step is to
import the physical modeling XML to generate the
SimMechanics model then use that model together
with the body geometry graphics files to simulate
and visualize the original mechanical system. The
process is described in figure 4.

Physical . .
Modeling SimMechanics Slml\hﬂﬂezhelmlcs
XML file ode
/"
‘ Matlab — Simulink - Simscape ‘ ’
N Machine
STL file(s) visualization
Fig. 4 Physical Modeling XML to Visualizable

SimMechanics Model

When the model is imported completely, the
Simechanics model will appear in the Simulink
windows.

Fig. 5 SimMechanics model of excavator

The figure 5 is shown the result of excavator
model. In this excavator, the kinds of joint are

WA - Fe g

revolute joint and prismatic joint. The revolute
joints connect the upperbase, lowerbase, boom
system, arm system and bucket system likely an
arm robot. The prismatic joints represent the
connection of between the rod and the tube of

each cylinder attached to boom arm and bucket.

4. Hydraulic model of the virtual
excavator using SimHydraulic

4.1 Main Control Valve (MCV)

The MCV consists of various valves for boom,
arm, bucket, travel motor, dozer and swing etc.
Only the valves of boom, arm and bucket are
considered in this paper. These valves are 6 ports
3 position types including bypass circuits. An
example of modeling for boom 6/3 directional
valve is presented below.

The figure 6 is shown a circuit diagram of a
boom valve. When spool is in neutral, the bypass
line 1s completely open. If pilot pressure act to
one side of a valve selectively, spool is moved in
accordance with the pressure. Then the open-area

shows a nonlinear relation  with  spool
displacement as same to the figure 7.
Fesaad Bypuss—T
= X - \JHMWA
IRRRE
Tak Pump  Bypass-P

Fig. 6 Circuit diagram of the boom valve
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Fig. 7 Stroke Open area characteristics of the
boom valve
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The boom valve is designed in order to include
the direction of spool and nonlinear openarea
using the SimHydraulic as shown in figure 8.

1= I -
Q > CR
o = "=k -R boom dawn /s
@- P-C boom up Q
F-C boom down C-R boom up T
<)
B
. [ :EE /7
@- P-Rup 9
L e —
P-R down
Fig. 8 Model of the boom valve using
SimHydraulic
4.2 Pump

An applied field robot has got three hydraulic

pumps. The pump i1s used to control pilot
pressure. The orders are fixed capacity type each
flowing out b5.lcc/rev. A pump mainly takes
charge of the movement of the arm. And a pump
2 usually concern with motion of boom and
bucket. When the cylinder need much flow rate,
pump 2 can concern with the operation through a

check valve.

4.3 Cylinder

Attachment is moved by stroke variation of
three cylinders. The specification of cylinders is
shown in the Table 1. In this study, the weight
of cylinders has been ignored.

Table 1 Specification of cylinders

Cylinder

Boom Arm Bucket
P.l ston Bomm Homm Bomm
diameter
Rod diameter 30mm 30mm 30mm
Length of 950mm | 3%mm | 245mm
stroke
32 gzyAMIIAEIX| 2013, 3

4.4 Modeling of the hydraulic system

The hydraulic system is made completely and
described in figure 9. The hydraulic simulator
system for field robot is completed by assembly
of each component. The models of the attachment
and valves are setting up to each separate super

component.

B W
= % <

e | Jer
@._T 7 e ]
2 {} - —?
ﬂ@‘l e ¢L
=
B LJ@{ B —
& i
] Lo

Fig. 9 The hydraulic system Model

This simulator system works according to input
signals having range of -7 mm to 7 mm which
they move valve spools. Relief valves set up the
maximum pressure in the system to 210 bar. Two
pumps turn to the same speed because they are
connected with the only engine. And the flow

rates are also same.

5. The performance of the virtual
excavator

The virtual excavator is built the hydraulic and
dynamics system completely is described in the
previous chapters. In this chapter, the performance
of the virtual excavator is presented with some
simulation result. The modeling of the system
includes the control; hydraulic and dynamics

subsystem was shown in figure 10.
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arm signal pb—|arm signal arm pos: arm pos
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bucket pos

Control system Hydraulic system Dynamics Model

Fig. 10 The modeling of the system
In this simulation, the performance of the
virtual excavator is verified through analysis the
flow rate and the pressure of cylinders. Besides,
there is only consisting the movement of the
attachment
hydraulic system and dynamic model would be

so the collaborative between the

concentrated to verify the operating of virtual
excavator. In addition, this study ignores the joint
friction and the interactive force between the
bucket and the soil ground so the elements
include inertia and Coriolis and centripetal effects
and gravity forces are considered during the
operating of the virtual excavator. Therefore, for
testing this system, the task design is not a
complex movement of attachment for common
excavator working as digging or lifting etc. In
this case, the task is only designed to test the
hydraulic system under the effects of the dynamic
system. Specifically, a task which cylinder runs
full length of stroke from the initial position to
finally position to verify the state as start and
moving and stop should be designed. At first, the
mput signals of the joysticks are set to operate
the orifice open areas in MCV. Second, the stroke
cylinder position and pressure and flow rate of
the head and rod of cylinder are verified that the
responds of them are suitable or not from the
change of MCV.

A simulation is designed with the input value
that has set from 0 mm to -7 mm. This value
means the stroke’s displacement of MCV and the
displacement set from 0 mm to 7mm and the
direction movement which marks by minus
This The
cylinders of boom, arm and bucket retracted

symbol. means cylinder retraction.

completely from the maximum extended positions
shown in figure 11. This means the cylinders

LR

o

move full length of their stroke displacement.

Initial Position

Final Postion
Fig. 11 The excavator's attachment initial point
and final point

The results included the displacement and flow
rate and pressure of the cylinders of boom and
arm and bucket are shown from figure 12 to
figure 14.

In this simulation, which the input signal for
each cylinder is designed, the cylinders of boom,
arm and bucket are retracted completely from the
initial position which they are extended maximum.
Therefore, the displacement of each cylinder’s tip
means full length of the stroke that shown in the
figure 12-14. Compare with the specification of
cylinder in table 1, the results describe exactly
the movement of the cylinders.
at the initial state,
cylinder start moving, all flow rate value is 0

Following these figures,

I/min but the initial pressure of each cylinder is
different because of the mass of the links. At the
movement state, with the signal increases from 0
to 7 following the retract direction, the pressure

33
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Fig. 12 Simulation result of boom cylinder
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Fig. 13 Simulation result of arm cylinder
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at first increase because of the initial moment of
the links then reducing when cylinder gets the
steady velocity. Besides, the flow rate increased
from the 0 I/min by the input signal. At the final
state, when the cylinders stop, all flow rates are
reduced to 0 I/min and the pressures get the
value base on the movement of the input signal.
In addition, when both control signals and the
cylinder displacements are 0 value, all pressure
and flow rate value keep the currently value. This
result shows that the hydraulic system and
dynamics system curves simultaneously and the
collaborative relation between the control system,
hydraulic model and dynamics model of virtual
excavator can be verified through the below
analysis.

Inpul signal (mm)

Prassure (bar)

ate {I'min)

Flow .

Tirne {=)

Fig. 14 Simulation result of bucket cylinder

6. Virtual reality user interface

User can observe the operating of the wvirtual
excavator through a virtual reality user interface
(VRUI). In this paper, Simulink 3D animation
software was used to contribute the VRUIL The
virtual reality environment was shown in the
figure 15.
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Fig. 15 Virtual reality environment

User can be able to choose the viewer to verify
dynamics system behavior of the system. Four
viewpoints were designed overview and working
viewpoint and cabin viewpoint and exterior
viewpoint.

Fig. 16 Overview view point

The position of the virtual excavator among the
working environment could be surveyed through
the overview view point have shown in figure 16.

Fig. 17 Exterior viewpoint

The exterior viewpoint shown in figure 17
allows the user observe the virtual excavator as
standing outside of this system.

TF @ 57

Fig. 18 Working viewpoint

The other viewpoints give the operator have an
intuitive interface as sitting in the cabin of
excavator. With working viewpoint in figure 18,
user can be interaction
between the tip of bucket and the working area.
Besides,

feeling  sitting

able to monitor the

the cabin viewpoint gives the user
in the cabin. This viewpoint
described in figure 19 is useful when operator
wants to drive the virtual excavator.

Fig. 19 Cabin viewpoint
7. Conclusion

In this study,
summarized with the following key messages:

- The wvirtual which combined
between the hydraulic model and dynamic model

the main features could be

excavator
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i1s developed. Besides, Virtual Reality User
Interface is designed to allow the operator control
and monitor the system.

- The combined performance between the
hydraulic power system and mechanical system of
the virtual excavator is verified through some
simulation results.

- After rectification and supplementation, it is
expected that this virtual excavator could be apply
to operator training, automation study,
performance test of component design etc.

In the future work, this virtual excavator will
be developed to run in realtime for testing in
some HIL applications. Besides, this model can
apply the interactive torques between the bucket
and the environment during the task operation to

get more valuable for this virtual excavator.
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