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Abstract The paper describes an Autotronics course addigsthe current and anticipated skill shortagescaf mechanics and
employers in car garages. The course uses an iriveyeéblended learning approach, which combines imelia and Internet-based e-
learning with sophisticated classroom training irder to prepare the European roll out of the serwidth special reference to local market
requirements and demands. The course contains gretrensive suite of three e-learning modules, whlkdw self-guided learning to be
completed at the learner’s own pace, be up to daighly interactive and practical. Content of the ce modules and topics of the
practical training, dedicated to automotive electits and OBD (On Board Diagnosis) are considereesu®s of conducted pilot course

with employers in car garages are also discussed.
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1. Introduction

The training needed for car garage and car mechanic
qualifications has changed significantly in thetgfasv years. A
wide variety of technological developments in tlae industry is
responsible for this.

Modern cars are as much electronic as they arbanézl,
thus creating a new AUTOTRONIC area (AUTOmobile +
elecTRONIC). A modern car has several control moduwibsch
monitor and manage most of the major systems inviiecle.
The most common types are engine and drive lingralprcruise
control, suspension control, anti-lock braking aitbag control,
climate control, GPS-based navigation system, Igtabi
management system, instrumentation, infotaimert, 8ystems
such as 'by-wire' braking and steering systemdisioi warning,
voice recognition, Internet access, night visioharcement and
collision avoidance systems all start to be intasdl [5,6,7,9]

The growing demands for complex features, including
increased safety (brake systems, ESP- Electronabily
Program), increased comfort (automatic transmigsiainiver
assistance systems (navigation, night vision, biipot detection)
or to comply with legal requirements (reducing #mission of
pollutants by intelligent engine control) also ieases the
demands placed on diagnostics, maintenance andr.réyza
result of the growing technical complexity of carcontinuous
need to upgrade the technical competencies of eahamics and
employees is emerging [8].

As is the case in all areas of industry, lifeloegrhing is
essential for the workforce, in order to stay walh markets
over the long term. Ongoing car mechanics re-sijllis being
pushed ahead in particular due to the followingettgyments:

e The introduction of electronic and communications
components from different manufacturers, based iferent
standards;

« Increasing technical complexity at the workplacean
garages (introduction of new machines, diagnostibriologies);

« Increasing competitive pressure on car garagestaue
the ongoing elimination of market barriers, in patar the
automotive block exemption regulation [1] passedtiwy EU,
which weakens the exclusive position of brand-aused
garages and greatly increases the market powerndependent
repairers, i.e. increases demand for services fimaependent
garages;

« Decreasing brand attachment on the part of castuser
choosing their garages and as a consequence pftthisemand
for garages to acquire basic knowledge of Autotremiat can be
used for maintenance and trouble-shooting for diffebrands;
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« Preparation for new market opportunities startisgaa
result of the new European motor vehicle block exéon
regulation which will significantly increase comjpiein between
independent and brand dealers in the after-satexisg [2].

While large car garages with exclusive contracts wiajor
car brands are responding to the growing demandenfiployee
qualification with more extensive training budgetsl systematic
continuing education courses, independent, unathsmall and
medium size garages are at a structural disadvautatgrms of
staff training and development, due to limited fio@l and
staffing resources.

To address these challenges and to fill the gapdmst
current state of car servicing and the requiremesftsEU
regulations an Autotronics (Autotronics is an &i#l word-
combination of automotive sector and electroniast@at) course
tailored to the needs of small and medium sizedgeaages and
car mechanics have been introduced.

2. Course Structure and Content

The Autotronics course is based on three elemémése-
learning course modules; the traditional classropractical
training; the final examinations.

The course contains a comprehensive suite of teree
learning modules in combination with sophisticatddssroom
training specifically designed to meet the needsarf garages
and car mechanics. These modules are adapted @ loc
requirements, allow self-guided learning to be cletgal at the
learner’s own pace, be up to date and highly mactffering
interactive multimedia elements.

The e-learning course breaks down into three course
modules made up of the following thematic areas.

Autotronics Professional level |

Introduction to Automotive Systems

Electrical Fundamental

Basics of Measurement Techniques

Basics of Automotive Electronics

Basic Hydraulic and Pneumatic Components

Electrical Power Supply in Cars

Practical Training for the Level 1 covers GeneralcEical
System Diagnosis and Services
Autotronics Professional level 11

Basics of Sensors and Actuators

Automotive Computers

Gasoline Engine Management Systems

Diesel Engine Management Systems

Practical Training for the Level 2 covers Sensarsl



Actuators’ Diagnosis and Services
Autotronics Professional level 111

Emission Control

On-Board Diagnostic (OBD)

Road Safety Systems

Automatic Transmissions

Electronic Suspension and Steering System

Communication systems

Comfort and Safety Systems

Practical Training for the Level 3 covers Live Expgents
with scan OBDII Tool

All course modules combine basic knowledge withirthe
specific fields of application in the car industryhe objective of
the courses is to impart core competencies apgpicabross
brands in the topics mentioned, supporting usetieir day-to-
day work on the cars of different manufacturers.

3. Autotronics e-Learning Course Modules

The design philosophy of the Web-based e-learningses
is based on state-of-the-art software technologdyiclivenables
the system to operate without interruptions. Ateyn software
is based on an open architecture and an open systecept to
enable future system expansions.

All course modules are provided to users via theodl®
Learning Management System (LMS) [3]. Moodle isaurse
management system designed to help educators win tea
create quality online courses. Moodle LMS is anrogeurce
web-based platform for the administration of leagnicontent,
learners and instructors and offers extensive looti@ion and
communication options such as a forum, e-messagmgsletter,
chat, news and calendar areas. The software isalseder the
world by universities, schools, companies and iedeent
teachers.

Moreover Moodle LMS provides the necessary baciceff
function like user management, IPR Management etncludes
options for teachers to provide user support viatsshforums,
etc. It measures how individual learners progrdsssed on
learner tracking and tests. Teachers also have sacte
information about individual users and their pregrde.g. of
assignment) and can contact them directly. All Heardata is
logged and evaluated, providing the teacher with dption of
checking his current level of knowledge in realdim

The course modules that are available in Moodle fan
accessed by using any web browser with a modem A L
(Local Area Network) connection to the Internet. [fhe course
modules can be easily changed thus offering conidnith is
always up to date and highly practical. Web-basedrse
providing is flexible and allows learners to selectly those
learning modules which are appropriate.

All course modules have a multimedia structure eend be
displayed on one screen page (no need to scrdfigede e-
learning course modules provide explanations with &id of
text, animation and also by simulation (requirehhligvel of user
interaction). At least 80% of the screens are auive. The
interactivity of the animations includes, for exdejpflipping
switches or turning knobs, the drag & drop of vasi@lectrical
components and placing them to a user-definablekspaice,
connecting measuring instruments that display &alesulting
from the connected circuit components. Autotrormirsuits can
be freely configured and simulated. By pressingekating
pedal for example a car engine or other car sysiemaviour can
be observed. Each learning unit has case-speeifiic h

In comparison with traditional classroom training;
learning courses in the Autotronics course exhdatner centred
features that make learning easier and better¢ailm the needs
of individual learners and provide excellent suppdor
workforce re-skilling. The e-learning courses aieidgd into
small units, allowing each learner to complete sesrbased on
his speed of learning and individual time budgetmPlicated
course units can be repeated as often as desingit,,caurse
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content enters the user’s long-term memory or tgstorup on
previously learned skills. The multimedia designtloé courses
simplifies the acquisition of knowledge and regutgermediate
tests provide continuous feedback on the usersllesf

knowledge and progress in the course. These adédaaening
opportunities and easy to use courses foster theratanding of
the use of Information and Communication Technodier

learning.

3.1 Simulation-Based Training

It is the objectives of electronic control in modearars to
provide the engine torque demanded by the driveilevat the
same time satisfy requirements regarding exhausts@ns, fuel
consumption, power output, comfort and safety. Moaofe
operation of major car control systems [5] — [9¢ &jiven as
examples and learners are guided to understand thegm
changing operational conditions, and observingesgdbehavior.
Simulation approach thus provides the learner witte
background to see how electronic controls are egpli
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Figure 1 Simulation of Exhaust Gas RecirculatioGg system

Fig. 1 shows a simulation example of EGR system
operation. By pressing the control button the learomanges the
EGR valve position, thus changing the exhaust lpae éntering
the engine [6]. All processes are visible — pistnovement,
quantity of injected fuel, fresh and exhaust aowl, ECU
(Engine Control Unit) input signals from DPF (Diféetial
Pressure Sensor) sensor and EGR position sensorE@ht
output to EGR valve (modeled as an output from #aener). A
brief description of different EGR system modes pémtions
added in parallel to the simulation. Emphasis igegion the
relation between the EGR valve position and the @xent in
the exhaust gasses.

3.2 Virtual Laboratory
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A virtual laboratory makes it possible to conneeglr
vehicles to the PCs with the aid of an OBDII integf@able. This
means that, in the case of many courses, a bridgebe built
between theory and application.

The exercises are focused on the application ofémeric
OBD test capabilities, found in all modern cars, da@gnosis of
typical emission and driveability problems. An adeed OBD-II
scan tool is used. In vast majority of exercises@BD scan tool
communicates with a software engine simulator. [@sedivision
contains a few “live” exercises — they should kherapted only if
your computer is connected to a real car via OBDdwware
interface.

4, Classroom Training

The classroom training is provided in well equipped
laboratory. Classroom courses are limited to 20igpants each
and take place once a week (usually Saturday).

The subjects taught during classroom training ampwad to
the subjects of the e-learning courses. Moreover,cdlassroom
training provides the possibility to deepen the otleécal
knowledge being acquired during the e-learning sesir The
topics covered during practical training correspdndhe three
learning levels as follows:

Autotronics Professional level 1

This level covers such activities as checking dircu
resistance (continuity; testing basic electricakgionic
components; performing circuit test — series circpiarallel
circuit — measuring current and voltage, calcutatitotal
resistance/impedance, practicing Ohm and Kirchow; la
analyzing waveforms and measure signals valuesak, pens,
average, duty cycle, frequency, period; testingcuiir with
electronic components — diode rectifier, Zener diogltage
limiter, transistor switch in driving circuit; traeshootings
concern opens, shorts and grounds in curcuits,teexis of
unwanted resistances and analyzihG signal waveforms for
fault discovering.

Teaching aims in this module concern learner atititread
and analyze wiring diagrams; creation of learnéfrcnfidence
in multimeter and oscilloscope usage, interpretdiregs and
determine needed repair; ability to relate faultaircircuit and
reason that cause it.

Autotronics Professional level 2

The second level activities include testing varigessors
and their circuits (temperature sensor, throttlsimmn sensor,
MAP sensor, Knock sensor, MAF sensor); reading and
interpreting automotive manual data; testing acusatvith Pulse
Width modulation (relay, EGR valve); measuring cotepu
outputs; using diagnosis flowchart to localize bigu in
sensor/actuator/circuitry; relate trouble symptoithwthe reason
of its appearance.

Figure 3 Equipment for inductive speed sensor

20

An example of workbench and measurement equipneent f
inductive speed sensor is shown in fig. 3.

Teaching aims in this module concern learner tsbth
read and interpret automotive manual data, akititghoose and
apply different testing methods of vehicle sensord actuators;
ability to test and diagnose temperature sensatgtegir circuits;
relate measured data with expected reaction ofrabntodules,
ability to test and diagnose different automotieesors and their
circuits; ability to relate troubles with enginehawior, ability to
test motors and relate trouble symptoms with reason of its
appearance; ability to relate troubles with vehitlehavior,
understanding pulse width modulation for contrglactuators.
Autotronics Professional level 3 Specialist

The last level accentuates upon OBD data retriend a
DTC (Diagnostic Trouble codes) diagnosis by usirge |
experiments with scan OBDII Tool.

Teaching aims in this module concern trainees patioa
to perform a scan tester diagnosis on a car, #idlity to use the
scan tool software and hardware to read data froBO8D
compliant car and analyze this data, the learnadiness to
create and use symptom charts to set up a strapgioach to
troubleshooting problems.
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4. Pilots

The target groups of the Autotronics course area. ca
mechanics with existing work experience who wanthtve
additional training; small and medium sized caragas who
want to train their employees; university Collegesiol offer
vocational qualifications related to the automotveyineering to
students with BTS/apprenticeship and alumnis whicipabe of
at least three years of working experience;

The three level pilot courses with employers froar c
garages were conducted. The participants were feonall



private family garages, private garage chains; draauthorized
garages as well as students from transport facUlligy occupy
different work positions — car mechanics, car d@Es

specialists, service managers, garage managers ganage
owners.

.
Figure 5 Fault discovering and repair in electridatuits during
the pilot course.

Past experience with initial pilot users in the rs@s has
shown that the transfer of acquired knowledge ® specific
features of different brands was easily possibtefakilitate this
transfer, the courses also include brand-specificyrct details
and the comparison of different system solutioasfsards of
leading car manufacturers to clearly illustrate ividlal
concepts.

Most interesting for participants were trouble s
experiments and real life OBD diagnosis on EOBDII pbamt
vehicles. The All New Ford Mondeo and Land Roverekaeder
Il were used in the OBD diagnostic experiments. Byegating
false DTC codes and using real data flight recorties
participants were gone through the diagnostic m®d® the
source of the faults.

Figure Discussion on fault trace finding in AlleN Ford
Mondeo

5. Conclusons

The paper considers an innovative approach dedidate
automotive mechatronics education for car mechardosl
employers in car garages. It combines the advastagee-
learning courses (individual learner’'s pace, usemaftimedia,
etc.) with the vividness of classroom training dahd possibility
of applying theoretical knowledge acquired direatly the real
car.
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Structure and content of the Autotronics courseh wit
emphasis on automotive electronics and OBD diagnasis
discussed. It offers gaining knowledge in the usstate-of-the-
art technology and equipment through deploymersirofilation-
based training. The e-learning course modules @resaible via
an easy to use learning management system whialidpsochat
rooms and forums for learners with similar learnimigrests, and
measures how individual learners progress, basedeamer
tracking and tests.

The content can be delivered online on the web site

worldwide, allowing self-guided learning to be cdetpd at the
learner's own pace, from any location (“learning @emand”).
This approach significantly reduces training costsnpared to
classical classroom training (limited expenses tfainers and
classroom rent, reduction of travel expenses); agolu in lost
labour time at the company based on flexible copesécipation
and class room trainings only once a week (e.gir8ays).

The present work is developed and funded withinetfien
scheme of the European Union under the grant C-GR928
“Autotronics project “Blended learning solution immpag
automotive and electronics (Autotronics) competesdor car
garages and car mechanics with European wide amtept
certificates” [10].
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