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1. Introduction

This document serves as an introduction to using the MoVE Simulink® Model of a conventional
vehicle with spark ignition engine. This document does not provide an exhaustive manual of the
MoVE model. Instead, it has been designed as an introduction to the overall features and usage
of the desktop version of the MoVE model. Users interested in learning more and about the HIL
versions, are referred to the accompanying documents.

The MoVE model has been designed to evaluate the performance of an engine ECU for a multi-
cylinder spark ignition combustion engine. To facilitate this process, the MoVE model allows the
user to manipulate many conditions which affect the performance of the vehicle. They include
environmental, vehicle, and driver parameters.

To maximize flexibility and facilitate model maintenance, the model is constructed with

Matlab/Simulink® tools and component libraries. Users not familiar with these tools are referred to
the MathWorks website for product documentation.

2. System Requirements
The MoVE model requires the following platform and configuration:

Windows 9x, NT, 2000, XP
Matlab® Release 13SP1, Release 14SP2 with Simulink® and Stateflow® toolboxes.

3. Installation

If the model was provided in archive form as a .zip file, use a suitable extraction program such as
Winzip®, to unzip to a destination folder. If the model was provided as an unzipped folder
structure, copy the entire contents to the destination folder. The end result will be the model
residing as a folder structure starting with the folder (i.e.mskMoVE). The principle items of interest

are
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Figure 1. A view of the mskMoVE work directory.
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1. DataFiles — folder containing experimental data used for computing the coefficients of
regression equations for engine breathing, torque, etc.

Documentation — folder containing user documentation for the model.
Library — folder containing Simulink® libraries and internal scripts.
initMoVE.m — Matlab® script file to initialize model variables.
plot_results.m — A script to plot simulation results.

Readme_first.txt — Orientation document.

N o o~ 0N

runMoVEKeyOn.m — A Matlab® script file to configure the model for an engine startup
response.

8. runMoVEWOT.m — A Matlab® script file to configure the model for a WOT analysis.
9. mskMoVE.mdl — Matlab'Simulink® Desktop model.

10. build — folder containing header files for running the desktop model in accelerator mode.

4. Quick Start Guide

This section describes the basic steps required to begin using the model to predict engine
performance characteristics. As an example, we will consider a WOT analysis. To complete this
task, there are several steps:

1. Start Matlab,

2. Initialize and configure the simulation,

3. Open the MoVE model and execute the simulation,
4. Review results,
5

Reconfigure simulation parameters based on results.

4.1 Start Matlab

From the desktop, double-click on the icon (shown below) to start Matlab. If you do not have a
Matlab shortcut on your desktop, start Matlab from the “Start \ All Programs” menu in Windows.

A

Figure 2. MATLAB start icon

Open Matlab’s and change the current directory to the mskMoVE working directory. The easiest
way of changing directories is to use the “Current Directory” window as shown in Figure 3. The
user should navigate to the mskMoVE installation directory. From there, the files listed in Section
3 should be viewable.
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Figure 3. The “Current Directory” tab from which th e user navigates the operating
system file structure.

4.2 Initialize and configure the simulation

Before starting the simulation, the variables and configuration data needed by the model must be
initialized. First all the needed folders — mskMoVE (current folder), DataFiles folder, Library folder
and its subfolders, need to be added to Matlab path. This can be done by right clicking on any
folder / file in the current directory pane of Matlab and selecting the option “Add to path  Current
Folder”, and right clicking DataFiles and Library folders, and selecting the option Add to path
Selected folders and sub-folders. Alternately the File  Set path menu option can be used to set
the Matlab path and the path settings can be saved for future sessions. After the folders have
been added to Matlab path, change directory to the build folder.

For mskMoVE to initialize, Microsoft Excel should be open. Second, the family of files whose
title is of the form “runMoVE*.m” configure the simulation to be suitable for different types of
analysis. The MoVE model arrives ready to perform two types of configurations. They are the
Wide-Open-Throttle or WOT analysis (runMoVEWOT.m); and engine startup response analysis
(runMoVEKeyOn.m). For the purposes of this discussion we need to initialize the model and
configure it for a WOT analysis. Since all of the files are Matlab scripts, it is possible to simply
type their name in the command window and press enter:

The mskMoVE model can be initialized in one of the following ways.

The first way is to use initialization script initMoVE without any arguments. This will use the
‘ParamFile.xIs’ as the initialization file. Only those components marked as ‘Initialize’ in the
‘Initialize’ sheet will be evaluated in MATLAB workspace. The initialization process displays the
component and the number of parameters corresponding to that component. At the end of the
process, statistics regarding the number of components initialized, the number of components
skipped, the names of the components skipped and the total number of parameters created in the
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workspace is displayed. The ‘Instructions’ and ‘Initialize’ sheets are not considered for parameter
initialization.

1

Figure 4. Initialization process

The second way of initializing is to specify the parameter file name as an argument to initMove.
Again all components marked as ‘Initialize’ will be evaluated in MATLAB workspace. Example —

initMoVE('ParamFile.xls' )
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Figure 5. Initialization process with filename spe  cified

The third way allows selective initialization of specified components only. Here the components
that are to be initialized are supplied as arguments to the initMoVE. Example —

initMoVE('ParamFile.xls',ECU-General','Engine-Gene ral','Actr-ISCV")
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Figure 6. Initialization process with filename she  ets specified

Alternatively, users may navigate to the parent folder and right mouse button select the ‘initMoVE’
and ‘runMoVE* file in “Current Directory” window and go to the “run” statement of the pop-up
window. This is shown in Figure 7. Please note that you need to change directory to build folder
after running these two scripts. For the model to simulate correctly without errors, it is essential
that both files be executed.

Figure 7. Selecting a Matlab file to execute.
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A simpler option is to use the function provided LoadMskDesktop from command window — just
start Matlab, change directory to mskMoVE/build folder and run the function
LoadMskDesktop('WOT’) to add appropriate folders to Matlab path, initialize data for WOT
analysis and load the desktop model. . Another option that can be used while calling this function
is ‘KeyOn'’ for key on and idle rpm analysis. The LoadMskDesktop uses a default Excel file called
‘ParamFile.xlIs’ for initialization.

For those users interested in understanding how “initMoVE” and “runMoVEWOT” work, double-
clicking the icons for these file will open the Matlab editor. This is shown in Figure 8. For those
users interested in modifying the analysis files, please read the accompanying document titled
Driver Model User Doc.pdf. This document provides a basic description of the different variables
and parameters that should be understood to create new simulations.

Figure 8. The Matlab file editor that should be use d to modifying, saving, and
reviewing model scripts.

4.3 Open MoVE

Having populated the workspace with the model parameters, you may open the model and
simulate the vehicle. There are two ways to open the model. The quickest way is for the user to
type the command “mskMoVE” in the command window and press enter (Note, till version
6.5SP1 Matlab is not case sensitive for script file names or Simulink model names). The second
method would be to navigate to the parent directory, right click “mskMoVE” in the “Current
Directory” window and select “open” in the popup window. The user will need to change folder to
build once the model is opened. This is similar to the sequence of button clicks shown in Figure 7.
When these commands are issued, Matlab will open the Simulink window of the MoVE model as
shown in Figure 9. There are five principle component blocks at the top level of the Simulink
model:

“ExternalDefinitions” - This block is responsible for initiating and updating environmental
effects. Examples are desired velocity and road grade profiles.
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“Driver” - This block accepts environmental and plant information. Its purpose is to
simulate the driver of the vehicle.

“PlantControl” — This block simulates the components of the vehicle which respond to
vehicle and environmental conditions (e.g. ECU, ABS, etc.)

“PlantConventional” — This block implements the vehicle dynamics.

“DatalLogger” — This block collects the data generated during the simulation and stores it
in the Matlab workspace. For convenience, all variables created this way begin with the
designation “dat” (e.g. datSimTime, datVehLinVel).

Start/Stop
Simulation
Button

Simulation
Clock

Figure 9. The top-level view of the MoVE model.

To execute the model, the user presses the “run” button as illustrated in Figure 9. Please ensure
that you are in build folder before you execute the model. Once done, the user can check the
status of the model by watching the simulation time in the clock. This is shown in Figure 5.
Similarly, if the user wishes, they can either “stop” or “pause” the simulation by clicking the
buttons adjacent to “play”. Presently, the WOT analysis simulation is configured to run for 425
seconds.

4.4 Review results

Once the simulation has completed, the data logger will dump all monitored signals onto the
Matlab workspace. As already mentioned, these signals are identifiable by their dat* name (e.qg.
datSimTime, datVehLinVel). As an aid to the user, the MoVE model come with a plotting script
called “plot_results.m”. The user is urged to examine this file as part of learning to use Matlab.
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For the purposes of this example, we will plot both the engine and vehicle speeds. The following
commands plot, label, and title the figure of the vehicle speed as a function of time:

>> plot(datSimTime,datEngRpm)
>> xlabel('seconds')

>> ylabel('RPM")

>> title('Engine speed for WOT test')

Figure 10 shows the plot created with these commands.

Figure 10. Engine Speed as a function of time fort  he WOT analysis.

Similarly, the following commands will plot the coolant temperature:

>> plot (datSimTime, datCoolantTdeg)
>> xlabel('seconds’)
>> ylabel('Kelvin')

>> title('Coolant Temperature for WOT test')

The resulting plot is shown in Figure 11.
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Figure 11. Coolant Temperature as a function of tim e for the WOT analysis.

4.5 Reconfigure simulation parameters based onresu  Its

After reviewing the results, it might be desirable to repeat the simulation with modifications. In this
section we describe a simple exercise of modifying the throttle value from throttle=1 to
throttle=0.5. To do this, double click the file “runMoVEWOT” in the “Current Directory” window of
Matlab. This should open a window as shown in Figure 8. Scrolling down the file about half-way
we identify the following piece of code:

0% —_— —_— S — —_—

% DRIVER THROTTLE SIGNALS

% —== —== —== s —==

% Define the driver throttle (drvemd) based on
% driver time vector. This values are always in the range [0 1] and

% represent a normalized control signal. ) ) )
Time signal for scheduling

973/ throttle and brake events
pDriver.Time= [0 29.999 30 234.99 3000];

pDriver.DrvCmd= [0 01 100]; < Normalized driver
throttle signal for WOT
analysis .
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Since we are interested in only half throttle, we modify the code to appear as shown in here:

% === === === s ===

% DRIVER THROTTLE SIGNALS

% === === === s ===

% Define the driver throttle (drvemd) based on
% driver time vector. This values are always in the range [0 1] and

% represent a normalized control signal. . ) )
Time signal for scheduling

94235/ throttle and brake events
pDriver.time= [0 29.999 30 234.99 3000];

pDriver.drvemd= [0 00.5 0.500]; < Normalized driver
throttle signal for WOT
analysis .

It should be pointed out that the MoVE model interprets these signals as a time-based lookup
table. As it is programmed, output values are interpolated between the time points defined by the
vector “driver.time”. Consequently, it is important that the user take this into account. In this case,
we want to apply a throttle step response to the vehicle. To accomplish this, the time vector is
defined such that the throttle changes from 0 at 29.999 seconds to 0.5 at 30.000 seconds. Once
this is complete, the user must rerun the “runMoVEWOT" script and simulate the model as
describe in the previous sections.

Figure 12. The engine response after changing the d  river throttle input from 1.0 to 0.5.

As another example, we shall run the key on idling test. To initialize this test the user needs to
execute the ‘runMoVEKeyOn' script after running initMoVE. An alternate way to do the same
would be to run LoadMskDesktop(‘KeyOn’). Simulate the model by pressing the ‘play’ button or
using the Ctrl-T key combination. The idling test will allow the engine to idle for 300 seconds.
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During this time no driver commands are applied. The engine rpm during this test is shown in the
plot below.

Figure 13. Engine rpm and ISCV position as function of time for Idling Test

Figure 14. Fuel flow rate and Intake Manifold temp  erature as a function of time Idling
Test

5. Model Architecture

This section will introduce the various components of the MoVE. As already mentioned, there are
five main components at the top-level of the MoVE model. Each of these components will be
briefly described in the sections below. For users interested in greater detail, hyperlinks are
provided to documents that focus in individual components. Figure 15 shows the five main
components of the MoVE model.
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5

Figure 15. The top-level of the MoVE model and the  main components which are to be
described below.

5.1 External Definitions
This component is shown circled and labeled as 1 in Figure 15. External inputs include:

- Environmental variables (ambient air temperature, pressure, gravity etc.)

- Road grade
Environmental variables are often considered constants. By defining these quantities here, we
allow for the possibility of variations. Such variations could be changes in air temperature or
pressure throughout a simulation.

These signals are gathered into a bus that is passed to all the other components. Each
component then has access to the environmental variables it needs to perform its function.
Please refer to the document ExtDefs User Doc.pdf.

5.2 Driver model

Component Driver Model (Circled block number 2 of Figure 15 ) serves to replicate essential
behavior attributes of an automobile driver as are relevant to the engine. The model comprises
several components to aid the user. They are:
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1. Automatic Key Sequence — as the engine cranks-up the ignition key is returned to on
position even if the driver keeps it in cranking position. The timer for time based
commands starts only from the instant engine starts up.

2. Multiple driver modes suitable for different types of analysis. The constant output driver
mode allows the user to change outputs in real-time while running on a HIL. The time-
based driver mode provides a means for constructing open-loop driver response models.

Double clicking the driver block as seen from the top-level view of the MoVE model reveals its
internal structure as shown in Figure 16.

Figure 16. The interior of the driver block and its main subcomponents.

With these features, the user may mix-and-match driver modes with basic automation to simulate
the engine in a way consistent with a desired analysis. For instance, the WOT analysis requires a
constant throttle to reach top speed. Please refer to the accompanying document Driver Model
User Doc.pdf for a detailed discussion of this component.

5.3 Plant Control Module

Figure 15 shows the Vehicle Control component (circled component number 3). This contains
models that should affect the vehicle behavior based on observation of the driver, environment, or
plant. In this case, the control model simulates the behavior of an engine control unit (ECU).
Users interested in a detailed discussion of this component are referred to Plant Control User
Doc.pdf.
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5.4 Plant Model

The Plant Model Block (circled component number 4 of Figure 15) contains the components of
the model associated with the hardware layer. Clicking this block will reveal the interior structure
as shown in Figure 17. From a user perspective, there are four main components of interest
(numbered from top to bottom):

1)

2)

3)

4)

ElectricalSystem — Contains the alternator, battery, and any user controlled
electrical accessories. This block is described in document Electrical Systems
and Mechanical Accessory User Doc.pdf.

EngineMechAccessory — The block contains the air conditioning model. It also
accumulates torque and inertia of the electrical and mechanical subsystems
needed for correct simulation of the engine block. Those interested in more detail
are referred to Electrical Systems and Mechanical Accessory User Doc.pdf.

SIEngine — This block contains three main subcomponents. They are the engine
process, sensors, and actuators. The function and modeling of these
components is described in the accompanying document S|l Engine User

Doc.pdf.

Load — This component models the vehicle drive train, wheels and the loads the
engine drives. It is simplistically modeled as a engine speed dependent load
profile and can be modified to suit the user.
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< 4

Figure 17. The interior view of the plant model fou  nd by double clicking Plant.

5.5 Datalogger

To maintain a modular architecture, the logging of data is performed in a separate block (circled
component number 5 of Figure 155). This block collects the signals from the other components
and simply writes the data to the Matlab workspace. As already mentioned, the results are stored
in variables with names beginning with the prefix “dat” (e.g. datEngRpm). Figure 18 shows a
partial view of the interior of the data logger block. Users interested in a more detailed description
of this component and the signals that it saves are directed to the document DataLogger User

Doc.pdf.
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Figure 18. A view of a portion of the data logger u  sed by MoVE to store simulation
results to the Matlab workspace.
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