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Abstract—The automotive engineering education area,
specifically on internal combustion engine, requires the use
of suitable systems, capable to simulate, test and obtain
specifics data from its operation. Automotive engines are so
complex due to it is a mix of engineering subjects, so, a
mockup was created to help its study. The mockup is an
exactly the same engine that equips a vehicle, but assembled
in a mechanical base, equipped with all the necessary
components for running it up. The objective of this work is
to develop a mockup with a suitable Electronic Control Unit
(ECU) board, in order to obtain the sensors/actuators
signals from the engine and control some important engine
functions by using an external ECU, so that the students
may test their own strategies, compare with the original
ECU.
Index Terms—automotive, didatic set, engine, mockup,
ECU.

I.

INTRODUCTION

The automotive electronic growth in the 80´s was
promoted by the government environment exigencies on
the emissions laws of the exhaust gases. The automotive
companies found in the electronic area an alternative to
accomplish it [1]. Some of them introduced different
conception of engine control on their cars. Firstly, they
used an electro-mechanical injection, but this solution has
been shown inefficient. The electronic carburetor was also
created, but it was replaced quickly by the throttle body
injection (TBI) in the 70´s [2]. The TBI has become inept
to achieve the engine emissions expected and with the
microprocessor’s growing of the 80's, the single point
electronic fuel injection arrived and with it, a lot of sensor
and actuators i.e., injector nozzle, stepper motor to control
the engine idle, MAF (Mass Air Flow), oxygen and others
[5].
With all the engine modifications, the vehicles became
more efficient and the automotive industry seeing these
results, they started to invest more in technology, bringing
new technologies i.e., communication’s architectures
(CAN, LIN, Flex ray), replacement of the single point by
the multipoint injection, cruise control, airbag, anti-lock
breaking system that turned the vehicle into a complex
system [2].
The development of all this electronics stuffs in the
automotive area is growing so fast nowadays. For the
professionals that works on this area, it is extremely
important the training and study on didactic platforms so
requiring they behave as close as possible to the real
systems. Automobile complexity made the industries
change the development and training strategies, creating

new methods to do it. One of these methods is the use of a
real engine that is normally assembled in a mechanical
support allowing developers to test the engine more
efficiently, besides helping on the worker’s training [4].
Mockups are commonly used in automotive companies to
training the professionals that act in technical sales field
and on the vehicles repairing. The mockup describes in
this paper focus on training.
In this scenario, this paper presents the development of
a didactic set to help the instructors to improve the
automotive engineer student’s skills, preparing them for a
better understanding of the automotive subjects, manly on
the engine management area. The didactic set is focused
on engine management and the learning methodology was
separated in three phases. The first phase, the students
understand how the engine works, mainly the mechanical
parts and principles. On the second phase, the focus is to
present how the engine is controlled, including all the
sensors and actuators. At last, the third phase is to prepare
the students to develop an engine control system by using
their own hardware and software.
II.

CARACHTERISTICS OF THE DIDATIC SET

In this section it will be discussing how the didactic set
was developed, assembled, its requirements and the
components used on this didactic set, divided on three
parts: Mechanical Assembly, Intersecting and Hardware.
A. Mechanical Assembly
Identifying the instructor’s and the student’s deficits
(lack of knowledge) were considered the first step on the
didactic set development. The instructor’s has a mission to
graduate students with suitable knowledge that will be
able to attend the needs of the industries. To identify the
student’s needs, a research with them was done and, for
surprise, for the most of them, the first contact with
engines and others automotive components occurred on
the university classes, without any previous experience to
help the teacher constructing a base of knowledge. These
were the start up to define the requirements necessary to
assemble the didactic set.
The General Motors Company donate to the
university, a 1.8L engine flex fuel technology (Fig. 1),
where is possible to use Gasoline (E0, E25) or Ethanol
(E100) or the combination in any proportion of both fuels.
The dimensions of this structure is approximately 1.50m
(length), 1m (height) an 0.80m (width), with rubber
cushions and an empty gearbox on the engine’s fixation in
order to avoid futures fatigue’s problems due the vibration
of the set.
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Extra devices where attached on it to turn the engine
operational (i.e. radiator, dashboard, ignition starter
system, immobilizer, gas pedal, alternator, battery, coolant
expansion tank, cold start system, starter motor, fuel
pump, air filter and the ECU (electronic management
unit)), allowing to run it and obtaining the final structure
developed (Fig. 2).
B. The Original ECU Intersecting Board
As a second part, an intersecting system of the original
ECU signals was implemented and integrated into the
mockup structure. This interface is connected to the
engine ECU providing an output/input pin for the engine
sensors/actuators. This connection is controlled by means
of a switch installed on the intersection panel (Fig. 3).
This interface was assembled in two circuit boards and
a switch allows turning on/off any sensor/actuator of the
engine, simulating a fault on it. The intersecting board
also permits identifying the strategies adopted by the ECU
to control the engine in each different operation mode:
start up, warm up, idle speed, acceleration, deceleration
and full load, acquiring the signals with a oscilloscope.
C. The “Home Made” ECU
The third phase of the methodology is focused on the
study of the strategies adopted by the original ECU to
control the engine. To help this, an ECU was developed
on our labs, equipped with suitable electronics circuits and
three microcontrollers where the students may record their
own control software (Fig. 4), named as FATEC Santo
Andre ECU.
This board is a didactic development platform where
the student may apply all the knowledge acquired in order
to improve some characteristic of the engine, i.e., control
the throttle body, the injection map, and the ignition map.
It is equipped with suitable electronics circuits that modify
adequately the engine sensor’s signals. There are also
three microcontrollers where the students may code their
own control software and some output pins that are linked
with electronic power circuits, to act easily in some engine
actuators, i.e., ignition coil, and injector valve.
The ECU was constructed in a circuit board and it is
important to know what was established in the beginning
of the project that the hardware would grow during the
entire project, adding in each steps new functions and
better devices thus increasing the processing power of the
microcontrollers, the number of devices control and the
introduction of some diagnostics devices.
This board was splited in three basics blocks: the
Management, the Synchronism and the Diagnostic or
Communication block (Fig. 5).

Figure 1. 1.8L Flex Fuel General Motors engine.
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Figure 2. Overview of the mockup didatic set.

Figure 3. The original ECU intersecting board.

Figure 4. The FATEC Santo Andre ECU board.

Figure 5. The “home made” ECU block diagram.
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III. RESULTS AND DISCUSSIONS
Some results have been already observed on the
students learning process in the end of some subjects that
provides improvements in some undergraduate and master
conclusion projects besides providing a better engagement
of the students with the entire course. So hereafter it will
be described some developed software by students.
A. Developed Software
By using the FATEC Santo Andre ECU, the students
develop the engine control software during the
Microcontroller classes. Firstly, the software’s are tested
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Figure 6. The analogue conditioning circuit.
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The management block is responsible to receive the
sensors signals, identify the engine operation mode and
determine the suitable parameters to control the actuators,
as the injectors valve and ignition coils. These parameters
are after transferred to the synchronism block through a
SPI (Serial Peripheral Interface) communication bus. This
last block still controls the relays (main, fuel pump,
starter) and the throttle body. The synchronism block
creates all the control pulses to control the engine.
Basically, it receives the parameters from the management
block and must act over the injector valves and over the
ignition coil on the exact moment to obtain the engine best
performance.
The communication block collects the information by
the engine CAN (Controller Area Network) network in
order to characterize some fault on the engine, showing it
on the LCD display. The intention of having an exclusive
module to do this task, is to turn more simple and easy the
teaching to the students the conception of the on board
diagnosis system.
The microcontroller used on the ECU was the PIC
18F452 with 32K program memory. The microcontroller
clock’s operates on 20 MHz without any problems or
faults.
The extra electronic circuits present on the ECU is:
voltage regulator, analogues and digitals conditioning
circuits, adaptive reluctance sensor amplifier and interface
power circuits for injector valves, ignition coils, relays and
throttle body control.
The voltage regulator used to keep the voltage about 5
Volts was the LM2596, supplying the microcontrollers, all
the conditioning circuits and the throttle body interface.
The analogue conditioning circuits use two operational
amplifiers, one in a voltage follower configuration and the
other in an integrator configuration (Fig. 6).
The digital conditioning circuit (Fig. 7) uses just one
operational amplifier in a differential input configuration,
where the output signal was set to 5V when the positive
input signal it is above 2.5V. The diode on the input line is
presented to limit the maximum output voltage as 5.7V.
For the reluctance sensor conditioning (engine rotation
sensor) it was used the Texas Instruments IC LM1815.
Some electronic power circuits needed to be
developed to perform a suitable interface between the
microcontroller outputs and the engine actuators. An
example, the Freescale IC MC33926 was used to control
of throttle body motor. There are also two more circuits
used to control the injector valves (Fig. 8) and the ignition
coils (Fig. 9), combining the Texas Instruments IC
LM1949 and NPN power Darlington transistors. The
Proteus software was used to develop all the integrated
circuits and circuit boards.
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Figure 7. The digital conditioning circuit.

Figure 8. Interface circuit to the injector valves.

Figure 9.

Interface circuit to the ignition coils.

in exclusives didactic sets as showed at Silva et al, 2012
[8]. After these preliminaries tests, the students are able to
use the didactic set to test their own software’s.
Generally, the students are organized in some groups
where each one is responsible to control some engine
actuator or to monitor some sensors in order to calculate
some parameters. There are two examples of software
developed by students describes above, represented in
flowcharts.
The first software is developed by the students in order
to manage the engine in the starter and idle speed
operation. The strategy adopted to do this control was
firstly monitoring the state of the commuter ignition (Fig.
10).
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On this preliminary software, basics configuration is be
performed to configure the microcontroller ports in order
to turn on/off the fuel pump (to pressurize the fuel
gallery), reading some sensor signals and calculate the
parameters necessary to start the engine. At last, its
necessary to implement basics adjusts on the throttle body.
If someone put the key into the starter position the
software enter into a routine called Key on Engine on (Fig.
11). On this routine, the fuel pump is turned on again and
while the engine rotation keep below 400RPM, the system
check the state of the key (if it turned it off, the program
will restart) and act into the injector valve with a full
group strategy (all injectors valves will be turned on, no
matter of the camshaft angle ).
When the engine revolutions is above than 400RPM,
the system remains in a while loop updating some
parameters and controlling the throttle body position to
guaranteed a perfect engine idle speed operation.
The third software developed is focused on receive
some parameter from management block via SPI
communication bus and control the time to act on the
injector valves and ignition coils. Basically this software
monitors the reluctance sensor to find out the crankshaft
position angle. First, the microcontroller’s hardware is
initialized and the variables are declared. After that, the
software identifies the discontinuity of the crankshaft
position angle sensor, beginning a loop of injection and
ignition control (Fig 12).
This control always has to be synchronized, as a
function of the engine revolution, the parameter to act on
each control system changes. After the 34th tooth, all the
parameters coming from management system are
uploaded into the software, allowing a better performance
in all engine operations. The parameters that are uploaded
in the synchronism software are: injection and coil loading
time and the exact moment for shooting the ignition and
injection pulses.
I.

CONCLUSION

This didactic set allows the students to have hands on
experience with an engine, which for most of them, are
their first contact. It permits to the instructor during his
classes to create and construct a base of knowledge to a
better understanding of how engines work and why all the
electronic stuff are necessary for a superior engine control.
The hardware combined with the FATEC Santo Andre
ECU and the intersection board, gives to the instructor an
import tool where the engine input/output signals could be
easily linked.
By means of the switch installed on intersection board,
is possible to compare the students control strategies with
the original ECU strategies. Another important value is
that this didactic set can be assembled with an estimated
investment as low of approximately U$ 10,000.00.
As mentioned, Mockups are commonly used in
automotive companies to training the professionals that
act in technical sales field. So, the mockup described in
this paper has been an important equipment used to
training and improve the students’ skills on engine
management area.
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Figure 10. First software developed (Management 1).

Figure 11. Second software developed (Management 2).

Figure 12. Third software developed (Synchronism).
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