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About This Guide

About This Guide

Welcome to Lotus Vehicle Simulation

Welcome to Lotus Vehicle Simulation. Using Lotus Vehicle Simulation, you
can build virtual vehicle models and analyses their performance over a range
of different simulation cycle types, from simple fixed speed runs to
accelerations and emissions cycles.

What You Need to Know

This guide assumes the following:

B Lotus Vehicle Simulation is installed on your computer or network and
you have permission to execute Lotus Vehicle Simulation module.

B The necessary password files are installed to allow you to run the
necessary modules.

B You have a basic understanding of vehicle motion, and the relevance
and limitations of the required component data variables.






Introducing Lotus Vehicle Simulation
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Overview
This chapter introduces you to Lotus Vehicle Simulation
and explains the benefits of the code. It also explains how
you can learn more about Lotus Vehicle Simulation and
introduces tutorials that will help you to get started.
This chapter contains the following sections:

B What is Lotus Vehicle Simulation?, 2

B Lotus Vehicle Simulation Structure, 3

B Getting Help Using Lotus Vehicle Simulation, 5
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What is LOTUS VEHICLE SIMULATION?

LOTUS VEHICLE SIMULATION is a simulation program capable of predicting the complete
performance of a vehicle system. The program can be used to calculate,

. Straight line acceleration and top speed
o Fuel economy and emissions (both in steady state or across any drive-cycle)
. Track or course performance

Lotus Vehicle Simulation is designed to run on a desktop PC with Windows NT/98 but offers
the speed of a UNIX based simulation. The user interface is based on the standard Lotus
software ‘look-and-feel’ and offers the same intuitive approach as other popular Windows
applications, assisting learning and speed of use.

Using the simulation program typically follows the procedure below,

J The user constructs a simulation model by entering the vehicle specification. This
includes data for :
> Vehicle mass and centre of gravity
> Vehicle dimensions, and aerodynamics
> Tyre performance
> Final drive system
> Gearbox or transmission system and shifting strategies
> Prime mover details eg. |.C. engine or hybrid powertrain
> Performance (torque/power capabilities)
> Fuel economy
> System-out Emissions
> Emissions after-treatment systems
> Driver performance
. The user selects the appropriate test for analysis. For instance, this often involves

predicting the performance of the vehicle in terms of emissions and fuel economy
over a government legislated drive-cycle.

o The calculation cycle is carried out. The user can display the key information on the
vehicle and powertrain operating condition during the cycle using the calculation
screen.

. Calculation results are available to the user both in the form of a report quality

summary sheet and through a quick-to-use graph plotting system.

Lotus Vehicle Simulation has been applied extensively by world-wide clients and validated
thoroughly at Lotus over a wide range of vehicle types and conditions. The program is
capable of simulating all existing and projected vehicle systems and is continually updated by
Lotus in co-operation with it's partners.
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Lotus Vehicle Simulation structure

Lotus Vehicle Simulation is split into three sub-sections:

o Data module - data-entry and model generation
. Solve module - solution of desired analysis
o Results module - analysis of calculated results

The three sections are only notionally split and all three modules run together as a single
application.

e Data Module

The data module allows the user to enter data, read in or save models, create new
models and adjust data in existing models. Icons representing the various vehicle-
powertrain subsystems allow the user to view the data for that section of the model
and adjust, add or delete data from the model. Graphical features allow the user to
view the results of changes to the specific data-set and adjust data as fit. The
vehicle system model sub-components and relevant icons are:

I:_-' Il
<=2 Vehicle Data

H Dyno Data
e Tyre Data
'J'l Driveline Data
g4k Gearbox Data
Engine Data

Hybrid Drive System Data

¢ Driver Data

When an icon is selected the relevant data entry window is displayed with various
vehicle and powertrain parameters available for editing.

e Solve Module

The solve module controls which particular calculation run is performed from the
available options. The user can specify a steady speed test, an acceleration test, an
emissions test and a track test, with sub-options available with each. Sub solution
options included setting the required transmission gearshift map, identifying the
particular emissions cycle or selecting the target acceleration.
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e Results Module

The results module is used to perform all post-processing of calculated data. It
provides the following features:

. Plotting of data sets - Up to five runs simultaneously

. Plotting of multiple data-channels e.g. Vehicle fuel consumption and
forward speed vs. time - up to 4 sets

o Cross plotting of data sets and channels on a single multi-axis graph
. Zoom and pick functions

The Windows environment also allows frame grabbing of graphs as bitmaps for
pasting into other Windows applications.
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Getting Help Using Lotus Vehicle Simulation

At any time Help is available via the Lotus Vehicle Simulation on-line Help files

Help Topics: Lotus Yehicle Simulation

Contents | index | Find |

Click a book, and then click Open. Or click anather tab, such as [ndex.

@ Uzers Guide
@ Drata Module

@ Direct Editing of the Data File
% Salve Module

@ Fesults Module

@ Setup

@ Toolz

% Theary

@ Example: and Y alidation

@ Mizcellaneous

Open I Frint.... | Cancel

Figure 1 — On-line Help

To access these files, either

@ Click on the Help Icon, - :I

Or through the Help/Contents option from the pull-down menus

= Lotue Vishachs Simlation w1 10 - wntitied ]
Eis Do Sche Peads Seso Teck Wirdm

Foss o Lie Mol
bt Lo Vi Srenbtion

Fatoct Opten From Menus o kons







Tutorial 1 - Building a Lotus Vehicle
Simulation Model

Overview

The following chapter provides a new user with all the information
required to open, build and simulate a new Lotus Vehicle
Simulation model.

This chapter includes the following sections:

Starting Lotus Vehicle Simulation, 8

Familiarising yourself with Lotus Vehicle Simulation, 9
Inputting Values into the Data Modules, 10

Data Checking, 22

Running an Acceleration Simulation, 24

Displaying the simulation results via:, 27

- Results Text File Viewer
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Starting LOTUS VEHICLE SIMULATION

To start LOTUS VEHICLE SIMULATION in the windows environment

e From the Desktop Icon

During the program install, a LOTUS VEHICLE SIMULATION icon will be added to
the Windows desktop

Double click on the LOTUS VEHICLE SIMULATION icon to display the Startup
Wizard dialog box as shown below

e From the Start Menu

From the Start menu point to Programs, point to Lotus Engineering Software,
and select Lotus Vehicle Simulation

The Startup Wizard dialog box will be displayed as shown below
! Lotus Engineering Software - StartUp Wizard

T

Sirnulation Ervironment

o 14 Opena

@ Lotus Vehicle Simualtion i @ Newhblank carfile

Simulation Toals

Figure 2 — Lotus Engineering Software Startup Wizard

With the Startup Wizard select the Lotus Vehicle Simulation and New blank .car file
options before selecting OK to continue

The main LOTUS VEHICLE SIMULATION window appears as shown in Figure 3



Getting Started Using Lotus Vehicle Simulation
Tutorial 1 — Building a Lotus Vehicle Simulation model

Familiarising yourself with LOTUS VEHICLE SIMULATION

Before continuing any further, take some time to familiarise yourself with the LOTUS
VEHICLE SIMULATION main window

% Lotus Vehicle Simulation v3.10 - untitled1.car
File Data Solve Results Setup Tools ‘window Help

ojajalsldlkal @mic|®s] d@alel xRN LA

Select Option From Menus or lcons

Figure 3 — Lotus Engineering Software Main Window

In particular note the following

135
=L R
* it/ 24 R

The data module icons on the left hand side of the main window. These icons
representing the various vehicle-powertrain subsystems, which allow the user to view
the data for that section of the model and adjust, add or delete data from the model.

O & & & )

‘ i 1]
The file management icons on the top left of the toolbar. These icons are used to
generate new model file and open and save existing files

) 8k ®s
The solve module icons in the middle of the toolbar. These icons allow the user to
select which particular calculation run is performed from the available options

CIFSIEd + (2
‘ ]

The results module icons on the top right of the toolbar. These icons allow the user to
select the type of simulation results viewer
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Inputting Values into the Data Modules

This section will describe the step by step process of entering data into a new LOTUS
VEHICLE SIMULATION model.

With all the data modules described below the following options are available to assist the
user.

1 i Where relevant a graphical representation of the data can be displayed by clicking
on the graphics icon in the top right of the data window

@ On-line help can be displayed by clicking on the help icon in the top right of the
data window

We will now input some example vehicle data into the individual data modules

Vehicle Data

l:—-' Il
=0 Select the Vehicle data input window. This window is accessed using the Vehicle
icon on the tool bar or through the Data/Vehicle option from the pull-down menus

or press F1.
The vehicle data windows will appear as shown below

Vehicle Data
Extended Help

Main Title | =
Secondary Title:l
Test No:| TEMP @
Flot File Counter:l1—
Testeight (ke):]0.0000 Frontal Area (m2):|0.0000
Wheelbase {m):|0.0000 Drag Coefficient{0.0000
Front Track (m:{0.0000 Plan Area (m2):/0.0000
Rear Track ()] 0.0000 Front Lift Coeff:[0.0000
D.C.a.G. {m):{0.0000 Rear Lift Coeff:[0.0000
H.C.0.G. {m):[0.0000 Ajr Density (kg/m3):|0.0000

Figure 4 — Vehicle Data Window

Populate the vehicle data window by inputting the following examples into the appropriate text
boxes. All the input variables may not be required for a basic simulation, where this is the
case a * symbol is used in the example data table and the text box can be left blank (see the
LOTUS VEHICLE SIMULATION User’'s manual for more information)
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Title Variables

Variable Description Example Data
Main Title Main Model Title (80 characters max.) Tutorial _1
Secondary Title Secondary Model Title (80 characters max.) Example_Data
Test Number Test Number for Output Filenames (80 Test1

characters max.)
Results Counter The results counter (integer) is incremented
automatically after every simulation run

Vehicle Variables

Variable Description Example Data
Test Weight (kg) Total weight including occupants 1250.0
Wheelbase (m) Vehicle wheelbase from front to rear wheels 2.25
Front Track (m) Vehicle track for cornering calculations 1.0
Rear Track (m) Vehicle track for cornering calculations 1.0
D.C.0.G (m) Distance of centre of gravity from front wheels 0.75
H.C.0.G (m) Height of centre of gravity above the ground 0.5
Frontal area (m?) Vehicle frontal area 2.0
Drag coefficient Vehicle drag coefficient 0.35
Plan area (m°) required for aerodynamic pitching moments *
Front lift Coeff Vehicle aerodynamic front lift coefficient *
Rear Lift Coeff Vehicle aerodynamic rear lift coefficient *
Air Density (kg/m°) Ambient air density 1.205

Close the window by clicking on the exit button | in the top right hand corner

Dyno Data

g

This window is accessed using the Dyno icon on the tool bar or through the
Data/Dynamometer option from the pull-down menus or press F2.. The section is
concerned with the load vs. vehicle speed relationship applied by a chassis
dynamometer if the vehicle is to be simulated as running on this type of test-bed -
useful for correlation between measured emissions testing and simulation.

This option is not required for this example
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Save the model for the first time.

=

To save the select model use File/Save As from the menu-bar or the
file save as icon from the main window tool-bar. This will automatically
bring up the browser and prompt the user to enter a new filename

 5ave File As EHE I
Save i I {3 Lesalt j gl IEE_:E :
-1 AdamsE ngine 29mi1 car espLCar
7 Cpiress at3.car Hol.car

| |23 Data_files BEMCHMARK. CAR lev.car
.1 DataB ases ela.car leviohn.c
20 DataBasesP elt.car SKIPTOL
|20 network BEGCRE)

1| | i

File narne: |tuh:uria|1 cal Save I
Save az lupe: ISimuIation data files [* car) j Cancel |

Figure 5 — Save As Window

Save the model as tutorial1.car

Tyre Data

e Select the Tyre data input window. This window is accessed using the Tyre icon on
the tool bar or through the Data/Tyre option from the pull-down menus or press F3..
The tyre window is concerned with the load vs. vehicle speed relationship for tyre
rolling resistance and the definition of tyre rolling radius and efficiency.

The tyre data windows will appear as shown below

Tyre Data

Extended List CopyData Help

Fant-“Rear:ICDmmon 'i CDnstant:lD.DDDDe+DDD @
W, Coeff|0.00002+000
Rolling Rad {mjfoooos \=2_Coeft]0.0000=+000 é|
Drive Efficiency (300000 | =3 Cosff[0.0000a-+000
Cosff of Slip fupfooono =4 Cosff[0 0000s+000 @

S CDeﬁ:ID.DDDDDe+DDD

[Coefficients Based on Speed in m/s)

Figure 6 — Vehicle Data Window
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The tyre model is a pre-requisite of the simulation and hence cannot be switched off. To
select default Lotus values for the tyre rolling resistance curve coefficients select from the tyre
data menubar the CopyData / Set Rolling Resistance to Default Values.

Tyre Data
Extended List Jata

Tyre D ata fron Comman Tyre

Canstant|1 161 0e-001 Lz
W, Coeff|-6.4180e-002

Folling Rad. (m):!D.DDDD G Coeﬁ:|4.2?4ﬂe-003 §|
Driwve Efficiency (EI—1):’EI.EIDEID ) CDeﬁ:ID.DDDDe+DDD
Coeff. of Slip (u):!D.DDDD fviseds CDeﬁ:ID.DDDDe+DDD &

S CDeﬁ:ID.DDDDDe+DDD

[Coefficients Based on Speed in m/s)

Figure 7 — Vehicle Data Window — Set Rolling Resistance to Default Values

The tyre data can be defined for both front and rear tyres separately or as a common tyre.
Select the common tyre option from the drop down list box

Tyre Data

Extended List CopyData Help

Fant-’Rear:I mon '! CDnstant:I1.1E1De+DD1 14-:;’|

V. Coeff[-5.4150e-002
V2. Coeft[4.2740e-003 &|

Folling Bad. (M| aar
Drive Efficiencsy (0-13:{0.0000 N CDeﬁ:lD.DDDDe+DDD

Coeff. of Slip (u):lD.DDDD el CDeﬁ:lD.DDDDe+DDD &

e CDeﬁ:ID.DDDDDE+DDD

[Coefficients Based on Speed in m/{s)

Figure 8 — Vehicle Data Window — Selecting Common Tyre Option

Populate the tyre data window by inputting the following example data into the appropriate
text boxes.

Tyre Variables

Variable Description Example Data
Rolling Radius (m) The tyre rolling radius Note: using the tyre 0.284
unloaded radius is an approximation
Drive Efficiency (0-1) | Tyre transmission efficiency - typically ~ 0.95 0.95
Coeff of Slip (u) Coefficient of friction between the tyre and 1.0
the road. Typically in the range 0.8 - 1.15.

Close the window by clicking on the exit button | in the top right hand corner
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Save the model.
+
et 5
l To save a model, select the file save iconfrom the main window tool-
bar or the menu-bar option File/Save. If no change has been made to

the model, this automatically brings up the browser to add a new file-
name. Otherwise the file is overwritten.

4 Driveline Data

'J'l Select the Driveline data input window. This window is accessed using the Driveline
icon on the tool bar or through the Data/Driveline option from the pull-down menus
or press F4. This action will call into view the driveline sub-menu which provides
access to the various driveline data-windows as listed below:

[.'lri\reline | Torque Converter/Clutch - Options for torque converters and clutches

TCClutch Torque Converter Lock-up - Definition of torque converter lock-up
TC Lock-up characteristics

TCldle Torque Converter Idle - Definition of torque converter idle strategy
Final Drive Final Drive - Specification of final drive system, system inertia’s,

=1 transmission efficiencies and drive ratio.

41

IR | Select TC/Clutch from the Driveline sub-menu, this will display the
Drivetrain couple window shown in Figure 9

The example model we are building is fitted with a clutch, so select the clutch model
from the ‘Options’ drop down list box.

Drivetrain Couple - Clutch or Torque Converter [_ (O] =]
Factor Help
Option: .Ll

Speed Ratio: Torgue Ratio: Input Capacity: ﬂ

MNo. of Speed Ra-ti!:s.lb‘

Stall Speed (rpm)

e |

1
2
3
Stall Targue (Nm) 4
b
G
7

o o

Figure 9 — Drivetrain Couple Window — Clutch or Torque Converter Option

Populate the clutch data window by inputting the following example data into the appropriate
text boxes.
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Clutch Variables

Variable Description Example Data

Declutch Speed’ (km/h | Speed below which the clutch is decoupled 5.0
from the engine

Close the window by clicking on the exit button | in the top right hand corner

4.2
R The Torque Converter Lock-up and Torque Converter Idle options
M from the Driveline sub-menu are not required as we have chosen a
TCIdle clutch model
4.3
Final Drive

Selected Final Drive from the Driveline sub-menu, this will display
the final drive data window shown below in Figure 10

The example model we are building is a rear wheel drive vehicle so select the Rear -WD
option from the ‘Drive Type’ drop down list box.

Final Drive Data |

Drive Type:| Fear-ywD | S
Front'D)

Fear-/[D
Front'whed = o

Fear'Wheel Ineria [kg.mEj:lD.DDDD
Drive Shaft Inertia [kg.mEj:ID.DDDD
Frop =haft Ineria [kg.mEj:ID.DDDD
Final Drive Ratin:]0.0000
Final Drive Effy. (0 - 1]:|III.IZIIIIIIIIII

FD Efficiency Mode:| Fixed -]

Figure 10 — Drivetrain Couple Window — Final Drive Data

Populate the final drive data window by inputting the following example data into the
appropriate text boxes.

Final Drive Variables

Variable Description Example Data
Front Wheel Inertia The combined inertia of the wheel, tyre and 0.6
(kg.mz) rotating brakes etc. These are for a single
wheel. Two wheels are assumed to be fitted.
Rear Wheel Inertia The combined inertia of the wheel, tyre and 0.6
(kg.mz) rotating brakes etc. These are for a single
wheel. Two wheels are assumed to be fitted.
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Drive Shaft Inertia The rotary inertia of the axle/drive shaft. This 0.01
(kg.mz) is the total inertia if two drive shafts are fitted
Prop Shaft Inertia Total rotary inertia of the prop shaft. If not 0.05
(kg.m?) : fitted, set to zero.
Final Drive Ratio Final Drive Gear Ratio 3.55
Final Drive Efficiency | Maximum efficiency of the final drive used by 0.95
(0-1) transmission efficiency calculations
Final Drive Efficiency | The user may choose between two different Fixed
Mode efficiency models :

1. Efficiency fixed to maximum

2. Efficiency modelled as a function of speed

and load

Close the window and the Driveline sub-menu by clicking on the exit button | in the top
right hand corner

+
1|

Save the model.

Gearbox Data

-

is
H
2R Select the Gearbox menu. To enter or review data for the gearbox, select the
Gearbox Icon from the icon panel. Alternatively, select Data / Gearbox from the

main window menu bar or press F5.

This brings up the gearbox menu from which the user can select from the following sub-
window options:
— Specification: where gearbox transmission type and ratios are
Eﬂﬂ'h““ entered

SFIE!I:ifiEEltiEII’I Gear Losses: to enter detailed information on the system efficiency
Gear Loszes Shift Strategy: to enter information on the system operating strategy
: Cascade: to display a graphical representation of the drive force vs.
Shift Strategy Vehicle speed and road load
Cascade Gradability: A calculation tool to assess the vehicle’s capabilities on
» inclines.
Gradahility
Max. Speed: A similar tool to assess the Vehicle system’s maximum
hax. Speed Speed

| Select Specification from the Gearbox sub-menu, this will display the
gearbox specification window shown below. This window allows the user
to review the gearbox ratios, efficiencies and inertia’s

Specification
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| Gealhux Specification

Mumber of Ratios:lS— _L_f.j
Fatio Efficiency (0-1) | Inertia (Kg.mz) | Oweral Ratio ﬂ
Max. Input Targue (Nm):lD_.DED— &
Max. Input Speed (rpm):{0.0000 Gearl |0 o o
Efficiency:| Fixed j Gearz |0 o o
Geard |0 0 0
Update | Geardq |0 0 ]
Gearh |0 0 0
Gear b
Gear 7
Gear 8
Geard _JLI
4 »

Figure 11 — Gearbox Specification Window

Populate the final drive data window by inputting the following example data into the

appropriate text boxes.

Final Drive Variables

Variable Description Example Data
Number of Ratios This specifies the number of ratios in the 5
transmission. To initially set the number
change the number from zero to the required
number of ratios. This activates the
spreadsheet and allows entry of data for
each ratio.
Maximum Gearbox This sets the maximum gearbox input torque. 0.0
Input Torque This is used by the gearbox efficiency
(Nm) calculations. If 0.0 is used, the calculation
uses engine maximum torque
Maximum Gearbox This sets the gearbox maximum input speed. 0.0
Input Speed This is used by the gearbox efficiency
(rpm) calculations. If 0.0 is used, the calculation
uses engine maximum speed.
Gearbox Efficiency The user may choose between two different Fixed

Model

efficiency models :

1. Efficiency fixed to maximum (entered
value)

2. Efficiency modelled as a function of speed
and load using Lotus developed models.

System Data Spreadsheets

The spreadsheet on the right hand side of the gear specification window is used to enter data
for the characteristics of each gear ratio. The number of ratios in the model is set using the
gearbox ‘number of ratios’ data box.
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e Using Spreadsheets

Fatio Efficiency (0-

To manipulate data in a spreadsheet, for
instance in the gear specification window,
first ensure that a spreadsheet is available.

1| Inertia (Kg.m) | Cweral Ratio ﬂ

Gear1

Y Gear 2

Gear3
l Geard
Gearh
Gearf
Gear?

Gear B
Geard

= o o o o
SIS TS TS S

If not, then go to the number of ratios text
box and enter the required gear ratios

To copy a section of data, drag the pointer
across the section and with the area
highlighted, press the right button. This
calls a pointer pop-down menu to access
the copy option. Then moving to the
_Ij desired cell, select it and repeat the menu
: selection procedure choosing paste.

SEST TS e S

Figure 12 — Gearbox Specification Window

Populate the spreadsheet with the following example data, as shown in Figure 13 below:
The three variables for each gear are as follows:

Ratio: Specifies the ratio of input to output speed for each ratio.
Efficiency: Specifies the efficiency of each ratio as a fraction of 1.0.
Inertia: Specifies the rotational inertia of each ratio (kg.m?)

Overall Ratio:  This is the automatically calculated product of gear and final drive ratios

Ratio

Efficiency (0-11 | Inetia (kg.m2) | Oweral Ratio

Gearl (356
Gear? (2.6
Geard |[1.48
Geard (112
Gearh (0.8
Gear b

0.47 0.001 12,602
0.97 0.001 /.BBG
0.47 0.001 b.254
0.97 0.001 31976
0.47 0.001 3.1545

Figure 13 — Gearbox Specification Example Data

When you have finished entering this data close the gearbox specification window by clicking

on the exit button | in the top right hand corner

5.2

Gear Losses

=hift Strategy

Cascade

Gradahility

hax. Speed

The Gear Losses, Shift Strategy, Cascade, Gradability and
Max.Speed options from the Gearbox sub-menu are not required
for this model application. For more information on these
options consult the Data Modules section of the LOTUS
VEHICLE SIMULATION User’s Manual

Close the Gearbox sub-menu by clicking on the exit button | in
the top right hand corner
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Save the model.

i @

6 Engine Data

Select the Engine data -menu. To enter or review data for the engine, select the
Engine Icon from the icon panel. Alternatively, select Data / Engine from the main
window menu bar or press F6.

The engine data section forms the primary data screens for data entry to define the central

powertrain unit. The following sub-window options are available

Engine : Data for the I.C. Engine specification, inertia
and full-load performance.

““1Engine Ed Engine Scaling : Advanced tool to adjust engine
specification via scaling functions.
Engine
Engine Maps : Data window for full and part load fuel
Engine SI:EL”FIQ economy, emissions and engine operating condition.
|"-.-"|ELFI| Data Optimum: Tool to calculate optimum load-speed profile
to minimise any selected map parameter - can then be
Dptimum used to drive shift strategy.
Catalyst: Data window for catalyst light-off
Catalyst characteristics and emissions after-treatment efficiency.
Warm-Up Warm-up: Data window for engine-out emissions and
S fuel economy during warm-up phase and engine
Auxilaries acceleration.
Grid Analysis Auxiliaries: Data window for specification and load
; ; characteristics of powertrain mounted auxiliary devices.
Frimary Drive
Grid Analysis: Data window for creation of a zone
I_Inits system for cumulative analysis of vehicle system
operation across powertrain load-speed range.

Primary Drive: Data window for specification of engine
primary drive, inertia and efficiency.

Units: Window for selection of preferred displayed units

6.1
Engine . . o :
Select Engine from the Engine sub-menu, this will display the engine
data window, as shown in Figure 14, which is used to review or adjust
engine data
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Engine - (O] x|
Factor List Advanced Help
Engine Type:|l.C Engine | o g E!
Cycle Typed 4-Stroke =
Speed (rpm) BMEP (bar) ﬂ
Cormp P\atiD:ID.DD

o, of Wlinders:iﬂ
Bore (mm:|0.0000
Stroke (00000
Swept Val (11:]0.0000

lelle Speed (rpm):|0.0000
Maximurm Speed (rpm):iD.DDDD

Engine Inertia (Kg.m2):iD.IJDEID | _’lll

MNo. of Speeds:iﬂ

o~ =] || & | raf =

Figure 14 — Engine Data Window

Populate the engine data window by inputting the following example data into the appropriate
text boxes. All the input variables may not be required for a basic simulation, where this is the
case a * symbol is used in the example data table and the text box can be left blank (see the

LOTUS VEHICLE SIMULATION User’'s manual for more information)

Final Drive Variables

Variable Description Example Data
Engine Type Currently restricted to I.C. engine. IC Engine
Cycle Type 2 or 4-stroke types supported 4
Compression Ratio The engine compression ratio is only *

required for engine scaling functions
Number of Cylinders Total number of cylinders in engine up to a 4
maximum of 20
Bore (mm) Engine cylinder bore 80.0
Stroke (mm) Engine cylinder stroke 79.0
Swept Volume (l) The total engine swept volume is

automatically calculated from the bore,
stroke and number of cylinder inputs

Idle Speed (rpm) Engine minimum speed. 1000
Maximum Speed (rpm) | Engine maximum speed. 7500
Engine Inertia (Kg.m?) | Rotating inertia of engine - May be set to 0.08
Number of Speeds é?)r:cifies number of speeds over which 8

torque curve is detailed

We now need to specify the speed / load point for the maximum torque curve

Before we do this we need to change the load units from BMEP (bar)
Lnits to Torque (Nm) to match the example data To do this we need to go
back to the engine menu and select the Units option, This will display
the Units windows shown below:
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[
&

Speed Units| RPM =]
Load Units] TORQUE (NM) =]

Figure 15 — Units Window

Select the TORQUE (NM) option from the Load Units drop down menu. This will change the
units in the input spreadsheet on the engine data window (Figure 14). Close the Units window

by clicking on the exit button | in the top right hand corner

Return to the engine data window, notice that the EREeE D) Aatie Pl e

load units have now changed

J1EIEIEI 100

We can now populate the engine data spreadsheet with the following example data, as shown
in Figure 16 below. The three variables for each gear are as follows:

Speed (rpm): Specifies the engine rotational speed
Torque (Nm): Specifies the maximum torque a the specified engine speed

Speed (rpm) Torgue (Mm):
1 1000 100
2 2000 115
3 3000 122
4 4000 130
5 5000 134
B 6000 130
7 7000 123
8 7500 1z

Figure 16 — Engine Maximum Torque Curve Example Data

e Displaying the torque curve graphically

The torque curve can be displayed graphically using the graph icon at the top
L".-.": right of the window. Try the zoom, autoscaling, data pick and printing features
accessed from the pull-down menu at the top left of the graphic window.

Close the Engine Window by clicking on the exit button | in the top right hand corner
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Engine Scaling . . . . .
The remaining options from the engine menu are not required for this
kMap Data model application. For more information on these options consult
. the Data Modules section of the LOTUS VEHICLE SIMULATION
Cptimurm ;
User’s Manual
Catalyst
Wharm-Llp Close the Engine-menu by clicking on the exit button | in the top
S right hand corner
Auxilaries
Grid Analysis
Frimary Drive

You have now complete inputting information for the example model.

Hybrid Drive System Data and Driver Data

The remaining data modules ﬁ Hybrid Drive System Data and % Driver Data are
not used for this example. Information on these modules can be found using the
Online Help or consult the Data Modules section of the LOTUS VEHICLE
SIMULATION User’s Manua

+
==

| Save the model.

Data Checking

The previous sections have stepped you through each of the data modules, inputting example
data. We must now check that this data has been inputted correctly and all the values are
within the calibrated limits. We do this via the Data Checking Wizard

iT Select the Data Checking Wizard by clicking on the data checking wizard in the title
toolbar or directly through the menu item Tools / Data-check Wizard. This displays the
window shown in Figure 17

The data checking wizard provides a check on the validity the current data. A large number of
checks are performed and a list is given for each data section, of the number of

‘I /
xErrors, = Warnings = Comments Or if the data is OK '

For our example file the Data Checking Wizard identified 3 Warnings, these relate to
incomplete data input, but will not influence our model simulation
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"
o
=
"
=
F

Figure 17 — Data Checking Wizard Window

e ¢ Jumping to the Data Windows

l The data icons down the side of the data checking wizard can be used to open the data
window for that data module, by simply selecting the required icon.

Close the Data Checking Wizard Window by clicking on the exit button in the top right
hand corner

You are now ready to run a simulation
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Running an Acceleration Simulation

This section will describe the step by step process of running a WOT acceleration with our
new LOTUS VEHICLE SIMULATION model. For more information on the other simulation
types use the on-line help or consult you LOTUS VEHICLE SIMULATION user’s manual. This
section uses the solver icons we familiarised ourselves with at the start of this tutorial

[im@]@!

10 Calculation Set-up

[T
—I Select the Calculation Set-up window. This window is accessed using the
Calculation Set-up icon on the tool bar or through the Solve/Setup option from the
pull-down menus or press F9.

The Calculation Set-up window will appear as shown below

Calculation Setup
Optionz  Help

Simulation Bun - Typ
Fun TypelAcceleration :J @
Accel. Type| Steady Speed

tACCeleration
Emissions Cycle
Track Test

Figure 18 — Calculation Set-up Window — Run Type
Select the Simulation run type as Acceleration from the drop down menu. This will activate an
additional drop down text box for selecting acceleration type as shown in Figure 19

Calculation Setup
Optionz  Help

Simulation Run - Typ
Fiun TypelAcceleration ;l @
Accel. Type:

Launch Type; T

User Accel
In-Gear from Speed

Figure 19 — Calculation Set-up Window — Accel. Type
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Select the Acceleration type as Standing Start from the drop down menu. This will activate an
additional drop down text box for selecting acceleration launch type as shown in Figure 20

Calculation Setup E
Optionz  Help
Simulation Bun - Typ
Fun TypelAcceleration _'_l e
Accel. Type:l Standing Start _'_l
Launch Type|Slip Start ;l

Idle Start

Shift Schedul

4 | » [DefoultShift Schedule

Figure 20 — Calculation Set-up Window — Launch Type

Select the Launch type as Slip Start from the drop down menu.

Shift Schedule
- | [ iIDefauItShiﬁSchedule

The shift schedule panel at the bottom of the Calculation Set-up
Window is used to scroll through the gear shift schedules using the
arrow buttons. As no shift schedule was defined in the Gearbox data
module for this example, the default shift schedule will be used

e ¢ Default Shift Scedule

l The default shift map is purely based on engine rpm and tractive effort, in that gear shift
points are based on either the rpm limits of the engine, or the ability of a particular gear to
give the greatest acceleration level.

You have now defined the Simulation Run and its time to run the calculations.

11  Telemetry Window

Eﬁ—/‘t Select the Telemetry window. This window is accessed using the Solve Display icon
on the tool bar or through the Solve/Display option from the pull-down menus or
press F11.This will open the Telemetry window as shown in Figure 21. The Telemetry
window is used to graphically show, engine speed, gear, vehicle speed, the test cycle
and the engine load map via animation, as they vary throughout the simulation run
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#3 Calculation Run _ (O] =]
View Help

YELOCITY TIME HISTORY

2350

Zs0

210

YELOCLTY Chkm~h2

a =] 16 24 32 43 SE B4 Tz g0

40
TIME (S
ELAFSED CYGLE THE (5] ROAD SPEED [mph} EHGINE SPEED {RPH) ENGNE BHEF (RiR}

LOAD AP

1 3 5

100 3200 4400 6400 00D

ey | @

Figure 21 — Telemetry Window

To start the calculation select the calculate run icon. If the icon is not visible or is
‘greyed’ out then the calculation run set up has not been completed, return to the start
of this tutorial and check that you haven't missed any sections out. The icon is
displayed in the lower right hand corner of the calculation set-up screen, and also in
the top toolbar or the side panel depending on the data module set-up, it also is
located at the bottom of the calculation telemetry screen. The calculation can also be
started using the menu item Solve / Calculate from the main menubar or finally with
the ‘F11’ key.

Prior to running the calculation LOTUS VEHICLE SIMULATION activates the Data Checking
Wizard. A message box From Data-check Wizard (Figure 22) displays a summary of the
checks carried out by the Data-check Wizard. As you have already checked the input data,
click on the Ignore button to start the calculation sequence

From Data-check Wizard |
The fallowing were identified in the current data
0 Fatal Ermors
3Warings
0 Commentz

Uze D ata-check Wizard to view detailz
Betry | lgnare |

Figure 22 — From Data-check Wizard Message Box

Once the calculation has started the progress is identified on this Telemetry Window via
animated dials and graphical display.
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Displaying the Simulation Results

This section will describe a method of displaying our simulation results. For more information
on the other type of result interrogation use the on-line help or consult you LOTUS VEHICLE
SIMULATION user’'s manual. This section uses the results module icons we familiarised
ourselves with at the start of this tutorial

EEIET - =

When Lotus Vehicle Simulation calculations are performed it creates a number of results files,
the extensions of which identify the type of results file it is.

Text results files have the form * n.crs
Graphical results files have the form * n.grs
Time history results files have the form * n.vrs

Where; n is the Plot File Counter number which is incremented for each calculation, and the
" is the Test No. string which you entered in the Vehicle Data window at the start of this
tutorial.

Results File Viewer

i

Select the Results File Viewer. This window is accessed using the Results File
Viewer. icon on the tool bar or through the Results/Results Viewer option from
the pull-down menus. This will open the Results File Viewer. Window as shown in
Figure 23 The Result File Viewer is a scrollable text window that allows you to
load, read and print the text results files.

ﬁ Results File Viewer [_ O] ]
Help
Open
Fiirit

Print Font 2
Print Size 2

Load Current

Close

Figure 23 — Results File Viewer
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When a LOTUS VEHICLE SIMULATION solution is performed the result files are
automatically written but they are not loaded into the viewer. To view the text results select
the file option from Results File Viewer menu and select Load Current, as shown in Figure 23

= Heszults File Yiewer - C:\NPF\source\Carps\DatatTest1_2.crs

File Help
Vehicle Acceleration From Rest (Slip start) :J
Total Cycle Time . . . 0.0 =
Dizt Travelled (nom) . 34202 m
Dizt Travelled (nom) . 30420 km
Di=st Trawvelled (nom) . 2.125 miles
Hean Power Developed . g4 .40 L
Default Gear Shift Hap
Ho. of Gear Changes 3
Time to Spesd
MFH Time (=) FRatio:l RFH lem<h Time (=) ERatio:l RPN
0 - 10 = 1.197 3.5500 388, 0 - 10 = 0,744 3.5500 3688,
0 - 20 = 2.413 3.5500 320, 0 - 20 = 1.488 3.5500 3687
0 - 30 = 3.705 3.5500 581, 0 - 30 = 2,235 3.5500 3695,
0 — 40 = 5.313 2.1e00 4723, 0 - 40 = 3.041 3.5500 4875,
0 - 50 = 7442 2.1600 5902. 0 - 50O = 3. 846 3.5500 6089 .
0 - 60 = 9. 763 2.1600 072. 0 - 60O = 4 708 3.5500 7287
0o—- 70 = 13.137 1.4800 5626 0 — Y0 = f.044 2. 1600 5136 .
0 - 80 = 17.192 1.4800 6426, 0 — 80 = 7.378 2.1e00 5867,
0 — 90 = 22,077 1.4800 7222, 0 — 90 = g8.784 2.1e00 6596 .
0 — 100 = 30,655 1.1200 6058, 0 - 100 = 10,312 2.1600 7318,
0 — 110 = 45 276 1.1200 GeEZ. 0 - 110 = 12 514 1.4800 5493,
0 - 120 = 14 916 1.4800 5992,
0 - 130 = 17 536 1.4800 6488 .
0 — 140 = 20.474 1.4800 6985 .
0 — 150 = 24 034 1. 4800 7474 .
0 — 160 = 30.030 1.1200 6023 .
0 — 1%0 = 37 7.3 1.1200 6398
0 — 180 = 49 395 1.1200 6773,
0 - 190 = 78 381 1.1200 7146.

Time to Distance
Time (=) Ratio:1 REFH MFH lemh

400 H = 17 .5A54 1.4800 6493 .6 80.8 130.1
1-4 Hile = 17.6300 1.4800 6505 .1 81.0 130.3
Kilometre = 32.0052 1.1200 6130.7 i01.2 162.9
Hile = 44,8749 1.1200 6649 .6 109.8 176.7
Distance in Time
Distance in 3.0 =econds = 16.972 m
Distance in £ .0 =econds = 45 8315 m e
Gear Change Points
Diztance (n) Time (=) Ratio:l EFH HPH lemk
43 .7 4.8750 35500 7471 .9 384 61.7 ;I

Figure 24 — Results File Viewer — Load Current

Use this file to identify the 0-60 mph acceleration time of out example file (9.76 seconds)
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This completes Tutorial 1 - Building a LOTUS VEHICLE
SIMULATION Model

To summaries what you have learnt from this tutorial
e You have learnt how to start LOTUS VEHICLE SIMULATION

e You have familiarised yourself with LOTUS VEHICLE
SIMULATION

® You have inputted an example vehicle into LOTUS
VEHICLE SIMULATION using the Data Modules

e You have used the Data Checking Wizard to check the
validity of this input data

e You have run a Wide Open Throttle Acceleration
simulation for this example vehicle

e You have loaded the simulation results into the Results
file viewer and identified the 0-60 time for the example
vehicle






Tutorial 2 — Steady Speed Solver
Application

Overview

This tutorial takes you through an example model file and
uses the steady speed solver option to evaluate the fuel
economy impact of an engine coupled air conditioning unit

This chapter includes the following sections:

Opening an example *.car file, 32
View Selected Data Modules, 33

Running the steady speed solver, 38

Displaying the simulation results via:, 39

- Results Text File Viewer

Analysing the simulation results, 40
B An Alternative analysis Method — Batch Analysis, 41

This Tutorial takes approximately ‘2 hour to
complete
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Opening an example *.car file

For this tutorial we will be using a predefined *.car file for a 1.5 litre 4 door saloon fitted with
an automatic transmission, [filename: tutorial?.car |

Start LOTUS VEHICLE SIMULATION in the windows environment as previously described in
Tutorial 1.

Within the Startup Wizard select the Lotus Vehicle Simulation and Open an Existing .car
file options before selecting OK to continue

This displays the Open Existing file window as shown in Figure 25

fOpen ErsingFie B
[ Laok in: IaEhamples j il e
tutoriall.car

Tutanial?. car

' File name: ITutu:uriaI2.u:ar Open I
Files of type: | Sirmulation data files [*.car] 4 Cancel |

Figure 25 — Open Existing File Window

Select the tutorial2.car option from the \\lesoft\examples directory and click OK. This opens
the main Lotus Vehicle Simulation window,

% Lotus Vehicle Simulation - v3.10 - C:\Lesoft\Examples’Tutorial2. car

File Data Solwe Results Setup Took ‘Window Help

olalalalall ololic#s  =2alol= RN a2

Select Option From Menus or lcons

Figure 26 — Lotus Vehicle Simulation Main Window
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View Selected Data Modules

The data module icons on the left hand side of the main window now contain all the
information on the example vehicle. Click on these in turn to view this data

The following Data Module options contain data that is particularly interesting

Dyno Data

g

This window is accessed using the Dyno icon on the tool bar or through the
Data/Dynamometer option from the pull-down menus. The section is concerned with
the load vs. vehicle speed relationship applied by a chassis dynamometer for a
vehicle running on this type of test-bed. Selecting Dyno data displays the Dyno Data
window as shown in Figure 27

mﬂynu Data I

Optiun:an ;! g

Inertia Class:|1 250.0000 &
A {N:| 345.0000
B x Vel. (M/rmys):|0.0000e+000
Cx Vel =2 (N/m=2/s*2):|8.0000e-002

Figure 27 — Dyno Data Window

Driveline Data

'J'l This window is accessed using the Driveline icon on the tool bar or through the
Data/Driveline option from the pull-down menus or press F4. This action will call
into view the driveline sub-menu, which provides access to the various driveline
data-windows.

TC/Clutch Selecting TC/Clutch from the Driveline sub-menu, this will display the
Drivetrain couple window shown in Figure 28
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Dlivellain Couple - Clutch or Torque Converter |- O] <]
Factor Help
e u
Option:lT.Convener Ll
Speed Ratio: Torgue Ratio: Input Capacity: ﬂ
Declutch Spd {Isrﬂjh}.iw
1 0 2.28 233
No. of Speed Ratios:|11 z o 21z 234
Stall Speed (rpm):2122 9163 3 oz 196 236
Stall Torque (Nm):31.0356 4 03 1.8 238
5 0.4 1.64 241
Update | B 18] 1.48 248
7 0.6 1.32 25.8
i 07 116 271
9 0.8 1 29.3
10 04 1 374
1 1 1 10aa
i o

Figure 28 — Driveline Couple Window

We have already investigated this window in Tutorial 1, but this time the option drop down list
box shows that the torque converter option has been selected. This option activates the
spreadsheet on the right hand side of the window, which contains the data required to model
the torque converter.

For more information on the format of the torque converter data, use the on-line help @
For the theory associated with this data module investigate the theory section of the on-line
help

TCLockup | Selecting TC Lock-up from the Driveline sub-menu, will display the
Torque Converter Lock-up window shown in Figure 29

quue Converter Lock-up !EE
Functions Help
¢ L
Load UnitS:IFueI Consurnption LI Lock Up: Laock Off: =
Speed Units:IEngine Speead (RPM) j Gear 1 E000 6000
Gear 2 3200 3200
logd————— Gear 3 2050 2050
Fradion:h.DDDD Gear 4 1400 1400
Gear s i
| Nototl ] . :

Figure 29 — Torque Converter Lock-up Window

Modern automatic transmission typically employ some form of torque converter lock-up
strategy to improve efficiency.The lock-up strategy is defined as a set of lock-on and lock-off
points defined in terms of any map variable vs. speed (Various speed variables are
available) for a range or load fractions (up to 10). This data is shown in the spreadsheet on
the right hand side of the Torque Converter Lock-up Window,
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il Selecting TC Idle from the Driveline sub-menu, will display the Torque
Converter Idle window shown in Figure 30.

Turque convertor |dle Speed i

ldle Mude:lNDrmal _'_! Lo

Speed Bat
Idle Speed (rpm):350.0000
Idle Cornw Targue (Hm):14.5943
Idle Canv BMEF (bar):1.2467
ldle Fuel Flow ig/h):1 3238359

]

1:{0.0000

Figure 30 — Torque Converter Idle Speed Window

The Torque Converter Idle Speed window is used to set the torque idle strategy. This is
concerned with the operation of the Torque Converter during periods of zero power
transmission. There are three options accessed using the ‘Idle Mode’ pop-down menu in the
window. For the example file being used in this tutorial Normal Idle has been selected. In
Normal idle mode the gearbox remains in drive and the window shows the attributed engine
parameters for this condition.

Gearbox Data

-
w
wn

2R Select the Gearbox menu. To enter or review data for the gearbox, select the
Gearbox Icon from the icon panel. Alternatively, select Data / Gearbox from the
main window menu bar or press F5.
=hift Strate gy |

| Select Shift Strategy from the Gearbox sub-menu, this will display the
gearbox shift strategy window shown below.

[ Gear Shift Strategy
Functions Help
Optlon:IOn v! hap Iabel:;ECDn—Map & | e
Load Units:l Fuel Consumption _'_! Shift Mode:IFDrced %
Map———
A4 NoTofl e Speed Units{Foad Speed (kmjh) = Kick Diown|On ~
Gear1 Gear 2 Gear3 Gear 4 Gearh Gearb
Load
Fraction:[0.7600 Change Dawn |0 g 20 40
ﬂ Mo, dof10 ﬂ Change Up |12 26 65 170
N

Figure 31 — Gear Shift Strategy Window
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In tutorial 1 a default shift strategy was used. To mimic gearbox shift operations a shift
strategy map is entered as an array of change up and change down data for each gear ratio
across a 2-D map of a speed variable vs. a load variable.

e Displaying the Shift Strategy graphically

The shift strategy can be displayed graphically using the graph icon at the top
Lﬁi right of the window. Try the zoom, autoscaling, data pick and printing features
accessed from the pull-down menu at the top left of the graphics window.

Eear Shift Strategy Graphics
Wi
- GEAREBOX SHIFT STRATEGT
= ] P | I
E : : I v |
]
1
= |
5 5 N
E R |
|
|
=
= o PSSR A E0 o 5.=-EE'.:. o 1=o 1o 1eo 1eo
Figure 32 — Gear Shift Strategy Graphics Window
Engine Data
Select the Engine data -menu. To enter or review data for the engine, select the
Engine Icon from the icon panel. Alternatively, select Data / Engine from the main
window menu bar or press F6.
hap Data Select Map Data from the Engine sub-menu, this will display the engine

map data window shown in Figure 33 This window is designed to permit easy entry of data for
the engine fuel economy, emissions and operating characteristics over the load-speed range.

The data shown in Figure 33 is a engine speed / BMEP map of fuel consumption data, with
units of grams/kWhr. For more information on engine maps consult the on-line help, via the
Help icon or using the relevant menu option
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[ Engine Map Data | 8| B 25|52 | =
Functions  Help
Optiong] On - Map Typei|Fuel Consumption Fuel 5.G: W 1&1
Magp Units] gms ko hr CalorificValue (kjkg) [0 0000 |
Scale: W @

No. of Speeds:|16 No. of Loads:|12

Owverrun

e mEE]

Leleldl«

Map: Owerruny User Defined

4| Notoit |

Speed (pm)

EB?ED 5729 5041 406.7 3553 kil 3663 3755 4053 4402 477

59300 8163 4821 38 3401 3131 2941 33 3201 3471 3742 40
47810 748 4619 374 313 299 292 286 286 298.9 326.1 3831
38660 (a3:li] 449 367 a3 289 274 270 2648 2701 289 insg
38510 BB31 4351 353 239 292 2789 270 2649 270 286 300
37010 748 476 367 306 2321 286.1 2789 2649 265 2731 293
37980 746 476 353 313 249 2859 2769 2nsg 265 286 i3
38740 680.1 449 367.2 3189 N3 2919 2789 279 286 N3 k]
38710 B&3 449 3 340 326 3261 3400 326 326 313 3
38720 748 8172 4073 3939 374 347 353 340 328 319 313
54780 783 633 544 476 435 394 367 360 383 340 333
68290 522 789 5651 4891 476 426 421 4m 3 367 kil
79760 1292 8161 639 530 5169 476 462 449 408 394 408
91160 1400 656.2 B6B 612 544 6029 476 469 442 428 442
91200 1498 9521 B323 BEB.1 5981 544 530 478 478 476 456
93500 1877 a8z.8 7109 6726 600.3 5438 526.9 4727 4707 469 436.7

Figure 33 — Engine Map Data Window

Alxilaries

Select Auxiliaries from the Engine sub-menu this window allows the user
to enter and review information for any auxiliaries used in the powertrain system. These may
be units such as Power-steering pumps, air-conditioning compressors or generators, mounted
at some point in the system and being directly driven through some form of gearing.

The auxiliary option is turned on and off using the drop down list box, as shown in the top left
corner of Figure 34. An auxiliary load is defined as a series of speed / torque points, the
required power being calculated via the update button

Engine Auxilaries |_ O]

Functions  Help

Option:IOn v| Augxilary Label:iAIR—CON & Lﬁi

ATTRITET Speed (rpm) Torgue (Mm) Pawer (lw) ﬂ
A4 MNotofl  w|

1a00 1513 1.5845
£000 1813 9.5068

bounting Pos:lEngine _:I
Ay Drive Ratio:;mﬂﬂﬂ—
Aux. Rot. Inertia:;D.DDm—
MNa. DfSpeeds:;Z—

Update |

| e || raf =

Figure 34 — Engine Auxiliaries Window
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Running the Steady Speed Solve

This tutorial has been designed to demonstrate the influence of an auxiliary load on engine
fuel consumption. This influence is quantified using the steady speed solver option and the
Auxiliaries Engine sub-menu option

Generate the required data using the following 12 point test matrix

Vehicle Speed 10, 40, 60, 80, 100, 140 km/hr Air Conditioning Auxiliary unit ON
Vehicle Speed 10, 40, 60, 80, 100, 140 km/hr Air Conditioning Auxiliary unit OFF

Calculation Set-up

el
—I Select the Calculation Set-up window. This window is accessed using the
Calculation Set-up icon on the tool bar or through the Solve/Setup option from the
pull-down menus or press F9.

The Calculation Set-up window will appear as shown in Figure 35 select the steady speed
solver, with a shift option of Set Shift Schedule and Speed. Then select speed units of km/hr
and enter the first speed value of 10 km/hr

Calculation Setup I
Optionz  Help

simulation Bun - Type

Fun Type:|Steady Speed _*J
shift Options:| S et Shift Schedule and Speed _*J
speed Units:{ Speed km/h _*J

speed ‘v’alue:lm

Shift Schedule

a > |IE|:|:|n—h=1a|::|

Figure 35 — Calculation Set-up Window
The shift schedule panel at the bottom of the Calculation Set-up Window is used to scroll
through the gear shift schedules using the arrow buttons. The shift schedule defined in the
Gearbox data module for this example, is Econ-Map.

Ensure the AIR_CON auxiliary is switched on in the Auxiliaries - Engine sub-menu

To start the calculation select the calculate run icon, ignoring any data checking
comments or warnings. Unlike tutorial 1, the telemetry screen is not opened so as
to increase simulation speed

® Thisisrun 1 of 12
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Displaying the Simulation Results

To obtain the fuel consumption data for this simulation run use the Results File Viewer as in
Tutorial 1

Results File Viewer

Select the Results File Viewer. This window is accessed using the Results File
Viewer. icon on the tool bar or through the Results/Results Viewer option from
the pull-down menus. This will open the Results File Viewer. Window as shown in
Figure 36. Load the current results and scroll down to the bottom of the file

= Hesults File Viewer - C:\Lesoft\Examples\at3 5. crs
Fil=  Help
1. .51 AUTOMATIC
ECONOMY STUDY
RESULTS
Road Speed .. . 10.0 kmsh
Total Cycle Time . . 290.0 =
Di=st Trawelled (nom) . 832.5 m
Di=t Trawelled (nom) . 0.832 km
Di=t Trawelled (nom) . 0.517 miles
Mean FPower Developed . 3.39 kw
T=zer Specified Shift Hap Econ—Hap
Ho. of Gear Changes 0
Fusl Consumption from Hap . . 1
Litres per 100 km. . . 17.399 Em per Litre . . . . . 5.747 kw1l
Miles per Imp.Gallon . 16.24 mpg Miles per US Gallon. . 13.52 mpgls
Gram=z per Test . . . . 108 636 g
Grams per KM . . . . . 130.494 g-/km Grams per Mile . . . . 210.010 grmil
Mean Consumption . . . 1348 .58 g-h Mean Spec. Consumption. 397 .35 gskw.h
COyerall Cyocle Efficiency 21 572 X
1

Figure 36 — Results File Viewer Window

Read off the Fuel Consumption from Map... 1, Litres per 100km value

17.399 1/100km
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Analysing the simulation results

Repeat this simulation for all 12 point of the test matrix — completing the tables below. The Air
CON auxiliary is turned off via the Auxiliaries - Engine sub-menu

Fuel Consumption
Vehicle [litres/100km]
Speed

Air Con ON | Air Con OFF

10 km/hr

40 km/hr

60 km/hr

80 km/hr

100 km/hr

140 km/hr

Plotting these values, shows a 20% increase in fuel consumption, across the vehicle speed
range for operation with air conditioning on.
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An Alternative Analysis Method — Batch Analysis

To solve the 12 point test matrix requires 12 individual steady speed simulation runs. The
following approach uses one of the built-in LOTUS VEHICLE SIMULATION tools to produce a
BATCH Simulation, to speed up analysis time

IThe batch analysis option allows the user to define a series of different tests that can
be run in one go without the need to redefine the test settings between tests. The results can
be selected from either the ".crs' file variables or the '.grs' file variables. The grs results can
further be requested at either the end of the cycle, at a user selected time, a user selected
distance or a user selected velocity during the cycle. A number of different results can also be
defined for each test case.

The results are listed into a scrollable text widget, the contents of which can be printed or
saved to a file.

The solution settings for each batch test are defined using the normal style calculation setting
buttons, the displayed settings being updated for each test as you step through the tests.

| £% Batch Analysis ]

:File Solve Text Help

Mo of Funs [6 «| HNoGofs  »

Test 1: Steady Speed Simulation (User defined Shift map and speed)
Foad Speed  10.0 km/h
User Shift Map 1

Fuel consumption (g) (sum) (at end) = 108.63595

Simulation Run - Type far Batch Run B

Test 2: Steady Speed Simulation (User defined Shift map and speed)
Foad Speed  40.0 km/h
Uszer Shift Map 1

Fuel consumption (g) (sum) (at end) = 217.00002

Bun Type|Steady Speed
Shift Options:| Set Shift Schedule and Speed
Speed Units:| Speead kmth

Speed Value‘|14ﬂ i} Test 3 Steady Speed Simulation (User defined Shift map and speed)
Foad Speed  60.0 km/h
User Shift Map 1

I |

Shift Schedule Fuel consurnption (o) (surn) (et end) = 240.37178
- > |[Econ-hiep Test 4 Steady Speed Simulation (User defined Shift map and speed)

Foad Speed  80.0 km/h
User Shift Map 1
Fuel consurnption {g) (surn) (ot end) = 754.88230

Results for Batch Run b Test b Steady Speed Simulation (User defined Shift map and speed)
Foad Speed  100.0 km/h
Na. off Results [i | Notoft  w| o [Fond S ap |
& grs results  cors results Fuel consumption (g) (sum) (st end) = 1219.5738
FUEL COMSUMPTION (G) (SUR) j

Test b Steady Speed Simulation (User defined Shift map and speed)

Foad Speed  140.0 kmth
& Display at End " Display at Time ngrSh?ﬂehiap1 "

© Display at Velocity  Display at Distance Fuel consumption (g) (sum) (at end) = 1175.7945

Time Yalue (5) ID.DDDD

Using the Batch Analysis tool requires only two batch simulations to complete the test matrix,
one with the air conditioning turned ON and another with the air conditioning turned ON
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This completes Tutorial 2 — Steady Speed Solver
Application

To summaries what you have learnt from this tutorial

B You have investigated some additional data modules
within the example *.car file

® You have run a test matrix of steady speed solver runs,
viewing the results via the Results Text Viewer.

B You have analysed these results to access the impact
of an air conditioning unit power requirements on fuel
economy

B You have used an alternative analysis method — Batch
Analysis



Tutorial 3 — Acceleration Solver Application

4

Overview

This tutorial takes you through two example model files and uses
the acceleration solver option to evaluate the improvement in
acceleration performance when turbo-charging an example
naturally aspirated vehicle.

This chapter includes the following sections:

Opening an example *.car file, 43
Running the Acceleration Solver, 45
Calculation Set-up, 45

Display the Simulation Results, 46

An Extension to the Batch Analysis Approach, 48
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Opening an example *.car file

For this tutorial we will be using a predefined *.car file for a 1.6 litre 2 door sports car fitted
with a manual transmission, [filename: tutorial3a.car ] We will also later use the turbo-charged
variant of the same vehicle, [filename: tutorial3t.car |].

Start Lotus Vehicle Simulation in the windows environment as previously described in Tutorial
1.

Within the Startup Wizard select the Lotus Vehicle Simulation and Open an Existing .car
file options before selecting OK to continue

This displays the Open Existing file window as shown in 37
lopen ExistingFle @M

Loak in: IEEHamples j gl IE

tutariall.car
| butanial2.car

Etorialiaca
butornial3t. car

. File name: ItutoriaIEa.car Open I
Files of bype: ISimuIation data files [*.car) j Cancel |

Figure 37 — Open Existing File Window

Select the tutorial3a.car option from the \lesoft\iexamples directory and click OK. This opens
the main Lotus Vehicle Simulation window. As in the previous tutorial the individual data icons
can be used to view the data associated with each Data Module. For this tutorial the data we
are most interested in is the engine data.

Engine Data

Select the Engine data -menu. To enter or review data for the engine, select the
Engine Icon from the icon panel. Alternatively, select Data / Engine from the main
window menu bar or press F6.

Engine Select Engine from the Engine sub-menu, this will display the engine

data window, as shown in Figure 38, which is used to review or adjust
engine data.

This shows for the N.A. version a peak BMEP value of 10.75 bar at 4600 rpm.

The notepad editor icon on this display can be used to view the engine data in a number
of different units. This can be useful for entering engine performance data in units other
BMEP or Torque. If this approach is taken then the ‘file / close save changes’ option should
be used.
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Engine

Factor List Advanced Help

Engine Type:|l.C Engine

Cyele Typedl 4-Stroke

|4 || «

Cornp Ratig:[10.00

45

M=l B3

© a

Mo, of Wlinders:|4

8

Bore (mm):{30.0000

g

Stroke (mrm):|75.0000

10

SweptVal ():[1.5664

1

12

|dle Speed (rpm):|1 000.0000

13

Maximurm Speed (rpm):I?EDD.DDDD

14

Engine Inertia (Kg.m2):|0.0820

Mo, DfSpeedS:|19

Ll—i'—?

Speed (rpm) BMEF {khar)

3800 10.21
4200 1055
4600 1075
L000 10,58
5400 1055
5800 10.44
G200 1017
FRON n

-
_

Figure 38 Engine Data — N.A. derivative

Running the Acceleration Solver

This tutorial has been designed to demonstrate the influence of engine power on overall

vehicle performance. In a similar way to the previous tutorial we will run a number of
simulations to complete a matrix of results for the two engine variants.

The required results are;

0-60 mph, 0-100 mph, 0-100 kmh, Vmax (at tolerance), time to % mile , 40-50 mph in 3™
gear and 90-100 mph in 4" gear.

Calculation Set-up

[T
—I Select the Calculation Set-up window. This window is accessed using the
Calculation Set-up icon on the tool bar or through the Solve/Setup option from the
pull-down menus or press F9.

The Calculation Set-up window will appear as shown below select the acceleration speed
solver, with an Accel. Type of ‘Standing start’ and a Launch Type of ‘Slip Start’. Set the Shift
Schedule option to ‘Default Shift Schedule’.

Calculation Setup
Optionz  Help

Simulation Fun - Type

Fun Type:

Acceleration

Accel. Type:

Standing Start

Launch Type:

Shift Schedule

Slip Start

- > |Defau|t5hiﬂ Schedule
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Start the calculation using the ‘calculate run icon’, this run will provide us the answers to the
first five results.

Displaying the Simulation Results

To obtain the acceleration data for this simulation run use the Results File Viewer as in
Tutorial 1

Results File Viewer

Select the Results File Viewer. This window is accessed using the Results File
Viewer. icon on the tool bar or through the Results/Results Viewer option from
the pull-down menus. This will open the Results File Viewer. Window as shown in
Figure 39. Load the current results and scroll down to the bottom of the file.

il Bl Besults File Viewer - C:\Lesoft\ela_7 crs
* File Help

Mo, of Gear Changes 4 -]

Timeto Speed
MFPH  Time (s) Ratio:1 RPM kmfh Time (5] Ratio:l  BPM
0-10= 0.891 33330 4596. 0-10= 0551 33330 4534
0-20= 1.802 33330 4595 0-20= 1111 33330 4596
0-30= 2878 33330 B377. 0- 30= 1678 33330 4582
0-40= 4423 19760 4340 0- 40= 2305 33330 5292
0-50= 6.293 19760 B045. 0- 50= 3.001 33330 GEOZ.
0-B0= §354 19760 7245 0- 60= 3941 1.9160 4512
0-70=11.305 1.3330 5860. 0- 70= 5.067 1.9160 5262
0-80= 14757 13330 BBY3. 0- 80= B.236 1.9160 G011
0-90= 18915 13330 7522 0-80= 7484 19160 &B757
0-100= 25959 1.0270 6430 0-1700= B.842 1.9760 7497
0-110= 36096 1.0270 7070. 0-110=10.783 1.3330 B7ZZ.

0-120= 12818 1.3330 &240.

0-130= 15049 1.3330 BV6E.

0-140= 17537 1.3330 7274

0-150= 20979 1.0270 5994

0-160= 25430 1.0270 B39Z.

0-170= 31.076 1.0270 &791.

0-180= 38622 1.0270 71849

0-190= 53314 1.0270 7583

Tirme to Distance
Time (=) Ratiol RPM MFH  km/h
400k = 164945 1.3330 70658 845 1360
14 Mile = 165863 1.3330 70785 846 1362
Filametre = 304376 1.0270 6750.0 1050 169.0
kAilm = 428078 10270 73478 1144 1840 LI

Figure 39 — Acceleration Results, NA variant

Read off the acceleration times;

0-60 mph 8.354 s
0-100 mph 25.959 s
0-100 kmh 8.842 s
Ya mile 16.556 s
Vmax (at tol) 118.37 mph
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Go back to the Calculation Set-up window and change the acceleration type to be ‘In-Gear’,
Select gear number 3 and re-run the analysis. In the same way as above extract the required
result for 40 — 50 mph in 3" gear, in this case 2.8206 s. Repeat the previous in-gear analysis
for 4™ gear and extract the required result, 90 — 100 mph in 4" gear.

The results can now be entered into the table below for the NA variant.

Acceleration Time (s) or

Acceleration Speed (mph)
Result N.A. Turbo
(tutorial3a.car) | (tutorial3t.car)
0 — 60 mph
0 — 100 mph
0 - 100 kmh
Ya mile

Vmax (at tol)
(mph)

40 — 50 mph
in 3" gear
90 — 100 mph
in 4" Gear

Now load the turbocharged model variant, tutorial3t.car. Use the data Icons to review the
engine data. Note that this model has a peak BMEP figure of 15.77 bar and a maximum
power of 165 bhp compared to the peak power of 121 bhp for the NA variant. You will also
notice a number of other changes between the two models, the most relevant of which is the
maximum engine speed was dropped to 7000 rpm for the turbocharged engine.

You will have noticed that the Vmax results are given for both the end of the run and at the
acceleration tolerance point. This was introduced for two reasons, firstly it clearly identifies
whether a vehicle has achieved its maximum velocity within the defined cycle time, (default
length 80 seconds for an acceleration run but can be reset via the calculation set-up window
under the menu option ‘Options / Settings’), and secondly it allows a method of defining time
to Vmax. The tolerance used for identifying Vmax can be changed by the user in the same
way as identified for the run time above.
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Repeat the three analysis runs previously performed for the NA variant with the new
turbocharged model, record the answers and complete the table. The chart below
summarises the results, and highlights the reductions in acceleration times of up to 33%
achieved with the increased engine performance.

@ N.A. @ Turbo

Time (s)
o

5 l
0 -
0-600 mph 0-100 mph 0-100 kmh Ya mile 40-50 mph 3™ 90-100 mph 4th

Run Type

An Extension to the Batch Analysis Approach

Again as identified in the previous tutorial the Batch analysis approach could be used to
perform the required analysis in one job submission per vehicle. Users need to be aware that
the setup for batch runs are stored in the users ini file, thus next time the application is started
the previous settings for the batch runs are restored. Hence the ini file can be used as a
means of storing/retrieving different batch set-ups by using the menu options ‘file / save ini
file’ and ‘file / load ini file’.
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This completes Tutorial 3 — Acceleration Solver
Application

To summaries what you have learnt from this tutorial

B You have investigated some of the alternative
acceleration solver options

m  You have run a test matrix of acceleration solver runs,
viewing the results via the Results Text Viewer.

B You have analysed these results to access the impact
of engine performance on overall vehicle performance.






Tutorial 4 — Emissions Cycle Solver
Application

Overview

This tutorial takes you through an example model file and uses
the cycle solver option to evaluate the improvement in tail pipe
emissions achieved with the addition of a chosen catalyst.

This chapter includes the following sections:

Opening an example *.car file, 52
Running the Emissions Cycle Solver, 54
Calculation Set-up, 54

Display the Simulation Results, 55
X-Y Results Plotting, 56

Use of the Parametric Analysis Tool, 58
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Opening an example *.car file

For this tutorial we will be using a predefined *.car file for a 1.6 litre low emissions example
vehicle fitted with a manual transmission, [filename: lev.car ].

Start Lotus Vehicle Simulation in the windows environment as previously described in Tutorial
1.

Within the Startup Wizard select the Lotus Vehicle Simulation and Open an Existing .car
file options before selecting OK to continue

This displays the Open Existing file window as shown below

fopen ExistingFle —————— @H]|
i Laak in: IEEHamples j il IE

[ tutariall.car
| butarial2.car
tutarial3a, car

butonial3t. car

tutonald. car

' File name: Itutorial4.car Open I
Files of bype: ISimuIation data files [*.car) j Cancel |

Select the tutoriald.car option with the \\lesoft directory and click OK. This opens the main
Lotus Vehicle Simulation window. As in the previous tutorial the individual data icons can be
used to view the data associated with each Data Module. For this tutorial the data we are
most interested in is the engine data.

Engine Data

Select the Engine data -menu. To enter or review data for the engine, select the
Engine Icon from the icon panel. Alternatively, select Data / Engine from the main
window menu bar or press F6.

Iie]y B Select Map Data from the Engine sub-menu, this will display the engine

map data window, as shown below, which is used to review or adjust the
map data.
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Engine Map Data [_[Of=]

Function: Help
Option:IOn 'l Map Type:HC Emissions Fuel S.G:ID.?SDD g
Calorific Walue (kj,-"kg):lélZDDD.DDDD

Map Units:] grs/kwhr
Map——— Owerrun:| User Defined Scale:|1.DDDD @
| No.zoftd |
Mo, DfSpeeds:IM Mo, of Loads:|12
Speed (rpm) | Owerrun 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ G ‘ 7

eniee oo | | N N 2 -
1 11.33 £.29 5.4 4511 3.96 355 315 3

? TETMT 931 Fi1hR R 321 411R 373 127 3109 Pl
»

(N[N |

-

NI

Screen Shot of Map Data

The data can also be viewed as a series of contour plots using the graph icon.

Engine Map Graphics Hi=] E3

Wi

EMNGIME MAF DATA

13

gt
S

z |
! S, ON
L D= NI
%%%i\géﬁé

[} 1o0o0 =Oooo Sood = oco
ERMEIRHE =SFPEEDQ < RFMZ>

Example HC Emissions Map

This model already has a catalyst included in it. You should review the data associated with
this component and the technique employed to define the individual overall efficiencies for HC
Nox and CO as well as the warm-up characteristics for each.
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Eatalyst |
Clptin:un:IDn j LS E
bz, Cat Effy Time to hax Effy (5] Warming Time (s)
HC:{0.9500 |100.0000 |20.0000
MNO:{0.9500 |80.0000 |20.0000
C0:{0.9600 [120.0000 |20.0000

Catalyst Modelling Data

Running the Emission Cycle Solver

This tutorial has been designed to demonstrate the influence of a catalyst on overall vehicle
emissions, with particular reference to the warm-up portion of an emissions cycle. We will run
two basic vehicle specifications to assess the reduction in emissions levels due to the addition
of a catalyst and then additional runs to review the impact of changing the catalyst warm-up
properties on total emissions.

The required results are;

Hydrocarbon Emissions (g), Nox Emissions (g), CO Emissions (g). Both with and
without the catalyst.

Calculation Set-up

[T
—I Select the Calculation Set-up window. This window is accessed using the
Calculation Set-up icon on the tool bar or through the Solve/Setup option from the
pull-down menus or press F9.

The Calculation Set-up window will appear as shown below, set the run type as ‘Emissions
Cycle’, with an Origin. Type of ‘USA’ and a Test Name of ‘Federal FTP 75 Drive Cycle’. Users
who are not familiar with the nature of this cycle should run the program with the telemetry
screen displayed to see the nature of the cycles velocity time history.

Calculation Setup |
Optionz  Help

aimulation Bun - Type

Fun Type|Emissions Cycle j
Origjin US4 -

Test Name:|Federal FTF 75 Drive Cycle

Shift Schedule
4 | > |[Default Shift Schedule
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Start the calculation using the ‘calculate run icon’, this run will provide us the answers for the
emissions results. (note that this is just one of a number of ‘standard’ cycles available within
the application, whilst the user can define any other required ‘non-standard’ cycle using the
cycle builder tool).

Displaying the Simulation Results

To obtain the emissions data for this simulation run use the Results File Viewer as in Tutorial
1

Results File Viewer

Select the Results File Viewer. This window is accessed using the Results File
Viewer. icon on the tool bar or through the Results/Results Viewer option from
the pull-down menus. This will open the Results File Viewer. Window as shown
below. Load the current results and scroll down to the bottom of the file.

B Results File Viewer - C:\LesoftMey_12 crs

" File Help
[
Hydrocarbon Emissions from Map 2
Grams perTest.... 32101 g
Grams perkM .. ... 1.810 gfkm Grams perMile ... 2913 g/mil
bean Emissions ... B160g/h Mean SpecEmissions. 1490 gfkwh
Weighted Results . ..
Grams perkh .. ... 1.873 gfkrn Grams perbile ... 3.014 gfmil
Fost Catalyst .. ..
Grams perTest.... 4405qg
Grams perkM . ... 0.248 gfkm Grams perbile ... 0400 g/mil
bean Emissions ... 845 g/h Mean SpecEmissions.  2.04 gfkwh
Post Catalyst Weighted Results.
Grams perkh ... .. 0.284 gfkm Grams perbile ... 0457 g/mil
MOx Emissions fromMap ... 3
Grams perTest.... 31.003g
Grams perkh .. ... 1.748 gfkrn Grams perbile ... 2.813 gfmil
bMean Emissions ... 5949 g/ Mean SpecEmissions. 14.39 gflkw.h
|| WWeighted Results . . ..
il GramsperkM .. ... 1.708 gfkm Grams perbile ... 2749 g/mil
| PostCatalyst ...
Grams perTest.... 1.474q
Grams perkM ... .. 0.083 gfkrn Grams perMile ... 0,134 gfmil
hean Emissions ... 283 g/h Mean SpecEmissions. 063 gfkw.h
Fost CatalystWeighted Results.
Grams perkM . ... 0.092 gfkm Grams perMile ... 0.149 g/mil
COEmissions fromMap ... 4
Grams perTest.... 84737 g
Srame nar khd A 777 ol Grame ner bdila 7 RAR il ;I

Read off the post catalyst grams per test emissions results;

HC 4.405 g
NOx 1.474 g
C09.075¢




56 Getting Started Using Lotus Vehicle Simulation

Tutorial 4 — Emissions Cycle Solver Application

To get the results for a model without a catalyst we could either go to the ‘Catalyst’ data
section under the engine module and set the option to ‘off’. Alternatively if we examine our
existing results listed above the post catalyst results are the pre-catalyst values. Thus we can
simply extract the results from the same file;

Read off the pre catalyst grams per test emissions results;

HC 32.101 g
NOx 31.003 g
CO84.737 g

X-Y Results Plotting

Before reviewing the impact of catalyst properties on post catalyst emissions we will look at
ways of cross plotting cycle varying properties. These values are stored in the ‘grs’ file
created during each run, this file is different to the ‘crs’ file that is displayed in the text viewer
which contains cycle averaged values.

ﬂ Open the grs x-y graphical display using the ‘Results Graph’ icon. Load the latest grs
results file using the ‘Load Current (exclusive) menu option. We then need to define the
required results we wish to plot. Select the X-Axis as Time (sec), set the ‘Y-axis 1’ as ‘Post
CAT HC Emissions (G) (Sum), set the “Y-axis 2" as ‘HC Emissions (G) (Sum)’, set the ‘Y-axis
3’ as ‘Post CAT HC Emissions (G/S)’ and finally set the ‘Y-axis 4’ as ‘CAT HC Emissions
(G/S), (see diagram below).

| ¥ Specify Graph |
| Indlivicual Overlay | single |« Paticfeo
Autoscale | Eefresh Alphab Y

W-dxis | TIME (SEC)

Vemxiz 1 |POST AT HCEMISSIONS (G) (SUM)
Vemxis 2 |HCEMISSIONS (G) (SUM)

Vemxis 3 |POST CAT HC EMISSIONS (G/S)
Vemxis 4 |HCEMISSIONS (G/S)

I | I K |

To assist in locating the required output select the ‘Alphab’ button, this arranges the available
options into alphabetical order. Note that you can also pre define up to 20 different plots, the
settings for which are saved to the ini file. You jump through either using the ‘arrow’ icons or
by directly selecting the plot number from the pull down menu options.

To view the graphs select the ‘autoscale’ button to ensure that the whole plot is visible. You
should compare the outputs to confirm the function of the catalyst in the suppression of tail
pipe emissions, and note the initial period of the cycle before the catalyst has reached
temperature where the post catalyst start by matching the pre catalyst values then
subsequently diverge.
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Results Graph for HC Emissions

To assess the impact of the catalyst properties on the overall emissions performance
complete the table below, re-running the analysis with different properties as identified in the
table.

Parameter

HC Emissions g/test

No/Pre Catalyst

32.101

Std Data

4.405

HC Max Effy = 0.90

HC Max Effy = 0.85

HC Max Effy = 0.80

HC Max Effy = 0.75

Revert to Std Data

4.405

HC Time to Max Effy (s

HC Time to Max Effy (s

)=1
)=1
HC Time to Max Effy (s) = 1
HC Time to Max Effy (s) = 8

60
40
20
0

Revert to Std Data

4.405

HC Warming Time (s) = 30

HC Warming Time (s) = 35

HC Warming Time (s) = 40
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Use of the Parametric Analysis Tool

When multiple runs varying a single variable are envisaged the use of the parametric tool can
be used to speed up the analysis and present the required result(s) automatically. Open the
parametric tool dialogue box, using the ‘Solve / Parametric’ menu item. Select a 1D
parametric study, and then choose the required Dimension 1 variable, in this case ‘Catalyst —
HC Time to Max Efficiency (s)'. Select the definition type as ‘Value’ and enter the range of
value as min=50 max=150 with steps=8. In the bottom right ‘Results’ panel set the No. of y
results as 1, and select the Y-results as a ‘.crs’ result. Pick from the selection options the ‘HC
Emissions (post cat grams per test, g)’. You can now run the parametric analysis using the
‘calculate’ icon, the result being displayed in the graph region as shown below.

[ Parametric Analysis [ %]

File Solve Graph Test Help
| 10 2D 3D L
AMETRIL ANALTSIE — HC Emiscions (post cat. grams per

Dirnension 1
o [~

ICataIyst— HC Time to bax Efficiency (s)
[ vaue _ shit | Scale | Bylist | s /

Iin: I Mo of Steps:
|so.000000  f150.000000 |8

]

Pl

/

&
[ |
2

=0

Dimensian 2

3

HC Eniaslorm {pomt ook, grons per beat, g)
3.5

| Catatyst- HC Max Eficiency (0-1) l /
vale | shit | Scale _Bylist | #| % R A I DT JOETE SN S
kdin: [EErS Mo of Steps:
Jo.7o0000 |0.330000 [4 <1 = 50.0 ﬁ’
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Parametric Analysis Screen

This provides a rapid way of producing the results previously obtained in this tutorial, since
not only can the results being identified from the scrollable text region but the graph can be
integrated straight into an engineering report.
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This completes Tutorial 4 — Emission Cycle Solver
Application

To summaries what you have learnt from this tutorial

B You have investigated how to perform an emission
cycle analysis

B You have reviewed the impact of catalyst properties on
solution output.

B You have used the parametric analysis tool to rapidly
review data variable change.






Tutorial 5 — Track Solver Application

6

Overview

This tutorial takes you through an example model file and uses
the track solver option to evaluate the effect on lap times of
varying the final drive ratio.

This chapter includes the following sections:

Opening an example *.car file, 62
Running the Track Solver, 63
Calculation Set-up, 64

Display the Simulation Results, 64
3D Viewing of the Results, 65
Use of the DataBase Tool, 66

Use of the Parametric Analysis Tool for Multi-Variant

analysis, 68

This Tutorial takes approximately 1/2 hour to
complete
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Opening an example *.car file

For this tutorial we will be using a predefined *.car file for a 2.2 litre turbocharged high
performance sports car, fitted with a manual transmission, [filename: tutorial5.car ].

Start Lotus Vehicle Simulation in the Windows environment as previously described in
Tutorial 1.

Within the Startup Wizard select the Lotus Vehicle Simulation and Open an Existing .car
file options before selecting OK to continue

This displays the Open Existing file window as shown below

j Open Existing File |

Laak i Ia Examples j

tutariall.car

[ butarial2.car

- tutarial3a, car

butornial3t. car
butariald. car

| File name: ItutoriaIE.car Open I
Files of bype: ISimuIation data files [*.car) j Cancel |

Select the tutorial5.car option with the \\lesoft directory and click OK. This opens the main
Lotus Vehicle Simulation window. As in the previous tutorial the individual data icons can be
used to view the data associated with each Data Module. For this tutorial the data we are
most interested in is the driveline data.

Final Drive Data

S

Select the Driveline data -menu. To enter or review data for the driveline, select the
Driveline Icon from the icon panel. Alternatively, select Data / Driveline from the main
window menu bar or press F4.

Final Drive Select Final Drive from the Driveline sub-menu, this will display the final

drive data window, as shown below, which is used to review or adjust the
final drive data.
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B Final Drive Data |

Drive Type:l FearwwD j (513

Front'heel Inertia [kg.mE]:lD.?BBE
Fearihesel Inertia [kg.mE]:lD.?BBE
Drive Shaft Inertia [kg.mZ]:lD.Dm 0
Frop shaft Inertia [kg.mZ]:lD.Dm 0
Final Drive Ratia:|3.5590
Final Orive Effy. (0 - 1]:|III.9?IIIIII

FD Efiiciency Made|fivel load) |

Screen Shot of Final Drive Data

Running the Track Solver

This tutorial has been designed to demonstrate the influence of the final drive ratio on overall
lap performance. We will run a range of final drive ratio’s, consider the use of the parametric
tool and look at using the database tool to switch components.

The required result is;

Flying Lap Time.

Calculation Set-up

el
—I Select the Calculation Set-up window. This window is accessed using the
Calculation Set-up icon on the tool bar or through the Solve/Setup option from the
pull-down menus or press F9.

The Calculation Set-up window will appear as shown below, set the run type as ‘Track Test’,
with the track details of ‘Silverstone GP’. Users who are not familiar with the nature of this
cycle should run the program with the telemetry screen displayed to see the nature of the
cycles velocity time history.
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Calculation Setup |
Optionz  Help

aimulation Bun - Type

EOMEY/ =N T rack Test 53
Track Details:| Sikerstone GP j
Shift Schedule

4 | > |[Default Shift Schedule

Track Solver Set-up
Start the calculation using the ‘calculate run icon’, this run will provide us the answer for the
lap times. (note that this is just one of a number of ‘standard’ tracks available within the

application, whilst the user can define any other required ‘non-standard’ tracks using the track
builder tool).

Displaying the Simulation Results

To obtain the flying lap time data for this simulation run use the Results File Viewer as in the
previous tutorials.

Results File Viewer

msj

=4 Select the Results File Viewer. This window is accessed using the Results File
Viewer. icon on the tool bar or through the Results/Results Viewer option from the pull-
down menus. This will open the Results File Viewer. Window as shown below. Load the
current results and scroll down to the bottom of the file.

[l Results File Viewer - C:\Lesoft\esp_3.crs [_ (O] ]
File Help
esprit cardat file =l
32 spec
RESULTS

P P P

Total Cycle Time ... 34125
Lap Time (standing start) . 173.057 =
Lap Time {flyving lap) ... 168233 5

Dist Trawelled (nom) . 101045 m
Dist Trawelled (nom) . 10,104 km
Dist Trawelled (nom) . 6.279 miles
Mean Power Developed . 96.49 kow

Default Gear Shift Map
Mo, of Gear Changes 90

Results Viewer
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Read off the flying lap time result;

| Lap Time (flying lap) 168.233 s

Now modify the final drive ratio and rerun the analysis to complete the Table below.

Final Drive Ratio Lap Time
3.889 168.233
4.5
4.4
4.3
4.2
4.1
4.0
3.8
3.7
3.6
3.5

3D Viewing of the Results

The track analysis results can be viewed through the 3D display. This shows not only an
image of the driving event, but also a number of key simulation results such as speed, gear,
lateral/longitudinal acceleration and time.

?ﬁOpen the 3D viewer using the ‘3D Viewer’ icon. Load the latest grs results file using the
‘Load Current (exclusive) menu option. You can then set the visibility of the various display
elements via the visibility menu, (see example below).

,3D Track Results Viewer

File “isibility ‘iew Help

FIF| =N .-
00511349

Display Position: 1 I STILL PLAY | SCAMN | EFwWD | +1 | o

3D Track Results Viewer
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Use of the DataBase Tool

One way of reviewing model changes is to change the data in a model by editing a single
value. This tutorial is an example of that where we have incrementally changed the final drive
ratio between analysis runs. An alternative approach is to think in terms of complete
components. A final drive component has a collection of properties, not just the final drive
ratio, such that when considering changes to final drive ratio we could replace the properties
for the complete component.

The DataBase tool is a mechanism that can be used to switch component data around, to
demonstrate the use of the DataBase tool we will swap the existing Final Drive with one
stored in the example DataBase provided with the install.

Open the DataBase tool using the menu ‘Tools / DataBase Wizard'. Open the example
database using the menu option ‘DataBase / Open (exclusive)’, and browse for ‘example.dbs’.

The database tool list data by component. The components are grouped under ‘compulsory’,
‘optional’ and ‘controllers’. In the compulsory group select the final drive ratio icon, this will
then display two entries stored in the component list, (see display below).

™ DataBaze Wizard [ x|
' File DataBaze Component Help
fwcl I e Awd

Compulsony Main Title:esprit cardat file
9 e B8 Secondary Title:92 spec
B

3]

| #]=(n[1[5]
nlualulo

Contrallers

L e

Final Drise - List

Example final drive

Add Details |
Properties | @

DataBase Tool display

Select the top entry ‘Example final drive’ and press ‘Add’, the display will change to show the
‘Drive’ icon on the display without the coloured bar, this indicates that data has been loaded
for this component. To view the component properties, either select the ‘properties’ button or
use the right mouse button menu on the ‘Drive’ icon.

The properties dialogue box is shown below.
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E DataBaze Wizard - Component Lizt Properties

Description 1:

Description 2:

Description 3:

1 | »
DRNE

b

07385  0.7385
0.0000E+00 0.0000E+00

3500 049700 2

Entry Mame: .Example final drive . =

L« |

Properties Display

To get this new final drive component copied into the model select the ‘File / Make Current’
option. This will copy over to your existing model any selected component changes, (in our
case just the final drive changes). Now select the ‘File / Close’ option, (ignore the warning
message). Selecting the driveline data box will now show for the final drive component the
properties of the new component.

Final Drive Data

Drive Type:l FearwwD j (513

Front'heel Inertia [kg.mE]:lD.?BBE

Fearihesel Inertia [kg.mE]:lD.?BBE
Drive Shaft Inertia [kg.mE]:lD.EIEIEIEI
Frop shaft Inertia [kg.mE]:lD.EIEIEIEI
Final Drive Ratia:|3.5000
Final Orive Effy. (0 - 1]:|III.9?IIIIII

FD Efiiciency Made|fivel load) |

]|

New Component Properties
With this new component the flying lap time is now;

Read off the flying lap time result;

Lap Time (flying lap) 167.902 s
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Use of the Parametric Analysis Tool for Multi-Variant Analysis

The parametric tool could have been used again in this tutorial to run the final drive ratio
analysis as a 1D parametric run. We could extend the parametric tool use to 2 or 3 data
variant analysis tasks. We could review the impact on lap times of variations in 34" and 5"

gear ratios.

Select a 3D parametric option and select the variables to be ‘Gearbox Data —Ratio Gear 5’,
‘Gearbox Data —Ratio Gear 4’ and ‘Gearbox Data —Ratio Gear 3’. Select the one required Y-
result to be ‘Lap Time — Flying lap (s)’. Set all parameters to be ‘By Scale’ and set values as

min=0.8, max=1.2 with 5 steps.

ﬁ Parametric Analysis

File Solve Graph Test Help
1D 2D 3D

Dirmension 1

IGearbox Data - Ratio Gear &

Walue Shift Scale By List |

Min: VS No of Steps:

0.3 12 I5

Dirnension 2

IGearbox Data - Ratio Gear 4

Walue Shift Scale By List |

Min: VS No of Steps:

0.3 12 I5

7

Lap time, Flying Lap (s2

0.823800

0.750171

Ratioc Geaor S °-SSSEPLEafERM- 4

Dirnension 3

IGearbox Data - Ratio Gear 3

Walue Shift Scale By List |

hin: M Mo of Steps:

{0.300000 |1.200000 I5

<1 = 0.65640026 *2 = 0.82959998 X3 =1.1095999 il
1 =169.61717
X1 =0.72204030 *2 = 0.62959998 X3 =1.1095999

1 = 169.61594 =
Results
MNo. of Y’ Results:l1— ﬂ MNao. 1 af1 ﬂ
 grs results & .crs results
ILap time, Flying Lap (s) j

® DisplayatEndl &) Displayatime
&) DisplayatvElaety € Displsyat Distance

Time Yalue (S):ID.DDDD

Parametric Analysis Screen

This provides a rapid way of assessing the overall impact on lap times for the three
interrelated gear ratio’s. The scrolled display can be used to find the quickest lap time.

The quickest flying lap time was;

Lap Time (flying lap) 167.887s
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This completes Tutorial 5 — Track Solver Application

To summaries what you have learnt from this tutorial

B You have investigated how to perform a track analysis

B You have used the database tool to exchange
complete component data, rather than editing a single

value.

B You have used the parametric analysis tool to rapidly
review multi-variant data change.
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