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Thefoundation of this research work was laid by the vision of a tractor simulator where the
users can generate theurstomized tractor model with the help of jastserinterface. The

aim of this papemas to modify the attributed the tractor simulatiomodel.For the same
reason, a modeling configurator was develdpethe tractor modeh python programming
language with a usdriendly interfacedesigned over Microsoft excélhis research work
reports the effort in the developmentrobdeling configuratofor parameterizing &actor
model

The modeling configuratdnas beemesigned in such a way that the usssselecttheir
choices justfrom a drop down menu in the usererface The attributes thatan be
parameterized are miaxum torque of the engine, maximum braking torque for the engine,
number of forward and reverse gears. For tyre modeling, special attention was paid as the
modeling configurator allowed usersdelectonly from the standard tyres availabihose
width ard diametemarepredefined. Tle mass and number of tyres @so be modified. At
last, additionaéquipmenthatcan be used in farming watso modeleds an assembly file

For additional equipment, onlyailer has beercoveredwithin the scope of thisesearch
work whose mass is predefinehe modeling cofigurator was validatedby seledng
different optionsn the useiinterfaceand then running the simulation file and noting down
the diferences. Some differences dam vsualized like the number ayres andattached
trailer, while otherdifferencescanbe seen with the help of plots like maximaonqueof

the enginegear index, antyre profiles. For the masses of thergg, usecan only feel the
difference while running the simulator in raamhe. At the end of the research, scope for
future work is also suggested based on the limitations of this research work.
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1 INTRODUCTION

Simulation can be descritdas a process of imitating the actions phgsical world, process

or system oveaperiod of time Majority of the realworld systems are so complex that their
prototypes are either fficult or impossible to manufacturéor testing the real time
performance. This isvhere simulation comes in handy. For simulating any process or
system, first it is required to build itssimulation model, which represents the main
characteristics of the selected process or system.sifhelation model for a complex
process orsystem can most of the times be constructed and tested for its performance
charateristics. The model is simulatéadl create a set of statistics of the sample histories
which helps in analyzing the performance of the system under a given set of parameters, so
thatone can optimize the best set of parameters required for theaddlsystem (Altiok

& Melamed2007, p. 3).

Simulation is used in many perspectvié&ke simulating a technology to optimize its
performance, education, video games, safety purposes, training, testetgra{Pat. US
20160092628 2016, p. Vntil the lateninetiesthe simulation process was quite expensive

as well as time consuming, but with the evolutionarhputersthe application of simulation
modeling hasbeengreatly enhanced (Altiok et aR007, p. 4. In the recent years, the
application area o$imulation is becoming wider eveday and it covers versatile fields
across industries. Right from manufacturing environments to supply chains, from computer
information to transportation systems, it has valuable impact on almost every aspect of
modern tehnology. (Altiok et al. 2007, p..1As the applicatiomreaof simulation is huge,

so simulation omobile working machines is only covered within the scope of this research

work.

1.1 Introduction to SIM platform

SIM (Sustainable product processes throsghulatior) platform is one of the research
platforms of LUT (Lappeenrarg University of Technology) Finland that aims to take
todayds simulator driven design and manuf e
communitybased tools for redime simulationsreplicatingthe functionalities of areal

world (SIM platform). Traditionally, inproduct development work, digital tools likeite



element methodnd multibody system dynamics are used to speed up the design processes
and also to ensurédt a product will have the targeted technical featioeshe usersas
illustrated irfigure 1(a). However, he drawback associated with the traditional approach is

t hat t he us earehst metatdhe initiab phas Raaldime simulation is ne

such process that caiacount for the machines, users and their requirensgrdas/ery early

phaseof concept developmentherefore in order to address the drawback of traditional
approachn future products and services, SIM platform aims in devetppocreation, real

time, simulatod r i ven processes for product develo
vision is to develop digital tools that are no longer a tool set of product development team

but abridge between product development and uaeshown in figure (b).

—>> PRODUCT —>>
DIGITAL TOOLS DEVELOPMENT USER

(@)

INTERACTION PLAN

DIGITAL TOOLS . X
New products Experience, feedback,
and concepts product customization
PRODUCT
DEVELOPMENT -
(b)

Figure 1. (a) Currentuse of computer based analy$ts); Vision of SIM platform.

1.2 Motivation behind the research and research problem

Simulators can be defined as machines that aims in imitating the controls and operations of
complex systems such as vehicles for training exkerimental purposes. Simulators are
designed in such a way that they can provide realistic feedbacks and mogéviéhe users
through the sense of touch, sound, motion, and vi@f@ikko 2015, p. 17)Simulators
utilizes a hardware and a softwan®rking together to provide the required information for

the users about the simulated obje@sikko 2015, p. 17)Currently, there are two
simulators available atappeenranta University of Technologsovided by MeVEA Oy, an
internationally renowned Finnish company, which is one of the leading providers of
advanced mobile working machine simulators for industry t@aihing cemers (About
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2016).0ne of the simulator is #e laboratory of electrical drives technology, and the other
at the laboratory of intelligent machines. The simulator system at the laboratory of electrical
drives technology is a closed cabin systas shown ifigure 2(a) It has six models
available: hybridized and dmybridized models each for a wheel loader and an underground
loader (mining equipment), a tower crane, and a simplified car miodadldition, it has a
motion platform that provide the feedback to the driver to make it a more realistic
experienceWhereasthe simulator system at the laboratory of intelligent maghmshown

in figure 2(b) has four 3D projection walls, a sdegree of freedom motion platform and a
driver head loating system (Latratory of Intelligent Machine2016). It has the following

four models available: underground loader, log crane, wheel laatterubbetired gantry

crane.

Figure 2. (a) Simulator at the laboratory of electrical drives technolbgy;; (b) Simulator
atthe laboratory of intelligent machine, LUT.

Both of the abownentioned reatime simulators are used for traig and research
purposes. dwever they do not permit system reconfiguratioheV do not have the featgre

where the use can participatedirectly or indirectlyin the model desigrbecause the
customization/modification of the simulator modet@nplex,as it requiresecodinga part

of the simulation software (Pat. US 20160092628 2016, p. 2. t oday 6és wor |
tecmology advances, the users demands for more individualizaa®nwell as
diversification.Integratingusers into the design procdssa necessary element to have a

user centric product. But, this integration offers certain challenges like the user er@naw

about designing the particular produand the feasibility of the configuration chosen by the
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useris also a matter of concerim addition, the choices made by the user must be optimized
for performanceTo overcome thesdifficulties, the design tools and methodologsésuld

be alteredor new toolsets should be develdp communicate with the usein order to
collect the crucial information about customizati®herefore the research problem for this
thesis isconcerning the incorporatiomf user specific designinto simulation models by
using some altered or new tes@ts.(Ninan & Siddique 2004, p. 4307

1.3 Research questions

In order to address the research problemsandltaneously tachievethe vision ofutilizing

digital took to bridgethe gap betweeproduct development and use®M platform plans
to setup a user interaiste SIM studio atLUT, Finland in collaboration with MeVEA Qy
The vision is that the users can customize the simulation model accorditiggitoown

requirements and then cproceed with simulatiarThis studio will be having an eacator

and a tractor model, but the focus of this paper has been made to the future tractor simulator

only, whichwill be used for agricultural purposd-igure3 shows a schematic representation

of the tractor simulator that SIM platform planssttupin its SIM studio.

Figure3.S1 M pl at formés proposed tractor si mul

(
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The SIM studiowill be made available round the clock for studentsif,séand all the
personnel of LUTThereforeanyone having accessthe university can access this studio
and can simulate the machine based on their own requireribrgsisioncan be achieved
by developing a usdriendly interface or a modeling cogfirabr that can communicate
with users, who are oftemaymen in a nontechnical perspectiveto collect their
requirements The useiinterface/modeling configurator could hategrated with the
simulation software (MeVEModeller) in order to reflect thehanges in the system design
in a realtime environmentHowever, this approach leathb a number of questiorikatwill
be answered with the help of this research wbheresearch questiorzse
(i) How can the modeling configurator be created and linkélget simulation software?
(i)  Why this cannot be done by the traditional approach of design/modeling tools?
(i)  Which parameters/attributean the usersustomize?
(iv) What is the maximum number of options provided to the users for each attributes?

(v) Is afeasible cdiguration selected by the users?

1.4 Aim and objectives of the research

Traditional simulation modeling technique
supervision for carrying out the development andntiwglification of a simulation me.

Also, ittakesa good amount of time for verifying and validating such a m@@éhng et al.

2011, p. 765.)n order to overcome these drawbacks, Kaikko (2015, p. 12) stated that a
modeling process can be divided into three phases: (i) Collecting the informatiothie

user, (ii) Building the model according to the chojcasd (iii) Simulating the model. By
doingso,theusersare able to express their needs in a clear technical manner and this in turn

will help the users to modify the model quickly.

The mainaim of this research is tdevelop amodeling configurator that will collect the
parameter requirementsr the agricultural tractor model from the usamd accordinglyit
will process the required information in MeVEA Modeller to generatectimbmized
simulation modehs explain in figure 4There are a number of parameters/attributes that
could be modified for a tractoHowever,the objectiveof this research papés to modify
the following attributes for the tractor simulator:

1 Maximum torque of thengine éngine modeling).

1 Maximum braking torquéor the enginedngine modeling).
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1 Number of forward and reverse geagsdrboxmodeling)
1 Dimensionsmassand numbers of front and rear tyregé modeling).

1 Additional tractorequipmentike trailer, cutivator etcetera(equipment modeling)

INTERFACE

between Modeling
| configurator and MeVEA
\ software

\/y/

Collecting information
from users

Building model in
MeVEA

=

Figure 4. Aim of the research work.

1.5 Research methods

The way MeVEA Modellersaves its simulation model sudied first. Theysave the
simulation model in thetandard XML Extensible Markup Languayyérmat These XML
files arestudied thoroughly antlhen looked for the possibility of editing them. In doing so,
it is found thathere are number of options available for editing the XML Hlewever the
most conveient option is choserso that anodeling caffigurator could be developed with
auserfriendly interfacelt is to be noted thahe detailtools andmethods followed in this

researclwork is explainedn chapter 3.
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2 LITERATURE REVIEW OF MODELING CONFIGURAT ORS

In order to embark the developmeritany new idea, it is always a good practice to figure

out that, what has been already researched in the specific area of interest. This approach
helps in analyzing and understanding the various concepts and approaches that has already
being teted. Accordingly, the results of the previous findings can be used to further enhance

and develop the model in this research work.

In this chapter, the overview and advancement of modeling configurators should have been
considered. But, as modeling configuratos o broad a topic to be reviewed, so in order

to make this review a more focused one, literature review of modeling configurators for
mobile vehicles has been carried out. This was made achievable by following a systematic
literature review procedure. the following subsections, the methodology for performing

a systematic literature revieand the findings by applying thismethodology will be

discussed.

2.1 Systematic literature review methodology

In this section, the method to perform a systematic literature rasipresented so that a
relevant set of documents with the prime objective of findiregworking principle of the
modeling configurators for mobile vehicles could be gathered. In the studig®sr,
Liberati, Tetzlaff & Altman (2009pp. 264 269), the focus was to improve the science of
systematic reviewsand for the sameurpose they make useof the twenty-sevenitems
checklist and a fouphase flow diagram as shownfigure 5. As this could be applied to
any type of research work, so the sarhecklist angohase diagram has been followed for

the systematic literature review of thesearch work.
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=
2
S # of records identified # of additional records identified
3;-:." through database searching through other sources
§ l l
# of records after duplicates removed
o0
=
T
)
L Y
Q
= # of records screened |—»| * of records
excluded
Y
= # of full-text # of full-text
;uéo articles assessed ——>| articles excluded,
= for eligibility with reasons
3; # of studies included in
Tz qualitative synthesis

Y

# of studies included in
quantitative synthesis
(meta-analysis)

Figure 5. Flow of information through the different phases a&fyatematic review (Moher

et al. 2009p. 267).

To search for the related relevant research works, an electronic review has been carried out
using Nelliportal search engingyhich is the national electronic library services used by
most of the universities in Finland. With the help of this portal, one can search for
information from various databas, books, journalst cetera The systematic search is

executed o thefollowing scientific databases
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ABI/INFORM Global(ProQuest XML
DOAB - Directory of Open Access Books
DOAJ Directory of Open Access Journals
Ebook Library (EBL)

EBSCO- Academic Search Elite

Emerald Journals (Emerald)

Espacenet Patent seaifehglish
FreeP#entsOnline

IEEE

LUTPub / Doria (LUT's eublications)

ProQuest Technology Collection

ScienceDirect All Subscribed Content (Elsevier API)

SCOPUS (Elsevier API)
SpringerLink eJournals

Springer eBooks

Web of Science (WOS)Cross Search
Wiley Blackwell Online Library

During the search in thebovementioneddatabases, there anember ofcriteriathat has

been folbwed. Theseriteriaare as follows:

(i) The kewords thathas beenusa@fi model i ngo

AND

it ool

0

/ A v e mefec to eppend{x | where the keywords fo each databases are

mentioned.

AN

(i) Scientific articles, conference papers, patents, and other relevant documents from the

databasé search resudthas been consided for the scope of this review

(i) Only English language hagén selected for performing the search as most of the

authors and organizatiomsound the worldnake use of English language in their

publications

(iv) It has also been considered that the publication dates are not older than 10 years for

a better and updatestientific contribution However in some cases an exception

has been made where the idea or the basic concept of the research adtdieiisg

affected by the tim&ame.
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By following the systematic approach as showhgare5 above, the initial results obtained
from all the databases are screened for choosing a specific numbettexifaliticles. Now,

the abstract is read thoroughly in order to remove duplicacy and the most eligible articles
are chosen for the reviews pe requirementthe introduction and the result secti@rs

also screened to have a better picture of the astidke a part of the systematic approach,

the references of the selected articles from the previous step are also screened in order to
search foany missing article in the process. Also, for the better search of literature, relevant
articles from other sources like google schelare alsancluded In this way, all the four
phases namely identification phase, screening phase, eligibility @rase&clusion phase

of the systematic flow diagram has been covered. Finally, the scientific documents retrieved
as a result of above methodolggyesorted and their significance is taken into consideration

in section 2.2

2.2 Findings from systematic liteture review

This section is dedicated for briefing the results of the systematic literature review applied
in this research work. According to the present knowledge of the author, this is one amongst
the first repors of its kind where the findings froitme scientific databases on the modeling

tool for mobile vehicles has been considered.

An electronic sarch has been carried outNeelli-portal search engine on the list of databases
mentioned in last section based on the searitéria, whichis also nentioned in the last
section. In order to follow the detailed overview on all the datapbasesmg refer to
appendix | where the number of records retrieval, exclusion, and inclusion along with the
keywords for each databaseelisted. However, the bef result has been shownfigure6

in the form of a flowhart along with the results from other sources like google scholar as

well.
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Database | Nelli-Portal | |Other Sources |

l

Number of records retrieved @ @

Number of records excluded

N\

- Based on Title 2309
- Based on Abstract 38
- Based on Manuscript 6

- Based on Language 69

0
3
3
0
Number of records < >
assessed for eligibility

Number of duplicate

minus
records excluded

Number of primary
eligible records

Number of records added from plus
bibliography of eligible records )
Final number of studies included
in qualitative/quantitative synthesis

Figure 6. Overview flowchart for the systematic literature review.

One can sem figure 6 above that from NeHportal search engine, 2433 records has been
screened, whil®nly 8 records has been screened from the other sources. Out of all the
records, only 12 records have been considered for the final inclusion in the

qualitative/quantitativeynthesis while the others were excluded based on the title, abstract,
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manuscript, language, and duplicacy. With the help of this systematic review, the literatures

of the relevant topics has besunmmarized in the following paragraphs.

Mackulak& Cochran (1990pp. 82 87) concluded from the IntelliSim project that 45% of
the total efforts required for a simulation projastconsumed in formulating and modeling
phase.Mackulak, Lawrence & Colvin (1998p. 979 984) figured out that a bufree
(accurate) model can be quickly constructed and reasbdf one uses a generic simulation
model.So, in orer to have a generic model whicbuld be applied to many systetnssave
significant amount o$imulation study timeSteele, Mollaghasemi, Rabadi & Ca{@602

pp. 747 753 focused on developing a generic simulation model that can be pepuldh
systemspecific informationad obtain a more reliable systespecific model with the desired
resultsHere, theuserinterface f or such a generic model al
feed in the requirednformation into the generisimulation model by using their own
terminologies(Steele et al2002, p. 747 753). Also, due to large amount of market
competitions, evenhe manufacturing industry demanded for a less time consuming and
error-free simulation model of manufacturing systems. So, Wy et al. (291138 147)
focused on a generic simulation modeling framework for logehbedded assembly
manufacturing line awsisting of a datariven generic simulation model and a layout
modeling software in order to reduce the buwifitime forsucha simulation modelzhao,
Guo, Xu & Guo(2013 pp. 228712290 showed the significance of automatic drivetrain
modeling by focusig on modeling and simulating the autd@im&ransmission assemblysA
therewasa great demand for generic ré@he models driveain topologiesso Schwarz,
Bachinger, Stolz & Watzenid2015 pp. 1i5) proposed a novel tool for automatic
parametrizatiorthat helps in designing mainly all types of gear transmission (drivetrain)
topologies by norexperts Even,Kaikko (2015 pp. 1i 77) focusedon developing a generic
simulation model for robust simulatiqeroviding electric drive solutions for the mobile

working machines, whichanalso be used for marketing and development purposes.

Giguere et al. (Pat. US 20160092628 2016 1p27) presented a modeling tool and methods

for dynamically generating a maintenance simulation of a vehicle as shdigara7. As
demonstrated ifigure7 below, theyachieved this with the help of a configuration interface

t hat inputs the vehiclebs components | i st

relations with the other components. These details are then procesbeglycessing unit
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and helps in generating the maintenance simulation which comprises the collection of all the
transition states amongst the components into a global state m&Phin&S 20160092628
2016, p. 11 27)

Computing device Simulator

List of components /
Relationships

// v N\
Output unit
Input unit

Processing unit

Maintenance
simulation

User

Interface

\Conﬁguration interface/

K Modeling toy

Figure 7. A modeling tool fordynamically generating a maimi@nce simulation of a vehicle
(mod. Pat. US 20160092628 20116

Mitrev & Tudjarov (2014 pp. 268 273 also proposed and developed a vealsed tool for
reconstructing accident in a wdlased environment which a@herwise atime consuming

process They make use oK3D (eXtensible 3D)language in order to showcase the
visualizationforthewelb ased si mul ati on where the 3D sc
the impact is being automatically generated based on the resulessafithion of modeled
differential equations of the systdiMitrev & Tudjarov 2014 pp. 268 273).

Also, Ninanet al.(2004 pp. 4317 4322 focused on delivering user customized products by
integrating users into the design phase with the hielpternet, by utilizing a framework

that uses$-E (finite elementpased optimizatiotools whose general architecture is shown
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in figure 8. As shown in figure3 below theparameters selected by the users are categorized

as geometric and structured paréen® or their combinations. The API (application
programming interfacedf the CAD (computeraided designyystem inputs the geometric
parameters and builds the solid model of the customized product that is being saved as an
IGES (initial graphics exchanggpecification file into the common database which is later
being utilized by the FE softwar@inan et al. 2004, p. 4319.)

USER INTERFACE TO SPECIFY

DIMENSION OFTIONS - QFTIONALMODULES  MATERIAL SEL

L OFTION | —

ol OPTION 2 Mi u

1] U?‘I“Ia - 3

— n M

Dn \ | /_/
Feasibility
and resulis

Internet feedhack to

HSET

Structural
Parameters

Geomeinc
Parg

Paramelers D
3 [4)

, FE software — ) CSIEN

CAD Optimization
soltware * — Module
WCAD Naiive F COMMON p— oduie

CAD DATABASE = DATABASE A3
IG{ES

Figure 8. Systemarchitecture for internet based framework for customer centric design and

optimization(Ninan et al. 2004, p.319).

In order to utilize cesimulation and virtual prototyping in the designing of hybrid mobile
machinesgvenBaharudin et al. (2015) and Nokka et al. (2045. 466476) used a real
time cosimulation platform for coupling the multibody systelynamics based modeling
with the Matlab/Simulink based hybridriveline modelingas shown in figure. Even
though their work is not completely relatedhs research work, biiis idea of coupling a

simulation platform with Matlab/Simulink could beliged in this research work as well.
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Cabin
Visualization, Control Interface

Visualization

Foeakers <€— Picture

and sound
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Joystick(s) Reference
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EmM Load Load
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Smulink

Torque reference Hybrid Powertrain Smulation
for Traction drive

) AR ER

Figure 9. Communication betweeMeVEA reaktime simulation environment and the
Matlab Simulink (Nokka et al. 2015, p. 473).

In all the previous research works, the importaoc@eed of sme generic or automatic
modeling has been focused it decreases the cost, developnaewt testing efforts. In fact

some of the researchers also succeeded in developingeling toofor it. However most

of them are expert orientgtihat is it requires the trained personnel to carry out the modeling
phase and it cannot be done by a laymanirSarder to have an easy to model ttwlthe
reaktime simulatiorthat can assist the usgtaymen) to generate a model for the réihe
simulator, a new tool has been proposed and developed in this research work to make a

significant impact in the scientific community.
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3 TOOLS AND METHODOLOG IES

This chapter is dedicated in discussaimputthe tools and methods that can be used in this
research work or similar related work. The main concern is to generate simulation model
based on theseb s c.MWMban one talks about modeling then it should be kept in mind
that modeling process differs thidifferent models. Butwhen modeling is focused to a
specific type of model or to one type of component, then a lot of similaréigse found in
their modeling phase. In suelsituation, the modeling process of the simulation model can
be made relately easier if the simulation model is dividedarsmaller parts or components
as shown in figure 1’he graphics for thessmmponentganbe modeled beforehand using
any 3D modeling software like SolidWorkand can be kept ithe database or thigbrary

that is being used by the simulation softwémeaddition the material properties like inertia
and masses can also be made available alongthwgthgraphics using the same software
application. It is to be noted that theaphics for the 3D modsehould be saved in the same
file format as used by the simulation sadte. Also, even though the pmeodeling of such
parts or components will be time consumatidirst,but as more and more simulation models
will be generated, the more fruitful will be the effdttis to be noted thatyochanging oe

part or componenthe simulation modelvill be changedand this will make a significant

impact in the simulation ressit

Simulation Model

Option: 1

— Component-1 Option: 2

Option: 3

Option: 1

— Component-2 Option: 2

Option: 3

Option: 1

— Component-3 Option: 2

Option: 3

11 R 01

Figure 10. Subdiving the simulation model into a number of components for simplifying

the model.
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Also, the first simulation model must be made available beforehand as a reference for the
users so that the userdo not have to make the simulation o from scratch. Thasers

will just have the optiomf changing the various components of the model by choosing the
appropriate choices made available in the madetionfigurator The simulation software

will utilize its database where all the differesttoices of componentre made available

and depending upon the choices selected by the, lsersimulation software is going to
createthe simulation model with those choic&sery timethe user makes a new selection

the previoussimulation model wi be overwritten (updated) with the neshoices leading

to a newsimulationmodel.One of the possible advagfe of this approach ikesignificant
reduction in the simulation study time as the simulation model need mooteledfrom
scratchrather it only needs to be populated with the new data from the bievsver, as

this approach is more general, so extra care must be takbe study of the simulation
software and its working principle fateveloping the modeling configurator so ttlitais
applicable to all the instances of the chosen doniie. software application used for
simulation in this research work is decided before hand and the selection of MeVEA as the
simulation software is a natural choice, as the project is in cldsda@tion with MeVEA

Oy. Therefore, study of MeVEA simulation software has been done thoroughly.

MeVEA simulation software is based on multibody system dynamiaslites global and

body reference coordinate system for determining the locationreamdation of the bodies.

All the bodies have their own body reference coordinate system, but their location and
orientation can also be defined using the body reference coordinate system of other bodies.
Here, the bodies are connected with each otherthéinelp ofconstraints, whiclean be in

the form of translational joints, revolute joints, spherical joints, cylindrical joints, hinge
joints, universal joints and/or fixed joints. Bodies can also be fixed with one another or onto
the same plane. This mstraints definitionhelps in defining the relative movement of the
bodies. Hee, alsothe mass, inertia and forces of thediesaf f ect s t he bodyé¢
and in turn the response of tleatire system.(MeVEA Modeller [simulation program]

201, pp. 1206.)

In addition when a model i's made using MeVEA Mc
files and one A. mvswhifcheis Theidgrsavé&d xand

comprisesf details like model properties @rmll the simulation componés. Whereasthe
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second Awhkimtl ifs$sleeing saved B comprisedfadetadsl Na me
concerning the world properties such as lights, cameras, effexdttess Now, the role of

the fAi.mvso file, whi ch i sistoeonned thesabovetdo a s
A. xml,oamely | 8 Mo d el MNande .fixMoldee | N a mend ivalsaconthinsx ml 0
some additional settingéMeVEA Modeller [simulation program] 2087 pp. 7 8.) Herg

the aim is to modify theXML file n a me d A Mo d e,lwiNch costaindetsilsoof all

the simulation components and the properties of the model with the help of thengodeli
configurator Since only the model needs to be changed and not the effects like camera and

' i ght s, s o t he A Mo d e ll Memaire unaltered. dFinallyn | tile i
i Mo d el Na fileshould bedable to execute the modifidlL and the world XML

file and generate the required motledtis able to simulatezigure 11 shows an example of
such A.mvso file, whxemled ifti Ilei naknsd AATTrraacctt oorr_

file, andexecuteghe simulation.

4 <>MeVEASimulation |

4 <>Environment |

@ simulationName Tractor_Simulation

@ nvisualizations 1

@ useParticles No
@ particlesInThread Yes
@ particleCellsInThread Yes
@ collisionGrou pDefinitionsFile
@ ncollisionThreads 4

4 <>Models |

@ ModelFile Tractor_Model.xml
@ solverID 1

@ useArchive No

@ MPKFile

@ hydraulicsSchematicFile

4 <>World |

| @WDrIdFi|e| Tractor_Model_world.xml |

Figure 11. Contentsotheii . mvs o f il e used in MeVEA si mul
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XML documents are structured documents ahen it comes to editing or authoritigem

thencaremust be takeiso that latethe simulation software can utilize theifhis can be
done in a number of ways, but the aim is to modify it using alvesled toobr modeling
configuratorwhere the ussercanentertheir own choices oselect the pr&xistingones. In
the following subsections, there are different methods explained dhabe implied for

carrying out the desired action.

3.1 Commercial softwares amline open source applications

Many of the popular XML editors are mostly text editors that reake of their XML syntax
knowledge and follow the provided XML schem&drD (Document Type Definition)For
editing/adhoring a complex XML filethere are number of commercial softwares available
like Altova XMLSpy XML Editor 2016&), EditiX XML Editor (Home2016), Oxygen XML
Editor XML Editor 2016) and many more. The possible advantage of using such softwares
could be that the desired changes in the file can be @dherquickly if one knows the
structure/pattern of the file. Whereas, the possible disadvantage could be that it may disrupt
the structure or the format of the XML file and then latenéty become neneadablefor

the simulation softwardn addition anothermossible disadvantage could betthandling

such softwares biayman could be challenging and may require experts for the task.

Also, unlike the generic too(snentioned abovydhatcan work with anyype of document,

there are also tools availabike Mozilla Composer or DreamWeavé#rat are specialized

to handleonly the single document typsuch as HTML (HyperText Markup Language) or
XHTML (Extensible Hypertext Markup Languagé)s they are for single document type

so they do not require any schemr DTD because the code of such tools already contains
information about its DTD or schema. The advantage of using such tools is that it hides the
complexity of structured documents by behaving like work processors as much as possible.
This helps the n&e users in creating and modifying a quex document by using a normal

view in the tool. However, possible disadvantage of such a tool is that they demand the users
to have some knowledge about the markup language or the structured doc(ent&

Vatton 2004, p. 116.)

In addition there are many open source applications available onlinéidkéne XML

Editoro which is a browser based crgdatformeditor having a graphical userterface for
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editing or viewing. It represents the XML file in a guie@w and des not require any special

pug ns. All the parsing, mapping, data repr
computerand only a small amount of time is required by the server for preparing the desired
XML file thatcan be saved in the desired directory for the simulation soft(faeguently

Asked Questions 2016T)he possible advantage fsuch an online tool is thaverything

can be done without the knowledge of markup languages or structured documents in a
significantly small amount of timéHowever there is also a possible disadvantage that all

the fields of the fileare editable which may not be desiredh addtion, when editing a
simulation XML file, the uses shouldalsohave knowledgabouthow different attributes

of the XML file arerelatedto each other.

3.2 XML mapping using Microsoft excel

Another possible method of editing XML documents is with the helldliofosoft excel.
Excel could be used to map the XML file into an excel file (.xIsx file). The excel file (.xIsx
file) refers the XML schema from theML file itself. Then, this same excel file could be
savedasan editabldi.htmo or i.htmlo file where anychanges made into the wege could

be reflected into the excel file and the same can be exported into the ddsirdie, which

will be used by the simulation softwa(®ap XML elements to cells in an XML Map 2016.)
The possible advantage of such an approach is that only the desired fields of thecanl file
be edited using the web page. Whereas, the possible disadvantage is that while editing and
exporting the data back into the XML file, somiethe data like fores, volume definitions

et ceteramay get lostmaking the final simulation behave in the most unpredictable way.

3.3 Programming language softwares

Another possible method is to make use of the programming language software for
writing/editing files (XML file in this case) for the simulation software. Kaikko (204p.

1i 77) made a generic simulation model using python programming language that was used
to make scriptshat helpedo build fixmlo file and variousimvao files for the simulation
software. Simirly, pythoncanbe used as one of the tools tbe problem in hand?ython

is an urcompiled or interpreted language that is dynamidgibhedand it is a white space
language. The idea here is handle theXML document according to semantics. The
possble advantage of using python is that it is a versatile and open source software, so the

desired action can be achievddowever, the possible disadvantage of using such a
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programming language software is that it cannot be used by a layman as it isseet a u
friendly application. Another possible optionould be MATLAB/Simulink as wejlbut it

may have the same disadvantage.

So, in order to make use of this method, additional applicatimise used to input the data
from the users into python scrigsing useffriendly interfaces. The idea here is to hide the
sophisticated script/systebehind those usdriendly interfaces. One possible option is to
make use of the editalbfiehtmo or A.htmlofiles as explained in section 3.2. The choices from
the wsercanbe saved into the wphge which in turn will save it in an excel datashaedl

the same datasheminbe usedy the python script. Also, in this approach, the introduction
of partial interatve autonomy would considerablgnhance its performanc®atial
interactive autonomy can be introduced by using A&Rie Server Pagesechnology that

can buildweb-based useinterface.ASP can act as an agent between the user and the
simulation softwargard the information from the user passes through them.
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4 CASE STUDY FOR TRACTOR SIMULATOR

A case study of agricultural tractor simulat®rcovered in this chapter based on one of the
methods from the last chapter. To start with, a tractor simulator can be seen as a simulator
that imitates the working adn actual tractor. ractors can be defined asobile working
machine that helps in carrying out thagricultural activities like ploughing, shoveling,
transporting etetera However these agricultural activities seem deemed possible till the
time one des not have an efficient machir@nly with the advent of tractors, all the farming
activities could beacceleratedand became much more efficient than before. (Tractor
Agriculture 204.) There aremumberof tractors availableéased on differertriteria Figure

12 shows the classification of different types of tractors.

25N
TYPES OF TRACTORS
Based on: Based on: Based on:
Construction Type Drive Type Purpose of Usage
> \r/

Driver can Based on Based on Utility

sit and drive track type wheel type tractor
Operator walks Full-track type Two-wheeled Row-crop

with the vehicle tractor tractor tractor

7 N 2T N
Half-track type Three-wheeled Orchard
tractor tractor type

Four-wheeled Industrial

tractor tractor
. N
7 SN

Garden

tractor
-
| TN

Rotary

tillers
NG A
7

Implement

carrier
N
7 N

Earth moving

tractor

N

Figure 12. Classification of different types of tractqrmod. Tractor Agriculture 2014
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As shown in figurel2 above,tractors can broadly be classified into the following three

categories (Tractor Agriculture 20t

(i)

(ii)

Based on the construction type: In this category, the tractors are classified according
to the construction of the vehicl€his can further be swutlivided into two categories
asfollows:

- The type of tractors whetke driver has a place to sit (for example, a cabin)
and drive the vehicle.

- The type of tract@where the operator walks along with the vehicle. This
type of tractorarealso known as walking type tractors.

Based on the drive type: In this category,ttaetors are classifidohsed on the types
of drive. Asthere are two types of drives available, so this can further beigialed
into two categories dsllows:

- Based on track type: Fuifack and haltrack are the two types of tracks
available for theractors In full-track type tractors, the wheels are replaced
with tracks whose drive is controlled by the sprocket run of the rear axle
shaft. In this type of tractors, there are no steering gears, but the steering
mechanism is carried out by applyingakes onto the track on one side
while keeping the track on the other side in motibnhalf-track type
tractors, only the rear wheels are replaced with a small track chain while
the front wheels are fitted with tyreblere, the use of the tracks to
facilitate a larger contact area and an increase in traction power. They are
mainly employed for earth moving activities.

- Based on wheel type: There are three variations possible for this category,
namely, twewheeler, hreewheeler, and fouwheeler. Two-wheeled
tractors are the singlexle tractors thatare selpowered and self
propelled.In addition their operating speed is quite fast and are mainly
used in small farms, in gardening, and in hilly regiofisteewheeled
tractors were very popularintret e 1 9 9 0 6 snewh€ehattachetl a v e
to the frontaxle (but sometimes even two wheels) and were believed quite
handy in moving around shorter tur@®urwheeled tractors have replaced
the threewheel tractorsand are mainly in use nowadays. They have two
wheels attachedith the frontaxle while two wheels attachedth the rear

axle
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(i) Based on the purpose of usage: In this category, the tractors are classified according
to their purpose of use. Depending upthie usage of the vehigléhis categorycan
further be divided According to Tractor Agriculture(2014 , Thefi are further
divided into broad categories listed below

1. Utility T ractos

Row Crop Tractor

Orchard ype

Industrial Tractor

Garden Tactor

Rotary Tillers

Implement @rrier

© N o g k w D

Earth Moving Tactoiso

However, only a fouwheeleddrive tractor having two large driving wheesthe rear axle
and two steerable wielsat the frontaxleas shown in figurd3, has been considered within
the scope of this research work. As seen from fig@below, the tractor also has a cabin
where the driver can have a seat and drive the vehicle with the help of the sidereig

that is attachedlose to the center of theshicle

Figure 13. ValtraN-seriesredmodel (Tractors for every purpos2016).
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4.1 Constructiorof the vehicle

The development of modeling configurator depends completely on havatiherhas been
modeledin MeVEA Modeller. Therefore construction ofthe tractor in Me\EA is one of

the important stesin developing the modeling configuratd¥hen the modeling is focused
completely on tractor simulatas in this research worthenmanysimilarities can be found

in modelingthe variations (types andzeg of thesamecomponentsThis particular fact has
been useth orderto model the tractor simulator and the same advantage is being utilized in
developingthe modeling configurator. As r@sultof this, different simulation models for

the tractor are edy generated in a considerably lemsiount of timelike in acouple of

second®r maximum oneminute.

The tractorthat has been considered in this research work will mainly be used for heavy
labor in the agricultural field.So keeping thework environment in mind,their prime
requiremerg arehigh speed and high torqu&o begin with, the tractor is modeled in
MeVEA Modeller using a wheelbase of 2748 mm as shown in figur@lsd, the front

track, which is the distance between the celmerof the tvo wheels (each on the other side

of the vehicle) on the front axle, is considered to be 1830 mm while the rear track is
considered to be 1810 mm as shown in figurebékbw. It is to be noted here that while
providing these values in MeVEA, thenits should be converted to meter as MeVEA

supportonly SI (International System of Unitbased units.

|

1810 mm

2748 mm

1830 mm

Figure 14. Wheelbase, front track, and reéeack used in modelingmod. Stanford 2009).
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It is to be noted thahts researctwork is meant for academipurposeso the construction

of the vehiclancludingthe mass of the vehicle, mafistributionet cetera has been assumed
as an example fodemonstratiorpurposes onlyAs, the Valtra Fseries tractors hava
weight 0f7300 kgwithout considering thex¢ra weightf Compare Valtra models 20180,

the current models assumedo have a total weight of 7300 k¢ is to be noted thahe
model in handis designed in accordance with the Valtreséfries tractors as much as
possible and that tospecifically,T144, T154andT174e, as they all share some common
featuredike weights anddimensionsThe static weightistribution between the front and
rear axle (which is also defined as weight split) is assumedid/#Bfor academipurposes
only. S0,55% of the tract@r s  w goesgdithe front axle while themainingd5% goes to
the rear axleHowever, the tractor considered in this research work (with no implements or
additional weights) normally has weight distribution in such a way tleateér axle has a
higher mass than the front axle. Btlie weight distribtion of 55/45 considered in this
research worksiassumed for academic purposes onherefore, 4015 kg (55% of 7300 kg)
goes to the front axle, while 3285 kg (45% of 7300 kg) dodke rear axleBut, astyres

are already attached to the axles #mltotal weight of théront tyresis 150*2 = 300 kg
while that of rear tyres is 300*2 = 600 kg. Therefat@157 300 = 3715 kg is projected at
the center of mass of the front axiehich is considered to be at the center of the front axle

(also the body reference coordinate system) as shown in figure 15.

‘ | //, ’ N /r’ ) \ “._ r [ ,/ l.@_‘._ g
) z
Cabin's body reference Cabin's center of mass
coordinate system
X . )
Front axle's body reference coordinate

z system coinciding with its center of mass
Global coordinate system

Figure 15. Body reference coordinate systamd center of mass for the cabin and front axle.
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Whereas, 3285 600 = 2685 kg is @jected athe center of mass of the cabin (as cabin and

rear axle together is assumed to be a single body, otherwise, it is always projected at the
center of the rear axle), which is at a distance of (1080, 300, 0) mm from the body reference
coordinate sstem of the cabin. Also, the body reference coordinate system of the cabin is at

a distance of (0, 980, 0) mm with respect to the ground (global coordinate system) as shown
in figure 15above It is to be noted here that the mass distribution projectettlweenter

of masses is just used as a demonstration for academic purposes. However, the main aim of

this research is to develop the modeling configurator.

Then, there are two pivotghich are attached to both ends of the front axle. The position of
theright pivot is (0,-13, 915) mm with respect to the front axle, whereas, the position of the
left pivot is (0,-13,-915) mm with respect to the front axlehe front tyres are attached to
these pivotsThe position of the tie rod, which is used to design the steering mechanism, is
(-292, 0, 0) mm with respect to the front axle.

In order to calculate the moments and products of inertia, the inertia calculator of MeVEA
Modeller, as shown in figurelhas been utilizedlt is only required to choose the shape of
the body and then provide the necesslamensionsand mass, th@ertiacalculator will then
provide the necessary values for the moments and products of inertia. The moments and
products of indfa for the cabirhas beercalculated by assuming it to be a cube with a
dimension of x = 5800 mm, y = 1075.2 mm, and z = 2550 mm as almost all the weight is
concentrated to the lower portion of the cabin, while the upper portion is naaieypty
spaceAlso, the mass consideréar the cabins 2685kg as already explained aboweor

the front axle, its assumed to have a shape of horizontal cylinder, whose length is 1830 mm
and radiugss 26 mm. Also, as already explained above, the mass considertx flvont

axleis 3715kg.
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# | Inertia Calculator l ==y X
Cube |Cy|inder | Horizontal Cylinder | Hollow Cylinder | Horizontal Hollow Cylinder | Sphere|
Description
Inertia Calculation for symmetrical objects
. Y
Cube-shaped object
Insert x, v and z dimensions and the mass
of the cube and press calculate y y
The inertia is calculated at the center
of mass
X _ Y
Parameters
a 1
¥ [m] 0
‘ X |
y [m] 0 (il al
z [m] 0
Mass [kal 0
Operations X 0 0 0
0 0 0
‘ Calculate ‘ y
z 0 0 0
l Transfer to "Ground -

Figure 16. Inertia calculator of MeVEA Modeller utilized to calculate moments and

products of inertia.

In the tractor model, the bodies are constrained with a number of joints. The different types
of joints used in the modateas shown in figure 17. The tracbosabin isconstrainedvith
theground by utilizing a floating joint a location of (100, 300, 0) mm with respect to the
global coordinate systerithe front axle in turn isonstrainedvith the cabin byutilizing a
revolute jointat alocationof (2748, 82 . 5, 0) mm with respect t
coordinate systeni.he right and the left pivetare connected to the front axle with the help

of revolute joints at a location of (0, 0, 915) mm and (0;905) mmrespectivelywith
respect to the front axleand (0, 13, 0) mm and (0, 13, 0) mm with respect to the pivots
respectivelyThe tie rod, which is used to model the steering mechanism, is connected to the
left pivot with the help of a spherical joiat a location of 92, 0, 16.3) mm with respect

to the left pivot and (0, 3898.7) mm with respect to the tie ral¥hereas, with the right

pivot, the tie rod is connected with the help of a revolute joint at a locatie?9&, 0,-16.3)

mm with respet to the right pivot and (0, 0, 898.7) mm with respect to the tie rod
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Pivot - Right

Rear Tyre - Right
Front Tyre - Right

Floating Joint

Front Tyre - Left

Spherical Joint
Rear Tyre - Left P

Pivot - Left

Figure 17. Different types of joints used in the tractor model.

One can clearly see from figure 17 above that there are four revolute joints, one spherical
joint, and one floatingpint. It is also to be noted that there are five bodies, namely, cabin,
front axle, rightpivot, left pivot, and tie rod,azhintroducingsix generalized coordinates in
a threedimensional spacén order to calculate the degree of freedom for the trawtmlel,
one must note that for a thrdamensional space, a revolute joint introduces five constraint
equations, a spherical joint introduces three constraint equations, and a floating joint
introduces zero constraint equatiohlso, the number of degreesf freedomcan be
calculated as € , wheret is the number of generalized coordinatesani$ the number
of constraintsTherefore the degregof freedom for the tractor modisl v Jp T

p o p3Ot X. The 6 degrees of freedom for the tractor model is justifiable as the
tractor can move up and down, left and right, forward and backward, also they can have
rolling, pitching and yawing. In addition tthese6 degrees of freedom, the steering
mechanism ofhe tractor introduces one more degree of freedom, thus makirpgrees
of freedom systeras calculated above

While modeling the steering, it is be noted thatie maximum steering angle for the front
axle could be 32° (Oerlikon graziano 2Q0p71). Therefore, while designing the steering,
which is basically designed with the helpa tie rod, the maximum and minimum spring
angle fed in MeVEA is £ 15 It is alsoto be noted here that the simulation model in MeVEA
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is completely a mathematical meldand the graphics are just for the visualization of the
components. As MeVEA does not allow designing the graphics, so the graphics are imported
from other designing softwares like Blender, SolidWorks et cetera in the spiéeiformat
(mostlyi.3dfile format). However, graphics does not possess any properties other than its
position and orientatiorlheir only role s to make the componantisible andtheymoves

along with the components. The graphics used in designing the tractor model aredprovid
by the Machine Dynamics research group at LUT School of Energy Systems. The list of
graphics provided by the Machine Dynamics research gnmlydescabin and outer frame

as well as its collision graphics, front axle, mudguards, tie rod, and froméantyres

4.2 Power transmission system

Power transmission system can be defined adrthielinethat plays a key role in modeling
thevehicle. It is basically a combination of shafts in sequence and can also be referred as the
speed reduction mechanism. It comprisesasfouscomponents that helps in transmitting
thetorque from the engine (where the torque is being generated) toving avheels As it

also helps in changing the torqu® itis even utilizedn changing the rotating direction of

the driving wheels

This section deals with the powansmission system that has been used in modeling the
tractor simulator modelt is to be noted that as this research work is meant for academic
purpose, so the power transmission system utilzéat demonstration use onlyhe power
transmission system is modeled in a generic way such that it allows to drive the tractor
model. Othewise, i t i S not t he realistic constr u
transmission systenThe schematiadiagramof the power transmission system used in
designing the tractor model in MeVEA Modelisishown iniigure18. Broadly, it canprises

of engire, clutch, gedrox, differentih geaboxes reduction gea axles and wheel$lere,

engine is the primenover, whichgenerates the torque that needs to be transmitted. In
MeVEA Modeller, it is being modeled with the help of spline curve. Then comes the clutch
that helps in connecting or disconnecting the engine with the rest of the transmission system.
It helps in tranmitting the torque from the engine to tpearbox Also, when the gear needs

to be chaged, then the power to the geax is cutoff from the engine with the help of
clutch otherwise the gear tooth can be damaged. Here, the clutch is modeled with the help

of friction that allows the gripping action to take place by making use of frictional force
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between two surfaces. The clutch is modeled in such a way that during the simulation run it

can be contited by the user input control.

Rear - Left
Reduction Gear

A

Front - Left
Reduction Gear
13

|
Front
Differential
Front - Right
Reduction Gear

N

Rear Mlddle
leferent|al leferentlal Eltch N

Rear - Right
Reduction Gear

Figure 18. Schematic digram of thegenericpower transmission systeuntilized to drive

the tractor model.

The power that is available from thegine is at a very high speeddistcannot be fed directly
into the drivingwheels,as they require power at low speed and high tor§agit becomes
necessary to have a speed reduction and at the same time an increase in thehicigise,
achieved with the help of gdmx. Gearbox is the sequential arrangement of a number of
gears and shaftbaving the pralefined gear ratios thatre provided based on the speed
requirement, whichvaries according to the field condition. It also has the provision of
changing the direction of rotation of the driving wisds} providing a drive in the opposite
direction. In MeVEA, thegearboxis modeédin such a way that itrpvides the drive to the
wheels in both the direction3his can be controlled with the help difjital channels of
controller Now, as the drive from the engine through gie@rboxis coming in a straight
line, so this must be taken at a right angle to this straight line so that it can be fed to the
tractor wheels. This can be achieved vilte help of a differential gelaox as shown in

figure 19.
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Figure 19. Differential gearbox(Audi Driver 2003.

In differential gearboxthe shaft from the maigearboxend has a pinion attacheditahat

in turn is in mesh with the crown wheel and drives it as shown in fitiedove.Then a

cage having two planet gesris attached to the crown wheel. Both the right and the left
axles (drive shafts) are connectedhis cage with the help setin geasas shown. The planet
gears orbits arounthesesun gears. When the differentiallocked then the planet gear
does ot rotate about its axjend both the right and the left axles rotate at the same speed.
But, when the differential is open then that implies that different speeds may be required on
the two axlesand hence the planet gears starts rotating around itsaaxisas a resylt
different rotation speedare obtained at the driving shaftIn other words, differential
gearbox has one input and two outputs. In tractatetiog, three differential gelaoxes are
modeled namely, front differentialmiddle differential, and rear differential as shown in
figure 18 above. Therear differential islimited while the other two are openedhich
impliesthat the rear differential does allow free rotation velocities ofg¢hetyres buonly

to an extend as is limited. Whereas, the front differential allows the provision of having
different rotation velocitie®n both the fronttyres. Once the drive is transmitted to the
driving axlesthen reduction gear helps in transmitting the drive furihéne tractor wheels

accoding to the wheel speed. Reduction gearepresent in the tyre hubs of all the four
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wheels andireepicyclic gear packin this caseHere, thedrive is provided on all the four
wheels of the tractor as a fewheel drive tractor has been consideredhis tesearch work.
This way the entire drive is transmitted right from the engine all the way to the tractor

wheels.

4.3 Method applied in this case study

In order to develop the modeling configurator, the method listed in section 3.3, that is,
utilizing programming language softwares has been used in this research work. Python
programming language has been used in the present study and for theteufsee,
Microsoft excel has been employed. Here, the python script, which is also referred to as the
modeling configurator, i s ai thee tdactor modeathatc e s s

contains all the model properties and carry out the desire modifications

4.4 Subdivisions of the tractor for modeling configurator

In order to understand thmodeling of theractorfurther, it would be better to divide the
tractor into a number dafivisions asshown in figure20to carry out the different modeling
phasesBroadly, it can be divided into 6 categories, namely, outer frame and cabin, engine,
power transmission system, tyres, hydraulics, and additional agricultural implements that
can be attached to the tractor for farming activities. However, in modeling ther tirac
MeVEA Modeller, hydraulics has been designed using spring and damper components.
Therefore, in this regards, hydraulics has been excluded and only 5 categories are shown in
figure 20 below. From theseategoriesusers will hae a number of fieldsvailablewhere

they can edit or choose a new value using the-dmpn menu from theserinterfacein

order to customize their tractor. For the engine/motor, there will be options available for
changing the maximum torque and the maximum breaking torie enginemotor. For

the power transmission systeanly gearbox modeling has been covered within the scope
of this research. Thereforenly the number of geatmnbe adjusted in the current modeling
configurator Tyres need a special mentibareasthe configurator will have the provision

to edit values like mass, radjumnd width of the tyres. Choosing the numbefront and

rear tyres between 2 or 4 will also be made available for the users. Ahé&sption of a

trailer as aradditional agrialtural implementvill also be made availabldlow, & the outer

frame and cabin will not have any opt&n the current modeling configurator for the users,
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so only enginemodeling gearbox modeling, tyre modelingnd additionalequipment

modeling willbe covered in the forthoming sections.

Outer frame
and cabin

Additional

implements

mass

maximum maximum
torque of engine  braking torque
for engine

Power transmission Tyres
system
¢ number of mass

tyres width ~ radius
number of gears

Figure 20. Subdivisions of thetractor considered in designing the modeling configurator
(mod.AgriContent Ltd2015 mod. DeutzFahr;mod. Valtra 2012.

4.5 Engine modeling

In MeVEA Modeller, the engine is beingodeled agimotor® that is listed under the

A F or c ecateégorg While dfining the enginghereisafid named f Maxi mum
Splineo that defines the vmdioy shiclo in tuinfise ma
introducedwith the help of the splmcurveIn other words, maximum torque of the engine

is modeled with the help of a spline curite.order to modify the maximum torque of the

engine, one needs to manipulate the spline defining the same.
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In real world, the tractor type considered in tl@search work utilizes engines from AGCO
Power. Bit as an academic research approach, the engines used in this research work as an
example is yst for demonstration purpose3o, he engines that are used ftbe tractor
model ar e tAGTeTieMXstage dllA gproVed 6cylinder straight turbocharged

diesel engine with a capacity of 6 litefhiese engines have a common rail for fuel injection
systemas well as switchableEGR (Internal Exhaust G&ecirculationsystemWithin the

scope ofthis researctwork, the modeling configuratas designd in such a way that it
provideoptions for selecting between three differgiolvo diesel engine models, namely,
Volvo D6E LAE3, Volvo D6E IBE3, and Volvo D6E CE3. The specifications for these

threemodels are listed in table 1.

Table 1 Specification of different models of Volvo diesel enimel. Volvo 2009, p. 22

MODEL Volvo D6E LAE3 | Volvo D6E LBE3 | Volvo D6E LCE3
Net power 128 kw(172 hp 125kw (168hp) 114kw (153hp)
Gross power 129 kw(173 hp 126kw (169hp) 115kw (154hp)
Power neasuredht 1700 rpm 1700 rpm 1700 rpm
Displacement 5.7L(348 cuin 5.7L(348 cuin 5.7L(348 cuin
Max Torque 770 Nm(570 b f) | 750 Nm (550 Ib ft) | 680Nm (500 Ib ft)
Torque neasuredt 1600 rpm 1600rpm 1600 rpm
Number of Cylinders 6 6 6
Aspiration Turbocharged Turbocharged Turbocharged

While designing the modeling configurator, the spline defining the maximum torque of the
enginewasaccessed and then the valygstting torque versus the rotational speed of the
engine was fedh according to figur@l for Volvo D6E LAE3, figure 22 for Volvo D6E

LBE3, and figure 23 for Volvo D6E LCE3 is to be noted that the unit used by MeVEA
Modeller for the rotational spe@d the engine is radian per second, while that for the torque

is Newtornmeter.Therefore the values used for defining the spline for Volvo D6E LAE3
are(0, 200), (90, 603), (100, 675), (129, 763), (156, 764), (160, 770), (195, 600), (200, 575),
and (220513), which are approximated from figure 2¥hile, for Volvo D6E LBE3, the

values used are (0, 200), (90, 603), (100, 675), (120, 713), (150, 730), (160, 750), (180, 640),
(200, 540), and (220, 460), which are approximated from figRré&@r Volvo D6E ICE3,
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the values are approximated from figure 23 as (0, 268), (90, 628), (100, 668), (120, 668),
(140,669), (160, 6®), (165, 650), (179 587), and (88 520).

Power _ _ Torque
hp KW Economic working range Nm  |bfft
180 .
1 130 S— 800
g h .IUIIIIIUIIIM.. _550
1 60_— 1 20 B . ‘.-. / ."0. o
1 110 / 700 500
1 4Oi 1 OO i ‘.‘ ’ / .'.q
- 1 - / ., - 450
120 90 . / o 600
g 80 / - 400
1004 . ",
70 500 |
] 1 m— Power 350
80—_ 60 ] s T ] ammas Torque
. : ‘ ‘ ‘ ‘ 400
800 1000 1200 1400 1600 1800 2000 2200 r/min
I 1 1 | 1
20 25 30 35 1/s
Volvo D6E LAE3

Figure 21. Torque versus rotational speed plsedfor definingVolvo D6E LAE3 (mod.
Volvo 2009, p. 22)
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. ; ‘ . : ‘ ‘ 400
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I | | 1 |
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Figure 22. Torque versus rotational speed plot used for defining Volvo D6E L(BEERI.
Volvo 2009, p. 22)



44

Power . . Torque
hp KW Economic working range Nm  Ibfft
1807 430 ] 800 | ...
160 120
1 110 / 700 |500
1400 001 R T g,
11 pad - 450
1204 90 ~ e 600
] 80-] A “, - 400
100 . “,
1 70 . 500 L 350
1 i m— Power
80 60T [ [ | e Torque | |
‘ ‘ . ‘ - - ‘ 400
800 1000 1200 1400 1600 1800 2000 2200 r/min
1 1 | I I
15 20 25 30 35 1/s
Volvo D6E LCE3

Figure 23. Torque versus rotational speed plot used for defining Volvo D6E LG8
Volvo 2009, p. 22)

In MeVEA Modeller,while defining the enginethereis afield for addng attributelike
maximum braking torque of the motor/engidModeling configurator has been designed in
such a way that it can directly change the value of this particular attbp@#ecessinghis
field. This way the configurator has acceéeghe maximum braking torque of the engine and
cantake values like 5000 Nm, 15000 Nm, 25000 Nm, 3500045000 NmThe codes
for engine modeling can be accessed from line 41 to Beoflthe modeling confgurator

(pythonscripf) includedin appendix Il.

4.6 Gearbox modeling

In MeVEA Modeller, thegearboxhasbeenmodekd under thé Bwer transmissioifield.

A manualtransmission gednas beerthosenfor the tractormodel As alreag mentioned

above the inputto this gearbox comes from the designed clutdw, for the scope of this
research work, modeling configurator can change the number of forward as well as reverse
gears by directly accessing acithnging the gear transmission ratiostf@m.The various

gear transmission ratios used for providing different options for the number of forward and
reverse gears are listed in tabldtds to be noted that as this research work is meant for

academic purpose, so the gear transmission ratios utilized isfiond&ation use onlyrhe
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configurator (python script) included in appendix II.

Table2. Gear transmission ratios for different numbef forward and reverse gears.

G Gear transmission ratio
ear
Option-1 (6 gears)| Option-2 (5 gears)| Option-3 (4 gears)
1st gear 3.58:1 3.58:1 3.58:1
2nd gear 2.61:1 2.61:1 2.61:1
Forward | 3rd gear 1.89:1 1.89:1 1.89:1
Gear 4th gear 1.38:1 1.38:1 1.38:1
5th gear 1:1 1:1 -
6th gear 0.73:1 - -
Gear | Option-1 (3 gears)| Option-2 (2 gears)| Option-3 (1 gear)
1st gear 4:1 4:1 4:1
Reverse
2nd gear 2.05:1 2.05:1 -
Gear
3rd gear 1.07:1 - -

4.7 Tyre modeling
In MeVEA Modeller,tha yr e s u n deerwheelbhamd f i el
their contact surfaces aretroducedby defining spline curve&escribing the tyre profile)

are model ed
for the wheelsThe radius anavidth for the tyresaredefined with the help ahese spline
curvesonly. One sub example is shown in figure 2here a tyre profile is defined with the

help of four spline points.Different friction curves are used to define the longitudinal,
latitudinal, and braking friction for the tyres. The input to the tyres comes directly from the
planet gear, which is a rediarnt gear. Hergthe flexibility and deformability of the tysare
modeled by a combination of spring and damping consharthis research work, only
lumped Lugre tyre models are used as the friction model is assumed to have a point contact
between thefre and the ground as shown in figure 25(a) (Mikiaila4 p. 7). This approach

can be explained with the help of an elastic bristle at the microscopic level. At the point of
contact, a large tangential force will cause the bristle to deflect extensively and it will start
to slip asdepictedn figure 25(b)(Mikkola2014 p. 7.) According to MikkolaZ014 p. 8),
AWith this

effect, stick slip, zero slip displacement and hysteresis can be accounted

approach, many i mportant aspec
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NV

{-0.15,0.7915) (0.15,07915)

Figure 24. Exampleof atyre profile createdwith the help of spline pointsriiod. MeVEA
Modeller [simulation program] 20&7p. 37.

(a) (b)
Figure 25. (a) Friction description for lumped Lugre model; (dformation of a bristle
during acceleratiar{(mod. Mikkola2014 p. 6 & p. 8)
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The bristle will start deflecting with respect to time when the tyre starts rotahdghis
bristle deflectionwhich is denoted b in figure 25(b) aboviecan be calculated éllikkola
2014 p. 8)

Q (1)

where,, is the longiudinal lumped stiffness of the rubbeér, 17 0 is the relative
velocity between two sliding surfaces witlas the radiug, as the angular velocity, and

as the linear velocity of the tyr@lso, in equation 1,"Qis thefriction, which must alvays

be positive and is dependent on material properties, lubricants, temperature et cetera.
(Mikkola 2014 pp.8i 9.) The friction"Qcan also bevritten as(Mikkola 2014 p. 8)

o o @

where," is the normalized coulomb frictioh, is the normalized static friction, and is
the Stribeck relative velocitfMikkola 2014 p. 9) Based on the lumped Lugre model, the
frictional force"Ocan be written a@Mikkola 2014 p. 9)

v O 3)

where,, isthe longitudinalumped damping coefficien, is the relative viscous damping,

and "O is the normal force as shown in figure 25 aboMew, for the steady state
characteristics of the model, translational and angular velocities are assumed to be constant,
and’Q §'Q as made equal to zero. Thus, from equation 1 abbve,"Q, i Q& , where

i "Qis thesign function (Mikkola 2014 p. 9.)Now, by putting these values in equation 3
above, the frictional force in steady state can be obtain@dikisola 2014 p. 9)

O O Q , U O (4)
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or, O ‘ ‘ ©Q i Qb , 0 O (5)

It is to benoted thatlhle modeling configurator is designed in such a way that it can directly
access and manipulate the spline cadedining the profile of the tyreOnce this is done

then it canaccesshe dummies where the mass and the inertia propertie® djrs are
definedand can manipulate the mass amettia properties thereDummies arebasically

parts that does not affect the kinematic chain but affects the mass and inertia properties of
the attached bodyhis way the modeling configurator is able to manipulate the mass, inertia
properties, diameteand width of the tyres. The same process is repeated in the modeling
configurator ifoneneeds to introduce extra front or rear tyres. dbwes for thdront tyres

can be referreftom line 22 to line 981 in the script enclosed in appendix Il, while for the

rear tyres, one may refer from li882 to line 17%2.

Within the scope of this research work, five different standard gmegsed for he front
tyresas well as five different standard tyegused for the rear tyres. In the usaterface,
only the standard tyre size markingsbeenmadeavailablefor the uses. One such example
of tyre size marking and its interpretatiorasexplainedh figure 2. The diameter and the

width arepredefined for each of the standard tyaesording to table.3

Aspect Ratio,

H/SW (in %) Nominal Rim

Diameter
(in inches)
Tyre Size Markmg/“ @ SN R Q
Nominal Section Radial

Width (in mm) Construction

SW Section Width
OD Overall Diameter
H Section Height
D Rim Diameter

Figure 26. Example of tyre size marking and itgerpretation (modMitas 2009 p. 4).
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Table 3 Diameter and width of different available tyre optiamsnodeling configurator.

Tyre Tyre Size Marking Diameter Width
600/70R28 1552 mm 600 mm
420/85R28 1426 mm 440 mm
Front Tyres 480/70R28 1424 mm 482 mm
540/65R28 1414 mm 540 mm
600/65R28 1492 mm 600 mm
520/85R38 1850 mm 536 mm
580/70R38 1852 mm 594 mm
Rear Tyres 650/65R38 1830 mm 620 mm
650/85R38 2072 mm 650 mm
710/70R38 1960 mm 710 mm

The different mass optioraailablefor eachof thefront and rear tyres are listed in taldle
Also, while calculating thenoments and products iofertia with the help of inertia calculator
in MeVEA Modeller, the shape of the tyre is assumed to be horizontal hollow cylinder.
addition the inner diameter is assumed to bentbrminaldiameter of the rinwhile the outer

diameter is considered asosvn in table 3 above.

Table4. Different available mass options for each of the front and rear tyres.

Options Front tyre Rear tyre
Option-1 150 kg 300 kg
Option-2 175 kg 325 kg
Option-3 200 kg 350 kg
Option-4 225 kg 375 kg
Option5 250 kg 400 kg

4.8 Equipment modeling

Agricultureequipmentan be defined asmachinery that is used on the agricultural field to
help in farming.There are number of additional implements that can be used along with the
tractor like cultvator, harrow, chisel plovtrailer etcetera However only atrailerhas been

covered within the scope of this research waitke trailer is modeledsingthree bodies,
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namely, trailerod6s body, | eft @&egskleftandaightt r i ¢
axles The trailer isattached to the rear end of the tractor. The body reference coordinate
system of the trail e@ 50§ 0)mm dith respect tathe bady d i st
reference coordinate system ofthe a ccabinfTdhhe mass of the trail e
to be 500 kghatis directed to its center of mass, whishat a distance q#250, 0, 0) mm

with respect to the body r e$mdyeTheleft adedsor di
located at a distance 6#90,-276,-468) mm with respect to th@dy reference coordinate
system of the trailerbés body. Wh-4200-276,, t he
468) mmwith respecttd he t r aiHeered s tbhoed yt comstrainesivitiotbe b o d y
tractor 6s csghericaipintbwheraasthened and the right axles@astrained

wi t h t Isbodyby atiiizingeevotute joins. Al so, the graphics fo
axles, andvheelsareprovided bythe Machine Dynamics research group at LUT School of

Energy Systems

Themodelingconfigurator is designed in such a way ttebughthe usetinterface one is

allowed toselectonly trailer as the additional implement whose mass is predefined. So, the
users are not provided with the option of altering the weight of #ilertwithin the scope

of this research workThe trailer presented in this research work is modeled using the
assembly option in MeVEA Modeller. This is carriamut by modeling all the
parameters/ attributes def i pwhiohgsahdssemblyrfilai | er
for the trailerthatisn amed as AThaisl &r mmaadaofile is als
contains all thedata required for modeling a trailéncluding the number of bodies,
constraintglefinition, graphics, tyrs definition, spling dummies and collision definitions

Therole of themodeling configurators to access the main XML filef the tractor model

andi n the field of nFattibeteNameowf bl obhkeyasakh
file if a trailer is setcted in the usanterface or it will keep that field blank if nothing is
selected in the usénterface The codes for equipment modeling can be accessed from line
1754+to line 1762 of the modeling configurator (python script) included in appendix II.
Likewise, more such assembly files of various additional implements can be madeled
accordingly they carbe assembled with the tractor in the near futitris.to be noted that

the ATrailer. mvao file i s mode hdaskeptiretfieor e h

same folder as the main tractor model.
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4.9 Userinterface: data collection for the model
For the sake of simplicity and in order to have a-fisendly interface, Microsoft excel has
been used as the @jation for creating the usénterface. The role of this interface is to

collect the values dlifferentattributes selected by the usbased on the préefined drop

down menu against each attribaitéigure27 shows the screenshot of this user interface.

I \1 STUDIO ¢‘

Attribute Value
Engine/Maximum Torque of Motor Volvo DEE LAE3
ENGINE MODELING . .
Maximum Braking Torque for the Motor 45000 Nm
Number of Forward Gears 6
GEARBOX MODELING
Number of Reverse Gears 3
Front Tyres 600/65R28
Diameter 1492 mm
Width 600 mm
Number of tyres 4
Mass of each tyre 200 kg
TYRE MODELING
Rear Tyres 710/70R38
Diameter 1960 mm
Width 710 mm
Number of tyres 4
Mass of each tyre 350 kg
Additional Implement Trailer
EQUIPMENT MODELING
Mass 500 kg

Figure 27. Userinterface designed for data collectionMicrosoft excel

It is to be noted here that the basic simulation model is already made ayaihaltlee same
model is being used to vary the different component valuesHieiie, he role ofselecting
different valuess just to ovetwrite or modify the previouly storedvalues and then come

up with the modified versionsf the tractor simulator model in just few clicks

4.10 Connection bateen useinterface and MeVEAmModeling configurator

The bridge betwee the useinterface designed over Microsoft excel and MeVEA
simulation software is covered with the helpneddeling configurator, which isuilt over
python programming languagéython programming makésquite simple tduild such a

modeling tool that can take care of everything in just feeks. After saving the choices



52

made by the user in the excel applicat{oserinterface) it is just required to run this
modeling configuratorgython script. The modified simulation odel of the tractor will be
ready in just couple adecondslin order to access the futhodeling configuratorgython
scrip), one mayeferto appendix IlFigure28 demonstrates the overall working principle

of the modeling configurator.

Necessary modules imported

cel datasheet (user-interface) accessed

Target XML file access

jects created for excel and XML file

Desired attributes modifi

Modified simulation model ready

Figure 28. Overview of the working principle of modeling configurator.

Here, themainrole of the modeling configurator (python script) is to read the values from
theuserinterfaceand then replace the values in the MeVEA simulation filerder to do
that first, all thenecessary modules are imporfesim the library as shown in figu9 from

line 7 to line 20 Then,the excel datasheefuserinterface)from where the data has to be
fetchedand XML file where the data needs to be modifimeé accessedAlso, their
respective objects are created in pythsrshown in figur@9 from line 22 to line 390nce

all the desired old values are replaced with the new fomeéke attributes of the objexin
python Then the modeling configuratarewrites the same in theML file and saves the
new XML file by using thecommandfitree.write('Tractor_Model.xmb) leading to a new

and modifiedsimulationmodel.
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import os

12 import openpyxl

14 import xml.etree.cElementTree as ET
e

import copy

os.getowd()

=] I
= @ WD 00 =] h

o
I

22

23

24

25wb = openpyxl.load workbook('Read this Excel.xlsx')
26

27 sheetl = wb.active

28

Atree = ET.ElementTree(file = 'Tractor Model.xml')

root = tree.getroot()

LS I WS WAy 'y B A0 T O W R )
P R

W0h =] v un

Figure 29. Modeling-configurator importsiecessary modulésm library, and access excel
and XML file.

4.11 Simulating the model in MeVEA

The users are allowed to access the-irderface (excel datasheet) and then select the values

for the attributes according to their own netidgt must be saved in tlexcel file. Then the

python script is allowed toun just by simply doubt clicking the fileNextt t he @A . mv s
of the tractor model is allowed to execute by doubt clickitgnce,the simulation model

with the modified parameteiis ready to be simulatedror simulating the modelsome

analogie and digitalinputs are defined. For the steeringcceleratgr brake and clutgh

analogie signals hae been usedwhile for the forward and reversgears, digital signals

have been useds shown in figur&0.
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= | Keyboard Contre

Steering_Input A |Z|D
Engine_Input S|X|W
Brake_Input QIC|E
Clutch_Input JIB|L

Gear_Up_Input

Gear_Down_Input

Figure 30. Input controller for simulating the tractor model.

The output valuew from the analogusignalsare governedby the following equation
(MeVEA Modeller [simulation program] 20b7p. 147)

o oh L8 O
Mo 0 i e o
® Tp o " W n (6)
e o oh % Ol 1
v p O IR

where wis the raw input value from the user,is the scaled is the offset value, an@ is
the dead zone val®#eVEA Modeller [simulation program] 20b7p. 147)
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5 RESULTS AND ANALYSIS

On December 27, 2@l the SIM studipas proposed by the SIM platfoywas setup at
Lappeenranta University of Technology, Finland. Thelio has two regime simulators,

one for the excavator while the other one for the tra¢toe.image onhe righthand side of
figure 3L showsthe tractor simulator. The initial goal has already been achieved with this
SIM studio. The main aim of this research wamtegrateusers in the product development
phase with the help of digital toolBor this pupose a modeling configurator has been
developed with the help of python programming languagel a usefriendly interface
(designed over Microsoft exgdlasbeermade available for the usefis chapter is mainly
focused on discussing the outcoméshis modeling configurator in order to achieve the
objectives of this research pap€he following suksectionscoverstheflow of information

in the process, and the results of selecting different options for engine modeling, gearbox

modeling, tyre moeling and additional equipment modeling.

Figure 31. Tractor simulator(on the right)at SIM studio, lappeenrantdJniversity of

Technology

5.1 Flow of information
The modeling configurator developed in this research work is-aiéate for the case study
of tractor simulation model in hand. The modeling configurator cannaieberalized

becausdahe coding will differ with how different the components are being nealdan
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MeVEA Modeller. However, the flow of information that is taking place in the process can
be generalized and &pplicableto any case study till the time oneftazusingon mobile
working machinesnodeled in MeVEAsimulation softwarelhe overall ifiormation flow is

shownwith the help of a schematic diagranfigure 32.

EXCEL
DATASHEET\

j’ , 7

USER INTERFACE MODELING CONFIGURATOR SIMULATION MODEL
Figure 32. Schematic diagram for the flow of information in the process.

As illustrated in figure 3 above, the first step ofi¢ information flow takes pladeom the
userinterface, which is an excel datasheetthe modeling configurator, which apython
script. Here, the information that is being conveyed is the excel data containirg suser
selectios. In the second step, the information is flowing frdm modeling configurator to
the XML file, which is the main file containing all the model properties and the simulation

componentsresulting into a modified simulation model.

5.2 Engine parameterization

In engine modeling, twparameterizedttributes ar¢hemaximum torque of the engine and
themaximum braking torque for the engine. There are number of opti@iablefor them,
but here the result is shown based on tbelectiors made in figure 2 above. For the
maximum torque of the engine, Volvo D6E EA has been selectadhile 45000 Nm has
been selected for the maximum braking torque ofethgine.Now, figure 33 showsthe

output oftorque (in Nm)versusrotational speed (rad/s) from the simulation model.
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Volvo_D6E_LAE3 w Volvo_DBE_LAE3T

160.28 1.735899e+02
850.95

77250 | L
694.05 e | | .
615.60 T ‘ | .

(Nm) -

537.15
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380.26
301.81 /
223.36

144.91

66.46

73.85 87.79 101.74 115.69 129.63 143.58 157.52 171.47 185.42 199.36 213.31
(rad/s)

Figure 33. Output of brqueversusrotational speed of Volvo D6E LAE3 engine from the

simulating model.

Clearly, figure 33 aboveshows that the maximum torque of tegineis 773.59 Nm that
occurs at 160.28 rad/s. It is to be noted that while designing the modeling configheator
value fed was 770 Nm at 160 rad/s. Now, a comparison has been drawn between this plot
with the input value plot thdtas beemsed to design the modeling configurator. Figute 3

shows thiomparison

Volvo D6E LAE3

------- Modeling Input ——— Simulation Model

900
800
700
600
500
400
300
200
100

TORQUE (IN NEWTOMNETER)

70 90 110 130 150 170 190 210 230
ROTATIONAL SPEED (IN RADIAN/SECOND)

Figure 34. Comparison of input and output toriejversus the rotational speed of Volvo D6E
LAE3 engine.
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From figure 3 above, it is to be noted that there is a difference in the two plots before 95
rad/s. This difference is because of the reasdmthide modeling the accelerati@ontroller

of the tactor model, an offset value of 80 rad/s has been designed so that eveyeaitien

Is applied with no acceletah input, the tractor will moveThereforefor this initial offsef
thereis a significant difference between the modeling input graph @dite) and the
simulation model graph (solid lin€l}.is to be noted that the economic working range for
the engines are between 110 rad/s to 160 rad/s. From figuweo¥e, one can clearly see
that both the modeling inp@graphand the simulation model graph are identical in this
economic working rangevhichis most significant herdBeyond 185 rad/s, there is again a
difference noticd between the two plots, the reason for this difference might be the
significant loss duringhte power transmission systef&lso, the maximum braking torque

obtained from the simulation model was 45000 Nm as designed.

5.3 Gearbox parameterization

In gearboxmodeling userscanparameterize number of forward as well as number of reverse
gears. Also, thre are three optioravailablefor each of them. bwever, the resultshown

here is based on the selecBomade in figure 2above Thereforeaccording to the selection,

the model can have 6 forward and 3 reverse gears. Now, on simulating the modehtvith
selecton and switching thegears over time, figure53has been obtained, which plots the
gear index versus time for the simulating model. One can clearly see from the gear indexes
in figure 3 below that there are 6 forward gears and 3 reversergda modified tractor

simulation model.

GEAR INDEX
AN R ORNM®WEOGOO N

TIME (IN SECONDS)

Figure 35. Gear index over time in the gearbox of the simulation model.
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5.4 Tyreparameterization

In tyre modeling, number of tyres, diameter, width, and mass can be parameiéraed.
are number of options available for the tyres. Only tyre size marking is avadablefor
the uses. The width and diameter of the tyres are-geéined. Theresults shown here is
based on the selection made in figufeaBove. For the front tyse600/65R28 tyre has been
selectedvhosediametelis 1492 mm while width is 600 mm. For the rear $yi&0/70R38
tyre has beegselectedvhosediameter is 1960 mm and width is 710 mm. After sakection

has been done in the useterface the modelingconfigurator isexecuted

Now, when the simulation model aalyzedin MeVEA Modeller, the tyre profilesire
studied One carclearlysee from figure @ which represents tHeont tyres profile, thatthe
width of thefront tyresis 0.6 m (600 mmand thé& radius is 0.746 m (1492/2 = 746 mm).
In addition on manually checking the mass &ach ofthe front tyre, it resultedto be200
kg as selected in figure/above Theuses canonly experience the mass of the saering

reattime simulation.

Front Tyre Profile

0,8206

Q.40
TS

0,6714
0,5968
0,5222
0,4476

0,373
0,2984
0,2238
0,1492
0,0746

0
-0,4 -0,3 -0,2 -0,1 0 0,1 0,2 0,3 0,4
TYRE WIDTH (IN METER)

TYRE RADIUS (IN METER)

Figure 36. Front tyre profile in the simulation model.

Also, figure ¥ representshe profile of the rear tyee It canbe seen from figure73below
that thewidth of the rear tyrgis 0.71 m (710 mm)while their radius is 0.98 m (1960/2 =
980 mm).The nass foreach ofthe rear tyrewasfound to be350 kg as already selected in



60

the userinterfacepresentedn figure 27above.When fournumber of tyres arehosenfor
both the front as well as the reard then the differences caasily be figurd out from the

visualizationof the simulation modeds shown in figure 38

Rear Tyre Profile

1,078
0,882
0,784
0,686
0,588
0,49
0,392
0,294
0,196
0,098
0

-0,4 -0,3 -0,2 -0,1 0 0,1 0,2 0,3 0,4

TYRE WIDTH (IN METER)

TYRE RADIUS (IN METER)

Figure 37. Rear tyre profile in the simulation model.

Figure 38. Simulation model representing four numbef front as well as redyres
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5.5 Additional quipmentparameterization

In the modeling configurator presented in this papaly one option is provided for the
users within the scope of this research work. The option provided is a trailer whose mass is
predefined so the usercan only select the additionahplement. According to figure 27
above, trailer has been select@therefore, onexecuting the modeling configurator and
runningthe simulationmodel, o can clearly see from figure 8®at atraileris attached at

the rea end of the tractoas desired

Figure 39. Simulation model representing trailer as the additional equipment.
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6 CONCLUSION

Thefoundation of this research work was laid by the visioa tvhctor simulator where the
users can customize the simwatmodel according to their own requirements and then can
proceed with simulatianAs already shown in chapter 5 thatractor simulatowas setup
atSIM studio,Lappeenranta University of Technology, Finland on December 27, 2016. This
visionhasalso lead to the development of modelogfiguratorfor thetractor modelwhich
was themainaim of this researctvork. Also, at the start of this researalork, there were
couple of research questmlike:

() How can the modeling configurator be creadad linked to the simulation software?

(i)  Why this cannot be done by the traditional approach of desatelingtools?

(i)  Which parameters/attributean the usersustomize?

(iv) What is the maximum number of options provided to thesdseeach attribute?

(v) Isa feasibleconfiguration selected by the user

This papeclearly answerall the research questisthatwereintroducedat the start of this
researclwork. The modelingconfiguratorhas beemlevelopedusing python programming
languageAlso, for a useifriendly interface, Microsoft excel has been used. The role of the
modeling configurator is to read the options selected by theindbe usetinterface(excel
datasheet)Thenaccordingly, the modeling configurator waltcess and modify the required
fields from themain XML file of the simulationmodel, which contains all the detailecbdel
properties and simulatiocomponentgor the tractor modelTherefore this clearlyanswers

the firstresearchlguestion.

Traditional desigimodelingtools usuallyrequiresappropriateskills or expertsupervision

to designsucha tractorsimulationmodel.In addition, if a modeling configurator needs to

be made from thepthenfor modifying theappropriateXML file of the simulationmodel,

one needsotknow completelyabout the different modeling steps for the tractor mocety

also need to know that hodifferent componentsare relatedto each other. XML file is
already too complex for a layman to understand, and then modifying the same would just

end up inamodelng failure. So, when the end user is a layman then traditaesgnor
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modeling toad cannot beemployed Hence this clearly answers the seconesearch

question.

As alreadydiscussedrom section 4.5 to 4,8he modeling configuratois developed to
parameterizéhe enginegearbox tyres and additicad equipmentThe users can customize

the maximum torque of the engine, maximum braking torque for the engine, number of
forward as well as number of reverse gears. Alsonghg the dianeter, width and mass

of both thefront and reatyresare possible. In addition, useran everselectfour front and

four rear tyres. For additionalquipment thereis only one optiormade availabldor the

users that is a trailattached at the rear end of the traciith this, even the thirdesearch

guestiorhas beemnswered.

While developingthe modelingconfigurator each of the parameterized attributes are
provided witha numbeiof options. In engine modeling, three apis, namelyVolvo D6E

LAE3, Volvo D6E LBE3, and Volvo D6E LE3, are provided for the maximum torque of

the engineWhereasfive options, namely: 5000 Nm, 15000 Nm, 25000 Nm, 35000 Nm,
and 45000 Nm, are provided for the maximum braking torque of the eerigigearbox
modeling, three options are provided &ach ofthe forward as well as the reverse gears.

For forward gears, the usaran select betweeh) 5, or 6 gears, whilfor reverse gears, they

can choose from 1, 2, or 3 gedrsthe case of tyre adeling, fve different standard tyres
havebeen used for both the front as well as the rear tyres in the modeling configurator. Only
the tyre size marking made available fothe usersthe diameter and widére predefined
according to the standard sizThe optiors available for the front tyreare 600/70R28,
420/85R28, 480/70R28, 540/65R28, and 600/65R28. Whereas, the options available for the
rear tyresare 520/85R38, 580/70R38, 650/65R38, 650/85R38, and 710/70R$8. five
different mas®ptionsare availablefor each of the front and rear tyres. The different mass
optiors for eachfront tyres are 150 kg, 175 kg, 200 kg, 225 kg, and 250 kg. Whereas, for
each rear tyres, the different mass options are 300 kg, 325 kg, 350 kg, 375 kg, and 400 kg.
For both thefront and rear tyres, usecan selectbetween 2 or 4 tyres, so the modeling
configurator even have the provision of modelmgra tyres. In additional equipment
modeling, only one optiors made availablewhich is a trailemwwhosemassis predefined.

Thereforgthis papeevenanswergshefourth researclguestion.
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For the fifth research question, it is to be rtbtthe modeling configurator is developed in
such a way that it utilizes all the standammponentsn its options.Sq, the usersare left
with selecting just the standard alternativkgt are premodeled in the modeling
configurator. In addition the modeling configuratohas beenmodeled based on the
feasibility of these standardomponent®nly. Therefore no matter whiclcombination of

options arechoserby theuses, the selected configuration will always be feasible.

To conclude,this research work reports the effort in the development ahodeling
configurator for parametization This paperhas achieved all the objectives set at the
beginning of the researefork. It is also able to answer all the research questions. All the
attributes mentioned above can easily be parameterized. Every time a new selection is made,
the simulation model is @written with the new model. Therefore, lhe modeling

configurator developedan produce aurate simulation models withfraction of seconds.
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7 SCOPE OFFUTURE WORK

To the present knowledge of thathor, thevork carried out in this paper has served all the
aims and objectives of the research. However, there are cagas whiclstill shows some
scope of improvement that may lead to some future research activities in thisHfeefdcus

of this chaptehas been laid on the loopholes or drawlsaxfkthis research work and how

one camvercomethemin thenearfuture One of the major setback for this research work

is that thepresentmodeling configuratocannot be generalizett can particularly be used

for the current tractor model designed in MeVEA Modeller. The reason for this is that the
codes in the python script depends completely on how the simulation model is being
designed and modeled in MeVEA, so accordingly the sadlediffer.

7.1 Length of coding

One of the possible drawback with theesentmodeling configurator ishe length of the
code. For thisesearctwork, twothousandines of coding has been done, also, the length
will increase if more attributes needs togaameterizedOne possibilityof avoiding this

in the future workcanbe the use ofunctionswithin the codewhich mightdecreasehe
numberof lines of coding This will alsosave a lot of manual effort in coding such a

modeling configurator.

7.2 Userinterface

At present, the usenterfaceused with themodeling configurator is basically an excel
datasheet and the usdnave to savéheir optionsevery timea new selection is mad&here

is a scope oimprovementn this area where instead of the exdetes the usefinterface
can be designed in MeVEA Launcher and then programmes camitben in order to
executeeverything from the launcher. The launcher may ask thes éisetheir possible
choices and then will save thehoices in the required XML file based on the new program
that connects th#eVEA Launcherand the simulation model. So this way the used s

experience can be made more automatic and friendly.
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7.3 Visualization effect

Anotherpossiblearea of improvemerns the graphics. The number of graphics provided for
this research work was minimal, for example, just-seeof graphics wasadeavailable

for the tyres. So, every timeser selects a new option for the tyres with different width and
diameter, the redkel of visualizing the modified dimension of the tyremgssingin the
current model asnly oneset oftyre graphicdhasbeen usedThis can be improved if one

can modeHifferenttyreswith different graphics according to its diameter and width. Even
though the graphics does not play any role in the simulation as the entire model in MeVEA
is a mathematical model, but the use of different graphics will give more refdedtic the

users.

7.4 Increasing feasible choices

In this research workhe users & provided witha limited number of options (betweene

to five) for all the attributes including engine modeling, gearbox modeling, tyre modeling
and additional equipment modeling.These numbersan be increased significantly
providing more number ofgiions for the usersf one is provided with the appropriate data
for modeling the different choices of the attributdswever,at the same timehelengthof

the code must also be kept in mind andriglerto provide more options the coding process
must include some functions where the numbercludicescan be increased without

significantly increasing the lines of coding.
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Table below shows the detailederviewof all the databases for retrieving the most eligible

documentdy following a systematic literature review
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Thecompletepython script used idevelopng the modeling configuratas enclosed below

g
2 Created on: Tue Nov 29, 20816

3 Author: Suraj Jaiswal

4 Contact: suraj.jaiswal29@gmail.com

g mun

6

7

8

9

19 import os

11

12 import openpyxl

13

14 import xml.etree.cElementTree as ET

15

16 import copy

17

18 os.getcwd()

19

20

21

22

23

24

25wb = openpyxl.load workbook( Read this Excel.xlsx")
26

27 sheetl = wb.active

28

29

30

31

32

33

34tree = ET.ElementTree(file = 'Tractor Model.xml')
35

36

37 root = tree.getroot()

38

39

49

41

42

43

44

45

46 for splines in root.iter( 'Splines’):

a7 for enginespline in splines:

48 if ((engineSpline.tag == 'Spline Volvo D6E LAE3")
49 or (enginespline.tag == 'Spline volvo DGE_LBE3")
50 or (engineSpline.tag == "Spline Volvo DBE LCE3")):



51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
a1
82
a3
84
85
86
87
88
89
21%)
91
92
93
94
95
96
97
98
99
16e

if (str(sheet1['D3"'].value)

'Volvo D6E LAE3'):

engineSpline.tag = 'Spline Volvo DGE_LAE3'
for child in engineSpline.iter('x'):

child.set('x1", '0")

child.set('x2", '98")

child.set('x3", "100")
child.set('xa"', "129")
child.set('x5", "1586")
child.set('x6"', "168")
child.set('x7", "195")
child.set('x8", "200")
child.set('x9", "228")
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for child in engineSpline.iter('y"):
child.set('y1"', "208")
child.set('y2"', '603")
child.set('y3"', '675")
child.set('ya', "763")
child.set('y5"', '764")
child.set('ye"', "778")
child.set('y7"', '6e@")
child.set('yg8"', '575")
child.set('y9", '513")
elif (str(sheeti['D3'].value) == 'Volvo D6E LBE3'):

engineSpline.tag = 'Spline Volvo DGE LBE3'
for child in engineSpline.iter('x'):

child.set('x1", '@")

child.set('x2", '28")

child.set('x3", "100")
child.set('x4"', "120")
child.set('x5", "158")
child.set('x6", "168")
child.set('x7"', "188")
child.set('x8", "200")
child.set('x9", "220")

for child in enginespline.iter('y'):
child.set('y1"', "208")
child.set('y2"', "603")
child.set('y3"', '675")
child.set('ya"', "713")
child.set('y5", "730")
child.set('y6"', "758")
child.set('y7"', '648")
child.set('yg8", '548")
child.set('yo9', "468")
elif (str(sheet1['D3'].value) == 'volvo De6E LCE3'):

engineSpline.tag = 'Spline volvo DGE LCE3'
for child in engineSpline.iter('x"'):



101
182
103
104
185
186
1e7
108
189
11
111
112
113
114
115
116
117
118
119
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child.set('x1", '8")

child.set('x2"', '98")

child.set('x3", '1e8")
child.set('xa", '128")
child.set('x5", '148")
child.set('x6"', '168")
child.set('x7"', '165")
child.set('x8", '179")
child.set('x9"', '188")

for child in engineSpline.iter('y'):

child.set('y1"', '268")
child.set('y2"', '628")
child.set('y3"', '668")
child.set('y4', '668")
child.set('ys"', '669")
child.set('y6"', '688")
child.set('y7"', '658")
child.set('y8"', '587")
child.set('y9"', '528")

120 for motor in root.iter('Motor'):

121
122
123
124
125
126
127
128
129
13@
131
132
133

for volvo D6E in motor:

if ((volvo DBE.tag == "Volvo DBE LAE3")
or (volvo D6E.tag == 'Volvo DG6E LBE3')
or (volvo D6E.tag == 'volvo DGE LCE3')):
if (str(sheet1['D3"].value) == 'volvo D6E LAE3'):

volvo D6E.tag = 'Volvo D6E LAE3'

volvo D6E.set('Splhame’, 'Spline Volvo DGE LAE3')
elif (str(sheeti['D3"].value) == "volvo DGE LBE3'):

volvo DeE.tag = 'volvo D6E LBE3'

volvo D6E.set('Spliame’, 'Spline Volvo DBE_LBE3')
elif (str(sheetl['D3"].value) == "Volvo DG6E LCE3'):

volvo D6E.tag = 'volvo D6E LCE3'

volvo D6E.set('Splname’, 'Spline Volwvo DGE LCE3')

134 for clutch in root.iter('Clutch'):

135

clutch.set('Input', volvo D6E.tag)

136 for engine Input in root.iter('Engine Input'):

137
138
139
148

engine Input.set('Primname’, volwvo D6E.tag)

141 for motor in root.iter('Motor'):

142
143
144
145
146
147
148
149
15@

for volvo D6E in motor:
if ((volvo DBE.tag == "Volvo DBE LAE3")
or (volvo D6E.tag == 'Volvo DG6E LBE3')
or (volvo D6E.tag == 'volvo DGE LCE3')):
if (str(sheetl['D4’].value) == "5008 Nm"):
volvo D6E.set( 'MbrMax', '@.5e4")
elif (str(sheetl['D4'].value) == "15000 Nm"):
volvo D6E.set('MbrMax’, "1.5e4’)
elif (str(sheeti['D4"].value) == "25000 Nm"):



151
152
153
154
155
156
157
158
159
1l6@
161
162

volvo D6E.set( 'MbrMax', '2.5e4")

elif (str(sheeti['Da’'].value) == "35000 Nm"):

volvo D6BE.set( 'MbrMax', '3.5e4")

elif (str(sheetl['D4’'].value) == "45000 Nm"):

volvo DBE.set( 'MbrMax', '4.5e4'")
else:
volvo D6BE.set('MbrMax', '0")

163 for gears in root.iter('Gears'):

164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
196
191
192
193
194
195
196
197
198
199
200

for gearbox in gears.iter('Gearbox'):

if (str(sheetl['D5'].value) == "6"):
gearbox.set('ngearf', '6")
gearbox.set('ifwe', '3.58")
gearbox.set('ifw1l', '2.61")
gearbox.set('ifw2', '1.89")
gearbox.set("ifw3', '1.38")
gearbox.set("ifwa', '1')
gearbox.set('ifws', '0.73")

if (str(sheet1]['D5'].value) == "5"):
gearbox.set('ngeart', '5")
gearbox.set('ifwe', '3.58")
gearbox.set('ifwl', '2.61")
gearbox.set("ifw2', '1.89")
gearbox.set('ifw3', '1.38")
gearbox.set("ifwa', '1')
gearbox.set('ifws', '")

if (str(sheetl]['D5'].value) == "4"):
gearbox.set('ngearf', '4")
gearbox.set('ifwe', '3.58")
gearbox.set("ifwl', '2.61")
gearbox.set('ifw2', '1.89")
gearbox.set('ifw3', '1.38")
gearbox.set("ifwa", '")
gearbox.set('ifws"', '")

for gearbox in gears.iter('Gearbox'):

if (str(sheet1]['D6'].value) == "3"):
gearbox.set('ngearr', '3")
gearbox.set("ibwe', '4')
gearbox.set('ibwl', '2.85")
gearbox.set('ibw2', '1.87")

if (str(sheet1]'D6'].value) == "2"):
gearbox.set('ngearr', '2")
gearbox.set('ibwe', '4')
gearbox.set("'ibwl', '2.85")
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201 gearbox.set('ibw2", '")

2082 if (str(sheet1['D6"].value) == "1"):

2083 gearbox.set( 'ngearr', '1")

204 gearbox.set( 'ibwe', "4")

2085 gearbox.set('ibwl’, '")

206 gearbox.set('ibw2', '")

207

208

209

210

211

212

213

2141if (str(sheeti['D18'].value) == "2'):

215 for spline FrontTyres in root.iter('Spline FrontTyres'):
216 spline FrontTyres.set('NPoints’, '3')

217 for child in spline FrontTyres.iter('x'):

218 if (str(sheeti['D7'].value) == "608/70R28")!
219 child.set('x1", str(-(cee/2080)))

220 child.set('x3", str(cee/2eea))

221 child.set('x4", '8")

222 child.set('x5", '@8")

223 child.set('x6", '@")

224 elif (str(sheetl['D7'].value) == "420/85R28"):
225 child.set('x1", str(-(44e/2000)))

226 child.set('x3", str(44e/2008))

227 child.set('x4a", "8")

228 child.set('x5", "8")

229 child.set('x6", '8")

230 elif (str(sheetl['D7'].value) == "4808/70R28"):
231 child.set('x1", str(-(482/2000)))

232 child.set('x3", str(482/2000))

233 child.set('x4", "8")

234 child.set('x5", "@")

235 child.set('x6", "8")

236 elif (str(sheetl['D7'].value) == "548/65R28"):
237 child.set('x1", str(-(540/2000)))

238 child.set('x3", str(540/2008))

239 child.set('x4", '8")

240 child.set('x5", '@")

241 child.set('x6", '8")

242 elif (str(sheeti['D7'].value) == "600/65R28"):
243 child.set('x1", str(-(cee/2080)))

244 child.set('x3", str(cee/2eea))

245 child.set('x4a", "8")

246 child.set('x5", '@")

247 child.set('x6", '8")

248 for child in spline FrontTyres.iter('y'):

249 if (str(sheeti['D7'].value) == "600/70R28"):

250 child.set('y1", str(1552/2000))



251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
27T
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

child.set('y2", str(1552/2000))
child.set('y3", str(1552/2000))
child.set('ya', '8")
child.set('y5", '@")
child.set('ye", '8")

elif (str(sheetl['D7"'].value) == "420/85R28"):

child.set('y1", str(1426/2000))
child.set('y2", str(1426/2000))
child.set('y3", str(1426/2000))
child.set('ya", '8")
child.set('ys", '8")
child.set('ye", '8")

elif (str(sheetl['D7'].value) == "480/70R28"):

child.set('y1", str(1424/2000))
child.set('y2", str(1424/2000))
child.set('y3", str(1424/2000))
child.set('ya', '8")
child.set('ys", '@")
child.set('ye"', '8")

elif (str(sheetil['D7'].value) == "548/65R28"):

child.set('y1", str(1414/2eee))
child.set('y2", str(1414/2e00))
child.set('y3", str(1414/2008))
child.set('ya', '8")
child.set('y5", '@")
child.set('ye", '8")

elif (str(sheetl['D7'].value) == "600/65R28"):

child.set('y1", str(1492/2000))
child.set('y2", str(1492/2000))
child.set('y3", str(1492/2000))
child.set('ya", '8")
child.set('ys", '8")
child.set('ye", '8")

for graphics in root.iter('Graphics'):

graphics ExtraFrontTyreL = graphics.find ('Graphics ExtraFrontTyrelL’)

if (graphics_ExtraFrontTyrelL == None):
print("FL-Do nothing")

for

else:

graphics.remove(graphics ExtraFrontTyrel)
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graphics_ExtrafFrontTyreR = graphics.find ('Graphics ExtraFrontTyrer’)
if (graphics_ExtraFrontTyreR == None):
print("FR-Do nothing")

else:

graphics.remove(graphics ExtraFrontTyreR)

dummy FrontTyreL in root.iter('Dummy FrontTyrelL'):
dummy FrontTyreL.set('visualizationGraphics®, 'Graphics FrontTyreL')



301
302
303
304
305
306
307
308
309
31e
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
33e
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350

inertia = dummy_ FrontTyreL.find ('Inertia')

i = inertia.find ('I")

if (str(sheetl['D7'].value) == "600/70R28"):

if (str(sheet1['D11'].value) == "158 kg"):

inertia.set('mass’', '150")
i.set("Ixx', '31.823526")
i.set('Iyy', '31.823526")
i.set('Izz', '54.647852")

elif (str(sheetl['D11'].value) == "175 kg"):
inertia.set('mass', "175")
i.set("Ixx', '37.127447")
i.set("Iyy', '37.127447")
i.set('Izz', '63.754894")
elif (str(sheetl['D11'].value) == "280 kg"):
inertia.set('mass’', '200")
i.set('Ixx', '42.431368")
i.set('Iyy', '42.431368")
i.set('Izz', '72.862736")
elif (str(sheetl[ 'D11'].value) == "225 kg"):
inertia.set('mass', '225")
i.set("Ixx', '47.735289")
i.set('Iyy', '47.735289")
i.set('Izz', '81.970578")
elif (str(sheetl['D11'].value) == "2508 kg"):
inertia.set('mass’', '250")
i.set("Ixx', '53.03921")
i.set('Iyy’, '53.03921")
i.set('Izz', '91.07842")
elif (str(sheetl['D7'].value) == "420/85R28"):
if (str(sheetl[ 'D11'].value) == "150 kg"):
inertia.set('mass’, '150")
i.set("Ixx', '26.2257635")
i.set('Iyy', '26.2257635")
i.set('Izz', '47.611527")
elif (str(sheetl['D11'].value) == "175 kg"):

inertia.set('mass’', "175")
i.set("Ixx', '30.596724083333335")
i.set('Iyy’', '30.596724083333335")
i.set('Izz', '55.5467815")

elif (str(sheetil['D11'].value) == "200 kg"):

inertia.set('mass’', '200")
i.set("Ixx', '34.967684666666671")
i.set('Iyy', '34.967684666666671")
i.set('Izz', '63.482836")

elif (str(sheetl['D11'].value) == "225 kg"):

inertia.set('mass', '225")
i.set('Ixx', '39.33864525')
i.set('Iyy', '39.33864525')
i.set('Izz', '71.4172905")

elif (str(sheetl['D11'].value) == "250 kg"):
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351 inertia.set('mass’', '250")

352 i.set("Ixx', '43.7096085833333327")

353 i.set('Iyy', '43.709605833333327")

354 i.set('Izz', '79.352545")

355 elif (str(sheetl['D7'].value) == "480/78R28"):
356 if (str(sheetl['D11'].value) == "158 kg"):
357 inertia.set('mass', '150")

358 i.set('Ixx', '26.656376")

359 i.set('Iyy', '26.656376")

360 i.set('Izz', '47.504652")

361 elif (str(sheetl[ 'D11'].value) == "175 kg"):
362 inertia.set('mass’', "175")

363 i.set("Ixx', '31.099185333333334")

364 i.set('Iyy', '31.099105333333334")

365 i.set('Izz', '55.422094")

366 elif (str(sheetl['D11'].value) == "200 kg"):
367 inertia.set('mass’, '200")

368 i.set("Ixx', '35.541834666666666")

369 i.set('Iyy', '35.541834666666666")

370 i.set('Izz', '63.339536")

371 elif (str(sheetl['D11'].value) == "225 kg"):
372 inertia.set('mass', '225")

373 i.set('Ixx', '39.984564")

374 i.set('Iyy', '39.984564")

375 i.set('Izz', '71.256978")

376 elif (str(sheetl['D11'].value) == "250 kg"):
377 inertia.set('mass', '250")

378 i.set('Ixx', '44.427293333333331")

379 i.set('Iyy', '44.427293333333331")

380 i.set('Izz', '79.17442")

381 elif (str(sheetl['D7'].value) == "548/65R28"):
382 if (str(sheetl['D11'].value) == "158 kg"):
383 inertia.set('mass', '150")

384 i.set("Ixx', '27.1312635")

385 i.set('Iyy', '27.1312635')

386 i.set('Izz', '46.972527")

387 elif (str(sheetl['D11'].value) == "175 kg"):
388 inertia.set('mass', "175")

389 i.set('Ixx', '31.65314@75")

390 i.set('Iyy', '31.65314075')

391 i.set('Izz', '54.8012815")

392 elif (str(sheetl['D11'].value) == "200 kg"):
393 inertia.set('mass’', '200")

394 i.set('Ixx', '36.175018")

395 i.set('Iyy’, '36.175018")

396 i.set('Izz', '62.630036")

397 elif (str(sheetl['D11'].value) == "225 kg"):
398 inertia.set('mass', '225")

399 i.set("Ixx', '40.69689525")

400 i.set('Iyy', '40.69689525")



401
402
403
404
405
406
407
408
409
41@
411
412
413
414
415
116
417
418
419
428
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
44@
441
442
443
444
445
446
447
448
449
458

i.set('Izz', '70.4587985")

elif (str(sheet1['D11'].value) == "250 kg"):

inertia.set('mass', '250")
i.set('Ixx', '45.2187725")
i.set('Iyy', '45.2187725")
i.set('Izz', '78.287545")

elif (str(sheetl['D7'].value) == "60@/65R28"):
if (str(sheeti['D11'].value) == "150 kg"):

inertia.set('mass’, '150")
i.set("Ixx', '30.111276")
i.set('Iyy', '30.111276")
i.set('Izz', '51.222552")
elif (str(sheet1]['D11'].value) ==
inertia.set('mass’, '175")
i.set("Ixx', '35.129822")
i.set('Iyy', '35.129822")
i.set('Izz', '59.759644")
elif (str(sheet1]['D11'].value) ==
inertia.set('mass’', '200")
i.set("Ixx', '40.148368")
i.set('Iyy', '40.148368")
i.set('Izz', '68.296736")
elif (str(sheet1]['D11'].value) ==
inertia.set('mass’, '225")
i.set('Ixx', '45.166914")
i.set('Iyy', '45.166914")
i.set('Izz', '76.833828")
elif (str(sheeti['D11'].value) ==
inertia.set('mass’', '2508")
i.set('Ixx', '50.18546")
i.set('Iyy', '50.18546")
i.set('Izz', '85.37092")

for dummy_ FrontTyreR in root.iter( ' Dummy FrontTyreR'):

"175 kg"):

"200 kg"):

"225 kg"):

"250 kg"):
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dummy FrontTyreR.set('visualizationGraphics', 'Graphics FrontTyreR')
inertia = dummy FrontTyreR.find ('Inertia’)

i = inertia.find ('I")

if (str(sheetl['D7'].value) == "600/78R28"):
if (str(sheetl['D11'].value) == "150 kg"):

inertia.set('mass', '150")
i.seft("Ixx', '31.823526")
i.set('Iyy', '31.823526")
i.set('Izz', '54.647852")

elif (str(sheet1['D11'].value) == "175 kg"):

inertia.set('mass’, '175")
i.set("Ixx', '37.127447")
i.set('Iyy', '37.127447")
i.set('Izz', '63.754894")

elif (str(sheet1['D11'].value) == "200 kg"):

inertia.set('mass’, '200")
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451 i.set('Ixx', '42.431368')

452 i.set('Iyy', '42.431368")

453 i.set('Izz', '72.862736')

454 elif (str(sheetl['D11'].value) == "225 kg"):
455 inertia.set('mass’, '225")

456 i.set('Ixx', '47.735289")

457 i.set('Iyy', '47.735289')

458 i.set('Izz', '81.970578')

459 elif (str(sheetl['D11'].value) == "258 kg"):
460 inertia.set('mass’, '258")

461 i.set('Ixx', '53.03921")

462 i.set('Iyy', '53.03921")

463 i.set('Izz', '91.07842")

464 elif (str(sheetl['D7'].value) == "420/85R28"):
465 if (str(sheeti['D11'].value) == "158 kg"):
466 inertia.set( 'mass’, '158")

A67 i.set("Ixx", '26.2257635")

468 i.set('Iyy', '26.2257635")

469 i.set('Izz', '47.611527"')

470 elif (str(sheetl['D11'].value) == "175 kg"):
471 inertia.set('mass’, '175")

472 i.set('Ixx", '30.596724883333335")

473 i.set('Iyy', '30.596724083333335")

474 i.set('Izz", '55.5467815")

475 elif (str(sheetl['D11'].value) == "200 kg"):
476 inertia.set( 'mass’, '208")

A77 i.set('Ixx", '34.967684666666671")

478 i.set('Iyy', '34.967684666666671")

479 i.set('Izz', '63.482036")

480 elif (str(sheetl['D11'].value) == "225 kg"):
481 inertia.set('mass’, '225")

482 i.set("Ixx", '39.33864525")

483 i.set('Iyy’, '39.33864525")

484 i.set('Izz", '71.4172905")

485 elif (str(sheetl['D11'].value) == "258 kg"):
486 inertia.set('mass’, '258")

A87 i.set('Ixx", '43.709605833333327")

488 i.set('Iyy', '43.709605833333327')

489 i.set('Izz', '79.352545')

490 elif (str(sheetl['D7'].value) == "480/70R28"):
491 if (str(sheetl['D11'].value) == "150 kg"):
492 inertia.set('mass’, '158")

493 i.set('Ixx', '26.656376')

494 i.set('Iyy', '26.656376')

495 i.set('Izz', '47.504652')

496 elif (str(sheetl['D11'].value) == "175 kg"):
497 inertia.set('mass’, '175")

498 i.set("Ixx", '31.099185333333334")

499 i.set('Iyy', '31.099105333333334")

500 i.set('Izz', '55.422094')



501
502
583
504
585
506
587
588
589
51@
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
5418
541
542
543
544
545
546
547
548
5419
550
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elif (str(sheeti['D11'].value) == "200 kg"):
inertia.set( 'mass’, '200")
i.set("Ixx', "35.541834666666666")
i.set('Iyy’', '35.541834666666666")
i.set('Izz", '63.339536")

elif (str(sheetl['D11'].value) == "225 kg"):
inertia.set('mass’, '225")
i.set("Ixx', '39.984564")
i.set("Iyy', '39.984564")
i.set('Izz', '71.256978")

elif (str(sheetl['D11'].value) == "2508 kg"):
inertia.set('mass’, '250")
i.set("Ixx', "44.427293333333331")
i.set('Iyy', '44.427293333333331')
i.set('Izz', "79.17442")

elif (str(sheetl['D7'].value) == "548/65R28"):

if (str(sheetl[’'D11'].value) == "150 kg"):
inertia.set('mass’, "'150")
i.set("Ixx', "27.1312635")
i.set("Iyy', "27.1312635")
i.set('Izz', "46.972527")

elif (str(sheetl['D11'].value) == "175 kg"):
inertia.set('mass’, "175")
i.set('Ixx’', '31.65314075')
i.set('Iyy’, '31.65314075')
i.set('Izz', '54.8012815")

elif (str(sheetl['D11'].value) == "280 kg"):
inertia.set('mass’, '200")
i.set("Ixx', '36.175018")
i.set('Iyy', '36.175018")
i.set('Izz', '62.630036")

elif (str(sheeti['D11'].value) == "225 kg"):
inertia.set('mass’, '225")
i.set('Ixx", '40.69689525')
i.set('Iyy’, '40.69689525')
i.set('Izz', '70.4587905")

elif (str(sheet1['D11'].value) == "250 kg"):
inertia.set('mass’, '250")
i.set("Ixx', "45.2187725")
i.set("Iyy', "45.2187725")
i.set('Izz", '78.287545")

elif (str(sheetl['D7'].value) == "600/65R28"):

if (str(sheeti[’'D11'].value) == "158 kg"):
inertia.set('mass’, '150")
i.set("Ixx', "30.111276")
i.set("Iyy', "30.111276")
i.set('Izz', '51.222552")

elif (str(sheetl['D11'].value) == "175 kg"):
inertia.set('mass’, "175")
i.set("Ixx', "35.129822")
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551 i.set('Iyy’', '35.129822')

552 i.set('Izz', '59.759644")

553 elif (str(sheetl[ 'D11'].value) == "280 kg"):

554 inertia.set('mass’, '200")

555 i.set('Ixx', '40.148368")

556 i.set('Iyy’, '40.148368")

557 i.set('Izz', '68.296736')

558 elif (str(sheet1['D11'].value) == "225 kg"):

559 inertia.set('mass’, '225")

560 i.set('Ixx', '45.166914')

561 i.set('Iyy', '45.166914")

562 i.set('Izz', '76.833828")

563 elif (str(sheet1['D11'].value) == "250 kg"):

564 inertia.set('mass’, '250")

565 i.set('Ixx', '50.18546')

566 i.set('Iyy', '50.18546")

567 i.set('Izz', '85.37092')

568

569 elif (str(sheeti['D1e’'].value) == "4"):

5780 for spline_FrontTyres in root.iter('Spline FrontTyres'):

571 spline FrontTyres.set('NPoints', '6')

572 for child in spline FrontTyres.iter('x'):

573 if (str(sheetl['D7'].value) == "608/70R28"):

574 child.set('x1", str(-(600/2000)))

575 child.set('x3", str(cee/2000))

576 child.set('x4", str((6c00/2000)+(50/1000)))

577 child.set('x5', str((600/2000)+(50/1000)+(600/2000)))
578 child.set('x6"', str((600/2000)+(50/1000)+(600/1000)))
579 elif (str(sheetl[ 'D7'].value) == "420/85R28"):

580 child.set('x1", str(-(440/2000)))

581 child.set('x3", str(440/2000))

582 child.set('x4"', str((440e/2000)+(50/1000)))

583 child.set('x5', str((440/2000)+(50/1000)+(440/2000)))
584 child.set('x6', str((440/2000)+(50/1000)+(440/1000)))
585 elif (str(sheetl[ 'D7'].value) == "480/70R28"):

586 child.set('x1", str(-(482/2000)))

587 child.set('x3", str(482/2000))

583 child.set('x4a", str((482/2000)+(50/1000)))

589 child.set('x5", str((482/2000)+(50/1000)+(482/2000)))
590 child.set('x6', str((482/2000)+(50/1000)+(482/1000)))
591 elif (str(sheet1[ 'D7'].value) == "540/65R28"):

592 child.set('x1", str(-(540/2000)))

593 child.set('x3", str(540/2600))

594 child.set('x4a", str((540/2000)+(50/1000)))

595 child.set('x5", str((540/2000)+(50/1000)+(540/2000)))
596 child.set('x6', str((540/2000)+(50/1000)+(540/1000)))
597 elif (str(sheet1[ 'D7'].value) == "6008/65R28"):

598 child.set('x1", str(-(6ee/2000)))

599 child.set('x3", str(6ee/2000))

608 child.set('x4", str((coe/200e8)+(50/1000)))
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child.set('x5', str((600/2000)+(50/1000)+(600/2000)))
child.set('x6', str((600/2000)+(50/1000)+(600/1000)))
for child in spline FrontTyres.iter('y'):
if (str(sheetl['D7'].value) == "600/70R28"):
child.set('y1", str(1552/2000))
child.set('y2", str(1552/2000))
child.set('y3", str(1552/2000))
child.set('y4", str(1552/2000))
child.set('y5", str(1552/2000))
child.set('y6", str(1552/2000))
elif (str(sheeti['D7'].value) == "420/85R28"):
child.set('y1", str(1426/2e00))
child.set('y2", str(1l426/2000))
child.set('y3", str(1426/2000))
child.set('y4", str(1426/2000))
child.set('y5", str(1426/2e00))
child.set('ye", str(l426/2000))
elif (str(sheetil['D7'].value) == "480/70R28"):
child.set('y1", str(1424/2000))
child.set('y2", str(1424/2e00))
child.set('y3", str(1424/20e0))
child.set('y4", str(1424/2e00))
child.set('y5s", str(1424/2000))
child.set('ye", str(1424/2e00))
elif (str(sheetl['D7'].value) == "540/65R28"):
child.set('y1", str(1414/2e00))
child.set('y2", str(1414/2000))
child.set('y3", str(1414/2e00))
child.set('y4', str(1414/2eee))
child.set('y5", str(1414/2e00))
child.set('y6", str(1414/2e00))
elif (str(sheeti['D7'].value) == "680/65R28"):
child.set('y1", str(1492/2ee0))
child.set('y2", str(1492/2000))
child.set('y3", str(1492/2000))
child.set('y4", str(1492/2e00))
child.set('y5", str(1492/2e00))
child.set('ye", str(1492/20€0))
for graphics in root.iter('Graphics'):
graphics ExtraFrontTyreL = graphics.find ('Graphics ExtraFrontTyreL’)
if (graphics_ ExtraFrontTyreL != None):
position = graphics_ExtrafFrontTyreL.find ('Position’)

if (str(sheetl['D7'].value) == "600/70R28"):
position.set('z', str((6cee/1000)+(50/1000)))
elif (str(sheeti['D7'].value) == "420/85R28"):
position.set('z', str((440/1000)+(50/1000)))
elif (str(sheetl['D7'].value) == "480/70R28"):
position.set('z', str((482/1000)+(50/1000)))
elif (str(sheeti['D7'].value) == "548/65R28"):

position.set('z', str((54e/1eee)+(50/10e0)))
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elif (str(sheetl['D7'].value) == "600/65R28"):
position.set('z', str((cee/1eee)+(50/1000)))

else:

graphics FrontTyrelL = graphics.find ('Graphics FrontTyreL")

graphics_ExtraFrontTyreL = copy.deepcopy(graphics_FrontTyrelL)

graphics ExtraFrontTyrelL.tag = "Graphics ExtraFrontTyreL”
position = graphics ExtraFrontTyreL.find ('Position')

if (str(sheetl['D7'].value) == "608/70R28"):
position.set('z', str((cee/1eea)+(50/1000)))
elif (str(sheetl['D7"'].value) == "4208/85R28"):
position.set('z"', str((44e/1eea)+(50/1000)))
elif (str(sheetl['D7'].value) == "4806/70R28"):
position.set('z"', str((482/1ee8)+(50/1000)))
elif (str(sheetl['D7'].value) == "540/65R28"):
position.set('z"', str((54e/1eea)+(50/1000)))
elif (str(sheetl['D7'].value) == "600/65R28"):

position.set('z', str((ecee/leea)+(5@/1000)))
graphics.insert(13, graphics ExtraFrontTyrelL)

graphics ExtraFrontTyreR = graphics.find ('Graphics ExtraFrontTyreR")
if (graphics_ExtraFrontTyreR != None):

position = graphics ExtraFrontTyreR.find ('Position')

if (str(sheetl['D7'].value) == "600/70R28"):
position.set('z', str((cee/1eee)+(50/1000)))
elif (str(sheetl['D7'].value) == "420/85R28"):
position.set('z"', str((44e/1eea)+(50/1000)))
elif (str(sheetl['D7'].value) == "4806/70R28"):
position.set('z"', str((482/1ee8)+(50/1000)))
elif (str(sheetl['D7'].value) == "540/65R28"):
position.set('z"', str((540/1600)+(50/1000)))
elif (str(sheetl['D7'].value) == "600/65R28"):

position.set('z', str((c00/1000)+(50/1000)))

else:

graphics FrontTyreR = graphics.find ('Graphics FrontTyrer")

graphics ExtraFrontTyreR = copy.deepcopy(graphics FrontTyreR)

graphics_ExtrafFrontTyreR.tag = "Graphics ExtraFrontTyrer™
position = graphics ExtraFrontTyreR.find ('Position')

if (str(sheeti['D7'].value) == "608/70R28"):
position.set('z', str((c00/1000)+(50/1000)))
elif (str(sheetl['D7'].value) == "420/85R28"):

position.set('z"', str((44e/1e00)+(50/1000)))
elif (str(sheetl['D7'].value) == "488/70R28"):
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