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LICENSE AGREEMENT - PC-CRASH

SINGLE USER PRODUCT - This is a legal agreement between you, the end
user, and the software company, Dr. Steffan Datentechnik Ges.m.b.H.

BY OPENING THE SEALED DISK PACKAGE, YOU ARE AGREEING TO
BE BOUND BE THE TERMS OF THIS AGREEMENT. IF YOU DO NOT
AGREE TO THE TERMS OF THIS AGREEMENT, PROMPTLY RETURN
THE UNOPENED DISK PACKAGE AND THE ACCOMPANYING ITEMS
(including written materials and binders or other containers) TO THE PLACE
YOU OBTAINED THEM FOR A FULL REFUND.

1. GRANT OF LICENSE - DSD grants you the right to use one copy of the
enclosed PC-Crash software program (the "SOFTWARE") on a single
terminal connected to a single computer. Installation on a network server
for the sole purpose of distribution to one or more other computers shall
not constitute "use" for which a separate license is required. You may not
network the software or otherwise use it on more than one computer or
computer terminal at a time.

2. COPYRIGHT - The SOFTWARE is owned by Dr. Steffan Datentechnik
Ges.m.b.H. and is protected by copyright laws, international treaty
provisions, and all other applicable national laws. You may not copy the
product manual or written materials accompanying the SOFTWARE.

3. OTHER RESTRICTIONS - You may not rent or lease the software. You
may not reverse engineer, de-compile or disassemble the software.

4. NO LIABILITY FOR CONSEQUENTIAL DAMAGES - To the maximum
extent permitted by applicable law, in no event shall the company Dr.
Steffan Datentechnik or its representatives or suppliers be liable for any
damages whatsoever (including, without limitation, damages for loss of
business profits, business interruption, loss of business information, or
other pecuniary loss) arising out of the use or inability to use this product,
even if Dr. Steffan Datentechnik has been advised of the possibility of
such damages.

5. NOTICE: Affiliated companies (collectively the "Publisher") make no
representations or warranties of any kind whatsoever with respect to the
contents herein and specifically disclaim any implied warranties or
merchantability or fitness for any particular purpose. The Publisher shall
not be liable for errors contained herein or for incidental or consequential
damages in connection with the furnishing, performance, or use of this
program or its contents.

WARNINGS AND DISCLAIMER - Specs VEHICLE DATABASE

The "Specs" vehicle database has been developed by Transport Canada,
and is supplied with their authority free of charge for the convenience of
PC-Crash users.

License Agreement o i



Transport Canada issues the following warnings and conditions on the use of
the Canadian Vehicle Specifications System:

1.

The data in the databases is not guaranteed to be 100% accurate. The
responsibility of the accuracy of all input data remains with the user. It is
possible that you may find errors in dimensions or weights. Transport
Canada asks that you inform them of any such errors so that they can
make the necessary corrections.

Transport Canada does not maintain a list of users of the system.
Therefore, if you wish to obtain the specifications for the next model year
it is necessary to submit a new request each year (new model years are
normally available around April). Such a request would be a complete
system revision, since programs and/or data may have changed in the
interim.

The version of the system supplied contains programs that only query
the database. Transport Canada asks that you do not attempt to make
any changes to the data.

Transport Canada provides this data and system free of charge and by
so doing absolves itself of any requirement to guarantee the data under
scrutiny from any source.

The KBA vehicle database is based on the manufacturer and model files of
the German department for motor vehicles (Kraftfahrt-Bundesamt),
Fordestralle 16, D-24944 Flensburg.

ii o License Agreement



Chapter 1
Installation

Introduction

PC-Crash is a powerful program for the simulation of motor vehicle accidents,
covering many different accident situations. It takes advantage of the latest hardware
and software developments, which allows increasingly complex calculations to be
performed on a personal computer. PC-Crash was developed as a Microsoft Windows
application for ease of use and compatibility with other programs.

PC-Crash contains several different calculation models, including an impulse-
momentum crash model, a stiffness based impact model, a kinetics model for realistic
trajectory simulations, and a simple kinematics model for time-distance studies. For
maximum versatility, PC-Crash simulation results can be viewed and outputted in
scale plan and elevation views, 3D perspective view, and in numerous diagrams and
tables.

The PC-Crash Software Package

The PC-Crash software package contains:

o A letter with specific installation instructions;

e The program CD, including sample files and animations, DXF vehicle shapes,
and several vehicle databases;

e The PC-Crash Operating and Technical manuals;
e A hardware lock for connection to the parallel or USB port.
README.TXT

Please read the file README.TXT, if it exists, on the PC-Crash CD. It contains
information which is not included the manual.

Hardware Requirements

PC-Crash is suitable for all Pentium and higher computers, with the user interface
Microsoft Windows 98/ME, or Windows NT/2000/XP.

A minimum random-access memory (RAM) of 128 megabytes (MB) is required, and
more is recommended when working with large bitmap files. A VGA video card with a
minimum resolution of 1024 x 768 pixels and 32 bit color depth is required. A video
card that supports DirectX graphics acceleration is desirable.

Use of Mouse and Printers

A mouse or other tracking device is required for PC-Crash.

All printers supported by Microsoft Windows can be used with PC-Crash. For some
printers, not all features can be used (e.g. scanned pictures cannot be printed on a
plotter).

Chapter 1 - Installation o 1



The settings are listed in the individual manuals of the printer drivers.

Installation of PC-Crash

Before installing PC-Crash, it is recommended the user be familiar with the use of
Microsoft Windows.

PC-Crash cannot be run from the CD. PC-Crash must be installed on the hard drive,
as follows:

1. Insert the PC-Crash CD in the CD drive.

2. Use the Run command in the Microsoft Windows Start menu (or the Windows
Explorer).

3. Select Setup.exe from the PC-Crash\Disk1 directory on the CD.

@ DISK1 g@
3 ':l

: Datel Bearbeiten  Ansicht  Favoriten  Extras 7
: 1 =y e
: e zurick - () IT P ) Suchen [{" Ordrer | | e L}; x n -
| Adresse |B E:\Crash@1|DISKL v| Wechseln zu
Ordner X Mame ardlie  Typ Gedndert am
1= () Crash@1 # | Momentan auf der CD vorhandene Dateien
1) Acrobat
59 DIsk |C)Direck®9c20050ct Dateiordner 22.11,2007 23:
) Donale Installation Vista Boatat.cab 1152 262K WinRAR-drchiv 3.11.2007 00
|55 Dongle Installation WinkP P2 ﬁPC-Crash 8.1.msi 30849KE  Windows Installer-Paket 23.11.2007 00:
1) Hardlock_driver_setup B 25547 KE  Anwendung 23.11,2007 00;
IntelInds
@ Intelinden Beschreibung: Setup Launcher
2 Madyme Firma: DSD
1) Updates Dateiversion: 12.0.0.53157
vangi Erstelt am: 23,11,2007 00:25
g Vist: Griifie: 24.9 MB
[ WTHVTDF ) ¥,
< | = | t

4. Follow the instructions given by the installation wizard program.

1% PC-Crash B.1 - InstallShield Wizard X
Welcome to the InstallShield Wizard for
PC-Crash 8.1

The Installshield(R) Wizard will allow you ta modify, repair, or
remave PC-Crash 8,1, To conkinus, click Nesxt,

Mext = [ Cancel

2 o Chapter 1 - Installation



& PC-Crash B.1 - InstallShield Wizard

License Agreement ‘. ']!
Flzase read the Following license agreement carefully, T |

LICENSE AGREEMENT - PC-CRASH =

SINGLE USER PRODUCT - This is a legal agreement betwsen you, the end
user, and the software company, Dr. Steffan Datentechnik Ges.m.b.H.

EY OPENING THE SEALED DISK PACKAGE, YOU ARE AGREEING TO BE
EOUND BE THE TERMS OF THIS AGREEMENT. IF ¥OU DO NOT AGREE
TO THE TERMS OF THIS AGREEMENT, PROMPTLY RETURK THE
UNOPENED DISK PACKAGE AND THE ACCOMPANYING ITEMS (including
witten ratetials and binders or other containers) TO THE PLACE YOU

MDTAIMEN TUSKA O A S ST IRD &

@1 accepk the terms in the license agreement

(1 do not accept the terms in the license agreement

< Back ” [et = ] [ Cancel

{5 PC-Crash B.1 - InstallShield Wizard

Customer Information ‘. "‘
Please enter your information, o |

User Mame:

Drganization:

WL

Install this application for;
(%) Anyone who uses this computer {all users)
() nly For me (Hoschopf Heinz)

< Back ” [ext = ] [ Cancel

5. All necessary files are copied into the directory C:\Program files\PCCrash81 by
default. The user can change the name of this directory during installation (The
installation could last longer).

ii& PC-Crash B.1 - InstallShield Wizard

Destination Folder
Click Mext ta install ko this Folder, or click Change to install to a different Folder.
G Install PC-Crash &.1 to:
CAProgramme\PCCrashitl
[ < Back I et = | [ Canicel ]

6. You may either install the default components or select the components to install
manually by selecting Custom.

Chapter 1 - Installation ¢ 3



i PC-Crash 8.1 - InstallShield Wizard

Setup Type ‘ !
Choose the setup kype that best suits vour needs, "

Please select a setup type,

@ All program Features will be installed, (Requires the most disk

space.)
(O Minimal
@ Minimum required Features will be installed,
O Custom

Choose which program Features you want installed and where they
will be installed. Recommended for advanced users,

[ < Back. “ Mext = 1 [ Cancel ]

ii& PC-Crash B.1 - InstallShield Wizard

Custom Setup

Select the program Features you want installed.

Click on an ican in the list below ko change how a Feature is installed.

Feature Description

20 wehicle shapes

30 wehicle shapes

Side wiew vehicle bitmaps
EES Catalog

Madymo This feature requires OKE on
Online Documentation yaur hard drive.

Top view vehicle bitmaps
Direck

£l

Install ko

Change. ..

Space [ < Back H Mext = ] [ Cancel ]

Vista: for installation under Windows Vista select Custom setup and deactivate
DirectX

i PC-Crash B.1 - InstallShield Wizard

Setup Type ‘ I
“hoose the setup bype that best suits your needs, =
Please select a setup type,

O Iypical
All program Features will be installed, (Requires the most disk
space.)

(O Minimal

Minimum required Features will be installed,

Choose which program features you want installed and where they
will be installed. Recommended for advanced users,

< Back. “ Mext = 1 [ Cancel
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{5 PC-Crash B.1 - InstallShield Wizard

Custom Setup

Select the program Features you want installed.

Help

2D wehicle shapes

3D vehicle shapes

Side view vehicle bitmaps
EES Catalog

Madymo

Onling Documentation
Top view vehicle bitmaps

ar

Install kg

(=) This Feature will be installed when required.

ﬁx

This Feature will not be available,

Click. on an icon in the list below to change how a Feature is installed.

= This feature will be installed on local hard drive.

C:\Progr (=28 This Feature, and all subfeatures, will be installed on local hard drive.

Feature Description

This Feature requires 25MB on
wour hard drive,

i PC-Crash B.1, - InstallShield Wizard

Custom Setup

Select the program Features you want installed.

Help

2D vehicle shapes

3D vehicle shapes

Side wiew vehicle bitmaps
EES Catalog

Madymo

Online Documentation
Top wiew vehicle bitmaps
Direcks

53]

Install to:

Click on an icon in the list below to change how a feature is installed.

Feature Description

This Feature requires OKB on
your hard drive,

change...

Space

<« Back "

ext > ] [ Cancel

7. After having selected the components the copy process will start.

i PC-Crash B.1 - InstallShield Wizard

Installing PC-Crash 8.1

The pragram Features you selected are being installed.

take several minutes,

Status:

Validating install

Please wait while the Installshield Wizard installs PC-Crash 8.1, This may

(

< Back

[ext =

If you make an error during the installation process, you can go back to make
changes by pressing the <Back button. The Cancel button can be used to abort the
installation at any time. After completing the installation you can repair or modify your
installation of PC Crash by starting the setup from the CD again.

Chapter 1 - Installation ¢ 5



Licensing PC-Crash

PC-Crash is protected against copying by a hardware lock (also called a "Dongle")
and a license file. There are different types of dongles distributed with PC-Crash. New
dongles and USB dongles, which especially are recommended for notebook users,
are installed automatically with the setup of PC Crash. No further steps are
necessary, just start the program with the dongle connected and your license will be
detected.

Small USB dongle New dongle Old dongle

Users that have older dongles (compare the pictures) have to proceed with the
following steps to get their license running:

Start the Windows NT Dongle Setup located in the Windows Start Menu.

IT) PC-Crash 7.1 » | I
2l 3 'E AZT EES Catalog Introduction

.'@ PC-Rect 3.0 3 iﬂ Hardlock Dongle Driver Setup

@ - v T Madymo paper

u@ b — - 3 E Measured Rolling Resistance of Vehicles

) s = — - » # PC-Crash7.2

) — » %) PC-Crash7.zHife

() — v T Pedestrian paper

I@ o 3 E Reconstruction of 20 staged Collisions with PC-Crash's Optimizer

-@ - — 3 @ Setup Acrobat reader Windows 2000_xP

'@ -— -

=

If, in the now appearing window, the Express button is deactivated the
dongle driver has been installed already and you can close the window and
start PC-Crash. Otherwise press the Express button.

_.’:[Activator,.-"UniKey Driver Install - | Ellil

Install device driver uging default settings

Install device driver with user settings LCustom |
Femove device driver Whirstall |
Help |
Exit | LI 551 parallel driverinsk |
—Syztem ;
Diriver mot installed Operation completed successfully

S5| Driver version 8.14 is found

AWM D OMWS \systemn324Diiversh Sl Parallel driver started

1E-bit drivwers installzd

Source

C:\ProgrammetPCCrash724DongleDiverM T
[Drriver version 8.14)

The Express button should now be deactivated and following message
should be visible in the window:

System
32/16-bit drivers [version 8.14] installed in
AWM D OMWS \systemn324Diiversh

Diriver wersion 8.14 is running
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If a new or USB Dongle (compare the pictures) this is not recognized, then the Dongle
should be initialized. Proceed with the following steps to get your license running:

1. Depending upon operating system start either Dongle installation Vista or
Dongle installation WinXP SP2 from the CD and start hldrv32.exe
@ Dongle Installation WinXP SP2 CE X
"l

. Datei Bearbeiten Ansicht  Favoriten  Extras 7 i
G 2uriick = () l? y, ) Suchen “__" Ordner |'$ l_f} x n -
| Adresse ||.‘i'| E:\Crash&1\Dongle Installation WinkP SP2 V| ‘Wechseln zu
Crdner x Mame Grifle | Typ
= () PCCRASH G (E3) #||__Momentan auf der CD vorhandene Dateien
B [ Crashal
15 Acrobat %] haspds _windows. dl 1811 KE  Programmbiblio
I DSkl Ehld\nst.exa 3080KE  Anwendung
[ Dongle Installation Vista CDhidinst.ip 3928 KB Windip File
123 Dongle Installation WirkP SP2 Fil: 4292 KB Anwendung
1) Hardlock_driver_setup ;thdrvﬁz.zip 4 128 KB WinZip File
I3 Intellnden | "Etnstallation Hardlock Device. ., 292 KB Adobe Acrobat
1) Madyma [Z] readme kxt KB Textdokument
1) Updates
1) Vangi
1) Vista
1) WINVIDEG 3
11 e an Y
< = ' >

or of the program group of PC Crash xxxx start Hardlock Dongle Driver
Setup.

s PC-Crash .1
_?l Hardlock Dongle Driver Setup

@) PC-Crash 8.1 Help
& PC-Crash 5.1 Hife
H windows MT Dongle Setup

2. Follow the instructions given by the installation wizard program.

T Hardlock-Geratetreiber-Installation &3] T Hardlock-Geratetreiber-Installation 3]

Willkommen Die Instaliation ist
Dieses Pragramm instaliet die Hardiock Gerdteliiber urter

Windavs S5/98/ME und Windows HT/2000/XP/2005. abgeschlossen
HASP HL Lnd HASP4 werden mit 41 ab Versian & abentals von
diesen Treibern unterstiitat,

3\ HARDLOCK.5YS: 331
AKSUSB.STS. 310

| AKSPCCARD.SYS. 1.1

¢l HLVDD.DLL: 220

AKSCOINST.OLL; 1.71

AKSCLASS.SYS: 111

. Dis Hadlook-G eratetisiber wurdsn erfolareich instaliirt

AKSHASP.SYS: 410

U die Treiber auf lhrem System zu instalieren mijssen alle
offeren Prozesse, die den Treiber verwenden, geschiossen
werden. Fals Sie offene Applik afionen haben, besnden Sie
diese jetz!, das Installaionsprogramm wid sonst sehst

" versuchen, diese Prozesse zu schlieben

Demo-Version

PC-Crash can be run as a licensed version (with hardware lock and license file
installed) or as a "demo-version". The licensed version automatically shifts into the
demo-version when the hardware lock is removed from the parallel port.

The demo-version permits loading and playing existing files and setting up new
projects, but prevents new simulations from being performed. The title bar indicates
which version of PC-Crash is currently running. The demo-version has "Demoversion"
in the title bar while the licensed version has the name of the licensee in the title bar.

Since PC-Crash will run only in the demo-version without the hardware lock, it is
permissible to make copies of the program for others.

For operation of PC-Crash in the demo-version, startup can be made quicker by
deleting the license file Strlib32.dll from the PCCrash73 directory or by pressing the
ESC button during startup.
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PC-Crash Features

Simultaneous simulation of up to 2 vehicles (PC-Crash 2D) or 32 vehicles (PC-
Crash 3D)

Interface to Specs (North American), ADAC, Vyskocil, DSD (European and
Japanese) and KBA (as of October 2005) vehicle databases.

2D or 3D kinetic calculation model
Front/rear brake force distribution model

Specification of driver reaction, accelerating, braking, steering and other
parameters, in the form of sequences

Definition of different road elevations, slopes and friction coefficients in specific
polygonal areas

Impact model by Kudlich-Slibar, based on conservation of linear and angular
momentum, with "full" and "sliding" impacts possible

Backwards calculation of impacts is possible

Specification of impact elasticity with restitution or separation velocity
2D or 3D impact model, with unlimited number of impacts

Automatic calculation of all secondary impacts

Collision optimizer, for the automatic determination of impact speeds and seven
other impact parameters, based on rest and/or up to five intermediate vehicle
positions

Automatic kinematic calculation of accident avoidance.

Forwards automatic avoidance simulation (velocity decrease, brake increase)
Various diagrams for wheel forces, etc,

Kinematic and kinetic (default mode) specification of vehicle paths

Backtracking tire marks with a kinematic skidding calculation to determine post-
impact conditions is possible.

Measurement tool

Printout of report of input/output values, including all collision and trajectory
parameters and character counting

Detailed vehicle shapes can be specified using DXF files, with change of shape
at impact possible

Scene DXF and VRML drawings and/or bitmaps can be imported into the
simulation

Integrated drawing program for drawing/modifying scene drawings and vehicle
DXF shapes

Calculation of rollovers and vaults
Choice of two tire models (Linear or TM-Easy)

Calculation of acceleration due to engine power and air resistance with up to 16
transmission ratios and the ability to gear down when going up grades

Calculation of the effects of wind and air resistance, including down force and
uplift

Direct switching between different units systems (e.g. km/h, mph, m/s, f/s)
Direct switching between different languages

Auto save feature, with user-definable intervals
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e "Undo" up to 50 prior operations

e Interactive help

e Improved vehicle suspension bump-stop model

¢ Interface to optional Madymo® occupant modeler

e  Collision Optimizer Monte Carlo (random) algorithm

o New AZT EES catalog of European vehicle damage photographs
¢ Individual damaged wheel steering and positioning

e Additional Kinetic Path steering model features

e Up to five axles per vehicle

e North American symbol library

e Additional drawing tool features

e Multiple scene bitmap importing

e Revamped User Manual with more detailed explanations

e Improved templates for simple exchange of data between PC-CRASH and
WinWord

o Extended wizard for kinematics simulation

e New simulation model for electronic stability control systems (ESP)

e  Mouse Wheel support for all input windows

e Updated Crash 3 database (Stand 02/2007)

e KBA 2007

e Bitmaps are projected also on slopes

e Measurement grid can be extended at arbitrary edge

e Improved representation and expression of bitmaps (interpolation and smoothing)
e Transparency option for bitmaps

e Mirror function for limit method

e  Drawing program toolbar

e  User defined menus and toolbars

e Bitmap Toolbar for handling of bitmaps

e Adjustable indication sequence for bitmaps (foreground/background)
e  Friction polygons and road slope toolbar

e Default settings new

Additional Features of PC-Crash 3D

e Simulation and collision analysis of trailers (steered, non-steered, semi-trailer),
with more than one trailer per tow vehicle possible. Offsets at the hitch point can
be specified.

e  Multiple collisions between different vehicles
e New High Resolution 3D Vehicle models

e 3D perspective view, with display of 3D vehicles and scene 2D or 3D DXF
drawings and rectified bitmaps
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VRML and FCE Vehicle models can be imported

Generation of 3D video animations with fixed or moving camera position, playable
with Windows Media Player

Tool for constructing or importing complicated 3D scenes, including those created
from total station survey files or car interior.

Multibody pedestrian model

Multibody motorcycle, bicycle and unrestrained occupant models
Multiple multibody objects in one simulation, and on sloped surfaces
Simulation of movable load

Belt modeling

Trailer steering model (based on articulation angle)

Crash 3 impact module with interface to NHTSA vehicle database
Visualization of Crash 3 deformations

Side View window for analyzing vehicle interaction in rear-end impacts, with
European vehicle side view bitmaps

2D and 3D vehicle DXF automatic deformation model
3D window dynamic viewing

Direct X 3D graphics, for improved rendering

New stiffness based crash simulation model

New stiffness database with real crash test to be used in stiffness based crash
simulation

Improved occupant simulation in PC-CRASH including seatbelts and car interior.

New mesh based impact model with improved structural stiffness and
deformation calculation at vehicle/vehicle and vehicle/slope collisions.

Key-numbers searching for KBA-database

Calculation of tracks caused by tire contact

Bounds method within the Drawing Tool

Square measurement grid within the Drawing Tool

Crash backwards calculation with momentum/angular momentum combination
Adapted impact analysis backwards

Possibility to save PC-Crash project files for different versions (7.0, 7.1, 7.2, 7.3,
Pocket Crash)

Refresh-display of point of impact (POI) velocities

Refresh-display of intersection areas of momentum mirror method (backward
method), with momentum diagram (scale 0.001:1 m for 1000 Ns)

Adapted v-s-t window (point of reaction, reaction time, lag time adjustable)
Camera rotation with roll and pitch

Vehicle administration (copy, delete, exchange)

Mesh model with X61/FCE vehicles

Expansion of FCE vehicles

EES calculation for Crash 3 model

64 bit version of PC-Crash available
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Adapted multibody simulation model (faster calculation, new joint types)
Sort function within Crash3 data base

Sort function within EES catalog

Apply function within measurement grid

Apply function within limit method

New 3D vehicle models

Selection of the pre-impact impulse direction for EES backwards procedures
Support of DFF files for 3D vehicles (Renderware)

Rest- and intermediate position can be switched on and off separately
Optimization of multibody calculations (further optimization in progress)

Preview for vehicle Dxf dialogue
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Chapter 2
Working with PC-Crash

This chapter leads the new user through the basic features of PC-Crash. For more
details on a particular feature, refer to the subsequent chapters.

Menu Options

After the program has been started, the menu options are listed across the top of the
PC-Crash main screen.

Note, that if you start the program the first time, you can select the language the user
interface (all menu options and texts) has. The language can be changed later by
selecting Options — Options....

File “ehicle Dwnamics DS Impact Options Graphics 7

EEEFaER Q&S <~ PLHEHMN » [l =& 7.

15ms ~ 4G M 4 4 = p » WP I oooos |
) RNE A TR0 AR =R g e
e T By O QLo oy Bt B R .
® & AL N v s N O Dabd T2 Th T N By %
The following menu options can be selected:
File Vehicle Dynamics UDS Impact Options Graphics @

e File — Load and save files, printing operations

e Vehicle — Load, save and modify vehicles

 Dynamics — Specify initial conditions, sequences, scene data
e UDS - View data collected from a UDS vehicle data recorder
e Impact — Perform crash simulations

e Options — Accesses tables, diagrams, program settings, main screen view
settings, selection of Side and 3D views

e Graphics—Scene bitmap operations, Scene drawing operations

e  ?— Access the Help file, which contains the Operating Manual and index.

The toolbars contain buttons with pictures or text (the same pictures or text from the
appropriate menu options). All important menu options can be selected over the
toolbars.
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The toolbars can be extended by clicking with the left mouse button =1, if still further

instructions are present, or be adapted over the symbol . ¥. (Add or Remove Buttons).

File “ehicle Dwnamics UDS  Impack  Options  Graphics 7

HER&ER LS > PLEHMN °

15ms ~ 4@ M ¢ 4 m p W i e e e 25
i 7

add or Remove Butkons =

A submenu appears, in which the individual points can be activated or deactivated.

Simulation 3

Custamize. . v 4 Lock backwards path
v W Move back o the First Position
v Simulate backwards to the stop position
" | Sirulate backwards
« N Mew Simulation
P Simulate Forwards
v W Sirmulate Forwards to the stop pasition
v N Miove Forward ko the last position
R Lock Forwards path
v = Switch onfoff vehicles, Simulation model
v M Definition of a new Start position

Reset Toolbar

Using the symbol “ on the left side of the individual toolbars, these can be shifted or

arranged. The mouse pointer changes ‘% and with held left mouse button the
toolbar can be positioned. The toolbars can be arranged into the work area as
individual toolbar by pushing into the work area or they can be assigned to the edges
in the PC Crash window by shifting to the left or right.
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: File Yehide Dynamics UDS Impack Options Graphics 2
f15ms - 4@ M M 4 = BN D z
Wt DWW B WA -
|
(= = (|
i &
Eﬂ 1
= ]
& .
& .
[& £
&

~
)

O
Cu

(|
p .
7 [E <_ I z i ] 2

Scale 1: 200

The individual toolbars can be activated/deactivated by clicking with the right mouse
button into the toolbar range in the activated submenu.

¢ File Vehicle Dynamics UDS Impact Options Graphics 2 v | Standard
P1Ems v 4Z M W 4 m p BN B T, simustion

A TR R SR I R L R * Draw

«  Bitmap

q »  Friction

Ef +  Slope Polygon
k% «  Follow Path
‘; PiC-Crash
5; Customize, .,

Using the option Customize..., the "Customize" window will appear and within this
window user-defined toolbars can be generated and/or the existing toolbars can be
adapted or changed.

Customize &l
Toolars |gﬂmmands Kevboard | Options
Toolbars:
[y,

= PC-CRASH - Licensed to SV DipLing, Dr. H.Steffan A-8010 Graz -
© File vehicle Dynamics UDS Impact Options Graphics 2
ism - MM mh H ¥ St i
WA N DT DGR B Sivlation [+] Friction
i Drow slope Paolygon set. .
; : [:mjp Follow Path
& ~ Siope Polyoon [JPc-Crazh
o=
5 [ [
&
&
=]
-
I
Toolbars
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The individual toolbars can be activated and deactivated, using the New... button a
new toolbar can be provided and arranged individual.

Customize E|

Toolpars |gommands Kevboard | Options

Toolbars:

tlew..

andard

mulation

trap

iction
lope Palygon
[] Follow Path
[pcCras New Toolbar

Toolbar name:
[ ok ][ concel |
Commands

Commands can be shifted in the individual toolbars or menus. Also instructions can
be shifted directly over the menus into the individual toolbars, with Strg-key held the
command is copied, otherwise the command is only shifted and disappears thereby
from the menu. This option works also in reverse, i.e. individual commands can be
assigned to the menu options.

shrzsugdaten, .. Sl Basiswerte. ., Al Einlauf-Impuls. . 8

Customize

Toolars | Commands |Eeyb0ard Options

To add a command ko a toolbar: select a category and drag the
command ouk of this dislog box ko a toolbar,

X

Cakeqories: Commands:

File g Wehicle Database. .. 5
Dynamics Vehicle DXF...

uos }

Impact Erase Last Yehicle

Gptions Wehicle administration

Graphics B
7

7 Vehicle settings...
Al Comrands )

Built-in Menus Tire model...

New Menu Engine/Drivetrain. ..

Wind resiskance. ..

|4

[ Close ] [ Hilfe ]

A New Menu can be generated and different menu options can be assigned (by
shifting from other menu options or using the “Commands" window). The menu option
can be designed or formatted additionally by clicking with the right mouse button on
the menu option or the command.
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Reset

Delete

Customize

Marne: | &Basiswerke, .,
Tolbars | Commands Copy Button Image
Taolbars: Paste Button Image
Resek Bukton Image
Standard !
Simulation Edit Button Image... ric. ..
Diraw Change Button Image b
2 Default Styl -
Frictian sragt Jtye
Slope Pakygan Text Cnly BL...
Fallaw Path v Image and Text
PC-Crash
Beqin a Group
[ Close ] [ Hilfe ]
Keyboard

Keyboard commands (e.g. Save as ... with Ctrl+S in the picture below) can be
assigned to individual commands

Customize [g|

| Toalbars || Commands | Keyboard |Opti0ns|

Cakegory:

Commands: Key assignments:

M, A [ Chrls
Load. .. i
5

Assign

Remoyve

Project Wzard...

Default settings... = Reset Al
Print...
Print Presiew. .. Press new shorbout key:

Print Comments | Templ « | | al

Descripkion:

Close ] [ Hilfe

Options

Different design options for the toolbars
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The most important menu options can be chosen with buttons on the Standard
toolbar.

HEFaERE Q& <o~ LPLPEMN » [ =) 7

Place the cursor on each button to display a brief description on the screen.

The main toolbar contains following functions:

Save project under previously defined name
Load/save project

Load/save vehicle

Load vehicle from a vehicle database
Load/save DXF drawing

Load/save bitmap

=
=
b
-
=4
=4
& Print preview
% Print
- Undo last action
- Redo last action previously undone
ﬁ Zoom in
‘ﬁ Zoom out
i Show grid
:‘[ITT Pan drawing area
{i Zoom window
Move vehicle

e
EU'LD; Move bitmap
il

Move DXF drawing

Define display settings
Set camera position

Measuring function

< " B

Help functions

Additionally, most commonly used menu items can be accessed by right-clicking on
the main screen.

The simulation options can be chosen with the buttons on the simulation toolbar. This
toolbar can be opened or closed by clicking with the right mouse button into the
toolbar range in the activated submenu.

f1sms v 4Z M M A W BN D n.000s | B M
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The screen display time interval is viewed and changed here.
This does not affect the calculation integration time step, which
is 5ms by default.

The New Simulation button moves the vehicles to the start

. positions and erases the former simulation.
The Forward or Backward Simulation buttons will start the time
forward or backward simulation. These buttons should be used
only when a new simulation is being performed.
Single step forward/backward.
1 ) Continuous simulation forward/backward. Pressing the right
""""""" mouse button or the ESc key stops the simulation.
H »
M M Moves the vehicles to their start or end positions.
« Locks the simulation before time=0.
7 Locks the simulation after time=0.
Lo The scroll bar is used to move the vehicles along their
e previously calculated paths of motion. A time can also be
- - | entered in the text box. Vehicles will be positioned according to
0.000 = the time specified.
2 The Simulation Model button is for the selection of the

simulation model (kinetic or kinematic), the integration time step
(default = 5ms), the simulation stop criteria and the vehicles that
are to run in the simulation.

Yehicles 2 x|

Simulation madel: |ntegration step:

IEms

[

K.inetics

= Simulation stop criterion
i* Stop at low energy
" max Simulation Time
" Manual

l?;-:__S

[~ Save each integration step
Switch ondoff;

[+ 1 BEMTLEY-&4RMAGE 4DR SEDAM RED
[vl 2 AUDI-A4 4DR SEDAM QUATTRO 1.

o]

Cancel
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Define a new start position. Current positions of active vehicles
are defined as the new start positions if the No button is selected
in the window that appears.

PC-Crash 7.1 [ x|
' Caution: Start of & new simulation
Reposition vehicles to original start position?

_'Ia\ Neir | Eiien |

Draw Toolbar

w ﬁ\;\\,\;\;‘\(:)[lahtl:::::ﬂ!i
EResfd ddomsg dAan ¥ & dU

For a detailed description of the individual menu options see Draw Toolbar (page 222)

*

TR EFER LI E DO D S

Select, move

Rotate selected
Measure line

Line

Polyline

Polygon

Arc

Circle

Rectangle

Text

Generate road element
Generate intersection
Bring to front

Move to back

Group selected
Ungroup selected
Copy selected

Delete selected
Scale selected

Scale selected 3D
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1]
=}

1]
=}

o
[

= o i [ o

E DN

Move selected 3D
Rotate selected 3D
Triangulate selected
Measurement grid
Limit method

Extrude selected
Change linestyles
Change font, text color
edit Layers

Change selected
Snap

Load objects

Save selected Objects

Symbol library
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Bitmap Toolbar

e T3 By O (D) ot ol Bt B @)

Move bitmap
Bring to front
Move to back

Rise contrast
Reduce contrast
Rise brightness
Reduce brightness
Rise transparency

Reduce transparency

Plegg e e ddiE

Scale & Grid Spacing

Friction Toolbar

Select, move friction polygon
Define friction polygon
Rotate friction polygon

Linestyle

Slope Toolbar

Slope Polygon ~ X
W B 4

Select, move slope polygon

Define polygon polygon

&y %

Rotate polygon polygon
= Linestyle
ﬁ .

Follow Path Toolbar

Design 3D road objects

Follow Path
W A 7 1 AC-Aceface v

\‘ Select, move Follow Path

s Define Follow Path
B Rotate Follow Path
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OGS Select vehicle

The status bar at the bottom of the screen displays useful information for the user,
and can be opened or closed by activating the menu option Options - Status Bar.
Double-clicking on a particular area of the status bar allows the user to change the
displayed value.

of

|Secale 1: 200 [ry: 0,70 |Kinetics | 1%:09.07
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Hot Keys

Keyboard keys provide shortcuts to menu items, as follows:

CTRL P Print

F1 Help

F2 Diagrams

F3 Zoom Previous

F4 Values

F5 Screen Refresh
F6 Sequences

F7 Position & Velocity
F8 Crash Simulation
F9 3D Window

F10 Kinematic Calculations
SHIFT F6 Display UDS
SHIFT F12 Copy Screen

Default Settings

There are two options to define the default settings.

The first one is the menu option File — Default options. A dialog box appears with
consists of 4 categories (Colors, Default Settings, Directories, Display Settings)

Default settings

Default 5ettngs
Directones
Display 5ettings

Colors

Save ] [ Accept ] [ Cancel

(e A
Using the Button E'—" sorting according to the categories and using Button |"
alphabetically sort can be done. During the alphabetical sorting all basic adjustment
options are indicated, during the sorting of categories main categories with the

appropriate submenus are displayed. These can be extended and/or reduced via the
symbols Bi B

Colors

For the color adjustment of the different vehicles.
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Default settings

E Colors A
Yehicle 01 Il Elack
‘ehicle 02 I Red

el a3

Bl Elue -

"ehicle 04 [] 192:192; 255

"ehicle 05 [ 0: 255: 255

Wehirle MR _?5R- - 255 b
VYehicle 03
[ Save ] [ Accept ] [ Cancel

Default settings

Global defaults for PC Crash. Brake lag, global coefficient of friction, default center of
gravity height and reaction time are defined. These values are defined global but can
be adapted and changed however at any time via the appropriate menu options.

Default settings E”E"g|

Brake lag: o 02s
Coefficient of friction 0.8
Default COG Height: Om

Reaction time: 0.8s
Directories
Digplap Settings s
Default Setings
Save ] ’ Accept ] ’ Cancel
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Directories

efault settings g@@

Colors

Default Setiings

E Directories

C:\Programme\Gemeinsame Dateien\PCCrash\3DDxf\ [J

3D vehicles [<E1) C:\Programme‘\Gemeinsame Dateien\PCCrash\3DDxMx61%
Animations C:\Programme\PCCrash81%
Bitmaps: C:\Programme‘\PCCrash81%
Car Datahase: C:\Programme\PCCrash81\dsd 2007 mdh
Custom vehicles C:\Programme\PCCrash81%
Diwf drawings C:\Programme\PCCrash81%
Multibody files C:\Programme‘\PCCrash81\Multibodyy
PC-Rect: C:\Programme\PCRect40\PCRect.exe
Project files C:\Programme‘\PCCrash81%
Project templates C:\Programme‘\PCCrash81\Templates
Scratch C:\Programme\PCCrash81%
Sideview bitmaps C:\Programme‘\Gemeinsame Dateien\PCCrash\3DDxf\
Sideview Duf C:\Programme\Gemeinsame D ateien\PCCrash\2DDxf\
Wehicle Bmp C:\Programme\Gemeinsame Dateien\PCCrash\Sidebmp%
Wehicle drawings (20 Dxf)  C:\Programme\Gemeinsame Dateien\PCCrash\2DDxf\
Warking Directony: C:\Programme‘\PCCrash81%

Display Settings

3D vehicles

<Vehicle> <Vehicle Dxf...>

3D vehicles <File...> <3D Mapped> <Load 3D vehicle...>
3D Fahrzeuge (X61)
Animationen <Options> <3D Window> <Animation>

Arbeitsverzeichnis

Bitmaps & <File> <Import> <Bitmap>
<File> <Export> <Bitmap>

Dxf Zeichnungen b= <File> <Import> <Dxf Drawing>
<File> <Export> <Dxf Drawing >

<Vehicle> <Vehicle Dxf ...>

Fahrzeug Bmp < File ...> <Plan View> <Load Bmp ...>

Fahrzeugdaten b= <File> <Import> <Custom vehicle>
<Datei> <Export> < Custom vehicle>
KFZ-Datenbank - -

<Vehicle> < Vehicle Database>

<Vehicle> < Vehicle -Dxf...>

KFZ-Zeichnungen (2D DXf) | _pyo S <pjan View> <Load Dxf ...>

Mehrkdrpersysteme

Photoentzerrung (PC-Rect) <Options> <PC-RECT>
Projektdateien <File> <Save as>
Projektvorlagen <File> <Project Wizard...>
Scratch

<Vehicle> < Vehicle Dxf...>

Seitenansicht Bmp <File...> <Side view> < load Bmp ...>

<Vehicle> < Vehicle Dxf...>

Seitenansicht Dxf <File...> <Side view> < load Dxf ...>
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Display Settings

Parameters for the representation and the appearance of PC Crash. For detailed
description see Display Settings beginning from page 213.

Default settings

Ez= | A
2| £

Colors
Default 5 ettngs

El Dizplay Settings

Auto refrezh

Bitrap

Center of grasity

COG path ztop poz. Antermediate pos,
Contact bodies

Crashes

Cruzh outlines

True

True

False
Falze
Falze
Falze
Falze

Detailled veh. shapes Falze
D<F Carz True
DiF Color True
Di=F Drawing True

True
True
Falze
Falze
Falze
True
Falze
True
True

Friction polygaon test

Friction polygons

Lazt Branch

b arnenturn mirror method areas
POl velocities

Rest Pozsitions

Sequence pozitions

Slope palygon test

Slope polygons

[ MORMFOROO0RERERO00000EE

Solid Wehicle shapes True

vehicle autling path False

Wehicle Paths True
Wehicle settings

W-triangle Falze

w-triangle factaor 10
Directones

Save ] [ Accept ] [ Cancel

The second option for the definition of all PC-Crash's default directories, colors,
simulation parameters, and settings is by selecting the menu option Options -
Options. The first folder of the dialog box that appears is the Directories folder, where
paths to various types of files can be specified.
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options 21 x|

Dizplay Settings I Default Settings | Save I MABA
Directories Colors I Sirmulation Parameters

r— Directories
Car Database:

MEYPLT F24D50 2004.MDE
PC-Rect:

&

|C:\F'EHE CT30%PCRECT.EXE
Wehicle D<F Files:
IC:\F’loglamme\F’ECrash?2\

Side view
IE:\Programme\PEErash?2\S idetie

2 #E #

Wworking Directony:
IC:\PHDGHAMME\PECHASH?2\

=

Project templates

IC:'\F'mglamme\F'ECrash?2\T empla

&

K I Abbrechenl UI_:ernehmenl Hilfe:

Units

Both metric and U.S. units can be used in PC-Crash. The default units are metric
(distance in meters, speed in km/h). To change to U.S. units, select the menu option
Options - Options - Default Settings. Use the Distance drop down box to choose
between metric distances (vehicle and scene dimensions in meters) and U.S.
distances (vehicle dimensions in inches, scene dimensions in feet). Use the Velocity
drop down box to choose between km/h, mph, m/s (meters/second) or ft/s

(feet/second).

Options EE3
Directories I Colars | Simulation Parameters
Display Settings L efault Settings | Save

— Sequences

Friction Im
Reaction time:; |1 sBC
Brake lag; IU sEC

¥ linear increase during brake setup phase

Default COG Height: ID in

i~ Units
Distance: Angular velociby:
fUsa imperial) =] radss =l
Wieloity: Language

Imph j IEninsh j

0k I Cancel | Apply |

Press the OK button to accept the changes and close the dialog box (the Apply button
incorporates the changes without closing the dialog box).
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Starting a New Project

After PC-Crash is opened, a new project can be started. The following list contains
most of the basic operations required to complete a project. They are shown in the
recommended order that they are to be performed, although this can be left somewhat
to the individual user's preference. The first six operations listed can be performed
even with PC-Crash in the demo mode. Details on how to perform the operations can
be found later in this chapter and the next chapter.

1.

10.

Each vehicle is loaded from a database or as a custom vehicle using the menu
options Vehicle — Vehicle Database e or File — Import — Custom Vehicle
B

Any necessary changes to vehicle geometry or other parameters are made using
Vehicle — Vehicle Settings.

This is a good time to choose a file name for the project and save it using File —

Save E This button should be used at regular intervals when working on a
project, although there is also an automatic file save feature.

Scene information can be inputted, by loading or creating a 2D or 3D DXF
drawing, or loading a scanned drawing, aerial photograph or rectified photograph,
and selecting scene friction properties.

The vehicles are positioned at the start points with the mouse using Dynamics —

Move/Rotate Vehicle #% or by entering the X and Y coordinates using
Dynamics — Position & Velocity.

Sequences that control the wheel braking, steering and acceleration forces, and
other functions that affect vehicle motion such as driver reaction time, are applied
to each vehicle using Dynamics - Sequences.

An impact analysis can be performed, using Impact — Crash Simulation, along
with a post-impact trajectory analysis, using the Forwards Simulation tools

= » . If the Collision Optimizer is to be used to solve for collision speeds
and other parameters, the vehicle rest and/or intermediate positions have to be
specified first using Impact — Rest Positions or Impact — Intermediate
Positions.

After the impact and post-impact motion has been solved for, the pre-impact

motion can be examined using the Backward Simulation tools “ 4=
Backward simulations have some limitations, which are discussed later in thls
chapter.

A scale diagram of the main screen, a report of the input and output parameters,
and tables and diagrams defining the vehicle motion can be viewed, printed or
output as text files.

Animations of the simulation, from a fixed or moving camera position, can be
rendered (PC-Crash 3D only).

If the user wishes to begin a new project after another project has already been
started, all previous input data can be erased by selecting the File - New menu
option. If changes to the existing file were not saved, the program asks if the user
wishes to save the changes.
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If "Yes" is selected and the existing project has not been saved previously, the user
will be prompted to enter a file name.

Project Wizard

The Project Wizard can be used as a guide when starting a new project. This feature
leads the user through most of the tasks required to set up a new project. The Project
Wizard is accessed by selecting File — Project Wizard. After choosing a project
template, the following dialog box appears. Using the Next button after each operation
is completed will open the dialog boxes in a logical order to complete a project.

! Project Wizard K1 E3
Friction... | Sequences... I Collizion... I Ophions....
Load Wehicles... | Position the vehicles... | Follow path...

Flease enter the cars involved.

Yehicle: I vl Load... | g

td anufacturer: |EHE\.-'F|I:|LET CaRs
Type: IM.-’-\LIBLI 40R SEDAM BASE/L

Geametry |

¢ Black. . | Mext.. > |

Loading or Saving

Projects

Existing projects are loaded using the menu option File — Load %
While working on a project, it is recommended that it be saved at regular time

intervals. This can be done using the menu option File — Save E If a project name
was previously defined, the project will automatically be saved to that file name. If no
project name was previously defined, a new file name will be requested in a dialog
box. After saving the project, the specified name will be displayed in the title bar. The
current status of a saved simulation can be reloaded at any time, using File — Load

=
o .
File — Save As can be used to save the current project under a different file name.

This is normally done when the user wishes to have several project variations of the
same incident.
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Autosave

The Autosave feature of PC-Crash can be used to automatically save the current
working session every 1 to 10 minutes. Autosave is accessed using the menu option
Options - Options - Save.

The Autosave feature writes to the file recover.pro, and therefore does not overwrite
the working file. In case of a system or software failure, when PC-Crash is re-opened
it will ask if you want to recover the last session. If this is done, use File — Save As to
save the loaded Recover.pro file to the desired file name.

Main Screen Display

Display Settings

You can change the configuration of the display settings in PC-Crash in the menu
option Options — Options - Display Settings or File — Default settings

Vehicle outlines (last position and last branch), trajectories of the wheels (full
trajectories or just the visible tire marks) and center of gravity, sequence positions,
crashes, velocity triangles, etc. can be displayed by clicking on the relevant check
box. A single click activates the respective function and a further click deactivates it.

Vehicle Shape

In a simulation it is possible to show the vehicles in either a simple or a more
complicated form. The default vehicle shape is Simple, which represents the body of
each vehicle with a rectangular outline. A second available shape is Detailed, which
adds lines for the windows and bumpers. This, however, increases the simulation
refresh time, as there are more lines in the drawing. To select this option, check 3
Detailed veh. shapes in Options — Options - Display Settings or File — Default
settings. This shape is governed by the settings in Vehicle — Vehicle Settings —
Vehicle Geometry (Type) and (in the case of automobiles) — Vehicle Shape.

PC-Crash also allows the user to attach realistic vehicle shapes to the simulation
model vehicles, including 3D vehicle shapes, in the form of DXF drawings or bitmaps.
These shapes can be loaded using the menu option Vehicle - Vehicle DXF.

— —
mm

Simple Detailed DXF Shape

Performing the analysis with DXF vehicle shapes may result in lengthy refresh times.

The shapes can, however, be turned off temporarily by de-activating M DxF Cars in
Options — Options - Display Settings or File — Default settings..

Last Branch

If ¥ Last Branch in Display Settings is activated, the vehicles will be displays at
even time or distance increments, by selecting the appropriate option button.
Selecting the Every Step option button displays the vehicle outline every 15ms, so do

not use this option unless 7 DXF Cars and W Detailed veh. shapes are both turned
off.
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Any changes in the Display Settings dialog box are accepted by closing the window
with the OK button.

Refreshing the Screen

A screen refresh can be done at any time during the PC-Crash session by selecting
the menu option View - Refresh or pressing the function key F5.

Automatic refreshing of the screen (after most operations) can also be activated with
¥ Auto Refresh in Display Settings.

If 3 Auto Refresh is activated, the 3D Visualization window (Options — 3D Window)
will also be automatic refreshed.

Loading Vehicles

The first step when simulating a new accident is the selection of the vehicles. PC-
Crash is supplied with several vehicle databases that include most passenger cars
and light trucks. Heavy vehicles, trailers, fixed objects, pedestrians, two-wheeled
vehicles and vehicle occupants can be loaded as custom vehicles. The user can also
create vehicles not included with PC-Crash by modifying an existing vehicle file.

Vehicle Databases

General

On the first start-up of PC-Crash, the user must select a vehicle database using the
Change button beside the Car Database text box in the Options - Options menu

option. After that, selecting Vehicle - Vehicle Database . will display the selected
database in the Vehicle Database dialog box.
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Load Car/Light Truck 21
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| =l
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Bwild: [Diiver [optional]:
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Load I Close |

In PC-Crash interfaces to several database files have been implemented as follows:

e DSD xxxx.mdb - New European standard database of DSD.

o KBA xxxx.mdb — Database of the German department for motor vehicles.
e DSDJapan2000.mdb - New Japanese standard database of DSD.

e ADAC95.dbf - 1995 European database.

o Spe****.dbf - Canadian Specs Database. **** is the year of manufacture.
Covers most cars and light trucks sold in North America.

Before loading the vehicle, the name of the driver can be entered in the Driver text
box, if desired.

The Vehicle Database dialog box contains a text box for the vehicle number. This is
the number by which the vehicle is addressed after loading. It is not possible to load
vehicles out of sequence (i.e. changing the default number of Vehicle 1 to 2 prior to
loading). However, it is possible to enter the number of an existing vehicle when
loading a new vehicle. In this case, the new vehicle replaces the existing vehicle.

The Vehicle Database dialog box contains a drop down box for the vehicle database
or year and list boxes for the vehicle manufacturer and model. The manufacturers and
models available in the database are displayed alphabetically.

After selecting the database, click on the desired manufacturer name in the left list
box. Then, click on the correct vehicle model in the right list box. A second dialog box
appears, which lists all the database information for the chosen vehicle.

The vehicle is loaded into PC-Crash by pressing the Load button, and is immediately
available for use in the simulation. Pressing the Close button closes both dialog
boxes. Any vehicles that have been loaded will appear on the screen. Vehicle 1 is
loaded with its center of gravity at point 0, 0 in the scene and subsequent vehicles are
loaded 4m (13.1 feet) to the right of the previous vehicle loaded.

The DSD database is also automatically loaded into the same directory as the PC-
Crash program files are. This database allows the user to search by specifying
additional criteria.

The user can specify the date of manufacture. Once the user enters a manufacture
date in the Build drop down list, only those vehicles that have been built on this date
(year of manufacture is between ‘built from’ and ‘built to’) will be displayed.
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Entering the vehicle make in the Vehicle Query text box will access that make in the
left list box, which may be quicker than scrolling down to find the make. It is also
possible to search for a certain vehicle. The Vehicle Query text has to start with the
year of construction (YY or YYYY, e.g. 99 or 1999) or the manufacturer, whereby the
manufacturer must be always entered. The inputs must be separated by blanks, the
TAB key starts the search. No differentiation is made between large and small letters.

Search words: [(built YY or YYYY)] (manufacturer) [(search criterion)]

e.g. 96 bmw 520; 1991 MERCEDES 190; peugeot 40 (all vehicles with X40 kW and
the 40X series are displayed).

It is also possible to display only vehicles of a certain type, as follows:

e Cars

e  Trucks
o Trailers
e Busses

e Motorcycles

After selecting a vehicle type the list of manufacturers will be updated to include only
those in the category selected.

Database: S TERICIE 10 ToRE. SeleCtlon Of

[os0 2005 & =T [en | database
Wehicle Query: \ \

| Selection of
- \ vehicle type
[ \ |

Modek Vehicle No.

100 2.0 - 85 kw/, 06.1931-08.1334 il
100 2.3 F - 93 kW, 01.1991-02.1934

100240 -6 . 01.1991-01.1395
10025 TDI - 85 kiw, 09.1991-05.1934
10026 E - 110 ki, 07.1992-08.1994
1002.8E - 128 kW, 01.1991-08.1334
1005 D Ds- 51 kW, 01.19758-01.1382
100 5E - 100 k', 01.1922.01.1592
100 Avant 2.0 - 85 kW, 09.1991-06.1333 LI

Build: Diriver [optional):

Al =l

Load I Cloge |

The DSD database also contains more parameters - a reference to the 2D European
vehicle sketches of Ratschbacher's database (purchased separately), engine torque
diagrams and gearbox parameters.

These data are loaded automatically. The corresponding vehicle sketches are loaded
if the correct path to the main directory of Ratschbacher's database is specified in
Options — Options — Directories — Vehicle DXF Files.

DSDJapan2000 and Vyskocil

The Japanese database DSDJapan2000 and Vyskocil databases are automatically
loaded into the same directory as the PC-Crash program files are. The Vyskocil
database is an older version of the DSD database, with fewer features. The Vyskocil
database includes trucks and motorcycles. The DSDJapan2000 is for Japanese
vehicles.
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Specs

The North American Specs database is supplied in a separate directory on the PC-
Crash CD and must be installed by the user onto the hard drive. The default directory
it is installed in is named Specs, but this can be changed to suit the user's preference.
The Specs database contains vehicle dimensions and weights of cars and light trucks.
No power or transmission information, or motorcycle or heavier truck data is provided,
as it is in some of the European databases.

To make the Specs database vehicles accessible, select any of the files in the Specs
directory named Spe****.dbf (where **** signifies the model year) using Options —
Options — Directories — Car Database. The only difference between the selection of
these is that the year selected will be the default year that the vehicle database dialog
box is initially set at. Any other vehicle year can be selected at any time when Vehicle

- Vehicle database " is selected, however, making any of the Specs vehicle data
files available from the vehicle database dialog box.

Note: If the user transfers the other supplied databases into the directory where the
linked database is located (or vice versa), all of the supplied databases can be
selected from the Vehicle Database dialog box without having to change the default
directory in the Options — Options — Directories — Car Database menu option.

Example: Load a 96 BMW Cabrio 2.5 from the DSD database. Choose this vehicle in
the Vehicle Database dialog box by selecting the year first (1996) from the drop down
box, then the manufacturer (BMW) from the left list box, then the model (Cabrio 2.5)
from the right list box, use the Vehicle Query option.... An information message will
appear to indicate that the position of the center of gravity is not defined and a 50/50
weight distribution has been assumed. This is currently true for some vehicles in the
database.

Fosition of center of gravity not defined;
assuming 50/50 weight distribution

If a different weight distribution is desired, it can be changed in the Vehicle Geometry
dialog box, which appears when the menu option Vehicle - Vehicle settings —
Vehicle Geometry is selected.

Custom Vehicles

Vehicles not contained in a database and objects such as walls and trees must be
loaded as a custom vehicle. A number of custom vehicles (*.dat), as well as multibody
pedestrians and motorcycles (*.mbdef), are included in the directory PC-Crash is

=
installed in. To load a custom vehicle, select File — Import - Custom Vehicle @ .

Example: Replace the 96 BMW Cabrio 2.5 loaded from the DSD database as Vehicle
1 by the vehicle New.dat.
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Vehicle Construction

If the desired vehicle is not contained in the supplied PC-Crash databases or custom

vehicles, use File — Import - Custom Vehicle @ and select the vehicle "New.dat"
(or any other vehicle) out of the listed vehicle types.

The next step is to input the correct geometry and load parameters for this vehicle.
Open the Vehicle - Vehicle settings — Vehicle Geometry menu option. Ensure that
the vehicle number is the correct one and input the proper parameters into the
applicable text boxes.

Example: Load the vehicle New.dat as vehicle number 2 and modify its data
according to the data for a Porsche 911 SC, as follows:

Name : Porsche 911 SC
Length : 4.29m

Width : 1.65m

Height : 1.32m

Wheelbase : 2.27Tm

Front Overhang : 0.93m

Track Width : 1.37m

Weight : 1180 kg

Dist. center of gravity to front axle : 1.32 m

Height center of gravity : Om

Note: Selecting a 0 C.G. height means that the program calculates the simulation with
planar 2D vehicle models.
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ok I Cancel Apply

The Yaw (z-axis) angular moment of inertia is calculated by the program based on the
vehicle size and mass. The user can change this value by overwriting it in the
corresponding window (See the Vehicle Geometry menu description in the next
chapter).

Selecting a vehicle C.G. height of 0 (the default in PC-Crash) means that the
simulation is calculated with planar 2D vehicle models that can have yaw, but no roll
or pitch motions (on a 2D surface). If a positive C.G. height is selected, values are
calculated for the vehicle moments of inertia about the x and z axes as well, and roll
and pitch are calculated. The two calculation models are the same, but there are no
forces that can cause roll or pitch when the C.G. height is 0.

Finally, you can select whether the vehicle is to have ABS (Anti-lock Braking System).
If you select ¥ ABS an additional dialog box will appear in which you can enter the
ABS cycling time. A typical cycling time would be approximately 0.07-0.10 seconds.

To close the dialog box and confirm all entered parameters, click on the OK button. If
you click on the Cancel button, the previous parameters are retained.

Vehicle Settings

Vehicle geometry and other parameters can be viewed and changed by selecting the
Vehicle - Vehicle Settings menu option. This opens a group of dialog boxes that
contain the following:

e Vehicle Geometry — Basic dimensions, inertia, anti-lock braking. The basic
dimensions and weight are normally the only information loaded from the vehicle
database or list of custom vehicles. All other data contained in Vehicle - Vehicle
settings is calculated by the program and should be checked by the user to
ensure that values are realistic.

e Suspension Properties — Spring and damping characteristics, body-ground
contact values for rollovers.
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e Occupants & Cargo — Passenger, trunk and roof-rack loads.
¢ Rear Brake Force — Rear brake proportioning valve settings for 3D vehicles.
e Trailers — Trailer connection criteria.

e Vehicle Shape — Basic vehicle body dimensions can be modified here when a
3D shape has not been attached.

e Impact parameters — Vehicle specific default parameters for automatic impact
simulation.

e Stability control — Parameters for simulating stability control devices.

Trailers

The trailer model In PC-Crash is force-based. The vehicle-trailer connection forces
necessary to have the same acceleration of the vehicle and the trailer at the hitch
point are calculated. Driving stability, road space requirements and impacts to the
trailer and tow vehicle can be simulated.

Trailers are loaded as a custom vehicle (select File - Import - Custom Vehicle @)
or using the DSD database. After loading a trailer, its geometry has to be checked or
modified to suit the desired values. Use Vehicle - Vehicle settings - Trailer to
specify the hitch data.

Impact parameters | Stability control
Vehicle Geometry I Suspension Properties | QOccupants & Cargo
Rear Brake Force Trailer | Vehicle Shape

Vehicle: Trailer
1 Jeep-Chero lm

Traillertypg ————

& nsteered

i Steered

" Semidrailer

max. trailer force: 10000 N

Drawbar length: |5_ m

Hitch overhang: IF m

Hich height: [03  m

v offset hitchpoirt tow car: IF m
y offset hitchpoint trailer: IW m

Moment transfer
K = e

Phi min: II}— :
o s nme

0K I Abbrechen | Ulgemehmenl

The vehicle that is to be connected with the trailer is selected in the Vehicle drop
down box of the Trailer dialog box. The matching trailer is then chosen in the Trailer
drop down box. For a second trailer on a tow vehicle, select the first trailer in the
vehicle drop down box and the second trailer in the trailer drop down box.

In order to disconnect a vehicle from the trailer the word "None" has to be chosen in
the Trailer drop down box.

The drawbar length (distance of the front trailer axle to the hitch point) and the hitch
overhang (distance from the rear of the vehicle to the hitch point) have to be specified.
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In a three dimensional simulation (C.G. height defined for car and trailer) the height of
the trailer hitch above the road also has to be specified. Other parameters can be
chosen to specify torsional resistances for the trailer hitch about the x, y and z axes.

If the hitch point is not at the center of the truck or trailer, the offsets may be specified
individually as shown in the drawing below:

Draw Bar Length
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g L L
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3
)
Overhang

If you click on the OK button in the Trailer dialogue box, the connection is activated
and the trailer is connected with the vehicle.

PC-Crash automatically checks whether the starting situation of the trailer and tow
vehicle correspond in position and velocity. If not, all motion parameters of the trailer
are recalculated.

Note: For trailers, rearward simulations are not possible in PC-Crash. Collisions can
be performed between a trailer and a vehicle, between a tow vehicle and another
vehicle, between a trailer and its tow vehicle or between two trailers. A kinematic path
simulation cannot be performed for a tow vehicle and trailer.

The start conditions for the trailer are determined automatically by the program, based
on those of the tow vehicle.

Due to the calculation method being based on a set numerical accuracy, small
location differences between tow vehicle and trailer at the hitch point can develop in
long simulations. These differences do not influence the driving stability. If the
distance exceeds 10 cm (4 inches), all the definitions should be checked once more
and the simulation repeated.

Saving a Vehicle

Vehicles can be saved in individual files for future use. To do this, select File - Export
- Custom Vehicle.

First, change the vehicle number in the Vehicle No. text box to suit the vehicle being
saved.

Next enter the name of the driver in the Driver text box (optional) and the name of the
vehicle in the Vehicle text box.

Press the Save button. Now the newly stored vehicle will be available as a custom
vehicle for future use.

Example: Save the Porsche using the file name 911.dat

Deleting or Replacing a Vehicle

If more than one vehicle is loaded into PC-Crash, the last vehicle loaded can be
deleted at any time. This is done with the menu option Vehicle - Erase Last Vehicle.

Example: Delete the Porsche.
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Only the vehicle with the highest number can be deleted. However, vehicles with
lower numbers can be replaced using the menu option File - Import - Custom

Vehicle @ or Vehicle - Vehicle Database m. Before loading the new vehicle,
change the default vehicle number to that of the vehicle to be replaced.

Attaching 2D and 3D Shapes to Vehicles

Vehicle 2D or 3D drawing shapes and 2D bitmaps can be attached to vehicles, for a
realistic appearance on the main screen and, in the case of 3D vehicle shapes, in the
3D window and rendered animations.

To load a vehicle 2D top view or 3D drawing shape, or a top view bitmap, select
Vehicle — Vehicle DXF — File — Plan View - Load DXF or - Load BMP.

Scene Data Input

2D Scenes

2D Scene data can be entered as follows:

e Import a Scene Drawing — A scene DXF drawing can be loaded using File —

Import — DXF Drawing @F Note that PC-Crash assumes the drawing was
drawn using meters as units. Other drawings must be scaled accordingly, either

before importing or after, using the Scale tool H in the Draw Toolbar.

_
e Create a Scene Drawing - Use the Road and Intersection tools ;I:ulj in the
Draw Toolbar to build a scene in PC-Crash. Crosswalk lines can be drawn on the

roads using the line draw ﬂ and modify = tools, and road markings,
highway signs and other shapes can be imported with the symbol library tool

e Import a Scene Bitmap Image — A bitmap image of a scene can be loaded

using File — Import — Bitmap ﬁ’. The image can be a scanned drawing, an
aerial photograph or a photograph rectified from PC-Rect. Images not brought in
directly from PC-Rect must be scaled, using Bitmap — Scale.

. Other tools can be used to rotate and scale objects, apply text, etc.

Note: Some DXF scenes drawn by surveyors may have the drawing origin at a large
numbered coordinate, such as X, Y = 20 000, 20 000. In these cases, the drawing will
not be visible in PC-Crash unless Graphics — Zoom All is selected. In some cases,
the coordinates may be so large that the drawing will be outside the maximum viewing
area possible in PC-Crash. It is thus generally advisable to place the drawing close to
the point 0, 0 in a drawing program prior to importing into PC-Crash.
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3D Scenes

3D Scenes can be used in PC-Crash. In order to have the vehicle tires recognize the
individual polygons of the 3D surface, the scene must be imported or created as 3D
Road Object with triangular surface polygons using Dynamics — Define Road Slope
and/ or the Slope Polygon Toolbar

Slope Polygon = X
Xy

Importing a Surfaced 3D Scene Drawing

A 3D scene DXF drawing can be imported directly as a 3D Road Object using the

Generate 3D Road Object button L and then Import. (change the "Files of
type" to DXF). The 3D drawing must include all required surfaces, in the form of
triangular polygons with normal vectors facing upwards.

Note: If a 3D scene is imported using File — Import — DXF Drawing b , the vehicles
will not recognize the 3D surfaces. However, it is often useful to import a 3D scene
twice — once as a 3D Road Object and once as a 3D DXF drawing. The DXF drawing
can be embellished with road lines and other features such as trees that are not
suitable for the 3D Road Object conversion. In this case, turn off Friction Polygons in
Display Settings, which turns off the display (but not the function) of all Friction and
Slope polygons. In this case, only the embellished 3D drawing shows on the main
screen and in the 3D window, but the vehicles will still follow the 3D Road Object
surfaces.

Importing a Survey DXF
A DXF drawing of surveyed points in 3D space can be brought in using File — Import

— DXF Drawing @F. Start a New Project before doing this, so no vehicles or other
objects will be in the 3D drawing subsequently created and exported.

Open the Draw Toolbar b and select the points desired to define the 3D surfaces

(see the next chapter for Draw tool operations). Then, by selecting Triangulate ,
3D triangular surfaces will be automatically created between all selected points.

A massage box will appear asking if the triangulated area should be used as slope
polygon.

PC-Crash 7.1 et

L] E Do wiou wank to use the triangulated area as slope polvgons 7
-

[ein I

If you choose Yes the triangulated area will be used as slope polygon and can be
assessed using Dynamics — Define Road Slope.
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If you choose No the triangulated area is handled as DXF drawing, and once all
desired surfaces have been created, save the drawing using File — Export — DXF

g

Drawing. Finally, import it into the desired project as a 3D Road Object using -
|mpart. ..

Creating a 3D Scene

3D scenes can be created in PC-Crash as follows:
Slope Polygons

Using the - tool in Dynamics — Define Road Slope, one or more sloped planes
can be created. Click and hold the left mouse button to draw the first point and release
it at the second point. Click at the desired locations to define subsequent points. After
entering all points of the polygon, click the right mouse button to close the last side of
the polygon. A dialog box appears, allowing you to enter the desired elevation and
slope(s). The first slope polygon point drawn is defined by a red circle on the main
screen and is the one for which the elevation (Zref) is specified. To add additional
points to a slope polygon select it and click with the right mouse button on the desired
location. A popup menu appears that allows you to insert or delete a point at the
chosen location.

If it is desired that several polygons are to be adjacent to one another with no space
between, Snap should be turned on before drawing them. Snap and Snap Spacing

can be accessed by the Snap-Button of the Draw toolbar.

3D Road Objects

Complex multi-faceted 3D road profiles, with sloped banks or ditches, can be created

oo

using the Generate 3D Road Object tool . See the description of this menu item in

the next chapter.
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Contour Lines

3D scenes can be drawn from scratch. This is done by defining contour lines, using

the 2D drawing tools ﬁ or ﬁ in the Draw toolbar. After being drawn, the
elevations of each complete contour line can be adjusted up or down using the Shift

Selected 3D menu option (right-click in the Draw Toolbar title bar to access this
n

menu). Individual points can be adjusted using the Change Object window =™ of the
Draw toolbar, where the X, Y and Z coordinate of each point can be changed.

When all the lines and points have been adjusted to the correct locations, follow the
procedure outlined in the previous section "Importing a Survey DXF" to triangulate
and/or export the drawing, and then import it as a 3D Road Object.

Friction Polygons

Areas of different friction in the scene can be defined by drawing polygonal areas,
using Dynamics - Define Friction Polygons and/or the Friction Toolbar.

is for defining a friction polygon. Click and hold the left mouse button to draw the
first point and release it at the second point. Click at the desired locations to define
subsequent points. After entering all points of the polygon, click the right mouse
button to close the last side of the polygon. A dialog box appears, allowing you to
enter the desired friction coefficient. To add additional points to a friction polygon
select it and click with the right mouse button on the desired location. A popup menu
appears that allows you to insert or delete a point at the chosen location.

Note: Friction and slope areas are handled and calculated due to the order they are
created, e.qg. if two friction areas have an overlap the values of the first defined friction
polygon are used for the calculation in the overlap area.

Defining Initial Vehicle Conditions

Position and Velocity

The initial position and velocity of each vehicle can be defined using the menu option
Dynamics - Position & Velocity.

The drop down box at the top of the Position & Velocity dialog box is used to choose
the vehicle number for which the parameters are indicated and/or changed. It contains
a list of all loaded vehicles.

Example: Change the parameters for Vehicle 1 in the Position & Velocity dialog box.
Using the TAB key or mouse, move the cursor to the applicable text boxes to input the
coordinates of the center of gravity. Specify -2.5 for the x-coordinate and 0 for the y-
coordinate in the given example. Input a start speed of 50 km/h in the Velocity text
box. Press the Ok button to close the dialog box.

The Tow Truck Tool

PC-Crash offers an additional method of positioning the individual vehicles. Select

Dynamics - Move/Rotate Vehicle w . The mouse cursor will change into the shape
of a tow truck. The vehicles can then be moved by clicking on them with the cursor at
the center of gravity (max. distance to the center of gravity: 5 feet or 1.5 meters).
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While keeping the left mouse button pressed, the vehicle can be moved with the
mouse. When clicking on or near the vehicle at a distance between 5 feet and 16.5
feet (between 1.5 and 5 meters) from the center of gravity, the vehicle can be rotated.

Example: Move and rotate Vehicle 1 on the screen using iad .

Positioning Vehicles on 3D Surfaces
If the vehicle is placed on a 3D road surface or slope polygon with the Tow Truck tool

LA , the vehicle elevation, pitch and roll will be calculated automatically, based on the
slope polygon the vehicle's center of gravity is located over. The New Simulation

button '™ should be pressed after placing the vehicle to also position the tires on the
surface correctly.

For cases where the vehicle's wheels are over different polygons than the center of
gravity at the start, the user must "drive" the vehicle on the 3D surface until its
suspension and wheels reach a steady-state condition. This is achieved by doing the
following:

1. Move the vehicle back from the desired start point a short distance with the Tow

Truck tool e . About 3m or 10 feet is generally sufficient.

2. Run the simulation forward using the button > with the vehicle at the selected
start velocity until the vehicle reaches the desired start point. Check that the
vehicle traveled a distance great enough to reach tire-ground steady-state
conditions. The best evidence of this is a horizontal Tire Normal Force curve for
each of its wheels in the Diagrams window.

3. With the button o define the current vehicle position as the new star point by
answering No to the following question.

p Cautian: Start of & new simulatian
(- Reposition vehicles to orginal start position?

(i [=] | Cancel |

4. In the Position & Velocity dialog box, with time=0 check that the velocity is at the
exact desired value and change it, if necessary. Do not change any other values.

5. The simulation can now be run with the vehicle initial conditions at the correct
values.
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Initial Yaw
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The line extending from the vehicle's center of gravity on the screen indicates the
direction of the velocity vector. The direction of this line changes during the simulation
to suit the actual velocity direction at any instant.

[ ] [ ]
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[ ] [ ]

If the Dynamics - Position & Velocity dialog box is left open, the position and velocity
values of the vehicle at any point in the simulation can be viewed.

Backing up

Driving backwards can be simulated in PC-Crash easily. In the Position & Velocity

dialog box, turn off 7 Copy and change the direction of the velocity vector (NY°) by
180°, so that the velocity vector points to the rear of the vehicle.
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Scene Distances and Scaling

Measuring Distances

Grid

Scale

1
Select Options - Measure / to measure distances between points on the screen.

Move the cursor to the point where you want to start the measurement, then press
and hold the left mouse button. As the mouse is moved the distance and angle values
appear in the Measure window. The connecting line is also shown on the screen.
When the left mouse button is released the values are stored in the window until you
press the left mouse button again. Close the Measure window by clicking on the close
symbol (X) in its title bar.

Distances can be estimated by using the Options - Grid menu option. This covers the
screen with a grid of equal density.

The default grid density is one meter. You can change the density of the grid using
Graphics - Scale & Grid Spacing.

On starting PC-Crash the default scale is 1:200. Graphics - Scale & Grid Spacing
can be used to change the scale of the screen and scene printout to any value
desired between 1:1 and 1:1,000,000. This option can be more easily accessed by
double-clicking in the scale area of the status bar at the bottom of the screen.

The toolbar buttons "Zoom in" @ or "Zoom out" ﬁl can also be used to change
the scale in even increments.

Motion Sequences (F6)

In PC-Crash different motion sequences for each vehicle, such as braking,
acceleration, steering and driver reaction can be defined.
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Select Dynamics - Sequences (F6) to access the Sequences dialog box, in which
different sequences can be combined to reflect the driver’s actions for each vehicle.

Sequences 2] x|

Sequence Edit Options
25 4 Bn B2 L2 |

| -] |2 auDlae =] |3 suzuk x|

® Reaction ® Reaction @ Feaction
& Decel. & Decel. ® Decel
W Start W Start W4 Start

® Decel @ Decel. ® Decel

jo mph |25 mph |E| mph

After loading a vehicle four sequences are specified for it by default: Reaction, Decel,
Start and a further Decel sequence.

Sequences above the Start sequence in the Sequences window are before time=0
(which is normally pre-impact) and sequences below it are after time=0 (usually post-
impact). Thus, by default there is a driver reaction, pre-impact braking and post-
impact braking sequence for each vehicle, which covers most normal collision
reconstructions.

Double-clicking on a selected sequence accesses the sequence data for viewing and
changing.

To create a sequence, select the Sequence menu in the Sequences dialog box. The
new sequence is automatically placed after the current active (highlighted) sequence.
Be careful to ensure that the new sequence is placed in the column of the intended
vehicle.

To move sequences select a sequence with the left mouse button and drag the
sequence symbol onto the sequence that the moved sequence is to go after.

Example: Create a second reaction sequence. Use the menu option Sequence -
Vehicle/Driver - Reaction.

In order to enter the correct parameter for the Reaction sequence, move the mouse to
the Reaction sequence and double-click on it. A Reaction dialog box appears, which
has the Time option button activated by default.

! Reaction [1 ... E3

ilime [zec) 110
™ Distance [f

Now modify a Decel. sequence. Double-click on the post-impact Decel. sequence to
input the parameters for this sequence. The Brake dialog box appears. The option
buttons on the left side select whether the sequence is for braking or acceleration.

For Vehicle 1 input a brake lag time of 0.00 seconds and change the brake pedal
position to full braking. Leave the default sequence length at 100 m, which is more
than enough to allow braking to a stop from the selected speed of 50 km/h. Specify
this speed either in the Sequences dialog box or the Position & Velocity dialog box. By
closing the sequences dialog box all of the entered parameters are accepted. Using
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the Forward button » in the Simulation toolbar, run the simulation from the pre-
braking speed of 50 km/h to rest.

Lag [=]: 0.0o Sequence duration;
% Brake " [g] * [m] W
" Accelerate [mEr i3
= forwards a[mfs?]:lﬁ
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™| real A i I
[ Steering [ Lane change
Brake Factors
Front a=le [1]:
e e EER e s X
Rear asle [2]:
N U BRI TR B B | -y

In the Demo-version this process is locked if any changes are made. However, you
can continue by loading the project file EXAMPLE1.PRO (this shows a fully-braked
vehicle with a tire-to-roadway coefficient of friction of 0.7 decelerating to a stop from

=
30 mph). Using File — Load % select the project EXAMPLE1.PRO from the
Examples subdirectory of the PCCrash73 directory.

For further details on Sequences, refer to the Programming Sequences chapter.

Collision Analysis

Preparing for a Crash Simulation

PC-Crash allows crashes to be integrated into the simulation at any time so that the
entire process of an accident can be simulated.

To start a new simulation when the user has been working on another simulation,
select the menu option File - New.

Loading all vehicles that were involved in the accident is the first step in the crash
simulation. As stated previously, they can be loaded with File - Import - Custom

Vehicles @ or Vehicle — Vehicle Database e .

After checking the vehicle settings using Vehicle — Vehicle Settings and loading or
creating a scene diagram, the next step is to position the vehicles in their impact
position. For this, use Dynamics - Position & Velocity, or Dynamics - Move/Rotate
Vehicle "~ ..

Example: A 90° crash is to be simulated between a vehicle traveling at 50 km/h and a
stationary vehicle. Select File — New to start a new project. From the DSD database
supplied with PC-Crash, select the 1999 BMW 530 d as Vehicle 1 and the 1998 Alfa
Romeo 156 2.4 JTD as Vehicle 2. Keep all the default parameters for the vehicle
geometry. Use Dynamics - Position & Velocity to input the following parameters:

e  The BMW remains in the default position x=0, y=0, NY=PSI=0
e  BMW start velocity = 50 km/h
e The Alfa's coordinates are changed to x = 2.6 m, y =-2.0 m, NY=PSI=90
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e Alfa start velocity = 0 mph.
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At this point, save the project file, using File — Save E Enter the file name
EXAMPLEZ2a in the file name text box of the Select Project Filename dialog box and
press the Save button. Now this title will be shown in the title bar of the screen.
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The vehicles will be positioned on your screen as shown above, after the input of the
stated parameters (in the figure the scale has been increased in size from the default
1:200).

Impact Position

In order to get a realistic simulation of a collision it is important to position the vehicles
at impact with the proper amount of overlap, when the exchange of the principal crash
forces occurs. This is particularly important for the conservation of angular momentum
portion of the collision model. The best way to do this is to position the vehicles at the
impact point in an overlapped position corresponding to the amount of vehicle crush.
This can easily be accomplished by loading a scene drawing incorporating 2D
crushed outlines of the vehicles at impact, or attaching crushed vehicle shape DXF
files to each vehicle using Vehicle — Vehicle DXF.
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Another way of positioning the vehicles at impact with the proper amount of overlap is
to drive the vehicles into the impact position. First, put the vehicles into the positions
of their first contact. Then move them forwards according to the estimated pre-impact
speeds (50 km/h for the BMW in the example) for about 30 — 60ms. This is done by
defining a time step of 15ms in the Simulation toolbar, and then operating the Forward

button 4 two to four times. This moves the vehicles into their approximate positions
at maximum engagement.

Although the amount of overlap seems to be relatively large, recall that it is the sum of
the crush to both vehicles.

Example: Press the Forward button 4 three times with the time step at 15ms. The
following figure shows the resulting vehicle overlap.
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Definition of a new Start Position

After the vehicles have been driven into the proper impact position, a new start
position should be defined for the simulation. This allows different simulation
configurations to be compared with each other as quickly as possible. This is because
the vehicles can easily be moved back to the start position at any time with the New

Simulation button u in the Simulation toolbar, so that a new simulation can be
started immediately.

Once the vehicles are in the desired start position, use the button M (Definition of a
New Start Position). If the vehicles are not in their original start positions, an
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information box appears. Pressing the No button enables the simulation to be started
from the new vehicle position.

i Caution: Start of & new simulation
= Feposition vehicles to orginal start position?

blo | Cancel |

Demo version: If you only have the demo-version, you cannot move the vehicles
forward and you cannot determine a new start point. In this case load the file
EXAMPLE2.PRO from the Examples subdirectory in the PCCrash73 directory. In this
similar file the vehicles are already correctly positioned and the following crash
simulation has been performed.

Crash Simulation

After the two vehicles have been positioned in their impact positions, you can begin
with the actual crash simulation. For this, open the Crash Simulation dialog box with
Impact - Crash Simulation (F8).

PC-Crash's crash simulation is based on the crash model by Kudlich-Slibar. The
theory behind this linear and angular momentum-based crash model is described in
the PC-Crash Technical Manual. The Kudlich-Slibar crash model is characterized by
the definition of the point of impact. The point of impact is the point where the total
crash force is assumed to be exchanged. The elasticity of the collision is considered,
based on a coefficient of restitution. This model also considers the sliding of one
vehicle along another vehicle or a fixed object, based on a contact plane angle and
friction coefficient. These collision parameters can all be changed by the user.
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The vehicle pre-impact speeds are immediately shown in the Crash Simulation dialog
box when it is opened.
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Definition of the Point of Impact

The first step after opening the Crash Simulation dialog box is to define the point of

impact. Do this by activating M Move Point of Impact. The point of impact can then
be defined in one of the following ways:

e Click the left mouse button with the cursor outside the overlapping area of the
vehicles. This will center the point of impact in the overlapping area, and rotate
the contact plane to a reasonable value. This is usually the best place to start.

e Use the left mouse button to click on the desired point of impact inside the
overlapping area of the vehicles (hold the button down to drag the position).

e Type in the desired impact x and y coordinates in the corresponding text boxes.
You also can modify the coordinates using the spin buttons attached to the text
boxes. Note that the longer you hold down the mouse button (or the keyboard
direction button) the faster the values will change.

Example: Use the text boxes in the Crash Simulation dialog box to input the point of
impact coordinates: x =2.0m, y =-0.55m

Keep the restitution and contact plane friction coefficient at the default values of 0.10
and 1.0, respectively.

Note: If both vehicles in an impact are 3D vehicles (i.e. they both have C.G. heights >
0), then the point of impact height must also be specified. This is done by entering an
appropriate value (in feet or meters) in the "z" text box at the lower left of the Crash
Simulation window.

Rotating the Contact Plane

This can be done after activating 7 Rotate Contact Plane. This automatically de-

activates ¥ Move Point of Impact. The contact plane is rotated either by clicking the
left mouse button with the cursor near the contact plane on the screen, then rotating it
to the desired angle, or by entering the desired angle in the contact plane angle (phi)
text box. As described at the point of impact, coordinates you can also use the spin
buttons to modify the value in the text box

Example: Rotate the contact plane to 45 degrees by entering this value in the phi text
box. You can now observe that the vehicles change direction as a result of the
exchange of collision forces.

Note: When making changes to the crash parameters, make sure the vehicles are
positioned at the correct position for the crash being analyzed. If the Forward

Simulation buttons » or » have been used and then a crash parameter in the
Crash Simulation window is changed, the program assumes a second impact is being
defined. This can always be checked by ensuring that the Crash No. at the lower right
corner of the Crash Simulation window is at the correct number (i.e. 1 for the first
impact).

Display of Post-Impact Positions

After the point of impact or contact plane has been specified, or the Crash button has
been pushed, PC-Crash shows the position of both vehicles 200 milliseconds after the
collision. This allows the user to immediately see the effect of different input values
(for speed, impact position, contact plane angle, etc.) on the vehicles' post-impact
motion.

Other Crash Parameters

In addition to the vehicle positions 200 milliseconds after the collision, the following
are displayed on the screen:

e Point of impact;

e Contact plane;
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e  Friction cone (the two lines which define the impact force angle limits for which no
sliding will take place);

e  Crash force vector (PDOF).

The Crash force vector, the friction cone and the contact plane can be visualized
within the 3D Visualization window (Options — 3D Window) by activating Crashes
within the Options — Display settings window (Options — Options — Display
settings). The drawings of the crash
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The Crash force vector, the friction cone and the contact plane can be visualized
within the 3D Visualization window (Options — 3D Window) by activating Crashes
within the Options — Display settings window (Options — Options — Display
settings).
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Note that if the contact plane is rotated to an angle where the crash force vector is on
the edge of the friction cone, the impact becomes a sideswipe type with sliding taking
place between the vehicle contact surfaces.

Example: Now you can easily check the effects of changing a single input value.
Click ™ Move Point of Impact once again and shift the point of impact on the screen.

Chapter 2 — Working with PC-Crash e 53



Immediately you can see the effect of your choice of the point of impact on the post-
impact movement of the two vehicles.

You can analyze the influence of the elasticity of the impact by shifting the scroll bar
for the coefficient of restitution, or by typing a new value in its text box.

Although it would not be reasonable for the given example, the crash can be changed
into a sideswipe collision by rotating the contact plane and/or reducing the vehicle-to-
vehicle coefficient of friction.

EES Values

PC-Crash includes a calculation of the deformation energy (EES, or Equivalent
Energy Speed) in the crash simulation. The total deformation energy will be
distributed between the two vehicles, based upon the relation of the masses of the
vehicles as well as of the respective deformation depths. The equations for this
calculation are given in the Technical Manual.

The EES values for the vehicles can be seen within the Diagrams window (Options —
Diagrams — Diagrams — Vehicles — EES).

If a different distribution of the total deformation energy is desired, the EES for one of
the vehicles can be specified. This is done by clicking on the EES check box for that
vehicle, and then entering the desired value in the text box beside the check box. The
EES corresponding to the remaining deformation energy is calculated automatically
for the second vehicle.

Example: Activate the EES check box for the first vehicle and enter the desired value.
The EES value for the second vehicle is then calculated and is shown in the second
vehicle's text box.

Post-Impact Trajectories

PC-Crash simulates the post-impact trajectory of each vehicle, based on the crash
parameters and the post-impact sequences (after time=0, below the Start sequence)
in the Sequences menu option.

The post-impact trajectories can be calculated one step at a time by pressing the

Forward button » in the Simulation toolbar. Pressing the Forward button » runs
the simulation until the vehicles reach their rest positions. In the latter case, the
simulation can be interrupted at any time by pressing the button a second time, by
pressing the right mouse button, or by using the EScC key.

Once the simulation has been run to the rest positions, do not use the Simulate

Forward r» or Backward " A buttons to move the vehicles. Instead, use the

slider bar | oo to move the vehicles to any position desired. The vehicles
can also be moved to any point by typing a specific time in the time display text box

0.000 =
. Press the TAB key or click in the main screen after changing the time this
way, then press the F5 function key to refresh the screen.

Press the New Simulation button " only if you want to perform a new crash
simulation with different parameters. This will erase the existing trajectories. Then,
make the desired changes and run the simulation again.

The post-impact trajectories of vehicles with different braking conditions can easily be
compared. Change the braking by accessing the vehicles' braking sequences in the
Sequences window by selecting Dynamics - Sequences (F6).

Example: Use the Sequences window to define a brake sequence for each vehicle as
follows:
e  BMW - Use the Pedal position slider bar to define full braking on all 4 wheels

54 e Chapter 2 — Working with PC-Crash



e Alfa - Use the individual wheel slider bars to define 100% braking on LF wheel (to
simulate a wheel locked due to damage) and no braking on the other 3 wheels.
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Note that the coefficient of friction for this example is 0.8, which is the default
coefficient of friction in PC-Crash. The default value can be changed to another value
by selecting the menu option Options - Options — Default Settings, or more easily
by double-clicking on the "my" area of the status bar at the bottom of the screen.

After the braking sequence values have been entered for each vehicle, push the New

Simulation button ™. in the Simulation toolbar and then the Crash button in the
Crash Simulation window. Run the vehicles to their rest positions (by applying the

Simulation toolbar's Forward button »). The resulting vehicle post-impact
trajectories are shown on the main screen.

Note: W Auto calc in the Crash Simulation window can be used instead of the

Simulation toolbar Forward button M. This feature will run the vehicles to their rest
positions without showing intermediate vehicle movement whenever a change is
made in the Crash Simulation window, allowing the effect of a change on the rest
positions to be immediately seen.

Pre-Impact Trajectories

As for post-impact sequences, the Dynamics - Sequences menu option (F6) is used
for pre-impact sequences such as driver reaction and pre-impact braking. Pre-impact
sequences are those above the Start sequence (time = 0) in the Sequences dialog
box.

To avoid deleting the post-impact simulation results by accident when changing the
pre-impact parameters, lock the post-impact results by activating the Lock Forwards

Path button B in the Simulation toolbar. Once the post-impact results are locked
the vehicle positions and velocities at time=0 cannot be changed, because this would
influence the post-impact movement.

Example: Load the sample project file EXAMPLE2.PRO. For the Buick, add pre-
impact reaction and braking sequences, using Sequences - Sequence -
Vehicle/Driver — Reaction and Brake. After adding these sequences, you will have
to drag the Start sequence down to place the added sequences above the Start
sequence. Then, double-click on the reaction sequence and change the time to 1.1
seconds. Double-click on the pre-impact Decel. Sequence and apply 100% braking
over a distance of 30 feet.

The pre-start section of the simulation can now be run. As this section is before the

1

start (time = 0), it is simulated by activating the Backward buttons or in the
Simulation toolbar.
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Note: Trailers cannot be backed up before time=0.

Complex Pre-Impact Trajectories

When using pre-start sequences, it is normally only possible to simulate straight line
motions, because the inversion of the system of differential equations used by PC-
Crash makes backwards simulation of complex yaw or steer motions inaccurate. Also,
trailers cannot be backed up before time=0.

There are several ways of overcoming these limitations, however, as follows:

e Don't have the impact at time = 0. Start the simulation at some time before
impact, so all the pre-impact and post-impact motion is included. As many pre-
impact sequences can be put in as necessary to define the correct pre-impact
driving maneuvers. The weakness of this option is that, if speeds are not known,
any change in one vehicle's start speed will cause it to arrive at the impact point
at the wrong time with respect to the other vehicle. Unless the impact speeds are
fairly minor, this option usually takes too much trial and error time.

e Reconstruct the pre-impact portion of the incident as a separate project, starting
the vehicles out at positions before the impact. Alter their start conditions
individually so that they arrive at the impact point at the correct speed and
attitude. The timing with respect to one another can be changed easily using
Options - Diagrams - Options - Origin offset, as detailed in the Section
Synchronization of Vehicles later in this chapter.

If the whole pre-impact simulation needs to be viewed from the start to end,
animations must be made from the two projects separately and then joined
outside of PC-Crash. This can be done using video editing software of the type
normally provided with video output cards.

e The Kinematics path feature can be used for cases not involving trailers where
the pre-impact location and timing of the vehicle is important, but having the
program check that it is obeying the laws of physics is not. An example is a left-
turning vehicle in an intersection accelerating from rest across an oncoming
vehicle's path.

For this option, have the impact at time = 0 and solve for the post-impact motion
as usual. Then, lock the post-impact motion with the Lock Forwards Path button

W and change the simulation model from Kinetics to Kinematics using the

Simulation Model button § . Lastly, draw a curved path for the turning vehicle
using the menu option Dynamics — Define Path Points (see the Paths section
later in this chapter).

41

When the backwards simulation buttons or are used, the turning vehicle
will follow its defined path exactly. Because the Kinematics model is used for the
pre-impact motion, the user must check that the motion along the defined path is
physically possible for the speed and acceleration used.
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Saving the Simulation as a Drawing

The PC-Crash vehicle positions and other data can be saved as a DXF drawing file, if
desired. To do this, proceed as follows:

1. Run the simulation to the vehicles’ rest positions.

2. Save the simulation as a DXF file by choosing the File - Export - DXF menu
option. In the example enter the file name EXAMPLE?Z in the text box and press
the Save button (PC-Crash automatically appends the DXF file extension). Note
that all vehicle positions and tire marks that appear on the screen will be saved in
the DXF file. If it is desired that only some items be saved in the DXF file, then
the other items must be turned off in Options — Options - Display Settings or
File — Default settings.

3. The DXF drawing containing the vehicle positions and other data can be brought

back into PC-Crash using File — Import — DXF b and selecting the saved file
(EXAMPLE2.DXF). The saved vehicle positions will now be shown on the screen
as a DXF drawing. The DXF file can also be imported into other programs, such
as Microsoft Word.

Automatic Collision Analysis

The Collision Optimizer in PC-Crash is an automatic collision analysis feature that
eliminates the potentially lengthy manual trial and error process of determining vehicle
speeds and other impact parameters. The Collision Optimizer determines the best
solutions for impact speeds and other parameters based on specified impact,
intermediate and rest positions.

Rest and Intermediate Position Definition

To specify the rest or intermediate positions of the vehicles choose the menu option
Impact - Rest Positions or Impact — Intermediate Position 1 - 5. The cursor
changes to a tow truck (different from the tow truck that positions the vehicles at the
start) that is used to move and rotate each vehicle from its initial position to its rest or
intermediate position. The initial vehicle positions remain unchanged.

Collision Optimization

Once the vehicle rest and/or intermediate positions have been placed, the collision
optimizer can be used to automatically calculate the impact velocities, the point of
impact, the contact plane, and other values. Select the menu item Impact - Collision
optimizer.

It is generally more efficient to optimize only two or three parameters at once. This
allows the user to view the results after a short optimization time and then make a
decision on what to optimize on in the next optimization process, if it is needed.

The default Genetic algorithm generally finds a solution quicker than the optional
linear algorithm.

A velocity range for each vehicle can be specified. For example, if it is known a
vehicle was stopped prior to impact, a minimum and maximum velocity of 0 can be
assigned.

The user can control the weighting of linear and angular displacement errors for the
specified rest and intermediate positions and EES value. The weighting influences the
relative importance of angular and linear displacements for each vehicle in the
optimization process.
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To start the optimization, push the Optimize button. The optimization process can be
stopped at any time by a single click on the right mouse button or by pressing the Esc
key.

The better the start conditions are, the faster the optimization process will find an
optimized solution.

During the process, the items checked in the Optimization parameter list are
optimized one at a time, such that the program doesn't go back to the first item after
optimizing the second, and so on. The optimization process should therefore be
performed at least twice if two or more items are checked. The optimization process
can be repeated several times and the program will always keep the best solution
found as a result.

Example: First prepare for the simulation by saving the rest positions in the
EXAMPLE2.pro project file in a DXF drawing file (EXAMPLE2.DXF), as described in
the previous section. Import EXAMPLE2.DXF into EXAMPLE2.pro using File —

Import — DXF Drawing % Use Impact - Rest Positions to define the rest
positions, based on the rest positions in EXAMPLE2.DXF. Put the vehicles into the

start (impact) position with the New Simulation button B Select Impact — Collision
Optimizer and change the vehicle speeds to different values in the Crash Simulation
dialog box, to simulate an unknown starting speed for each vehicle. You could also
move the impact point to a different position to simulate that its exact location is

unknown. Select WV Impact Velocities in the Optimizer dialog box (and W~ Point of
Impact, if you moved the impact point) and run the Optimizer by pressing the Optimize
button.

Secondary Impacts

i ¥ Automatic Calculation of Secondary Impacts and v Crash Detection in the
Simulation Parameters dialog box (Options — Options — Simulation Parameters)
are activated, secondary impacts will be automatically calculated. Crash detection can
also be selected or de-selected in the Impact menu. The penetration depth of the
secondary impact (given in milliseconds after initial contact) can be changed in the
Depth of Penetration drop down box of the Simulation Parameters dialog box. A
reasonable value is generally in the 30ms to 60ms range.
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After running a simulation where there is a secondary impact, the user can move the
vehicles to the secondary impact positions to change parameters of that impact only.
This is done by using the Crash No. scroll box in the Crash Simulation dialog box to
scroll to 2 (or to a higher number if there are more than two impacts). The vehicles will
then automatically move to their positions at the time of the secondary impact. When
this is done, the crash parameters for the secondary impact can be adjusted manually
in a similar manner as they were for the primary impact.

If ¥ Automatic Calculation of Secondary Impacts is not selected in the Simulation

Parameters dialog box and WV Crash Detection is, the simulation will stop when it
detects a secondary impact.

Shifting the Start Point

Sometimes it is advantageous to repeat a simulation starting from a newly defined
start position. Sequences which have originally been calculated by a backwards
simulation from the start can be done with a forwards simulation. To do this, the start
position of the vehicle(s) must be moved to where they would be at the start of the first
sequence and the position of the Start sequence has to be changed.

Example: In the example EXAMPLE2.PRO, shift the start position of the Buick to the
beginning of the 1.1-second reaction sequence entered earlier. First, move the Buick

into this position by activating the Backward button « . Now this position has to be
fixed as the new start position. This is done by activating the New Start position button

M in the Simulation toolbar. Press the No button in the information box question that
asks if the vehicles should be repositioned to the previous start position.

The next step is to rearrange the sequences. Using Dynamics - Sequences (F6),
shift the Start sequence of the Buick to the top position.

Now, repeat the simulation of the driving motion of the Buick from the new start
position, ensuring that Impact Detection is turned on. If you get a slightly different
result for the rest positions, it is because the brake lag on the Buick was not set at 0.
In this case the original simulation, with no pre-impact brake sequence, was applying
only 50% braking during the lag time of the post-impact brake sequence, because the
initial condition, with no pre-impact sequences, was no braking. The new simulation
would have 100% braking during the lag time because the initial condition (defined by
the pre-impact brake sequence) is 100% braking.

Paths

Paths can be created for the vehicles in PC-Crash. This allows the user to specify
complicated vehicle maneuvers without having to use multiple steering sequences.
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Path definition is done with Dynamics - Define Path Points (see the Menu
Description chapter) and/or the Follow Path Toolbar.
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Post impact analysis using tire marks

If there are tire marks on the road surface, the post-impact situation can be easily
reconstructed by back-tracking the vehicle motion along the wheel trajectories. With
this calculation the situation immediately after the collision, for example post-impact
velocities, can be determined.

In PC-Crash it is necessary to know at least the collision position and the rest position
of a vehicle. Intermediate positions may be defined along the tire marks to improve
precision.

In the menu select the command <Dynamics> <Kinematic follow path
backwards...> to open the input window.
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First, the rest position of the vehicle has to be defined. Use the button fﬁ' to drag the
rest position from the vehicle position to the desired position. The handling with the
mouse is the same as described in chapter The Tow Truck Tool on page 43. Up to 5

intermediate positions may be defined using the % buttons along the tire marks. To
apply the positions for the calculation the option Update vehicle position from 2D
window has to be turned on.
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For every movement between two defined positions a friction coefficient and a brake
factor can be entered. The brake factor is only applied at the vehicle’s longitudinal
movement. Full brake force is applied at the lateral movement of the vehicle due to
the cornering forces.

In the result fields the velocity, the course angle, the deceleration, this distance and
the time are displayed for each position.

By pressing the Calculate button the movement for the selected vehicle is calculated
and applied.

Important note:

The vehicle movement using this calculation is performed as specified by the
positions and values, not by physical constraints. Always double check your
results by making a kinetic forward simulation.

Chapter 2 — Working with PC-Crash e 61



™ PC-CRASH - Licensed to Moses Hardlock - Tut Spur 1.pro -

=53] X
File Vehicle Dynamics UDS Impact Options Graphics 2 -
HRFR&RRE RS-~ (PP »fon =82
Tms | €@ K 4 4 m b B Mo [T \Hm‘
Fahroshnzustanc: nass, Asohet
LEGENDE
A
ey ——
Type: 3005
Opel [symboissn)
Type:Aste
e mm———
LT 2 = Loifplricke [symbolisch]
KIS _>l_‘
[Scale 11478 [myi 0.51  [Kinetics [11:59:57

Synchronization of Vehicles

The motion of different vehicles can be synchronized after each vehicle’s motion has
been determined independently.

The following figure shows a two-vehicle simulation where the individual motion of

each vehicle has been defined correctly, but where they do not start at the correct
time with respect to one another.
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To synchronize the vehicles the correct time offset must be specified. This is done in
the Diagrams window by selecting Options - Diagrams - Options - Origin offset and
changing the origin offset time for one of the vehicles.
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This origin offset specified in the Diagrams window will be used for the Simulation

toolbar slide control as well as in the rendering of animations. Use the
Simulation toolbar slide control to move the vehicles synchronously and determine the
necessary origin offset time by trial and error. In the following figure, a time of 1.25s
has been put in for the Honda. Note how its Velocity v. Time graph has been shifted
1.25s to the right of the origin.
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Use the Last Branch checkbox in Display Settings to display vehicle positions at
selected distance or time intervals, if desired. In the following figure the last branch

has been set at 0.5s. W Dxf Cars has also been turned off, so that the vehicles are
displayed as simple rectangles to avoid long refresh times.
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Pedestrians

The Simple Pedestrian Model

This models the pedestrian as a simple block-shaped vehicle. It is useful for
determining pedestrian visibility around other objects in the scene and for doing time-
distance studies.
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Using File - Import - Custom Vehicle % load Pedestrian.dat. Move the pedestrian

to the desired start position using the tow truck tool s . The pedestrian's velocity can
be entered in the Position and Velocity dialog box.

For a more realistic appearance, a 3D DXF drawing of a pedestrian can be attached
to the pedestrian, using Vehicle — Vehicle DXF.

% 3D Visualization sl 3
Animation Style Background -

RS @B

The Multibody Model

The multibody model is used for modeling vehicle-pedestrian collisions, vehicle-
motorcycle collisions, and unrestrained and restraint occupant motion in a vehicle.
This model calculates impacts automatically between the multibody's individual body
components and a vehicle's exterior or (in the case of the multibody occupant)
interior.
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The multibody models react to gravity and ground and vehicle impact forces. The
multibody pedestrian cannot be made to walk or run the way a human can. For this
reason, it is best to start the simulation immediately before impact. Otherwise, the
pedestrian will fall down due to gravity prior to being struck.

See the Multibody Model chapter for complete details on the use of multibody
systems.

Occupant Models

The "Passenger" Model

This models the occupant as a simple block. It is useful for determining the direction
an occupant moves relative to the vehicle during an impact.

Using File - Import - Custom Vehicle b , load Passenger.dat. Move the passenger

to the correct position in the vehicle using the tow truck tool %. The vehicle’s start
velocity is automatically applied to the passenger. This can be checked in the Position
and Velocity dialog box.
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In a simulation the passenger will follow the vehicle’s motion during normal driving
conditions. However, in the case of a collision or other event in which the vehicle
acceleration exceeds 2g, the passenger moves in the proper direction with respect to
the vehicle.

The passenger is not restrained by the vehicle outline or a seat belt and can therefore
exit the vehicle, unless an impact is defined (using Impact — Crash Simulation)
between the passenger and the vehicle.

A relative passenger-vehicle deceleration of up to 2g is applied as a result of the
program trying to match the passenger’s speed with the vehicle. This acceleration can
cause the passenger’s post-impact path to curve, especially in lower speed impacts.
For this reason, this feature should only be used to determine which direction the
passenger would move with respect to the vehicle immediately after the impact.

The Multibody Occupant

One or more multi-body occupant models can be placed in a vehicle. This model is
similar to the multi-body pedestrian model, except it is in a seated position. This model
allows impacts to be automatically calculated between the occupant's multi-body
components and the vehicle's interior or other occupant multi-bodies.
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The multi-body passenger model is not connected to the vehicle in any way.
Therefore, the multi-body passenger will accelerate at 1g downward due to gravity. In
this case, it is best to use this model only when the simulation starts right at impact, or
shortly before. Another option is to use the "Seat + Occupant" multi-body, which
includes a 3D seat. There are additional multi-body occupant systems delivered with
PC-Crash including multiple seats/rear-seats with and without seatbelts as well as
occupants with cockpits.

The multibody occupant is described in detail in the Multibody Model chapter.

The Madymo Occupant

Madymo (MAthematical DYnamic MOdel) is a more comprehensive multibody
occupant. It is a model of a 50" percentile Hybrid 11l dummy. Madymo includes a seat
with easily changeable parameters, a steering wheel, lap and/or torso seat belts, and
airbags. Only one Madymo occupant (driver or right front passenger) can be modeled
at a time.
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The optional Madymo model is described in detail in the Madymo Occupant Model
chapter.

Rollovers

The rollover model is based on the calculation of contact forces between the vehicle
body and the ground. Several contact ellipsoids are used to represent the vehicle
shape. The geometry of these ellipsoids is based on the vehicle type specified in the
menu item Vehicle - Vehicle Settings. Refer to the Technical Manual for more
details on this.

The values for rollover ellipsoid body to ground friction, restitution and stiffness are
defined in the Car Body field of the Suspension Properties tab of Vehicle Settings.
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Vehicle speed changes and accelerations that occur as a result of vehicle impacts
with the ground can be viewed in the Diagrams window, using Options - Diagrams —
Diagrams — Sensor Signals.

When Rollover Detection is checked in the Dynamics menu (default condition),
vehicle body-ground contact forces are taken into account when a vehicle rolls over.
Otherwise, the vehicle falls through the road surface when inverted.

Note: When working with a 3D road surface made up of multiple slope polygons,
Rollover Detection will increase calculation time significantly. In these cases, turn off
Rollover Detection, run the simulation until the vehicle is at the point of rollover, stop
the simulation manually, and then turn on Rollover Detection and run the simulation to
completion. Rollover Detection can be left off if there are no rollovers.

Body-ground impacts are calculated at a point where the tangent of the body ellipsoid
surface is parallel to and in contact with the ground. If this is not possible, an impact
point will not be located and no contact will be calculated. This can occur if the vehicle
ellipsoid’s tangent point is beyond the edge of the contacting plane, such as when a
vehicle goes off a cliff at a slow enough speed to have underbody contact. In this
case, the best solution is to add one or more angled planes to extend the edge of the
ground plane at an angle that will be parallel to and in contact with the desired portion
of the ellipsoid at the correct time.

3D View and Animation

PC-Crash 3D has a 3D perspective view feature. This can be used to view the
accident scene from any position desired and then make an animation of the
simulation.
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3D View

Use View - 3D Camera Position iH to select the viewing position. A camera will
appear on the screen. It can be moved and rotated in the plan view by moving the
cursor with the left mouse button pressed. If the camera is not visible in the drawing
area a single click (left button) at any position will move the camera to that position.
To change the viewing direction, click the cursor inside the viewing cone and rotate it.
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Select Options - 3D Window (function key F9) to display the 3D Visualization
window. This window can also be opened by double-clicking on the camera symbol.

# 3D Visualization =[0f =]
Animation Style Background -

|| S| d8 - B By s

For changing the camera's vertical position and other parameters, use the Animation

- Set Camera Position i menu option in the 3D Visualization window, to open the
Camera Settings dialog box.

The view can also be changed in the 3D window dynamically, as follows:
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e Moving the Camera - Hold the left mouse button down and move the cursor in
the 3D window.

e Panning (Rotating) the Camera - Hold the sHIFT key and the left mouse button
down and move the cursor in the 3D window.

e Zooming the Camera - Hold the CTRL key and the left mouse button down and
move the cursor up or down in the 3D window to move the camera away or
towards the scene.

Animation Construction

Once a view has been selected, animations can be created using the Animation
menu option in the 3D window.

Animations can be made from a fixed camera position or a camera moving with one of
the vehicles. The correct placement of a moving camera must be done when the
simulation is at time = 0. The choice of a constant camera position or one attached to
a vehicle is made after selecting Animation — Render in the 3D window, then
selecting Options — Camera after a file name has been chosen for the animation.

Input and Output Data

Printouts

Printing a Scene Diagram

A scale diagram of the scene, including the PC-Crash vehicles and tire marks on the
DXF drawing and/or bitmap image, can be printed to any desired scale.

Use File — Print = to print the scene diagram. The scale shown in the status bar at
the bottom of the screen is used for the printout.

Printing a Report

At the end of any simulation a report can be printed. The report printout contains all
parameters that are necessary to duplicate the simulation. Choose the menu option
File - Print Report. The report can also be viewed and printed in the Values window.
Print Preview is available in either case.

Printout Comments

Choose the menu option File - Print Comments to access a window in which you can
add descriptive text for the scene or report printout. The printout template can also be
changed or modified in this window.
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Values

The Values window is used to view the calculated values of the simulation, or a
summary of the calculated sequences of the simulation.

Open the Values window with Options - Values (F4).

The default configuration in this window is the elapsed time, the distance traveled and
the velocity of each vehicle in the simulation at any selected point in the simulation.
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Other values can be chosen in the Settings menu option of the Values window. Upon
selection of this option, a cascade menu appears which shows the following choices:

Distance/Time

Tire normal forces
Tire lateral forces
Brake forces

Energy (kinetic)
Coefficient of friction
Velocity

Acceleration.

In addition, there are other menu options in the Settings cascade menu of the Values
window as follows:

Sequences
Sections

Crash Parameters
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e Vehicle Dynamics
e Report

e Use Template

e Report Settings.

For example, selecting Vehicle Dynamics displays the vehicle position, speed and

rotation at intervals defined in the Last Branch section of Display Settings
Selecting Crash Parameters displays all the crash values, including Delta V.
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Deformation depth [m] : 0.24 0.26
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Coefficient of restitution () : 0.32
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Frictien coefficient (muj .54

Point of Impact x [m] : 054

Point of Impact y [m] : -0.73

Angle of contact plane (phi) [deg] : 0.00

Total Deformation Energy [J] : 108277.71

Impulze [N=] : 1228196

Direction of impulze [deq] : 11824

Moment arm about C.G. [m] : 0.2z 0.99

PDOF (SAE) [deq] : 61.76 -28.22

dWVEES : 0.92 1.00

Orverall EES:

1 AC-Aceldce [km/h]: 296

2 Audi-100 2 [km/h]: 320

Characters: 827

To view any of the vehicle parameters listed below the line in the Values — Settings
menu option list, any option above the line that has been selected must be turned off
by selecting it again.

The Values window also displays the total character count of the current report
displayed including space characters.

Diagrams

Diagrams of variables can be viewed with respect to distance or time. Open the
Diagrams window using Options - Diagrams (F2).

The default diagram in PC-Crash is the distance-velocity diagram. Many other values
can be graphed, by selecting them from the Diagrams menu option in the Diagrams
window.
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Multiple diagrams can be viewed at one time in different windows using the Window —
Open new diagram window menu option in the Diagrams window. Any of the
diagrams can be printed with the Print menu in the Diagrams window. If multiple
diagrams are displayed, they will be printed on a single page.

External Program Interface

Exporting PC-Crash information to word processing programs or spreadsheet
programs can be done easily.

Exporting to the Windows Clipboard

The main screen can be copied by selecting File - Copy Screen. The copied window
can then be inserted in your document using the Edit - Paste or Paste Special
functions.

Any active PC-Crash window can be copied by selecting the keys ALT-PRINT SCREEN
and then pasted into another document.

Values window text or other output window text can be copied using the Values
window Edit — Copy menu item or by right-clicking on the selected text and selecting
Copy from the menu that appears.

Exporting using DXF Files

The simulation results on the main screen can be saved as a DXF file. Select File —
Export - DXF after finishing the simulation. This stores the screen contents (not
including bitmaps) based on the settings in Options — Options - Display Settings

=, in a DXF file. This file can then be imported into a word processing program or a
CAD program.

Because vector graphics and not bitmaps are exported in DXF files, there are two
advantages with this procedure: the file requires less memory, and the printing quality
of lines in a word processing program is improved.

Exporting Diagram Data
The diagram data can be exported in two ways:

e Select the Diagrams window menu option Diagrams — Export Diagram. This
will save the diagram information as a text file.
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e Select Options — Copy (CTRL +C) in the Diagrams window. This will allow the
diagram to be pasted either as an image or a text file, depending on the option
chosen under Paste Special in the destination document. The text file step width
is selected in the Vehicles window that appears when Options — Diagrams/Axes
in the Diagrams window is selected.

2 x|

H-tRET: Ewxport Stepwidth;

| Time ] Jor ks

Switch ondaff:

[w]: 1 Front whesl - « fa

1 Front wheel - y o
1 Front Wwheel - z

1 Front Wwheel- Res

2 Rearwheel - »

2 Rearwheel - y j

ak I Cancel |

Example Truckload

At a velocity of 95 km/h (according to tachograph) the LKW driver detects a radar box
and initiates a braking in an elongated left bend. By the braking the locked charge - 9
Wire Rod Coils in a series - slips forward against the front wall, whereby the brake
hoses are damaged, so that the wheels of the plank bed semi trailer block. 2 of the
Coils make are lost. The truck stops on a waters bridge, after an exit.

1. (a) Load vehicles or (b) define vehicles
=
=

<Vehicle> <Vehicle settings...>, “Vehicle data“ — window <Vehicle Geometry>

(a) <File> <lmport> <Custom Vehicle...> or and <Open> the files.

(b) <File> <Import> <Custom Vehicle...> or and New.dat <Open>

Name truck semi trailer
Driver

No. of axles 2 3
Length 6m 13 m
Width 2.5m 2.5m
Height 1.1m 1.2m
Front overhang 1.2m 8.5m
Track — Axle 1 1.9m 2m
Track — Axle 2 1.9m 2m
Type Truck Semi-trailer
Weight 10800 kg 6000 kg
Distance of C.G. 19m 135m
from axle

C.G. height 1.1m 1.1m
Moments of Inertia calculated autom. calculated autom.
ABS

Wheelbase 1-2 3.8m 1.3 m
Wheelbase 2-3 1.3 m

<Vehicle> <Tire model...>, “Tire model“ — window <General> for the truck Front axle
Diameter 1000 mm and for the Rear axle 1000 mm and dual wheels with lat. Spacing
300 mm. For all wheels set a width of 295 mm.
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Tire dimensions, Diameter:

Frant axle: [ lat Spacing:
[17- 7 225/%5 @60mml = |[1000 mm [236 o [ [300 mm
Rear axle:

{17 - LT 225/95 (860 mm) =0 wm 235 om & 300 mm

2. Couple vehicles

<Vehicle> <Vehicle settings...>, “Vehicle data“ — window <Trailer>

Vehicle truck
Trailer semi trailer
Trailer type Semi trailer
Drawbar length 7m
Hitch overhang -2m
Hitch height 1.1m
Moment transfer x-axis
Phi 0 0°
Phi min 0°
S 5000 Nm/°
S0 0 Nm
Moment transfer y-axis
Phi 0 0°
Phi min 15°
S 5000 Nm/°
N 0 Nm
Moment transfer z-axis
Phi 0 0°
Phi min 0°
S 0 Nm/°®
S0 0 Nm
3. Suspension properties

<Vehicle> <Vehicle settings...>, “Vehicle data“ — window <Suspension properties> for
the “truck” select the Suspension Properties Stiff

<Vehicle> <Vehicle settings...>, “Vehicle data“ — window <Vehicle Geometry>

For the “semi trailer” define a Weight of 30 000 kg (considers the additional load) and
then select the Suspension Properties Stiff within the “Vehicle data“ — window
<Suspension properties> for the “semi trailer”. Afterwards reset the Weight to 6 000

kg.

4. Vehicle Dxf

<Vehicle> <Vehicle-DXF...> within the “Vehicle-DXF*“ — window for the “semi trailer”
select <New...> and activate <Edit drawing>.

Delete the drawing and select = (rectangle). Draw a rectangle around the plan view

and select a color with Color and filled within the Drawing-window = (change line
styles) for the semi trailer. Select the rectangle and move it using the system menu of

the Drawing-window (click on the Windows symbol ), select <Shift selected (3D)
...> and define 1.2 m for the z-axis within the “Shift selected” - window.

Perform the same procedure for the ,truck” and define 1.0 m for the z-axis.

The front wall of the semi trailer can be defined using the Drawing-window, for
n

example draw any rectangle and select ®"™ (Change object) where the coordinates
can be defined.
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Important: the points for the contact
areas must be defined in such a way
that the normal vector shows toward
the contact.

Multibody System definition i 2

To be able to operate with the
Multibody-system a Multibody system must be loaded in a first step.. <File> <Import>

<Custom Vehicle...> or E
(PCCrash73/Multibody/Block.mbdef)

With <Vehicle> <Multibody system> in the “Multibody system® - window this
Multibody-system can be modified. Within the “Multibody system” - window <Bodies>
this element can be adapted.

and file type: Multibody system (*.mbdef)

Name Block1
System ID 30000
Geometry
a 0.65m
b 0.65m
c 0.56 m
n 4
Mass 2800 kg
Moments of inertia calculated autom.
Stiffness 400000 N/m
Restitution 0.1
Friction-Cars 0.4
Friction Ground 0.5
Color 1 128/128/128
Color 2 (changes to red during 192/192/192
contact)

In the “Multibody system® - window <Bodies> additional bodies can be inserted with
<Insert>. Definitions are equal as described above. This process must be executed
for all 9 bodies. For each body different System ID should be used to facilitate the
following positioning and inserting of joints.

Important: After die definition of the bodies the “Multibody system” — window should
be closed once with <OK> for initializing all body data.

Multibody System settings

The individual bodies can be arranged in the “Multibody system* — window <Settings>.
In the first combo box a selection can be made whether the inputs refer to an
individual body or to all systems. For the individual bodies the following specifications
are made (select a single system and act. system). For all systems select <Syst.
Properties> and activate 3D Dxf car contact. If for all bodies a System ID 3xxxx was
defined:

Pedestrian Pedestrian Pedestrian Pedestrian Pedestrian
System 1 2 3 4 5
vXy 95 km/h 95 km/h 95 km/h 95 km/h 95 km/h
PhiVel 0° 0° 0° 0° 0°
vz 0 km/h 0 km/h 0 km/h 0 km/h 0 km/h
xmin -12.3m -11.1m -9.35m -8.17m -6.45m
ymin -0.65 m -0.919m -0.65 m -0.919m -0.65 m
zmin 1.2m 1.2m 1.2m 1.2m 1.2m
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Phi 0° 45° 0° 45° 0° |
s Pedestrian Pedestrian Pedestrian Pedestrian
ystem 6 7 8 9
VXy 95 km/h 95 km/h 95 km/h 95 km/h
PhiVel 0° 0° 0° 0°
vz 0 km/h 0 km/h 0 km/h 0 km/h
Xmin -5.3m -3.61m -247m -0.75m
ymin -0.919 m -0.65m -0.919m -0.65 m
zmin 1.2m 1.2m 1.2m 1.2m
Phi 45° 0° 45° 0°

7. Multibody System Spring/Damper

The bodies can be joined with the vehicle using “Multibody system® — window
<Spring/Damper>. Select the single systems in the first combo box and insert a new
spring/damper joint using <Insert>. The second reference body is vehicle 2.

Joint location 1 X y z Joint location 2 X y z

Block 1 0| -0.65 0.5 | Vehicle 2 -5.1 -1.2 0.2
Block 1 0 0.65 0.5 | Vehicle 2 -5.1 1.2 0.2
Block 2 -0.45 | -0.45 0.45 | Vehicle 2 -3.62 -1.2 0.2
Block 2 -0.45 0.45 0.45 | Vehicle 2 -3.62 1.2 0.2
Block 3 0 -0.5 0.5 | Vehicle 2 -2.13 -1.2 0.2
Block 3 0 0.5 0.5 | Vehicle 2 -2.13 1.2 0.2
Block 4 0.65 | -0.65 0 | Vehicle 2 -0.73 -1.2 0.2
Block 4 0.65 | -0.65 0 | Vehicle 2 -0.73 1.2 0.2
Block 5 0 0.5 0.5 | Vehicle 2 0.74 1.2 0.2
Block 5 0 -0.5 0.5 | Vehicle 2 0.74 -1.2 0.2
Block 7 0 0.5 0.5 | Vehicle 2 3.62 1.2 0.2
Block 7 0 -0.5 0.5 | Vehicle 2 3.62 -1.2 0.2
Block 8 -0.45 | -0.45 0.45 | Vehicle 2 5 -1.2 0.2
Block 8 0.45 0.45 0.45 | Vehicle 2 5 1.2 0.2
Block 9 0 -0.5 0.5 | Vehicle 2 6.42 -1.2 0.2
Block 9 0 0.5 0.5 | Vehicle 2 6.42 1.2 0.2

For all Spring/Damper systems:

trans. stiffness 400000 N/m
Damping 1000 Ns/m
Fmax 11500 N
Tension 6000 N
Tension only X

8. Multibody System contacts

The contacts between the systems can be activated/deactivated within “Multibody
system“ — window <Contacts>. Activate the contacts for the single systems.

9. Sequences

The sequences for the vehicles can be defined with <Dynamics><Sequences>.

Truck Semi trailer

Sequence1 Dec./St. Sequence1 Dec./St.
Brake X Brake X
duration 15s duration 15s
a 4.00 m/s? a 4.00 m/s?
Steering X

Turning circle 500 m

Time 0.5s

Name Dec./St Name Dec./St
Brake X Brake X
Geometry 10s Geometry 10s
a 4.00 m/s? a 4.00 m/s?
Steering X
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10.

Turning circle Om

Time 05s

Name Decel Name Decel

Brake X Brake X

duration 10s duration 10s

a 4.00 m/s? a 7.85 m/s?
Brake factors 500

Visualization

For the visualisation and the video rendering a Dxf-drawing can be attached to the
“truck”.

<Vehicle> <Vehicle-DXF...> within the “Vehicle-DXF* — window for the “truck® select
<File...> <Plan view> <Load DXF...> and select a proper file.

Creating vehicle interior for occupant simulation

Most 3D vehicle models in PC-Crash have no interior assigned to the model. Thus,
occupant movements are only meaningful a short period of time after the impact
because contacts with the interior is missing.

To make better statements about occupant movements and injury mechanics the
existence of a basic car interior is an essential requirement.

This example will show how to create a basic car interior using the Extrude function of
PC-Crash.

For the beginning load a car - the Ford Escort 1.6i — 65KW 1994 - from the DSD
database.

Databaze: Wehicle Mo Type:

|DsD 2005 =2 [l |
Vehicle Query:

Iford escort 1934

| 16y - B5 1195940
000 x4 - 108 ki 03.1333-03.1334

Build: Diriveer [optional):

Al =l

Load I Cloze |

After loading the vehicle a 3D DXF model has to be assigned for the car exterior by
selecting the command <Vehicle> <Vehicle DXF...> <File> <Plan View> <Load
DXF> from the menu. Select the file 3DDxf\cars\1994 Ford Escort 4dr.idf
from the PC-Crash directory.

Chapter 2 — Working with PC-Crash e 79



! PC-CRASH - Licensed to Moses Hardlock - Tut Inn = =[]
Fle Vehce Dynamcs UDS Inpact Optons Graphi

HRR&ZRIRSE - - PPN »r =@/ |2
T v] €@K 4 m B MR g \H\m‘

0 Ny S

T 2 ol

Veicke: animation_style_Background

T FordEscor =] T Rotae seview DxFs SEIET RO

[¥ Change drawing after collsions

T~ Edit dhawing

== 3D Refiesh: 80.8ms, 12.47ps Scale 1z 40 my:0.80  [Kinetics 3223
124 fps Yy

To create the car interior a bitmap or DXF side view drawing can be used. In this
example use the side view bitmap of the Ford Escort and scale it using the command
<Graphics> <Bitmap> <Scale> to a total length of 13.58 ft. Then draw a ploy-line on
the bitmap outlining the approximate car interior as shown in the picture below.
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Extrusion can be used to make a 3D Model of a 2D shape. To create a 3D interior of
the just created poly-line select it and use the Extrude button to extrude the line in z
direction about the vehicle width of 4.69 ft. Now rotate the extruded object 90° about
the x-Axis to match the orientation with the Ford Escort. Move the object into the
vehicle. Use the 3D window to adjust the z position of the interior.
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If the interior fits in the car use the Save Object button to save the interior as *.idf file.
The *.idf format saves the surface normals, which are necessary for computing the
contacts with the occupant later. *.dxf files do not store surface normals.

To assign the interior to the vehicle it has to be loaded as part of the vehicle DXF. Use
the command <Vehicle> <Vehicle DXF...> and then the option edit drawing to
change the vehicle DXF. Use the Insert object button from the drawing program to
add the just saved interior object to the vehicle. Use the 3D window to verify the
position of the interior again.
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It is now time to start with the simulation. The first step of an occupant simulation is
the crash of the car. After the impact results are satisfying, the occupant can be
added.
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In this example a crash against a rigid wall is simulated with an impact velocity of 24.8
mph and a braking distance of 32.8 ft. Use the sequences window to create the
appropriate sequences.

Then the wall WALL.DAT has to be loaded by using the command <File> <Import>
<Custom Vehicle...>. Place the two objects in the impact positions and calculate the
impact using the command <Impact> <Crash Simulation...> and the pre- and post
impact movements.
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If you are satisfied with the impact motion the occupant can be inserted. Select the
command <File> <Import> <Custom Vehicle...> from the menu to load the multi-
body occupant Seat + Occupant 010910.mbdef. The occupant is comprised of a
person and a seat without belts.

Select the command <Vehicle> <Multibody System> to open the multi-body dialog.
On the page Settings open press the button Syst. Properties to select the option 3D
Dxf car contact. This option has to be active to make the multi-body system
recognize the DXF car body with the interior.

21 x|
‘wheight: 2238 b
Length: Iﬁ in Hestitution:lD.'I—
width 28 in Fict Ground [06
Height: W in Frict. Carz: IF

¥ 3D Dxf car contact
v Occupant

Cancel |

On the page Occupant the seat position can be specified. By selecting the value 0 for
both, the start and end times and pressing the Calculate button, the position of the
multi-body system can be verified in the 3D window without calculation. No part of the
system must penetrate any part of the vehicle.
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Then specify the start and end times for the occupant simulation and press the
Calculate button. You can now use the 3D window to watch the occupant hit the car
interior.

=T

Animation Style Background -

2K 2N - RSN gL

i

Chapter 2 — Working with PC-Crash e 83






Chapter 3

Menu Description

The menu descriptions are presented in the order that they appear, from left to right
across the top of the PC-Crash main screen.

File

New

Load

Save

This menu is for loading, saving and printing operations.

This option is for defining a new project. When selected, the following Info dialog box
appears. If the No button is pressed, all existing data is deleted and the program
returns to the same configuration as when it is initially opened. Pressing the Yes
button returns the program to the state it was in prior to selecting this menu option, so
that the user can save the project.

INFO E

@ Do you want to sawve changes ¢

=4
Open a previously saved project. A dialog box appears in which the file can be loaded

from any directory selected in it. After a project is loaded, the name of the project file
will be shown in the Title Bar next to the license name.

=]

This tool saves the current project using a previously defined name. If no name was
defined, the Project Save dialog box is opened and the user must type a name in the
File name text box. All the vehicle positions and settings are automatically saved.

Save As

This allows the user to change the name or directory location of the project to be
saved. During operation of the Save button all active data are stored in a file with the
specified name (file name) and the selected path.
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Additionally the PC-Crash program version can be defined under type of file; this
determines the format of the project file and the program version respectively.

|F'loi. Dateien [*.pro] j
Proj. Dateien [*.pro]
Proj. Yorlagen [~ pct)

PC-Crash 7.3 Proj. Dateien [*.pro]
PC-Crash 7.2 Proj. Dateien [*.pro]
PC-Crash 7.7 Proj. Dateien [*.pro]
PC-Crash 7.0 Proj. Dateien [*.pro]
PC-Crash 6.2 Proj. Dateien [*.pro]
Alle Dateien [*7)

Project Wizard

Project Wizard allows quick setup of a new project by guiding the user through most
of the necessary steps to set up a project. In a new project, the following dialog box
appears when Project Wizard is selected. One of the provided templates can be
selected from this list.

Project templates 7] x|

Head on offzet

T straight
Pedestrian

Owertaking a left turmer -
Cancel |

Additionally, users can create their own custom templates. This is done by setting up
a project as desired, and then saving it as a project template file (*.pct) in the PC-
Crash template directory in, using File — Save As. You can change the PC-Crash
template directory on the dialog page Directories accessed by selecting the menu
option Options — Options....

After a project template is selected, or if Project Wizard is selected after a project has
been started, the following group of dialog boxes appears. Using the Next button after
each operation is completed will open the dialog boxes in a logical order to complete a

project.
! Project Wizard I E
Friction... | Collizion... I Finematicz I Options...
Load Wehicles... | Pazition the vehicles. .

Flease enter the cars invaolved,

Wehicle: I vl Load... | @

M anufacturer: |\,-'w
Typs: [Galiad 1.6

Geamety |

< Biack.. | Mext.. » |

The Options dialog box in the Project Wizard group allows the user to define the
operations that will be included.

86 e Chapter 3 - Menu Description



! Project Wizard 3

Load Vehicles... I Paozition the wehicles. .. I Follow path...
Friction... I Sequences... I Colligion... | Kinematics
Camera positian... I 3D Visualization Options...

Dialogs:

vl Load YVehicles.. i
Pazition the wehicles.
Fallows path...

Frictian...
Sequences... LI
< Back... e |
Default Settings

The menu option File — Default settings. A dialog box appears with consists of 4
categories (Colors, Default Settings, Directories, Display Settings)

Default settings

Defa;it Settings
Directories
Dizplay 5ettings

HEEEH

Colors

Save ] [ Accept ] [ Cancel

B A
Using the Button E'—" sorting according to the categories and using Button |"

alphabetically sort can be done. During the alphabetical sorting all basic adjustment
options are indicated, during the sorting of categories main categories with the

appropriate submenus are displayed. These can be extended and/or reduced via the
symbols Bi B

Colors

For the color adjustment of the different vehicles.
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Default settings

E Colors ~
‘ehicls 01 Il Elack E
ehicls 02 B Red
1K] Bl Eilue v
Vehicle 04 [ 192: 192; 255
Vehicle 05 [ 0: 255; 255
Vehicls [F _755- 0- 255 v

Yehicle 03

[ Save ] [ Accept ] [ Cancel

Default settings

Global defaults for PC Crash. Brake lag, global coefficient of friction, default center of
gravity height and reaction time are defined. These values are defined global but can
be adapted and changed however at any time via the appropriate menu options.

Default settings [Z”E|E|

Brake lag: 02s
Coefficient of friction 0.8
Default COG Height: Om

Reaction time: 0.8s i
Directories
Digplap Settings s
Default Setings
Save ] ’ Accept ] ’ Cancel
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Directories

efault settings

kL

Colors

Default Settings

El Directaries

C:\Programme‘\Gemeinsame D ateien\PCCrash\3DDxf\ [J

Save

3D vehicles [<E1) C:\Programme‘\Gemeinsame Dateien\PCCrash\3DDxfx61%
Animations C:\Programme\PCCrash81%
Bitmaps C:\Programme‘\PCCrash81%
Car Database: C:\Programme\PCCrash81\dsd 2007 mdbh
Custom vehicles C:\Programme\PCCrash81%
Dxf drawings C:\Programme\PCCrashB81%
Multibody files C:\Programme\PCCrash81\Multibodyy
PC-Rect: C:\Programme\PCRect40\PCRect.exe
Project files C:\Programme\PCCrash81%
Project templates C:\Programme\PCCrash81\Templates
Scratch C:\Programme\PCCrash81%
Sideview bitmaps C:\Programme\Gemeinsame Dateien\PCCrash\3DDxf\
Sideview Dxf C:\Programme\Gemeinsame D ateien\PCCrash\2DDxf\
Wehicle Bmp C:\Programme\Gemeinsame Dateien\PCCrash\Sidebmp%
“Vehicle drawings [20 Dxf] C:\Programme\Gemeinsame Dateien\PCCrash\2DDxf\
Warking Directory: C:\Programme\PCCrash81%

Display Settings

3D vehicles

<Vehicle> <Vehicle Dxf...>

3D vehicles <File...> <3D Mapped> <Load 3D vehicle...>
3D Fahrzeuge (X61)
Animationen <Options> <3D Window> <Animation>

Arbeitsverzeichnis

Bitmaps

Eﬁ; <File> <Import> <Bitmap>
<File> <Export> <Bitmap>

Dxf Zeichnungen

E; <File> <Import> <Dxf Drawing>
<File> <Export> <Dxf Drawing >

Fahrzeug Bmp

<Vehicle> <Vehicle Dxf ...>
< File ...> <Plan View> <Load Bmp ...>

Fahrzeugdaten

=
IE <File> <Import> <Custom vehicle>
<Datei> <Export> < Custom vehicle>

KFZ-Datenbank

‘ <Vehicle> < Vehicle Database>

KFZ-Zeichnungen (2D Dxf)

<Vehicle> < Vehicle -Dxf...>
<File...> <Plan View> <Load Dxf ...>

Mehrkdrpersysteme

Photoentzerrung (PC-Rect)

<Options> <PC-RECT>

Projektdateien

<File> <Save as>

Projektvorlagen

<File> <Project Wizard...>

Scratch

Seitenansicht Bmp

<Vehicle> < Vehicle Dxf...>
<File...> <Side view> < load Bmp ...>

Seitenansicht Dxf

<Vehicle> < Vehicle Dxf...>
<File...> <Side view> < load Dxf ...>
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Display Settings

Parameters for the representation and the appearance of PC Crash. For detailed
description see Display Settings beginning from page 213.

Default settings

s

Colors

Default 5 ettngs

=

El Dizplay 5ettings
&uto refresh True
Bitrnap True
Center of grawity ] False
COG path stop pos. fintermediate pos. [ False
Contact bodies ] False
Crashes ] Falze
Cruzh outlines ] False
Detailed veh. shapes ] False
DF Cars True
[<F Colar True
Di=F Drawing True
Friction polygon test True
Friction polygons True
Last Branch ] Falze
b omentum mirror method areas ] False
POl velocities ] False
Fiest Positions True
Sequence pozitionz ] False
Slope palygon test True
Slope polygons True
Solid Wehicle shapes True
vehicle autling path ] Falze
Yehicle Paths True

Yehicle settings
W-triangle ] False
w-triangle factar 10

Directones

Save ] [ Accept ] [ Cancel

90 ¢ Chapter 3 - Menu Description



Import

Scan
If a scanner is present on the user’s operating system, this option enables pictures to
be scanned directly into PC-Crash.

Scanner Selection

If one or more scanners are present on the user’s operating system, this option can
be used to select the desired scanner.

Bitmap L

This tool imports bitmaps of plan view scene drawings or photographs (aerial view or
those rectified into a plan view with PC-Rect), for use as an underlay to the simulation.
A bitmap resolution of 100-300 dpi is adequate in most cases.

PC-Crash supports bitmap graphic files in the following formats:
e Bitmap (*.BMP)
e Encapsulated Postscript (*.EPS)
e  Graphics Interchange Format (*.GIF)
e JPEG (*.JPG)
e PCX(*.PCX)
e TIFF (*.TIF).

Tools for scaling, rotating and moving the bitmap after importing are included in the
Bitmap menu. There are several options for Bitmaps by selecting the menu command
<Options> <Scale & Grid Spacing...>. These options include selecting, rotating,
scaling, moving and hiding bitmaps.

DXF Drawing B

This tool imports scene DXF and VRML drawing files, such as those created with
external drawing programs (AutoCAD, AutoSketch, etc.), for use as an underlay to the
simulation.

The following DXF objects can be interpreted by PC-Crash:

e LINE

e CIRCLE
¢ ARC

e POINT
e SOLID
e TRACE
e TEXT

Plines are changed into normal lines. Non-basic colors are not recognized, and will be
changed to black. Thus, some objects many have to be redrawn or re-colored after
importing. Grouping objects by layers is normally a better choice than using blocks,
because PC-Crash groups objects on the same layer together as a block.
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PC-Crash assumes imported drawings are scaled in meters. If drawn in other units,
they must be re-scaled. Tools for scaling, rotating, moving and modifying the drawing
after importing are included in the Drawing menu.

Custom Vehicle =

This loads custom vehicles (those not in a database). A number of custom vehicles
are provided in the directory PC-Crash is installed in. Multibody pedestrians and two-
wheeled vehicles are included in the Multibody subdirectory.

Wehicle Moo |1 Diiver [ophional): I

Suchen in: |_’,‘ roadside barriers ;! a =k Ed-

=] dban_step_gm.dat =0 db100_s_gm.dat
dba0rampe_4m.dat @ db100rampe_4m.dat
dh100_2m.dat dh120_2m. dat
dhi00_s4m.dat [=ldb120_4m.dat
[ dbao0_sm. dat leitschiene_sys1_190,dat
=] db100_120_4m. dat

1 I*]
Dateiname:  [db120 4m dat Offnen |
Dateityp: | Car Files [*.dat, * mbdef) | sbbrechen |

i

Export

Bitmap

This saves bitmap files that have been modified in PC-Crash.

DXF Drawing

This saves DXF files created or modified in PC-Crash. Note that in addition to the
drawing components, all vehicle positions that appear on the screen, along with the
tire marks, will be saved in the DXF file. If it is desired that some of these not be

saved in the DXF file, then they must be turned off in Display Settings =

Custom Vehicle

Vehicles modified in PC-Crash can be saved. The vehicle data files are simple ASCII
data files. They can be created and modified with any text processor. However, it is
easier to load an existing vehicle, modify it in the Vehicle Geometry dialog box, and
then save it under the desired name in the Select Vehicle dialog box.

Print (CTRL + P)
=

This prints a scale scene drawing from the main screen. The printout depends on the

parameters selected in Display Settings =

When activating this menu option a window appears, which allows print parameters to
be changed before printing.
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The default scale of the printout will be that of the main screen, which is indicated in
the status bar. The scale can be changed with the Zoom In and Zoom Out tools

@ ‘ﬁ or with the menu option Graphics — Scale & Grid Spacing. If Print

Preview & is selected instead of Print % the scale and position of the printout
can more easily be adjusted to suit the page (see next item).

Print comments can be added to the printout using the menu option File — Print
Comments / Template.

Print Preview
[& (F10)

After selecting this option, a print preview is displayed.

* PC-CRASH - Licensed to Maclnnis Engineering - rbox30 actual speeds Sept 22 pro -
Fint. || ea | Fevioos | e || Zeemin || Zocncu | Cess |

¥ fHove Seale 1: [200

recrish [

T
.

[/
(/r’
f‘/ﬂ

Page 1 Scale 1: 200 [my 072 [Kinetics [1547.22

W~ Move and Scale at the top of the Print Preview window allow the printout to be
maximized in the page space available, without affecting the main screen image.

When selecting Print from this window the file is sent to the printer.

Print Comments / Template

This option allows comments to be printed with each printout. These comments are
saved and can be modified any time.

The date can be modified or deleted. The text of the first line is printed as a title at the
top of the page. The scale of the printout is displayed.

There is also the option of creating custom page layouts.

By selecting 3 Edit Drawing, the template can be modified using the drawing tools.
The modified template can be stored as file in a desired directory using the Save
button. The modified template can then be opened by deselecting ' Use Standard
Templates, pressing the Change button and selecting the appropriate path.
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i Printing

Scale 1:

Date:

¥ Llse Standard templates

harizartal print pages: |1 Template:

vertical print pages: |1 I Change... |

Title: Preview

IExampIe 1

Comments:

IErash simulation

Ju=0.70

I ™| Edit drawing

oK I Caticel |

Save |

Using Horizontal Print Pages and Vertical Print pages, the printout of the main screen
can be done over several pages, which can then be glued together to make a larger

scale drawing.

Printer Setup

This allows printer properties, paper size and orientation to be changed. The following

Windows dialog box appears:

2 x

— Printer

MName: I\\BIG_MAC\HP Lazerlet 8000 Seres PS j Properties... |

Status: Ready
Type: HF Laserlet 8000 Seriez PS
“Where:  NPIS&FEED

Comment:
— Paper Orientation
Size: Lett hd O ait
ize I etter J
Source: IAutomaticaIly Select j .. " Landscape

Metwork.... |

o]

Caneel |

See also the previous Print Comments/Template section for printing the main screen

over several pages.

Hardcopy (F12)

This gives a 1:1 copy of the screen on the printer. The printing is displayed on the

screen in print preview form.

Note: This menu option can only be activated if the screen content has been copied
into the Windows Clipboard first, using the PRINT SCREEN key or the Copy Screen
menu item. The PRINT SCREEN key copies the whole screen including title bar while the
Copy Screen menu option copies only the main window (see next menu item).

Copy Screen (CTRL C)

This copies the main window contents to the Windows Clipboard, for pasting into
other Windows programs or for printing (see previous menu item).
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The above was copied to the clipboard using Copy Screen and then pasted into this
manual using Edit - Paste. The frame was added afterwards.

Print Report

A text report of all the input and output values of the current PC-Crash project is
printed, after showing a print preview. This can also be done from the Values window
(select Options - Values - Settings - Report, where a print preview is also available).
The contents of the report can be changed using Options — Values — Settings —
Report Settings.

Recently Loaded Projects

The last 4 projects loaded are listed at the bottom of the File menu and can be
selected from this area directly.

Exit

Closes PC-Crash.
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Vehicle

This menu is for loading, saving and modifying vehicles.

Vehicle Database
- |

This tool is for loading vehicles contained in a database. It brings up a vehicle
database dialog box, which lists vehicles included in the database.

Database: Wehicle Mo.: Type:

- TR

Wehicle Querny:

FB& key number [ooed-0030-4 334

1: | 2 | &k |

Make:

|C [~
Model:

Acelhceca 35 VB 32V - 260 kW, 02.1999-12.2001
Acelbceca 3.5 VB 32V - 260 KW, 021999122001
Acelhceca 4B VB 32V - 226 KW, 02.1999-12.2001
Acelboeca 48 VB 32V - 226 KW, 02.1999-12.2001
Superblower - 168 k', 09.1333-12.2001
Superblower - 239 kKWw/, 09.1933-12.2001

Build: Diriver [optional):

Al =l

Load I Close |

The Vehicle database Load Car/Light Truck dialog box includes the following:

Database

This allows the selection of database to be used. If all databases are in the same
directory, and one of them has been selected in the Options - Options — Directories

- Car Database box, then any of these databases can be selected from this drop
down list.

Currently the following databases are supported:
e  Specs (North American)
e ADAC (European)
e Vyskocil (European)
e DSD (European and Japanese)
e KBA (German department for motor vehicles)

Refer to the chapter "Getting Started” for more details on setting up the vehicle
databases.

Vehicle No:

This will be the identification number of the vehicle being loaded. These are normally
consecutively higher numbers as vehicles are added to the simulation project.
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However, vehicles that have been previously loaded can be overwritten by changing
the Vehicle No. in this text box to that of the vehicle which is to be replaced.

Type (only available for DSD Databases)

Only vehicles of the selected type are displayed, based on the following choices:

e Cars

e  Trucks
o Trailers
e Busses

e Motorcycles

Selecting All displays all vehicles in the database regardless of their type. After
changing the vehicle type the list of manufacturers will be updated.

Vehicle Query

Entering the vehicle make in the Vehicle Query text box will access that make in the
left list box, which may be quicker than scrolling down to find the make. It is also
possible to search for a certain vehicle. The Vehicle Query text has to start with the
year of construction (YY or YYYY, e.g. 99 or 1999) or the manufacturer, whereby the
manufacturer must be always entered. The inputs must be separated by blanks, the
TAB key starts the search. No differentiation is made between large and small letters.

Search words: [(built YY or YYYY)] (manufacturer) [(search criterion)]

e.g. 96 bmw 520; 1991 MERCEDES 190; peugeot 40 (all vehicles with X40 kW and
the 40X series are displayed).

KBA key number (XXXXXX-0000-000XXX)

With the KBA field HERTYP (Make: first 4 numbers, Type: digit 5 to 7) a vehicle query
can be made. The query fields are activated, if Database KBA xxxx is selected.

Make

The makes of available vehicles in the database are shown in the first (left) list box.
By clicking once on the desired make, all the available vehicle models are shown in
the second (right) list box.

Model

By clicking once on the desired vehicle model in the right list box, the model details
are shown in an additional window. Regardless of whether U.S. or metric units have
been selected in the Default Settings dialog box, the dimensions are shown in metric
(m and kg) in this window, as shown in the following figure. After loading the vehicle,
however, the units are automatically converted to U.S. units when this option has
been chosen in Options — Options — Default Settings.
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B VALUES = [=]E3

e

= |
(i

| B £

MAKE = AUDI
MODEL = A4 4DR SEDAN QUATTRO 2.8
MYR =a7

oL =452
Qi =173

OH =142
B =251
vy =1590
a1 =114

B1 =47

1 =38

D1 =73

E1 =111

Fi1 =30

G1 =101
TV =150
TR =148
WDIST =534 i

Built (only available for DSD Databases)

The user can specify the year of manufacture. Once the user enters a manufacture
date in the Build drop down list, only those vehicles that have been built on this date
(year of manufacture is between ‘built from’ and ‘built to’) will be displayed.

Driver

The name of the driver is optional. If entered, this name will be indicated with the
vehicle make and model in the report printout.

Load
Activating the Load button (or double-clicking on the selected vehicle model name)
loads the selected vehicle into PC-Crash.

Close

Closes the dialog box after the desired vehicles have been loaded.

Vehicle DXF

This feature allows 2D or 3D drawing files, or 2D bitmap files to be attached to
simulation vehicles.

You can use the provided vehicle shapes, as well your own. Both 2D and 3D vehicle
shapes show on the main screen of PC-Crash, but only 3D shapes will show in the 3D
window.
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2]

)

Vehicle DXF

Wehicle:
[1 WhsGalf A4

ﬂ I Rotate sideview DxFs

[¥ Change drawing after collizions
[ iuze 30 vehicle drawing for mesh generatiore

Mame; walid from; File...
| |D ¥ Mew...
_ o |
| oee |
-

For scaling an imported vehicle drawing to the correct size, PC-Crash assumes the

drawing was drawn in metric. However, ¥ Adapt can be used to scale the drawing to
the length of the vehicle, after File - Load DXF has been selected in the Vehicle DXF
dialog box.

Select DXF Carname 2] x|

Loak, in: IaCals j gl E
Name | Size | T... | Modified |
B8 78 Valvo 4dr.DxF BIMKE AL 5/5/90 6=
28 78 Walvo ddr.dsf B7EKB A 12/3/99:
5 80 Tapata Coralla SW.duf B4EKE A 11/22/99
B8 82 A G000 dwf TZIKE AL 9142991
8] 83 Chev Corvette.duf 247KE AL 2/5/361:

% 83 Parsche 9115C.duf 1,028KE A...I 9/15/99 1
L | [ 3

File name: I.dxf

Open I
Cancel I

Save I
i

Files of type: [ Drawings [*.d, *.idf)
|1 Chev Veqga j IND.:'I j

When vehicle bitmap files are impd
length.

Vehicle shape drawing files must be in DXF, IDF or VRML (*.WRL) format, with the
front of the vehicle in the direction of the positive X-axis. DXF (Data eXchange
Format) is a standard format used by most CAD programs for exchanging vector
drawings. IDF files are similar to DXF files, but are unique to PC-Crash. IDF files have
two advantages over DXEF files:

; they are automatically scaled to the vehicle

e |DF files are smaller than DXF files;

e IDF files can contain normal vector information that smoothes the shape of
vehicles when Gouroud shading is selected in the 3D window. An IDF file
containing normal vector information can be imported much more quickly than a
DXF file, because the normal vectors don't have to be calculated.

The VRML format was initially designed as a textual object-oriented description
language for real-time virtual worlds viewed in web browsers. Thus the format
contains information about 3D models, lighting and animation. VRML also has proved
useful for exchanging 3D models between programs.

The 3D vehicle shapes provided with PC-Crash are in IDF format, with the normal
vectors calculated. If the user wishes to change a third party vehicle DXF shape into
IDF or VRML format, this can be done as follows:
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Using Vehicle — Vehicle DXF - File — Plan View — Load DXF - Open, import the
file and attach it to a vehicle in PC-Crash. If "Yes" is selected when the following
information window appears, normal vectors will be calculated so the vehicle
shape appears smooth when Gouroud shading in selected in the 3D window.

{ Hf_f Do you want to calculate normal vectors
to be used in Gouraud Shading ?

Using Vehicle — Vehicle DXF - File — Plan View — Load DXF - Save, export the
file as an IDF or VRML file. When this IDF or VRML file is imported, there will be
no time delay while normal vectors are calculated.

Conversely, if the user wishes to change an IDF file back into DXF format (i.e. so that
it can be imported into a CAD program), import the IDF file into PC-Crash and then
export it as a DXF file by selecting the DXF file type when exporting.

Modifying Third Party 3D Vehicle Shapes for PC-Crash

Vehicle 3D files purchased from third party companies must usually be modified in a
CAD program for use in PC-Crash. The following details how vehicle shapes need to
be modified for PC-Crash, using AutoCAD:

1.
2.
3.

Import file into AutoCAD.
Use Explode command and select All to explode all meshes & blocks.

Use Scale command and select All, then choose 0, 0, 0 and enter scale-factor
(e.g. of 0.3048 to change from feet to metres).

Establish height h of point 0, 0, 0 above bottom of tires. Use Move command and
select All to move 0, +h, 0. (e.g. Viewpoint Engineering uses 0, 0, 0 for centre of
vehicle, which needs to be at ground level for use in PC-Crash).

Use Rotate3D command, select All, choose X-axis and 0, 0, 0 then enter +90°.
Use Rotate3D command, select All, choose Z-axis and 0, 0, 0 then enter +90°.

Use Properties and select All to change colour of entire vehicle from ‘By-Layer’
to a specific colour by number, such as #1 for Red. Then color individual parts as
follows, using Properties:

Glass color 151 (Transparent Blue for Windows)
Bumpers color 253 (Grey for Bumpers)

Headlights color 50 (Light Yellow for Headlights)

Brake lights  color 20 (Red for brake lights, which changes

to bright red when braking)

Turn signals  color 40 (Orange for Turn Signals)
Grille color 131 (Steel Blue for Grille/Chrome).
Tires color 7 (Black for Tires)

Rims color 9 (Grey for Rims)

Tires and rims should normally be deleted, as PC-Crash vehicles already have
tires and wheels.

Go to the File - Drawing Utilities menu and Purge - All to delete blocks and
unused layers.

Save and Export DXF file to use in PC-Crash.
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10. If any surface polygons on the vehicle have their faces pointing inward instead of

outward, triangular holes will appear in the vehicle body when viewed in the 3D
window of PC-Crash. To correct this, these polygons must be redrawn. Import the
DXF into AutoCAD again, erase these polygons, and redraw them in a counter-
clockwise direction (when viewed from the outside).

Modeling Crush Using Different Vehicle Shapes

Having vehicle crush occur to a 2D or 3D vehicle drawing shape at the correct time
during a simulation can be done in two ways: by importing damaged vehicle shapes,
or by using the Deform Drawing feature in PC-Crash.

Importing Damaged Vehicle Shapes

Different drawing shapes made in an external CAD program can be applied to each
vehicle at different times so that crush damage from each crash can be shown
properly in the simulation. This is done as follows:

1.

Bring in the undamaged vehicle shape using Vehicle — Vehicle DXF - File —
Plan View — Load DXF. By default, it is valid at the start of the simulation.

Select the New button in the Vehicle DXF window. This will set a place for a
second shape file following the undamaged one. By default, the New file will be

valid from the time of the first crash.
veticle pxF 2(x|
Wehicle:

I‘I &lfa Fomeo- 'l " Fiotate sideview D¥Fs

¥ Change drawing after callisions
Marme: walid from: File...
{Mew... 1 0.24 g

i

MHew...

Copy

Alfa Fomeo 011 (0.000 =
[.240 2

e ]
Delete

Hild

[~ Edit drawing

Click on the New file to select it, and then use the File button to load the vehicle
shape that has been modified with the desired crush in an external CAD program.

Make sure ¥ Change Drawing After Collisions is activated.
vehicleDxF El
Yehicle:

|1 &lfa Fomeo- 'l " Fiotate sideview DHFs

[V Change drawing after callisions

x

Marme: valid From: Fils...
IAIfa Romeo [crushed) ID.24 5

i

Mew. ..

Alfa Romeo D1 0.000 = Copy

Alfa Bormeo [crushed) 0.240 5

Delste

ik

oK

[ Edit drawing

Now, use the simulation toolbar ) DU to run the vehicles from the start to
after the crash. With the Refresh key (F5) you will see the vehicle shape change
from the initial (undamaged) shape to the second (damaged) shape. If 3D vehicle
shapes were used, you will also see the shapes change in the 3D window and in
rendered animations.

Repeat the above steps 2 to 4 to load subsequent shapes, if there is more than
one crash which causes crush.
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Using the Deform Drawing Feature

PC-Crash can automatically apply crush to each vehicle during each collision. After

completing a simulation, simply select Vehicle - Vehicle DXF - File — Deform

Drawing. Make sure v Change Drawing After Collisions is activated. Now, use the
1 1 1 1 1

simulation toolbar | k————— to run the vehicles from the start to after the crash.

With the Refresh key (F5) you will see the vehicle shape change from the initial

(undamaged) shape to the subsequent (damaged) shape(s).

If 3D vehicle shapes were used, you will also see the shapes change in the 3D
window and in rendered animations.

Regardless of which method is used to provide for crush deformation, the Edit
Drawing feature (described later in this section) can be used to make changes to the
vehicle drawing. This is best used for 2D changes, however, as Edit Drawing is not a
comprehensive 3D drawing tool.

Yehicle DXXE

[~ Ruotate sideview DixFs

v Change draming after callisions
[ uze 30 wehicle drawing for mesh generation

h amne: walid from: File...
[DRAUF 0 s

i

Mew. .

Copy

DRAUF [1] 0108 s

Delete

Riid

k.

[~ Edit drawing

Vehicle DXF includes the following:

Vehicle

This drop down list is for selecting which vehicle the drawing or bitmap file is to be
applied to.
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M Rotate sideview DXFs

Activation means that the vehicle drawing, which was selected via <File...> <Side
view> <Load DXF...> for the active vehicle is rotated 180° around the Z-axis before it
is loaded.

¥ Change drawing after collisions

Select whether the vehicle drawing will change when collisions occur. If only one
drawing is applied to the vehicle, no changes will take place.

¥ use 3D vehicle drawing for mesh generation

3D vehicle drawings will be used for the mesh generation which can be used for the
Mesh contact model (activation: <Impact> <Use mesh based impact model>). If this
option is not activated, the standard vehicle shapes or those surfaces defined under
‘Vehicle Shape’ are used for the Mesh model. For this case the vehicles are meshed
with an edge length of approx. 0.02 m.

Name

This is the name of the DXF or IDF file which has been loaded. If more than one file
has been loaded for the current vehicle, the name of the drawing selected in the list
box below is shown here.

Valid from

This indicates the time in the simulation when the highlighted drawing will be applied
to the vehicle. For a crushed vehicle shape, the chosen time for an impact at t = 0
should be about -0.01 seconds, if the user wishes to have the crushed shape appear
at t=0 (the start of the simulation).

File
The File button brings up a menu that includes the following:
Plan View

For loading 3D vehicle shapes and 2D plan view shapes (DXF, IDF, VRML and
bitmap files). Many 3D vehicle IDF shapes are provided in the 3DDxf subdirectory in
the PCCrash directory. Most of the vehicle shapes were made from digitizing full-scale
vehicles, and are thus very accurate.

The following sub-menu items are included in the Plan View menu:

e Load DXF

e Load BMP

e Delete BMP
Side View

For loading 2D side view vehicle drawings and bitmaps. When loaded, these can be
viewed by selecting Options - Side View Window. This feature allows bumper
heights in rear-ender impacts to be compared easily. These mainly European vehicle
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bitmaps are scaled according to the length of the vehicle they are being attached to.
They are included in the Side View subdirectory.

% Side view I [=] 3
Tools Options Print

G &L =

1,98ty 44310t

[ [

The following sub-menu items are included in the Side View menu:
e Load DXF
e Delete DXF
e Load BMP

e Delete BMP

When loading a 2D DXF for the side view, it may be that the orientation of the drawing
is mirrored to the vehicle orientation. This is due to an inappropriate coordinate
system of the DXF drawing that is used. To correct this issue, select the checkbox
Rotate side view DXFs before loading a side view DXF file. This will automatically
invert the DXF drawing along its x-axis.

3D Mapped

For loading mapped vehicles. These vehicles, which have the file extension *.x61, are
visible only in the 3D window. They are comprised of a vehicle shape with bitmaps of
components, such as grilles and lights, mapped onto the surface. These vehicle
shapes are not as accurate as the IDF shapes provided, but give a realistic
appearance because of the bitmapped features. These mainly European vehicles are
included in the 3DDxf subdirectory.

PC-Crash additionally can import car models provided in the *.fce file format and the
* dff format. As the *.x61 format the *.fce files and *.dff files are visible only in the 3D
window and are comprised of the shape and texture bitmaps. Many *.dff and *.fce files
provided with PC-Crash have very high resolution and are very detailed.

If *.dff files are used, additionally different components can be selected/deselected
using the Vehicle — Vehicle DXF... and the File — 3D Mapped — Features option in
the Vehicle DXF window.

The following sub-menu items are included in the 3D Mapped menu:
e Load 3D Vehicle

e Delete 3D Vehicle
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New

The New button applies a “new” vehicle shape to the selected vehicle. The “new”
vehicle shape is a simple rectangle sized to fit the overall vehicle length and width.
This is a good starting point if the vehicle 2D shape is to be drawn in PC-Crash (using

M| Edit Drawing).

The New vehicle button should also be selected before loading a second vehicle
shape for a vehicle; otherwise the original vehicle shape will be overwritten.

Copy

Copies the selected vehicle shape to the same vehicle, so that changes can be made
(using Edit Drawing) to show damage that occurs during the impact.

Delete

Deletes the selected vehicle shape.

OK

Accepts the changes made and closes the dialog box.

¥ Edit drawing

This allows the modification of the selected vehicle drawing. The vehicle drawing
appears on the main screen. Move the Vehicle shapes dialog box aside (do not close
it) to access the whole drawing. Use the tools in the Draw group box to make changes
to the drawing. For a complete description of these tools, refer to the menu item
Drawing — Draw Toolbar.
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All the tools in the Draw Toolbar can be used to adapt the vehicle shape.
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Erase Last Vehicle

This deletes the last vehicle loaded (the one with the highest vehicle number).

Vehicle No. 1 cannot be deleted. To delete this vehicle the program must be initialized
using File - New. Alternatively, Vehicle No. 1 can be replaced with another by
changing the Vehicle No. to 1 when loading a new vehicle using Vehicle — Vehicle

-

Database . or File — Import — Load Custom Vehicle @ .
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oad Ca i I A
Database: Wehicle Mo.: Type:

{DsD 2005 ‘J [1 [ -]

Wehicle Querny:
I ake:
| A =l
Model:
100 2.0 - 85 kW, 06.1331-08.1334 3
1002.3E -9 01.1991-08.1354

100240 -6 . 01.1991-01.1995

10025701 W, 031931-08.1334

10026 E - 110Ky, 07.123932-00.1334

1002.8E - 128 kW, 01.1931-08.1934

1005 D Ds- 51 kW, 01.1978-01.1382

100 5E - 100 ki, 1. 1832-01.1332

100 Avant 2.0 - 85 kW, 09.1991-06.1933 LI

Build: Diriver [optional):

Al =l

Load I Cloge

Vehicle administration

Menu option for the organization of the vehicles; vehicles can be exchanged, deleted
and copied.

Yehicle administration

Wehicle 1: Wehicle 2:
[1 vw-Galf a4 = B T -

Exchange vehicles: over the selection boxes Vehicle 1 and Vehicle 2 those vehicles
are selected, which should be exchanged. By activating the vehicles exchange button

(H )the vehicle are exchanged and thus the sequence of the vehicles is changed.

Copy vehicle: with the vehicle copy button the vehicle selected under Vehicle 1
can be copied; the copied vehicle is arranged as last vehicle.

Delete vehicle: with the vehicle delete button the vehicle selected under Vehicle 1
can be deleted and the vehicle listing is re-calculated.

Vehicle Settings

Selection of this menu item opens the Vehicle Data dialog box group, which includes
the following tabs:

e Vehicle Geometry

e  Suspension Properties
e Occupants & Cargo

e Rear Brake Force

e  Trailer

e Vehicle Shape.

e Impact parameters

e  Stability control
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Vehicle Geometry

VYehicle data @gl

Rear Brake Force ] Trailer I Wehicle Shape I
Impact parameters ] Stability control ]
‘Wehicle Geometry l Suzpension Properties ] Dccupants & Cargo ]

[1 wwrGol &4 | Type: Automobile -

|\AW-GDIF Ad16-11 Wweight: 1237 kg
Diriver | Distance of C.G. fram front axle:
Mo af axles: 2 1.08 m

Length: 415 m C.G. height: (IR] ]

fidth: 1.74 m tMoments of [nertia:

Height: W m Yaw: lﬁ kagm™2

Rol. [4305 kg2

Front overhang: Wm Fitch: ’W kgm”2
[ ABS ’— B0

Track - Axle 1. |1.51 m

Track - Axle 20 |1.51 m

wheelbase 1-22 |2.51 M

ak | Abbrachen

This dialog box is for viewing and changing vehicle geometry, mass or weight,
moment(s) of inertia, and vehicle type. ABS braking can also be defined here.

Vehicle Geometry includes the following:

Vehicle

This drop down list identifies the name and number of the vehicle which the data is
for. All the specific vehicle geometry values shown are related to this particular
vehicle.

Vehicle Name

This text box shows the vehicle name corresponding to the vehicle number selected.
The vehicle name can be edited here.

No. of axles

The number of axles a vehicle has is specified here. Valid values are 1 (trailers only),
2, 3, 4 or 5. In the normal case of a vehicle with two axles the text boxes for the third
and higher axles' wheelbase and track width will not be shown.

Length, Width, Height

These text boxes show the overall dimensions of the vehicle.

Wheelbase

This is the distance between the first and second axle and, if a third axle exists, the
distance between the second and third axle.
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Front overhang

This distance is from the front of the vehicle to the front axle. It is normally measured
from the center front, where the vehicle is longest.

Track

The track is the distance between the center of the left wheel and the center of the
right wheel, for each axle.

Type

This drop down box is for selecting vehicle type. Possible selections are:

Automobile
Truck

Wall

Tree

Motorcycle
Unsteered trailer
Steered trailer
Semi-trailer
Occupant

Tramway

The default vehicle shape is changed in the 3D window to suit the specified vehicle

type.

Weight

The empty mass (metric system - kg) or weight (U.S. system - Ib) of the vehicle is
shown here.

If the user desires, the loaded mass or weight of the vehicle can be specified in this
text box. In this case, ensure all occupant and cargo loads are set to zero in the
Vehicle - Occupants & Cargo dialog box.

Distance of C.G. from front axle

This is the distance of the center of gravity behind the front axle. Negative numbers
can be used here for trailers, when applicable.

C.G. height

This is the vertical distance of the center of gravity from the roadway, under static
conditions.

If the height of the center of gravity is 0, the simulation is performed in the 2D mode,
and the pitch and roll moments of inertia are not shown.

Moments of Inertia

These are the moments of inertia of the vehicle about its three main axes:

Yaw, about the vertical axis
Roll, about the longitudinal axis

Pitch, about the transverse axis.

108 e Chapter 3 - Menu Description



The program automatically calculates the moment of inertia using the following
formulas (these values can be overwritten by the user at any time):

e  For most vehicles, the Burg formula is used:

1z=0.1269 (m) (WB) (L),
ly =z,
Ix = 0.3 (Iz), where

Iz = Yaw moment of inertia
m = Mass

WB = Wheelbase

L = Overall length

ly = Pitch moment of inertia
Ix = Roll moment of inertia

e For a truck or a trailer the moment of inertia is calculated by the following

formula:
Iz=m (L? + BY)/12,
ly = Iz,

Ix = 2 (m) (B%/12, where

L = Overall length
B = Overall width

Note: All the moments of inertia in this dialog box represent the unloaded vehicle. Use the
Vehicle data - Occupants & Cargo menu option to add additional loading for occupants and
cargo. PC-Crash automatically modifies the moment(s) of inertia as follows:

Iloaded = /empty (mloaded/ mempty)

¥ ABS

This activates the ABS brake model. When ABS is activated, a text box appears in
which the ABS cycle time in seconds can be entered. The ABS model functions
differently for the Linear and TM-Easy tire models, as described in the Technical
Manual.

OK

Accepts the data entered and closes the dialog box.

Cancel
Closes the dialog box without accepting the data.

Note: When the geometry of a vehicle is changed and a 3D simulation is being
performed, the suspension properties should be redefined so that they are based on
the new wheel loads. This is also true after a 5" wheel trailer is connected to a
vehicle.

Suspension Properties

Suspension stiffness and damping parameters for each wheel can be specified here.
Additionally, vehicle body parameters can be specified for the rollover model and the
stiffness based impact model.
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Occupants & Cargo I Rear Brake Force | Trailer | Wehicle Shape |

Yehicle Geometry Suspension Properties
Suzpenzion Properties
1 Renault-Cl j  cp

E = Stiffriess [ Mim] [
D =Damping [ MNsdm] '

max. susp. travel IU.1 m
E D A

I'I 747664 I'I 96612
-

|1 4732 86 |1 BA7 45

E D
I‘I 7476.64 I‘I 966.12
|1 473286 |1 E57.45

Car body
" Stiff & Mormal " Soft

Friction: ID.E
Restitution: IEI.DE

Stifness: [105  m [193257  Nim

] I Cancel | Apply

Suspension Properties includes:

Vehicle

This drop down box is for selecting which vehicle the suspension parameters are
being modified for.
Max. Susp. Travel

The maximum suspension compression travel (measured at the wheel) is defined
here. The spring rate (E) doubles beyond this value. For extension, the wheel travel
stops when the spring force is zero, which depends on the selected spring rate (a
softer spring rate will allow more downward wheel travel).

Stiffness (E)

This text box shows the spring stiffness coefficient for each wheel.

Damping (D)

This text box shows the damping coefficient for each wheel.

Suspension Properties

Default values for the stiffness and damping coefficients can be chosen by activating
the Stiff, Normal or Soft suspension option buttons. These correspond to the
following:

o Stiff: 10cm (3.9") static spring compression
e Normal: 15cm (5.9") static spring compression

e Soft: 20cm (7.8") static spring compression
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Note: Whenever you load a new vehicle, the correct values for the suspension should
be checked. This can be done by entering the exact values desired or by using the
buttons Stiff, Normal or Soft.

When performing a 2D simulation (height of C.G. equals zero) the suspension
characteristics are not important. However, for numerical reasons they must not be
unreasonable numbers.

Suspension values are checked automatically. In the case of unrealistic parameters, a
warning appears in the status bar at the bottom of the screen:

Unusual suspension characteristics for vehicle ...

Check and correct the parameters if this message appears.

Car Body

Vehicle body to ground impacts are calculated in the case of a vehicle rollover, if
Rollover Detection is turned on in the Dynamics menu. Refer to the Technical
Manual for more details on the Rollover Model.

A stiffness based impact model is used if Impact — Use stiffness based impact
model is activated. The crash is calculated using the values specified within the Car
body section.

Properties for stiffness based impacts can be specified in the Car Body field, as
follows:

e Friction — This is the coefficient of friction for the vehicle body. The tire to ground
friction is not specified here — it is the lesser of 0.8 or as specified elsewhere: for
the general scene, in Friction Polygons, or in the Sequence window.

e Restitution — This is the coefficient of restitution for vehicle impacts. If the
stiffness based impact model is used only one restitution for all concerned
vehicles should be used. If different values are specified the lowest value is used
for the calculation.

o Stiffness — The "stiffness" is expressed as a deformation distance. The stiffness
is defined by the deformation of the car body due to its static weight - the user
specifies the deformation and the stiffness that is calculated. The value of
stiffness used for the tire ellipsoids is half of the value specified for the vehicle
body. For automobiles, the specified stiffness is for the lower part of the vehicle
body only. For the roof, one quarter of the specified stiffness is used. For other
vehicles, the specified stiffness is for all body ellipsoids. In addition the value for
the stiffness can be specified (linear relationship between load and deformation),
the corresponding deformation distance is calculated automatically.

Vehicle speed changes and accelerations that occur as a result of stiffness based
impacts can be viewed in graphical form in the Diagrams window, using the menu
option Options - Diagrams — Diagrams — Vehicles or Options - Diagrams —
Diagrams — Sensor Signals. Refer to the description of this menu option later in this
chapter.

Rear Brake Force

The brake force distribution between the front and rear wheels can be viewed and
changed here.

A graph shows the proportion of rear brake force (gh) to the front brake force (z). The
theoretically ideal curve as well as the assumed or defined distribution is shown.
Immediately after entering a C.G. height in the Vehicle Geometry dialog box, a
suggested distribution curve is automatically calculated. The user can modify the
curve if desired. Based on the defined distribution the correct brake forces will be
calculated when braking is applied in Dynamics - Sequences.
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Wehicle Geametry | Suzpenzion Properties
Occupants & Cargn Rear Brake Force | Trailer I Wehicle Shape

0.4
03
02
01
] 05 1
Z
phi; |0.35 21|05 m; |0.14

] I Cancel Apply

Many modern vehicles are equipped with automatic re-adjustment of brake
distribution as a function of vehicle cargo. This is taken into account if the user
answers yes when the following message appears after adding occupant or cargo
mass (see next section).

@ Update brake force distribution?

Rear Brake Force includes the following:

Vehicle Number

This drop down box is for selecting which vehicle the brake force distribution is for.

phi, z', m
These parameters identify the defined brake force distribution, as follows:
e Phi Slope of the first line
o z1 Point where slope changes
e m Slope of the second line.

The values can either be entered numerically in the text boxes, or the distribution may
be changed interactively in the diagram by shifting points on the curve with the
mouse.
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Occupants & Cargo

Vehicle passenger and cargo loads are specified here.

VYehicle data @gl

Impact parameters ] Stability control ]
Rear Brake Force ] Trailer I Wehicle Shape ]
Wehicle Geometmy ] Suspension Properties  Oeccupants & Cargo

1 wwiGolf 44 -

Front nccupants: W kg
Rear occupants: ,D— kg
Roof cargo: ,EI_ kg
Trunk cargo: W kg

Because load iz positioned in car specific locations, this
zetting should be uzed for cars only.

For trucks and trailers the load has to be added to the
empty weight of the vehicle and need: to be specified in
the geomtry settings.

The COG position for the vehicle and the load has to be
gpecified together in the geometny settings,

ak | Abbrachen

Occupants & Cargo includes the following:

Vehicle
This drop down box is for selecting which vehicle the occupant and cargo loads are
being specified for.

Front occupants

The weight or mass of occupants in the front seat is applied in the middle of the
vehicle at the same height as the center of gravity and 15% of the wheelbase (front to
rearmost axle) in front of the vehicle mid-point.

Rear occupants

The weight or mass of occupants in the remaining seats is applied in the middle of the
vehicle at the same height as the center of gravity and 20% of the wheelbase behind
the vehicle mid-point.

Roof cargo

The weight or mass of roof cargo is centered directly above the center of gravity, 0.3m
(1 foot) above the overall vehicle height. However, for 2D simulations, the roof load
height is set to zero, along with all other heights.
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Trunk cargo

The weight or mass of trunk cargo is applied in the middle of the vehicle at the height
of the center of gravity and 10% of the wheelbase behind the rear axle.

Note: The program automatically recalculates values for the vehicle's center of
gravity, mass or weight, and all the moments of inertia as a result of any changes in
the vehicle load due to occupants or cargo. The moments of inertia are corrected for
cargo with the formula:

Iloaded = lempty ( mloaded/ mempty)-

Trailer

Trailer parameters for steered, unsteered and semi-trailers can be defined here. In
addition to calculating tow vehicle and trailer dynamics, the trailer model is useful for
determining off-tracking of truck and trailer combinations. Refer to the Technical
Manual for details on the theory behind the trailer model.

Impact parameters | Stability contral
Vehicle Geometry I Suspension Properties | Occupants & Cargo
Rear Brake Force Trailer | Vehicle Shape

Wehicle: Trailer
1 Jeep-Chero lm
Trailer type
% Unsteered
" Steered
" Semitrailer

ma. trailer force:

Drawbar length:

Hitch overhang:

Hitch height:

v offset hitchpoint tow car:
y offzet hitchpoint trailer: (0.4 m

82 =

3

Moment transfer
Ix - I Phi 0:

NN RENE

Phi min:

S0: Il]I Nm S: Il]I Nm.*
oK I Abbrechen | [ Eermehmen

Trailer includes the following:

Vehicle

This drop down box is for selecting which vehicle is to be connected to the trailer.

A vehicle is coupled to a trailer by selecting the desired vehicle in the drop down box.
Then the correct trailer must be selected in the Trailer drop down box. As soon as a
trailer has been selected, both are coupled. Note that the trailer must have been

previously loaded into PC-Crash, using File - Import - Custom Vehicle @ or
Vehicle — Vehicle Database E2 .

If the vehicle has already been connected to a trailer, the corresponding trailer will be
shown in the Trailer drop down box. If no trailer is connected, the Trailer drop down
box contains the word "None".
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Trailer

This drop down box is for selecting which trailer is to be connected to the tow vehicle.
If "None" is chosen, any trailer that was previously connected to a tow vehicle is
disconnected.
Trailer Type
These option buttons are for specifying trailer type, as follows:
e Unsteered
o Steered (at least 2 axles required)

e  Semi-trailer.

max. trailer force

This value specifies the maximum force the hitch withstands. If the force at the hitch is
higher than the specified amount, the trailer decouples from the towing car.

The maximum trailer force can be used to simulate uncoupling of truck trailer
combinations due to external force (i.e. crashes).

Drawbar Length
The drawbar length of the trailer is the distance between the hitch and the front trailer
axle.

Hitch Overhang

This is the overhang of the trailer hitch outside the rear bumper of the tow vehicle.
Negative overhangs are used for 5th wheel hitches.

Hitch Height

The height of the hitch point above the ground can only be defined for 3D simulations
(if the height of the center of gravity for both the tow vehicle and the trailer are > 0).

Y offset hitch point tow car

If the hitch point is not at the center of the tow car, an eccentric hitch point can be
specified by entering an offset value. The offset specifies the distance from the
vehicles longitudinal axis.

Y offset hitch point trailer

If the hitch point is not at the center of the trailer, an eccentric hitch point can be
specified by entering an offset value. The offset specifies the distance from the trailers
longitudinal axis.

Moment Transfer

This area of the Trailer dialog box is used to define moment transfer values about the
X, y and z axes of the hitch, as follows:

e S0 - Constant frictional torque about the specified axis.

e Phi 0 - This is an offset value from 0°, useful mainly for pitching about the y axis
of the hitch. If the rotation between tow vehicle and trailer is more than Phi 0 +
Phi min or less than Phi 0 — Phi min, the linearly increasing torque S is applied. If
Phi 0 = 0°, the torque S is symmetrical for positive and negative rotations.

¢ Phi min - Angular rotation of the trailer about the hitch with respect to Phi 0 at
which the rotational torque S starts.
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e S - Linearly increasing resistive torque about the specified axis, starting at Phi 0 +
Phi min.

Hitch
Torque

-

Rotation Angle

s Phi min Phi min

0 Phi 0

Note: For trailers, rearward simulations are not possible in PC-Crash. Collisions can
be performed between a trailer and a vehicle, between a tow vehicle and another
vehicle, between a trailer and its tow vehicle or between two trailers.

The start conditions for the trailer are determined automatically by the program, based
on those of the tow vehicle.

Due to the calculation method being based on a set numerical accuracy, small
location differences between tow vehicle and trailer at the hitch point can develop in
long simulations. These differences do not influence the driving stability. If the
distance exceeds 10 cm (4 inches), all the definitions should be checked once more
and the simulation repeated.

Vehicle Shape

This dialog box is for the definition of the vehicle body shape that will appear in the 3D
window when a vehicle DXF/IDF shape is not used. Default settings to be selected are
Sedan, Hatchback or Van. Additionally, users can input custom dimensions. The
vehicle shape specified here is used to determine the vehicle ellipsoid sizes for the
stiffness based impact/rollover model. The shape is also used for collisions with
multibody objects, unless a DXF/IDF vehicle shape is specified for these contacts.
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Impact parameters
21|

“ehicle Geometny I Suspension Properties I Occupants % Cargo |
Fear Brake Force I Trailer I Vehicle Shape  Impact parameters

|1 Alfa Fomeo- 'I

[¥ Constant contact plane

Direction of contact pl.: |-2D deg

[rel. to weh, long. axis)

[ constant resitution ID,‘I
[~ constant contact friction |1

0K I Abbrechen | Ubemehmenl

In this window the impact parameters can be made constant for a vehicle. The means,
instead of determining the impact parameters by calculations the parameters specified
on this page are used.
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Constant contact plane

The direction of the contact plane can be set to a constant value relative to the
vehicles longitudinal axis. If this option is turned off, the contact plane will be
determined by the impulse vectors of the colliding vehicles.

Constant restitution

For collisions with this vehicle the factor of restitution can be set to a constant value.

Constant contact friction

For collisions with this vehicle the friction can be set to a constant value.

Stability Control

Many modern vehicles have built-in devices for increasing driving stability for avoiding
breakaways of the vehicle. The stability is gained by applying break forces to single
wheels, thus decreasing improper yaw angular velocity.

PC-Crash has a device manufacturer independent model for simulating such
electronic devices. On the page Stability Control the parameters for this model can
be accessed.

Rear Brake Force I Trailer I Vehicle Shape
Wehicle Geometry I Suspension Properties | Qccupants & Cargo

Impact parameters Stability control

2 WV BMW-346C

¥ use ESP

Cycle time: ID.DD5 5

Yaw rate threshold: |34.3S Dea/s

Control factor: ID.3

0K I Abbrechen [Eerrehmen

use ESP
This option determines if the stability control simulation should be activated for the
selected vehicle.

Cycle time

The cycle time determines the update frequency of the stability control device. After
the specified time the simulation will determine if the vehicle tends to become instable

and will react properly.
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Yaw rate threshold

The optimal yaw angular velocity is determined by the vehicle’s velocity and the
steering angle. If the actual yaw angular velocity is off by the given threshold the
stability control device will react properly by braking a wheel.

Control factor

The control factor determines how fast and intense the reaction of the stability control
device will be. The brake force is calculated by integrating the angular velocity that is
above the threshold, multiplied by the control factor. A high control factor will almost
immediately fully brake a wheel even at the smallest possibility of getting unstable. A
low control factor will increase the brake factor slower and less intensive having the
risk of a too late intervention and not being able to stabilize the vehicle. The default
values provided are appropriate for most situations.
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Tire Model

The menu item Vehicle - Tire model is for viewing and defining tire parameters. The
user can select tire models (Linear or TM-Easy), change tire model parameters,
change tire size, and select duel tires when desired.
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General | Linear |

|1 Bbw530; - =]
todel zelaction:

ILinear j
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Tire Model (General) includes the following:

Vehicle

This drop down list identifies the vehicle for which the tire characteristics are being
defined.

Model selection

In this drop down list the tire model for each vehicle can be selected. There are two
models currently available:

e Linear

e TM-Easy

Linear Tire Model

The linear model dialog box displays the maximum lateral slip angle for each tire.

The maximum lateral slip angle defines the stiffness of the tire on each wheel. The
model simulates the tire forces by assuming a linear increase of lateral tire force with
increasing lateral slip angle up to the specified value. The lateral tire force increases
no further once the lateral slip angle exceeds this value (typically about 10° for a 70
series tire on a high friction surface — lower profile tires will have a lower maximum
lateral slip angle).
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Tire model 7| x|

General Linear |

b aximum lateral Ship angle in degree:

0K I Cancel | Aopll |

The specified maximum lateral slip angle (default 10°) is for a unity coefficient of
friction u=1.0. If a different coefficient of friction is specified, the tire slip angle at
which lateral tire force saturates will vary accordingly. Different surface friction
coefficients have no effect on the stiffness of a tire, and thus a lower coefficient of
friction, which cannot produce as much side force on a tire, will result in a lower
maximum slip angle. For example, with a specified maximum tire slip angle of 10° on
a surface with a coefficient of friction of 0.75, the maximum tire slip angle possible is
7.5°. This is the angle at which the maximum lateral tire force will be reached, which
will be 75% of normal force in this case.

u=1.0: Max lateral force = 100% of narmal force

=y

o

o
|

u=0.75: Max lateral force = 75% of normal force

[o]
(=)
\

Max. slip angle = 75% of specified value

e [o2}
(=] (=]
\ |

Lateral Tire Force (% of Normal Force)
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\
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| | | |
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Tire Lateral Slip Angle (degrees)

If braking is applied, the maximum lateral tire cornering force will decrease according
to the friction circle rule. For example, with a specified brake level of 50% (of the static
normal tire load), the maximum lateral force will be as shown in the following diagram

(u=1.0).
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TM-Easy Tire Model

The dialog box for the TM-Easy tire model, which allows non-linear tire effects to be
modeled, can be accessed when this option is chosen in the Model Selection drop
down list.

Tire model EE3
General TM-Easp |
Tire: =

ILongitudinaI parameters LI

Frnax: |1— Smas: [W
Fslip: ID.S Sslip: ID.E
Fip: |1 5

V¥ parameters for all wheels

1.0

075

[IA3]

a 01 nz 03 04 0&
0K I Cancel Ay

Tire Model (TM-Easy) includes the following:

Tire
The top drop down list is for specifying which tire the parameters refer to. If the
W Parameters for all Wheels is activated, the parameters will be the same for all
wheels.

The second drop down list allows the longitudinal and lateral tire parameters to be
specified independently.

122 « Chapter 3 - Menu Description



Fmax

The peak frictional force value. The maximum friction is this value (default= 1)
multiplied by the specified scene friction coefficient.

Smax

The slip value at which Fmax occurs. For lateral tire properties, the x-axis of the tire
model graph is tan (a), where o is the lateral slip angle. For longitudinal properties,
the x-axis is a fractional value, with 0.5 meaning 50% slip.

Fslip

The sliding frictional force value. The maximum friction is this value (default = 0.8)
multiplied by the specified friction coefficient.

Note: When switching from the Linear tire model to the TM-Easy tire model, the
change in vehicle motion will be due almost entirely to the difference between the
specified Fslip value and 1. This is because the default coefficient of friction is the
sliding value when using the Linear tire model, but is the static value when using the
TM-Easy tire model and Fmax = 1.

Sslip

The slip value at which F slip occurs.

FOp

The slope of the tire model curve at the origin.

Tire dimensions, Diameter, Width

Most tire sizes can be selected from the Front axle and Rear axle drop down lists to
obtain the correct tire diameter. For other tire sizes, the diameter must be entered by
the user (the information in the drop down lists is ignored). The tire diameter is used in
the Engine & Drive train gearing calculations and also in the 3D Window.

The tire width can be entered independently from the tire diameter. The width has no
effect in the simulations but will provide a more realistic look in the 2D and 3D views.

The Lateral Spacing check boxes v are for specifying dual tires and the text boxes to
the right are for specifying the dual spacing (center to center).

Engine/Drivetrain

This option allows the definition of engine and gear ratio parameters. The engine
power curve characteristics, transmission and differential ratios can be entered in this
dialog box. Realistic acceleration motions can then be applied to the vehicle by using
the Real Acceleration option in that vehicle’s acceleration sequence (see the
Programming Sequences chapter). Ensure that the correct tire diameter has been
entered in the Tire Model dialog box.

Some of the engine/gear parameters are included in the European vehicle databases,
but not in the present Specs North American database.
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Engine & Drivetrain

Engine _Drivetrain | Engine Torque Diagram I

Engine Power

[Maximum [hp |183.ﬂ hp I-'-iDDD pm

Wehich speed (max]: |225 [kmn#h]

Engine zpeed [max]: |4SDD pm

E fficiency: I'IlJD i

Dirive maode: IHear-wheeI diive 'I

— Gear

Murnber of gears: |5

Axle ratio: |2.35

Transmizgion ratios [vmax [kmdh]):

10524 43 z2[2m 7 3[1e0 124 4127 7
5 [1 224

ak I Cancel | Lpply

Engine & Drivetrain includes the following:

Vehicle

Drop down list for identifying which vehicle the values are to be applied to.

Engine Power

Maximum engine power (HP) and the corresponding engine speed (rpm) at which it is
developed. Note that this is not the maximum engine speed.

After selecting the desired power and rpm, use the Engine Torque Diagram tab to
view the torque curve. Different torque curves can be selected and - if desired -

modified.

Engine & Drivetrain
Engine Drivetrain ~ Engdine Torgue Diagram |

B[]
400

Mormal

320

240

160

20

1000 2000 3000 4000

5000

1 [rpm)

2

Cancel

o]

Apply
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The current torque curve is displayed. To ensure that changes made to engine power
or rpm have been accepted, select one of the standard torque curves from the drop
down list above, as follows:

e Normal
e Sport
e Diesel

e  Turbo Diesel.
After selection of one of these curves, it can be modified it by moving points on the
curve with the mouse.
Vehicle speed (max)

Maximum vehicle speed. PC-Crash compares this specified value with the available
horsepower to determine a value for the air resistance at this speed. This calculation
of the air resistance assumes the gearing is such that the engine's speed will be at the
maximum horsepower level at maximum vehicle speed.

The air resistance is applied at all other speeds based on the assumption it is
proportional to the square of the vehicle's speed. The air resistance forces are added
to the vehicle’s wheel brake forces, evenly divided between all wheels.

Note: If wind resistance has been applied to a vehicle by activating v Calculate Air
Resistance in the Vehicle - Wind Resistance menu item, that air resistance is
applied to the vehicle in place of the air resistance determined from the specified top
speed in the Engine/Drivetrain menu option.

Engine speed (max)

Maximum revolutions per minute (rpm) of the engine.

Efficiency

The efficiency of the drivetrain is specified here. A value of 70 to 90% is normal.

Drive mode
Different types of drives can be selected in this drop down box, as follows:
e Front wheel drive
e Rear wheel drive
e  Four wheel drive (50% front / 50% rear)

e  Four wheel drive (30% front / 70% rear).

Gears

Text boxes for the number of gears (maximum = 16), their ratios, and the drive axle
ratio. The maximum vehicle speed for each gear (based on the specified maximum
engine RPM and ignoring air resistance) is shown to the right of the gear ratios.

Note: After defining a new engine power or nominal engine speed the following
information box appears to adjust the Moment Diagram when the Engine/Drivetrain
dialog box is exited.
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PC-Crash 7.1 ) =

'E Engine parameters have been changed,
L

Do you wank bo adjust the moment diagram 7

Mein |

Selecting the Yes option will adjust the engine torque diagram using the selected
characteristics.

Note: The parameters specified in Engine/Drivetrain are only used when Real
Acceleration is specified in the vehicle's acceleration sequence, accessed using
Dynamics — Sequences (F6). Once an acceleration sequence is specified for the

vehicle and opened by double-clicking on it, g Real Acceleration can be activated. A
window appears where the user can specify the engine speed for shifting gears as
well as the time necessary to perform the shift. Make sure the acceleration sequence
pedal slider bar is moved to the desired throttle position, or the vehicle won't
accelerate at all.

Gear Shift Point {1 01 CHRY'S)

Shift at; Time delay:
& |EOOO e |1 oo s
w 2400 | rpm

Wind Resistance

Vehicle air resistance, down force and wind parameters can be specified in the Air
resistance/Wind dialog boxes. The effect of air resistance and wind is calculated only

when W Calculate Air Resistance in the Wind dialog box is checked.

Air Resistance

PC-Crash enables the user to consider the influence of wind resistance depending on
the vehicle speed and predefined external wind parameters.

The resistance force is calculated using the following formula separately for front, side
and rear:

w rel

F=L.c .47
2

The user has to define the air resistance value ¢, -4 for front, side and rear. The

density of air is assumed to be 1.2 [kg/m3]. The relative velocity v _, depends on the

rel
vehicle speed and on the wind speed (see the next item).

126 o Chapter 3 - Menu Description



Air resistance K E3

Air registance | Wdind |

— Point of farce [%]
Air reziztance [Cw A); horzontal:  wertical:
Frant: [0.5 [50 [50
Side: |0.5 J50 |50
Fear: IU.5 IED |5IJ
Down foree: IU.5 IED

Calculation of resistance force:
F=Rho/2.Cd. A «&[Rho=1.2kg/m3)
Fuoint of farce [diver's view):
0% . left, rear, ground
100% ... right, front, roof

0k I Cancel Lopl

The point of force in the horizontal and vertical direction is also defined. This input is
in percentage of the vehicle length, width and height, where 0 % is a point of force on
the rear, ground or left side and 100% is on the front, top or right side. Vehicle down
force or lift (using a negative down force coefficient) can also be modeled.

Wind
This dialog box enables the direction and strength of the wind to be defined.
Air resizgtance |5
¥ Calculate aif resistance
Diirection: IED [l
Strength: |25 [rph]
dTar: |1D S
dToff: 339 3
ar, I Cancel Al
The user can consider the influence of air resistance during a simulation by activating
v Calculate Air Resistance. By default, this is not activated.
Direction

The wind direction is specified, counterclockwise from the global x-axis. A wind
direction of 0 degrees means the wind is blowing towards the east, if north is towards
the top of the screen.
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Strength

The wind speed is specified, in the units chosen in the Options - Options menu
option.

dT On and dT Off

Wind gust conditions can be specified. For example, if a dT On time of 2 seconds is
chosen with a dT Off time of 1 second, there will be 2 seconds of wind followed by 1
second of calm, with this combination repeated to the end of the simulation. If a
steady wind is desired, choose a dT On time longer than the simulation.

Note: If Real Acceleration and Air Resistance are used at the same time, the air
resistance which is calculated from the defined maximum vehicle speed is ignored
and the air resistance based on values specified in the Air Resistance dialog box is
used.

Trailer Steering

=

+ =

=

Trailer steering, as a function of tow vehicle — trailer articulation angle, can be
specified in this dialog box, which is accessible only when a trailer is coupled to a tow

vehicle.
Trailer Steering EE3
Wehicle:
4 Trailer 1 -
W Use trailer steering
Inner wheelz — Outer wheelz
w0 kel k1: k0 k1:
Tstaxle: |10 jots fosz |Jo1s (o3
2ndadle: |10 jore  fozz |fJo1s (o3

ag I Cancel |

The steering for each trailer wheel can be specified in two steps, as follows:

For o3 <x0, ¢, =k0g,, and
for pg > x0, @g =k0x0+kl(¢p, —x0)

where @, = trailer wheel steer angle

@ , = tow vehicle — trailer articulation angle
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x0 = angle (degrees) at step change
k0, k1 = multipliers.

=[ol]

[ Dingrams- Steering angle
Dingrams  Options  Print  Window.
Steering angle

{ul

T
1
L=

Driver Model

max. steering angle: IEEI *
max. steering vel.: |359.82 "z
Look ahead duration: I'I %

— Diriveer model

™ Fuzzy model
%" PID-tangential model

P |4IZI—
I: IEI—
D: IEI—

] I Cancel |

When a Path is defined for a vehicle, various parameters can be set in this dialog box,
as follows:

Max. Steering Angle

This is a limit on how far the front wheels will steer. The selected value, in degrees
from straight-ahead, is for the outside front wheel. The inside front wheel angle is
slightly higher, based on Ackermann effects.

Max. Steering Vel.

This is a limit on how fast the front wheels can be steered. The selected value, an
angular velocity in degr/second, is for the outside front wheel. The inside front wheel
steering velocity is slightly higher, based on Ackermann effects.

Look Ahead Duration

This time, combined with the current vehicle speed and heading, is used to calculate a
look-ahead distance vector. The Path model compares the location of the end of this
vector with the defined path to determine the current steering angle.
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Driver Model

The Fuzzy or PID-Tangential model can be selected here. Refer to the Technical
Manual for more details. The following figure shows the effects of different models
and settings for them. In this case, the Fuzzy Model with a look-ahead duration of 0.7
seconds enables the defined path to be followed quite closely, except near the lower
right, where the defined path radius is too sharp for the speed.

A;‘\sec/

40,2, 80 FID, 0.5 sec
40,2, 20

Fuzzy, 1 s&c

Fuzzy, 0.7 sec

Defined path

L W =40 kmih
. Max. steering angle = 20 deg
/ Max. steering speed = 20 degis

EES Catalog

The EES catalog contains photos of damaged vehicles categorized into vehicle model
and collision severity groups. This enables the user to quickly see if the EES of the
calculated impact is reasonable, based on a visual comparison of the damage.

Selection |Ph0tos| Propeltiesl

Make: EES [km/h]: Impact direct
rManufacturer | Model Deformation [cm] | Impact loc &
A b f Front
Alfa 33 1.0 40 14 Rear
Alfa 3 130 40 19 Fraont
Alfa 33 140 z - Frant
Alfa 33 15.0 . - Rear
Alfa 33 18.0 . . Fraont =
< | LI_I —— |
Driicken Sie F1, um Hilfe zu erhalken. A

The three drop down lists at the top of the Selection dialog box enable the selection of
vehicle make, EES range and impact location on the vehicle. The list box below will
then show the vehicles in the EES catalog that fit the specified criteria.

Double clicking on a photo in the preview window will open the photo in an edit
window that can be expanded to full screen, if desired. Also the photos can be seen in

detail in the Photos tab. Use the Buttons @ and ﬁ to magnify or shrink the
displayed image.

The photos of the PC-Crash EES Catalog are limited regarding the resolution. The
photos with the original resolution are included in the EES CDs, which are available
separately.
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;Morcedas SIISESSSSEEIAR i
Picture Edit

Selection  Photos | Fropetties |

| = | | &£ p | EES [km/hl: 145
e &l 2

Driicken Sie F1, um HiFe zu srhalken, A

In the Properties tab the location of the database can be chosen. Normally there is no
need to change this value, since all three available EES Catalogues can be chosen by
selecting the check boxes:

e AZT Catalog
e Melegh 1999
e Melegh 2002

Selection | Photos FProperties |

Directories
Database:

W\PCCrash 73\eescat AZT

2004 md]

N
Photos
|c:\Programme\PCCrash73\EESCat G| Gl

[ AZT Catalog
™ Melegh 1999
¥ Melegh 2002

http-/www crashtest-service com

Driicken Sie F1, um Hilfe zu erhalten. o

As there can be multiple EES catalogues selected simultaneously there can be
specified multiple search paths to the EES images available on the EES CDs (which

are available separately to PC-Crash). Press the button to add a directory to the
search paths.

The internet link http://www.crashtest-service.com opens your internet browser with
the given address. Crash test-Service provides — against payment of a fee — a large
online database for determining EES values.

Note that you can resize the EES Catalog at the bottom right corner. This will give you
a better look on some data in the list and the picture.

Crash 3 — EBS Calculation

Vehicle crush energy can be calculated according to the CRASH3 (Calspan
Reconstruction of Accident Speeds on the Highway) damage algorithm, based on
published NHTSA (National Highway Traffic Safety Administration) test results. This
allows a comparison of the CRASH 3 crush energy with the crush energy determined
using the PC-Crash impulse-restitution impact model.

EBS can be compared directly with EES as long as the EBS is above about 10 mph
(16 km/h), so that the effects of restitution energy (included only in the EES
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calculation) are negligible. For smaller values, manual EES calculation of crush
energy should be done instead of CRASH 3 EBS calculations. This is especially true
because most of the tests in the provided NHTSA database typically have an EBS of
30 or 35 mph, such that the accuracy of the CRASH 3 EBS calculations will decrease
for EBS values not in this speed range.

The EBS values calculated using this option can also be used as an EES input to the
Collision Optimizer. Remember to increase the EES weighting from the default 0% in
this case.

Crash 3 — EBS Calculation opens a group of dialog boxes, as follows:

NHTSA Database

Database with tested vehicles as basis for the EBS calculation.

For detailed analysis of the tests the homepage of the National Highway Traffic Safety
Administration (NHTSA) is linked (http://www-nrd.nhtsa.dot.gov/).

LI

WELCOME ..

The Research and Development (R&D) program
serves as the foundation that supports the Agency's
goal to reduce motor vehicle injuries and fatalities.

Through extensive research, devslopment, testing,
and znalysis
h

support the Agency's motor vehicle and Project Summaries

‘goals
rash Avoidan

S Qldance The Research and Devy

Crashworthiness Research serves as the foundati]

Vehicle Research and goal to reduce motor v
Test Center (VRTC)

Statistics and Analysis Through extensive resq
crash investigation, an|
isviti D2, i

Biomechanics and Trauma
Databases and Software

ety [1 @ mone: Public Presentations

Follow the link under ‘Databases and Software’ to the ‘NHTSA Vehicle Crash Test
Database’.

LI

] vt [Juis 7]

NHTSA Vehicle Crash Test Database

Accessing the Database

& Home & Feedback & Aelp & Search

Interactive Access
e TR ormation o bt safr ot

Hours of Operation

- Examples of vehicle tests are t

‘csz::auy‘ tha database may be unavailable briefly during the listed the interactive access tDDlS in
NOTE: Al tmes respect o Washington, OC, USA (US Eastern, Daylight Savings Time is abservec). download of individual signals i
Mondoy - Frday: 5502190 6 AW -3 P download of entire test data sq
Swiay: (5024006 A - Wi

requires that your browser sup
Accessing the Database

nteractive Access * Browse the available tests
° Signal plotting and signal down

5
i NATSA £VS ASCIL format. Flatting 2 sional
applets.

S T = + Query by test parameters

In the lower part of this side (‘Accessing the Database, Interactive Access’) you will
find a link ‘Query by test parameters’ which will open the side ‘Query Vehicle Crash
Test Database on select test parameters’ (Address:  http://www-
nrd.nhtsa.dot.gov/database/nrd-11/asp/QueryTestTable.asp ).

Use for example the Test No. from the second column within the database as query
criteria.
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Query Vehicle Crash Test Database on select test parameters

& Home & Feedback & Aelp & Search
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of the test will be displayed and it is possible to

Under Instrumentation Information the diagrams of the individual sensors and
dynamometers are linked, further a specification of the tested vehicle (Vehicle
information) and a description of the Crash barrier (Barrier information).

M Crash 3 EBS Calculation 2lxl
MHTSA Database IVeh\cle crushl EBS I
|1 Alfa Romeo ﬂ IAELIFEA j Show opponent |
[No [ Te. [Make [Model [ ‘rear [ BoduStle [ Mas.. [whe [ Len [ wid. [=]
40 1936 15 [
E ! 2007 / 300
4262 3533 ACURA 32TL 2001 FDLIH DDDH SEDAN 17770 2745 4885 1.785
3908 3123 ACURA 35AL 1933 FOUR DOOR SEDAN 13270 2915 45975 9533
3904 3125 ACURA 35AL 1933 FOUR DOOR SEDAN 13130 2910 5080 1.836
38|17 3145 ACURA 35RL 1933 IFDUH DOOR SED&N 1307.0 2910 5100 1 SUD_Ij
4 »
Test EBS wt: ID kmsh hittp: Afvwana-nnd. nhitea, dot ooy
Damage width Lt: |3 3 m Damage threshold constant
Test vehicle mass it I 1786 kg b0 |W2 kmn/h
— Crush depth Stiffness constant
Nurnber of crush mesurements: i bu
Cns2 Con=4 €= e 08z kmihiem
Bret
Cf C2 03 4 5 6 bk
A=TU00L H077 Nim
0.024 025 0323 |0322 0083 [0.015
[o02+ [0z [oas [o32z [oses [001E  m L,
Avarage c(r;sh deellh: . Bt by T
SR B Lgt
G : 2 [@8 m (RN SN T
it 2

This dialog box contains a list box of NHTSA barrier impact tests. By selecting a
particular test, the values needed to calculate the A and B crush coefficients will

appear

in the text boxes below. The A and B coefficients will

be calculated

automatically, based on the test EBS (Equivalent Barrier Speed), crush and weight,
and the assumption of a linear crush relationship between the user-defined Damage

Threshold EBS and the test EBS. The calculated average crush Cavet is a slight
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approximation, as discussed by Prasad (“CRASH3 Damage Algorithm Reformulation
for Front and Rear Collisions”, SAE 900098).

Note: The test EBS is only correct for the calculation if the test vehicle struck a fixed
non-deformable barrier. The EBS must be calculated and entered manually by the
user for NHTSA tests involving moving or deformable barriers. If the barrier is another
vehicle in the database the button “Show opponent” selects the barrier.

Test data not contained in the provided database can be entered manually in the
lower left portion of the dialog box to calculate A and B crush coefficients. The A and
B coefficients can also be typed in the lower right portion of the dialog box if they are
known from an external source.

Vehicle Crush
2]

NHTS4 Datebase Vehicle crush | 85 |
|1 Alfa Romeo j

~ Crush depth

Number of crush mesurements: m
C1 C2 C3 c4 c5 CE
[o fom foes Josor o [T m
L1 L2 L3 L4 L5 LE

C7 ca L0e:] cio C11 Ci2
Lo L11 L1z

=7 L3 L3

The incident vehicle crush is entered here. Two to twelve crush measurements can be
entered. The crush measurements do not need to be spaced at even intervals.

The crush measurements can be entered by using the appropriate text boxes or by
placing them with the mouse in the picture. The image correlates with the values in
the text boxes to visualize the deformation. The grid shown in the picture always
measures 0.5 m.

There is no need to locate the crush with respect to the COG, since only the EBS
(and not the resulting vehicle rotation change) will be calculated with this option.
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EBS

; : ?1x|
MHTS4 Database | Vehicle crush  EBS |
1 BUICK-CENTR |
T
EBS=,[—* S
direction of impact [-45 ta 45 deg): EIHE |1 5 deg
[reformation energy: Ed: ISBBDS.S ft-lb

#-1 S
E:S:Zwi'[%'—cm - +§'(¢s+1+cs)+g '(l+tan29)

il Cial T G

1% = Loy =y

The Equivalent Barrier Speed and deformation energy of the incident vehicle are
shown here, based on the defined impact force direction. This angle is limited to a
maximum of +/-45°.

Stiffness Database

Stiffness database 21x|
ST =l

Test... | take | todel | Build | Type | Mazs | Length | \:\;l
1453 Bhw 3251 1990 TwO DOOR SEDAN 1753, 4331 1
1659 Biw 3241 1992 FOUR COOR SEDAN 1623.. 4437 11
2250 B 3251 1995 FOUR DOOR SEDAN 177 4423 1
1] | 3

[N]
50000

3va00

25000

12500

0.00 0.25 050 0.75 1.00° [m]

QK | Cancel | Hysteresis I:ﬁ1 1]

The stiffness database hold stiffness parameters of numerous vehicles collected from
real crash tests. These parameters are provided as force/distance characteristics.

These characteristics can be used in the stiffness based impact model instead of the
linear stiffness function to make the penetration forces more realistic. For more details
on the stiffness based impact model see chapter Stiffness based impact model on
page 176.

Vehicle

This is the selection window for the vehicle you want to apply the stiffness
characteristics to.

Test vehicle
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First select the manufacturer of the test vehicle and then select one of the available
test records in the database. When a record is selected its force/distance
characteristics will be displayed as blue line. The principle direction of force of the test
case is shown as a blue arrow in the schematic picture on the right side of the dialog.

Adapt

Press this button to adapt the red line with its ten grid points to the blue line. You can
manually modify the red line by dragging the grid points with the mouse to customize
your stiffness function.

Hysteresis

The hysteresis (green line) is described as percent-value of the total deformation
distance. It shows the elasticity of the vehicle. Usually a value of 10 percent works
well.

Tire contact calculation

Tj Tire contact calculation
striking vehide

velodity: 0] E|: kmfh

Tire diameter: 0.8 m Grid width: | 0.25 m Phi start: m deg B
struck vehide Phiend: [360 —] deg DNE
Velodity: [0 =] kmm Velocity ratio z: [IBISHN rot. Bitmap: [0.7 —| deg hEr

The ‘Tire contact calculation’ window is activated. This is a program tool for the
calculation and analysis of tire contact tracks.

OK
Accepts the changes made and closes the dialog box..
Cancel

Closes the dialog box without accepting the data.

DXF Load drawing...
Delete drawing

Bitmap
Mirror drawing
g Mave drawing
ol

Maove drawing horizontally

A new menue option is displayed:
Load drawing...: activates the ,Select DXF-filename* window

Delete drawing: deletes the active drawing
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Mirror drawing: the drawing can also be mirrored

Move drawing: the drawing can be moved, the same function as the %
(Move DXF-drawing) Button.

Move drawing horizontally: the drawing can be moved horizontally, the

same function as the % (Move DXF-drawing) Button in combination with
the pressed <SHIFT> key.

Delete bitmap

2 Scale bitmap
Mirrar bitmap
e

Maowe bitmap

E@F Maowe bitmap harizontally
Rotate bitma

ol P

Activates an option menu:

Load Bitmap ...: This loads a bitmap file into the “Tire contact calculation”
view.

Delete bitmap: This deletes a bitmap that has been loaded into the “Tire
contact calculation” view.

Scale bitmap: The size of the bitmap can be changed. This is done by
entering the “Actual distance” in the Scale Bitmap dialog box.

Scale Bitmap EJE|

Actual distance:

(] | Cancel

Mirror bitmap: active bitmap is mirrored

Move bitmap: This moves the bitmap (with the left mouse button held down)
to any position desired.

Move bitmap horizontally: This moves the bitmap only horizontally (with the
left mouse button held down) to any position desired.

Rotate bitmap: This enables the selected bitmap to be rotated by a defined
angle. Press and hold the left mouse button while moving the cursor along
any desired reference line in the bitmap.

g Move the viewpoint closer to the vehicles
@ Move the viewpoint further from the vehicles

% This enables the drawing to be moved by putting the cursor on the drawing
and holding the left mouse button, and drawing a line to the new location.

ﬁl This enables the bitmap to be moved by putting the cursor on the bitmap and
holding the left mouse button, and drawing a line to the new location.
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Striking vehicle

For the striking vehicle the velocity and the Tire diameter have to be defined. The shape of
the tire diameter is displayed in grey color.

striking vehide
Velocity: 30 3: km/h
Tire diameter: 0.6 m

Struck vehicle

For the struck vehicle the velocity has to be defined. Basis fort he calculation is the velocity
ratio of the two vehicles. The appropriate value is displayed as Velocity ratio, which is defined
as ratio of velocity of striking vehicle and velocity of struck vehicle

struck wehide
Velocity: ] 3: km/h Velocty ratio z: -
Grid width

Defines the spacing between the grid lines.
Phi Start

Defines the starting point of the drawing of the tire contact traces in relation to the rotating
angle of the striking tire.

Phi End

Defines the end-point of the drawing of the tire contact traces in relation to the rotating angle
of the striking tire.

Rot. Bitmap

The bitmap can be rotated using this input box by defining the rotation angle. The rotating
angle of the active bitmap is displayed in this box.

Tracks
Input area for the parameters for the track drawing.
Count:
: :|T Selection box for the definition of the count of tracks; possible are 1 —
20 tracks, the distance between the drawings is defined under Distance
Distance:

0.02 ™ the distance between the drawings is defined, the count of the tracks is
defined under Count

* horizontal

~ o
23l the tracks are displayed horizontal or radial

Color:

I:I Selection box for the display color of the tracks.

Multibody System

The multibody system parameters can be viewed and modified using this menu item.
Multibody systems can be pedestrians, passengers, two-wheeled vehicles or other
custom objects. Each multibody system consists of one body or a number of bodies
interconnected by joints and/or spring/damper systems.
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See the Multibody Model chapter for complete details on the use of multibody
systems.

Dynamics

This menu is for positioning and applying initial conditions to vehicles, for performing
kinematic calculations, for defining vehicle paths, and for defining scene
characteristics.

Position & Velocity (F7)

The Position & Velocity dialog box allows the initial location, velocity, heading and
rotational velocities to be specified for each vehicle. In addition, for 3D simulations
(center of gravity height > 0), the vertical position and velocity, and the roll and pitch
angles and rotational velocities can be specified. The intermediate values of all of
these parameters, at any point along a vehicle's path, can also be viewed in this

dialog box.
: Pos'n & Vel. 2] x]

I'I 01 CHRY'S VI

C.G. Location [ft]

b
IEI.EIEI IEI.EIEI

Welocity
w[mph]= My @

|45.EIEI IEI.EIEI

Heading
Ps|

IEI.EIEI v Copy

Ang. velocity

£
IU.DU [raddz]
ok | omiT |

I'I 0 CHAY'S VI

C.G. Location[ff] [ &G Height> 0—
L o z
jnoo oo [1.75
Welocity
w[mph]= MY ® | weElmph]=
[45.00  fo.00 [0.00
Heading
P5|© Roll 9 Pitch ©
[oo0 W oy 000 fooo
Ang. velocity

2
IU.UU [rad/z]
ok | it |

IEI.EIET IEI.EIEI

Description - Position & Velocity dialog box items

Vehicle

This drop down box is for selecting the vehicle for which the parameters are to be
defined.

C.G. Location

The position of the center of gravity of each vehicle in the scene can be defined in the
text boxes for the X, Y and (for 3D simulations) Z coordinates. The static height of the
center of gravity defined in the Vehicle Geometry dialog box is the default value for
the Z coordinate.

Velocity

Three values are used to define the velocity:
e V Velocity in X-Y plane
e NY Velocity direction (Degrees CCW from global X axis)
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e Vz Velocity in Z direction (for 3D simulations only, positive upward)

Angles

The yaw and (for 3D simulations) roll and pitch describe the rotation of the vehicle in
reference to its three main axes:

e PSI - Vehicle heading angle (Degrees CCW from global X axis). The yaw angle of
a vehicle is equal to NY minus PSI.

¢ Roll - Rotation about the longitudinal axis (Degrees CCW from level, if viewed
from the front).

e Pitch - Rotation about the lateral axis (Degrees CCW from level, if viewed from
the left).
' Copy

The velocity direction NY will be copied to the vehicle heading angle PSI, if this is
selected. In this case, there is no yaw at the start of the simulation.

If this check box is deactivated, different values can be chosen for NY and PSI, in
which case an initial yaw condition is present. Additionally, a reversing vehicle can be
defined by making NY opposite to PSI.
Angular velocity
The three values of the angular velocity around the respective vehicle axes are:
ez axis - Yaw velocity (positive CCW)
e Xx axis - Roll velocity (positive CCW, viewed from front)
e y axis - Pitch velocity (positive CCW, viewed from left).
All values are in radians/second (1 radian = 57.296°) or deg/second, as defined in

Options — Options — Default Settings.

OK

Accepts the data entered and closes the dialog box.

INIT

After pressing the Initialize button the following values are set to zero:
¢ Roll - Rotation about the longitudinal axis

e Pitch - Rotation about the lateral axis

e Rotational velocity about the X axis

¢ Rotational velocity about the Y axis

¢ Rotational velocity about the Z axis.

Note: In the case of a vehicle with a trailer, the position and velocity values are
adjusted automatically for the trailer when changes are made to the tow vehicle's
values.

Sequences (F6)

In the Sequences dialog box, various sequences can be specified for each vehicle,
including driver reaction, vehicle braking, acceleration and steering.
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Sequence Edit  Options

%4 BB L

{1 Buick-Cx] |2 FoRD v x]

® Feaction W Start [t=0z]
® Decel ® Decel.

W Start [t=0s)

[48.28  km/h |0 km/h

2l x

Lag [z] 020 Sequence duration:

+ Brake T[] ™ [m] w

" Accelerate Al i
& fonwands EI[ITI.-"SE]ZIW
€ backyards Pedal position: [%]

N n

[" Lane change

[T el
" Steering

Brake Factars
Front axle [17:

ol edfioon «f o »ffi000]

Rear asle [2]:

ol ;||1nn.n = ;||1nn.n

Refer to the Programming Sequences chapter for a detailed description.

Rollover Detection

When Rollover Detection is selected, vehicle body to ground contact forces will be
taken into account, based on the Car Body values specified in Vehicle — Vehicle
Settings — Suspension Properties. Otherwise, the vehicle will fall through the road

surface when inverted.

¥ehicle data

Ozcupants & Cargo I Rear Brake Farce | Trailer | Wehicle Shape |
Suzpenzion Properties

Yehicle Geometmy

1 BMw-530 d |

E = Stiffnezs [ N/m]
[ =Damping [ Medm]

maw. susp. havel: I'11 m

E [}
|2EEI'|4.EB |3252.E|
|2EE?5.34 |3|:I|:I|:I.53

2 x|

Suzpension Properties

E 1]
|2891 466 |3252.E|
|2EB?5.34 |3I:IIZII:I.98

Car body
" Sttt * Nomal " Soft
Frictinn:lF
Restitutiar: IW
Stiffness: |05 m  [333540  N/m
’TI Cancel | Apply

Refer to the description earlier in this chapter under Vehicle — Vehicle Settings —
Suspension Properties, and also the Technical Manual, for more details on the

rollover model.
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Kinematic Calculations

Window for performing kinematic calculations, whereby the calculated sequences can
be assigned to the vehicles.

Selection of this menu item opens the Kinematic Calculations dialog box group, which
includes the following tabs:

e Post-impact

e  Pre-impact

e Acc./Brake

e Collision/Post impact

e Pedestrian

e Pedestrian throwing distance

o st

Post-impact

21X

pact | Preinpact | Acc./Brake | Collsion/Postinpact | Pedestian| vt |

[1 BUICK.CENTL = [ @) Diagrams

v Jio | kmh vt [EE knvh
M B m
P wie
M [F5 sec

Enables the calculation of post-impact situations as pure braking / acceleration
procedures. Select 3 of the 5 parameters, pushing the TAB key after the last text box
input performs the calculations:

v0 Starting velocity

vi Final velocity

sb Acceleration / braking distance
a Acceleration / deceleration

tb Acceleration / braking time

The Diagrams button Diagrams opens the Diagrams window for viewing graphs of

the calculated values. The correct sequences are added in the Sequences window
simultaneously with this button.

Pre-impact

: Kinematic Calculations 2]

Postimpact Preimpact | Ace./Brake | Collsion/Postimpact | Pedestrion | wst |

1 BUICKCENTL= @ M & 6 me2 T s [iB4 m

v [i70 ke vz [0 kmih

W |08 s W oz s L EATEY
rEm 99 m s [11654 m

Mat aloried vebeiy: |45 knvh

[W0.vb, vt 1700 1678 1000 km/h ]
500 s

4

g

Lt b 1 080 D20 314 s

N b 778 938 188 m

5 14148 22830 mAE s km
km/h

000
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Pre impact driver reaction and braking before the Start (t = 0) can be examined with
this option. Select 5 of the 8 parameters, pushing the TAB key after the last text box
input performs the calculations:

v0

tr

ab

ts

3

v1

tb

sb
viimit

Starting velocity

Reaction time

Braking deceleration

Brake lag time

Stopping distance (sr + ss + sb)

Final (impact) velocity

Braking time

Braking distance

Maximum allowed velocity (speed limit)

In addition to these values, avoidance values and the impact velocity for the specified
vlimit are calculated.

v0
vb
v
a

t
tr
ts
tb
s
sr
ss
sb
av
trv
"\
sV
v0'
v1'

The Diagrams button

Starting velocity

Velocity at start of braking
Impact velocity

Braking deceleration

Total time

Reaction time

Brake lag time

Braking time

Total distance

Reaction distance

Brake lag distance

Braking distance

Avoidance deceleration
Avoidance reaction time
Avoidance velocity

Avoidance distance

Maximum allowed velocity (vlimit)
Impact velocity using maximum allowed velocity v0' instead of v0

Diagrams opens the Diagrams window for viewing graphs of

the calculated values. The correct sequences are added in the Sequences window
simultaneously with this button.

Acc./Brake

Postimpact |

v fo kmh vl 30

a [z ms a [3 mE [
celer i

fion only.

impact Aes./Brake | Colision/Post impact | Pedestian| vst |

TBUCKCENTLZ]@ s 150 m IV vmae [130 km/h

kmsh u

U
00 853 933 @7 900

301
077 790 080 020 187

ke
150009356 1931 613 3140 m _I:I
3

Pre impact acceleration followed by braking before the Start (t = 0) can be examined
with this option. The vehicle's speed can be limited by selecting vmax. When the
specified acceleration values are sufficient to exceed this speed, the vehicle will
maintain this constant speed once it has been reached.

v0

aa

s

vi

ab
vmax

Starting velocity

Acceleration during driver's reaction time
Total acceleration + braking distance
Impact velocity

Braking deceleration

Maximum allowed velocity
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tr Reaction time
ts Brake lag time

Following values are calculated.

v0 Starting velocity

vr Velocity at start of reaction
vs Velocity at start of brake lag
vb Velocity at start of braking
v1 Impact velocity

vmax Vehicle’s speed limit

aa Acceleration

ab Braking deceleration

t Total time

ta Acceleration time
tr Reaction time

ts Brake lag time

tb Braking time

s Total distance

sa Acceleration distance
sr Reaction distance

ss Brake lag distance
sb Braking distance

The Diagrams button Diagrams opens the Diagrams window for viewing graphs of

the calculated values. The correct sequences are added in the Sequences window
simultaneously with this button.

Collision/Post impact

[ PC-CRASH - Licensed to - EXAMPLEZ o~ —181x
Fle Vehide Dynamics UDS Impact Options Graphics 2

HRE&ERERE RE v (P LMEH w o =82
[Tom =] @ K € 8 b B Wb | L0t (=
21 8
Postinpat| Preinpac| Acs ke ColionPostnpact | Pedestion] vt |
Toucrcie] [z ronovansis] e 3]0
o e m e
F& | [ |m# I udepeinpectpuans N

X=7.521 y=-18.063 6 = 0,871 dy = 0,075 phi= 175.60d = 0.97 Bk 11500 [nyi080 Kl [142246

ok 1
hstart | () @ 59 By || ez | Blpec.. | € wor. [[epc Eaipan..| Gyvde..| Mcam..| Bpcc.. | €0, | £ | (ER B 2

The following values can be examined in this field

v Pre impact velocity

Post impact velocity

EES Equivalent energy speed

s Post impact distance

a Average post-impact deceleration

There are two methods of determining the pre-impact velocity, based on a specified
average deceleration after the impact:

o Deactivate 3 use 2D window position and specify a deceleration distance
and rate in the provided text boxes.

e Activate 7 use 2D window position and define the start and rest position by
moving the vehicles with the mouse. To position the vehicle at the start click

the ‘Place Vehicle in Start Position’ button s and for the rest position, click
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the

‘Place Vehicle in Rest Position’ button

fﬁ'. Specify the average

deceleration rate as above (the effect of vehicle orientation is not considered,
as this is a simple kinematic calculation).

The values in the textboxes are updated immediately. If 7 update pre-
impact parameters is activated the collision velocity is updated for the pre-impact
calculations.

The EES value for a vehicle can also be defined. The value for the second vehicle is
then updated accordingly.

Following values are calculated.

Pedestrian

Pastimpact | Preimpact | Ase./Brake| Colision/Postimpact Pedestian | st |

Vehicle:

1 BUICK-CENTL

E o

s1

s2

al

a2

vi
v1’
dv1
EES1
v2
v2’
dv2
EES2
phi1
phit’
phi2
phi2’
k

post impact distance vehicle1

post impact distance vehicle2

mean post impact deceleration vehicle1

mean post impact deceleration vehicle2

impact velocity vehicle1

post impact velocity vehicle1

Delta v vehicle1

EES for vehicle1

impact velocity vehicle2

post impact velocity vehicle2

Delta v vehicle2

EES for vehicle2

pre-impact direction of velocity vector (course-angle) veh1
post-impact direction of velocity vector (course-angle) veh1
pre-impact direction of velocity vector (course-angle) veh2
post-impact direction of velocity vector (course-angle) veh2
coefficient of restitution

2ix

ver 800 77.3 457 00 kmh  s]
£ 178 44 200 100 m

o m
K 08 02 12 22 s
K) a3

o7
739

mmmmm

The following values can be examined in this field

vE
am
sB-E
sK-E
tr

ts
vzul
A-Fkt
sF1
sF2

vF
averm

Velocity at the end of the investigated distance
mean brake deceleration

Distance start of braking - rest position
Distance collision - rest position

Reaction time

Brake lag time

allowed velocity

Collision factor

Distance up to collision

Needed distance for the pedestrian starting from the collision,
in order to leave the danger area

Pedestrian velocity<

mean acceleration for avoidance investigation

Following values are calculated.

vr
vb
vk

Velocity at start of reaction
Velocity at start of braking
Collision velocity
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ve Velocity at end of investigated distance

dvk Change of velocity due to collision with pedestrian

sr Distance during reaction

ss Brake lag distance

sb Braking distance

sK-E Distance collision-rest position

sR-K Distance reaction-collision

tr Reaction time

ts Brake lag time

tb Braking time

tR-K Time reaction-collision

VvF (tR-K) Calculated velocity of the pedestrian, in order to cover the
pre-impact distance during reaction and collision

sF R-K Pre-impact distance of the pedestrian, calculated with the vF (tR-K)
svzul Stopping distance out of vzul

tvzul Stopping time out of vzul

dsvzm Distance rest position out of vzul - collision

dtF  Time the pedestrian would have needed to leave the danger area,
starting from point of impact

sA-K Distance reaction-collision

tA-K Time reaction-collision

vr Velocity for distance dependent avoidance

vz Velocity for time dependent avoidance

vKth Theoretical velocity of the pedestrian passing the collision scene

Pedestrian throwing distance

2]
wst | Postimpact | Preimpact | Aec./Brake | Colision/Past impact | Pedestiian Pedestiian thrawing distance
Impact situation 100 kmdh
1 ehicle braked before collision
£ Vehicle brake immediately after collsion
80 km/h
“ehicle weight: 1500 kg
Pedestrian weight: a0 kg
Impact factor. 13 k4
EO km/h
Throwing distance: 30 m
Velocity calculation
Braking distance: 30 m 40km/h
i amak;
E 2 mis
v 683 [7B3  km/h 20km/h
dwk: 05 05 km/h
vk BE.8 7.4 km/h
Tollerance [vmindvmax): -5 5 km¢h 0.0 10.0 200 300 400 50.0
Impact velocity: 72 km/h Thiowing distance [m]

On this dialog page the impact velocity of pedestrian accidents can be calculated by
determining the throwing distance of the pedestrian. This calculation is based on
statistical evaluation of real pedestrian accidents where two different situations have
been discovered to influence the throwing distance:

Vehicle braked before collision

Vehicle braked immediately after collision

Vehicle weight

Specifies the total weight of the vehicle

Pedestrian weight

Specifies the weight of the pedestrian
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Impact factor

The impact factor is determined by several components like impact height, vehicle
type and other parameters.

Throwing distance

The throwing distance specifies the measured throwing distance of the pedestrian.
The Measurement begins at the point of impact.

Braking distance
This value specifies the total braking distance of the vehicle.
amin and amax

These values specify the minimum and maximum deceleration of the vehicle while
braking.

VJ
These values specify the post-impact velocities at amin resp. at amax.

dkv

These values specify the loss of velocity at the point of impact at amin resp. at amax.

vk

These values specify the pre-impact velocity (the impact velocity) at amin resp. at
amax. These values are displayed in the diagram as a vertical black line.

Tolerance (vmin / vmax)

The tolerance velocities specify the tolerance lines in the Distance-Velocity diagram,
i.e. the blue and the red graph.

Impact velocity

In this field the suspected impact velocity can be entered. The value is displayed in
the diagram as black marker. If all values have been entered correctly, the marker
should now reside between the tolerances graphs in the diagram.

vst
wst | Post-impact I Pre-impact | Acc. /Brake I Collizion/Post impact I Pedestrian | Pedestian throwing distance I
|1 Audi-100 2 'I Copy car | Delete | Diagrams | Awnidance
1 2 3 4 ] B Lag Rect. r— distancs
ds [30 | | | | | 527 [2134 m vlimit &0 krnh
a |7 | | | | | |3 a avoid 75 mie
d 14z | | | | Jnz Jos sec Reaction time: TR
t=0s & » » » » » » £ L 3 1eaction-coll.: BEEl  m
v I44 |93.B5 I I I I I93 83 |BB.D1 kmh treaction-coll.: 2.42 3
dv [1a00 | [ | | | [0.00 [noo ke
v o | [ I I [ [EEES [601  kmin | o3topveloedt Z | m
ve for v-allowed: 0 kmsh
siE [s000  [so00 [Soo0  [s0o0 [s0o00  [Sodo [EET  m )
a avoid. for v-allowed.: -B.74 mis
tE [laz ez 14z [142 [ie2 142 |24z sec
a avoid. far vl 083 mie
W g:; ﬁ;‘dl-w w2 = v avoidance.: Ba42 kmsh
¢ mm
Ir 0.80 escape time: 1 g
Is 020
wZul 80.00 w avoid. in time: 84.70 kmsh
\:al 1083 | 5 =y passing: 16.66 lrnsh

Kinematic calculation, if different sequences are known.
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The input takes place from left to the right. Start with a pre-impact velocity v’ and a
change of velocity dv (if there is no impact use dv = 0). Then the input of a sequence
can be done, define 2 values out of the 3 parameters ds, a, dt. By clicking the
Calculate Button the calculation is started.

Within the right range of the input window a brake lag (Lag) - and a reaction (Rect.)
sequence can be defined.

Within the textboxes si-E and ti-E the summed up distances and times of the
sequences are displayed.

Pressing the Diagrams button the sequences are transferred to the selected vehicle
and represented in the diagram window. At the same time the appropriate sections
(Accelerate. Brake, Crash) are inserted in the Sequences window. The position of the
sequences respective the Start (t=0s) sequence can be defined using the option field
between the different sections.

For avoidance investigations an avoidance acceleration (a avoid) and an allowed
velocity (vlimit) can be defined.

Spatial avoidance

The avoidance values (a avoid and vlimit) are used together with the reaction time,
the distance from the point of reaction to the point of impact (s reaction-coll.) and the
time from the point of reaction to the point of impact (t reaction-coll.) to calculate
some situations that could have avoided the impact.

If the vehicle had been driving with the velocity vlimit, then it would have needed a
distance of s stop v-allowed to brake, a deceleration value of a avoid. for v-allowed
to stop before the point of impact or it would have had an impact velocity of vc for v-
allowed.

Additionally the necessary deceleration value a avoid. for v0 to stop the vehicle with
the current velocity and the maximum velocity v avoidance that would just have
avoided an impact, are displayed.

Temporary avoidance

If the escape time needed for the collision partner to leave the area of impact safely
can be specified, the maximum velocity of the vehicle v avoid. in time to just pass the
collision partner and the velocity v passing that the vehicle has when passing the
partner, can be calculated.

If the escape time is so high that the avoidance velocity must be so small that the
vehicle would have stopped before the area of impact (i.e. v passing less or equal 0),
no values are calculated.

Kinematics Toolbar

This opens the Kinematics toolbar, which is for examining velocity, distance, time and
acceleration. One of the following three pre-impact sequence options can be selected
for each vehicle, using the drop down lists at the top of the Kinematics toolbar:

e  Acceleration
e Acc./Braking

e Reaction/Braking
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For the Acceleration and Reaction/Braking options, parameters can be changed only
after activating the corresponding check box. A certain number of parameters must be
selected for these two options before the calculation can be done. This is indicated
when the control light beside the vehicle selection box changes from red to green. The
Acc./Braking option needs a value for every parameter. Pushing the TAB key after the
last text box input performs the calculations.

The calculated values are shown in the text areas at the bottom of the Kinematics
toolbar. If the screen resolution is large enough, for each vehicle in the toolbar there is
a separate text area. Previously calculated values can be viewed by scrolling up
through this text area with the scroll bar on the right.
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The following variables can appear in this text area, depending on the option chosen:

v0 Starting velocity

vr Velocity at start of reaction

vi Velocity at start of braking

vb Velocity at end of brake lag time
v1 Impact velocity

ab Braking deceleration

aa Acceleration

t Total time

tr Reaction time
tl Brake lag time
tb Braking time
s Total distance

sr Reaction distance
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v0'
v1'

Brake lag distance

Braking distance

Avoidance deceleration

Avoidance reaction time

Avoidance velocity

Avoidance distance

Maximum allowed velocity (vlimit)

Impact velocity using maximum allowed velocity v0' instead of vO

The Diagrams button @ opens the Diagrams window for viewing graphs of the
calculated values. The correct pre-impact sequences are added in the Sequences
window simultaneously with this button.
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Pre impact acceleration before the Start (t = 0) can be examined when this option is
selected in the drop down list. Select 3 of the top 5 parameters:
v0

Starting velocity
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aa Acceleration

tr Acceleration time
s Acceleration distance
v Impact velocity

Acc./Braking
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Pre impact acceleration followed by braking before the Start (t = 0) can be examined
with this option. The parameters are:

v0 Starting velocity

aa Acceleration during driver's reaction time
tr Reaction time

tl Brake lag time

ab Braking deceleration

s Total acceleration + braking distance

vi Impact velocity

vlimit Maximum allowed velocity

The vehicle's speed can be limited by selecting vlimit. When the specified
acceleration values are sufficient to exceed this speed, the vehicle will maintain this
constant speed once it has been reached.
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Pre impact driver reaction and braking before the Start (t = 0) can be examined with

this option.

Select 5 of the top 8 parameters:

v0
tr
tl
ab
tb

Starting velocity
Reaction time

Brake lag time
Braking deceleration
Braking time

sb Braking distance

s Stopping distance (sr + ss + sb)

v1 Final velocity

vlimit  Maximum allowed velocity (speed limit)

In addition to these values,

vlimit are calculated.

Post-Impact

avoidance values and the impact velocity for the specified

v B2E2 251 kmh %] B L)
W' 3803 05 kmeh T Move Paint of Impact
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The following values can be examined in this field

v Pre impact velocity

V' Post impact velocity

EES Equivalent energy speed

s Post impact distance

a Average post-impact deceleration

There are two methods of determining the pre-impact velocity, based on a specified
average deceleration after the impact:

e Deactivate ¥ Use 2D Window Position and specify a deceleration
distance and rate in the provided text boxes.

e Activate W Use 2D Window Position and define the start and rest position
by moving the vehicles with the mouse. To position the vehicle at the start

click the Place Vehicle in Start Position button %! and for the rest position,

click the Place Vehicle in Rest Position button fﬁ' Specify the average
deceleration rate as above (the effect of vehicle orientation is not considered,
as this is a simple kinematic calculation).

The values in the Kinematics toolbar are updated immediately. If 3 Update Pre-
impact Parameters is activated the collision velocity is updated for the pre-impact
calculations.

The EES value for a vehicle can also be defined. The value for the second vehicle is

then updated accordingly. Use the EES button ﬁj to access the EES catalog for a
comparison of damage.

The Diagrams button @ opens the Diagrams window for viewing graphs of the
calculated values. The correct pre-impact sequences are added in the Sequences
window simultaneously.

Avoidance in time

This option allows the calculation of temporal avoidance situations based on the
computed simulation beginning from the point of reaction. This means, that the
velocity of the chosen vehicle is gradually reduced until the vehicles are passing and
no collisions occur. The reduced velocity is then considered as avoidance velocity of
the chosen vehicle.

To make this function work properly the simulation must start in the reaction point of
the chosen vehicle. Due to the fact that most simulations have their beginning in the
first point of impact (because this is the situation where probably many parameters
are known best) several steps have to be performed to shift the starting point to the
point of reaction of the chosen vehicle.

First, simulate the pre-impact situation by simulating backwards. Make sure that all
vehicles are simulated in the point of impact of the chosen vehicle. If e.g. sequences
are not specified long enough, some vehicles may stop before (i.e. “after” in terms of
time) the chosen car reaches the point of reaction by simulating backwards. In such a
situation modify the sequences of these vehicles.

With the time slider set the simulation time to the point of reaction of the chosen car.
Then press the button M (o set the starting point to the chosen time.

Eventually it is necessary to modify the sequences of the vehicles. All sequences that
have been after the point of reaction of the chosen car must now be moved after the

starting point (i.e. the starting point is now the point of reaction of the chosen car). By
making a forward simulation you can verify if your sequences are now correct.

Now you can calculate the avoidance in time by choosing the appropriate menu
option.
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Avoidance car:
|1 AC-AcefAce "I

Start velocity:

|sz.5 kmh

{* Reduce velodty
" Increase braking level

Activate [ deactivate vehicle::

1 AC-AcefAceca 4.6 VB 32V - Ford 4.6-V8/DC
2 Alfa Romeo-145 1.6 - 930

{Calculate™ Cancel

Avoidance car

This is the car you have chosen. For that car the velocity will be gradually reduced.
Reduce velocity

The velocity will be decreased in steps of 1 km/h to avoid a collision.
Increase braking level

The braking force will be increased in steps of 0.1 m/s? to avoid a collision. The
avoidance by increasing the brake factor heaviyly depends on the available braking
distance and the friction of the ground.

Start velocity
The start velocity of the avoidance car.
Switch on/off

Here you can specify which vehicles will be simulated during the calculation. Please
note, that even when a vehicle is not active it can cause a collision by resting in the
path of another vehicle. If any collision is detected the situation will not be considered
an avoidance situation.

Calculate

The calculation will be performed until a velocity has been found where no collisions
occur.

Kinematic follow path backwards...

By using this function of PC-Crash skid marks of vehicles can be tracked to determine
the post-impact situation using a kinematic calculation model. The calculated post-
impact velocities and other parameters can be used for further investigating the pre-
impact situation.

When activating this menu option the following window appears:
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Follow path backwards 2x]
V¥ Update vehide positions from 2D window Calculate |

Position: x [m]: y [m]: Heading Friction: Braking. a[m/s?: s[m]: t[s]: Course v [km/h]:
Psi [Grad]: [l My [Grad]:
Stop pos.: @ 3.53 |-14.11 -179.4 |4.72 |111 |u

- SR P O
O e
startpos.: %] iz [wmm [s3 : [0 [0 [Hesl S

In addition to the start position (collision position) the rest position fﬁ' and up to 5

intermediate positions rﬁ?" can be specified. The rest position must always be
specified, the intermediate positions are optional. Intermediate positions can be

removed by selecting the button.

By deselecting the option Update vehicle positions from 2D window, previously
defined positions can be entered in the appropriate input fields by specifying their
coordinates and heading instead of the visually defined positions.

For each sequence between two positions a friction value between tires and ground
and the amount of braking in percent can be specified. From these values and the
given positions the results are calculated.

a The deceleration value calculated for the sequence
between two points. The value is determined by the
amount of braking and the friction.

For the lateral part of the vehicle movement a brake
value of 100% is assumed due to he lateral tire forces.

s The total distance of the position, beginning at the rest
position.

t The total time the vehicle reaches the position, beginning
from the start position.

Course Ny The general moving direction of the vehicle (applied to

the center of gravity). The post- impact course direction
is displayed in the blue input field.

v The calculated velocity of the vehicle at the position. The
post-impact velocity is displayed in the blue input field.
The velocity at the rest position can be set to a different
value that 0 to indicate that the rest position is not the
end of the movement.

By pressing the Calculate button, the calculation is performed and the results are
applied to the specified vehicle. The vehicle will now move as specified by the
positions.

Important note:

The vehicle movement using this calculation is performed as specified by the
positions and values, not by physical constraints. Always double check your
results by making a kinetic forward simulation.
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Define Path Points

Paths for each vehicle can be specified. This allows the user to specify complicated
vehicle motions without having to use multiple steering sequences. The specified
paths are based on curves (modified B-spline 2nd order) defined by points selected by
the user.

When activating this menu option the following toolbar appears or the Follow Path
Toolbar is activated:

Follow Path
‘k’i w7 1 AlfaRomeo- =

The functions of these tools are similar to those in the drawing program.

k‘ moves and adjusts a previously-created path. A path can be deleted by clicking
on it with this tool and then pressing the DELETE key.

draws a new path. Click and hold the left mouse button to draw the first point and
release it at the second point. Click at the desired locations to define subsequent
points. After entering all points, click the right mouse button. Note that the created
path will always continue on to infinity before the start point and after the end point.

To add additional points to a path select it and click with the right mouse button on the
desired location. A popup menu appears that allows you to insert or delete a point at
the chosen location.

.

is used to rotate a path, after it has been selected with ‘k‘ . The rotation center

. is moved to the desired position on the screen, and then the path is rotated, both
using the mouse with the left mouse button held down.

1 Alfa R -
A Romeo is to select the vehicle for which the path is to be drawn or

modified.
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A vehicle follows a specified path differently depending on whether the normal
Kinetics simulation model or the Kinematics simulation model is used. The model is

§ .

When the Kinetics simulation model is used, the vehicle motion will be governed by
the laws of physics, the specified vehicle properties, and the Driver Model
parameters. In this case the vehicle will not follow the path exactly, especially if the
speed is too high. Refer to the Technical Manual for details on the Path physical
model.

changed using the Simulation Model tool

When the Kinematics simulation model is used, the vehicle will follow the specified
path at the specified speed, regardless of whether it is obeying the laws of physics. It
is up to the user to ensure that the vehicle motion is possible, as the kinematics model
does not check this.

The Define Path Points menu option is active until it is turned off or another option
requiring the mouse is performed.

Vehicle Anchor Point
This option is for selecting the point of the vehicle (C.G. or one of the wheels) that is

to be anchored to the path specified in Dynamics - Define Path Points. The
following dialog box appears.

b Start: |-1 ooo S
t End: |1 i} z

The x and y text boxes allow the anchor point to be offset with respect to the Center
of Gravity by any distance desired from the selected item (x is positive towards the
vehicle's front, y is positive to the vehicle's left).

There is also the possibility to define the time span during the driver model will steer
the vehicle along the defined path points. The t Start and t End text boxes specify the
starting and the ending time of the driver model. These settings allow to have the car
follow the path e.g. only in the pre-impact simulation.

Define Friction Polygons

Areas of different friction can be defined directly on the screen. The following toolbar
appears when selecting this menu option or the Friction Toolbar is activated::

The functions of these tools are similar to those in the drawing program.

Chapter 3 - Menu Description ¢ 157



“' moves and adjusts a previously-created polygon. A polygon can be deleted by
clicking on it with this tool and then pressing the DELETE key.

is for defining a friction polygon. Click and hold the left mouse button to draw the
first point and release it at the second point. Click at the desired locations to define
subsequent points. After entering all points of the polygon, click the right mouse
button to close the last side of the polygon. A dialog box appears, allowing you to
enter the desired friction coefficient.

i Coefficient of Friction: [HE

Coefficient of Friction: Im

may. deceleration: [25.75  fhis®

(] I Cancel |

Enter a value of friction for the polygon area. You can change the values at any time
by double clicking in the polygon with the Define Friction Polygons menu option
active.

To add additional points to a friction polygon select it and click with the right mouse
button on the desired location. A popup menu appears that allows you to insert or
delete a point at the chosen location.

*

is used to rotate a polygon, after it has been selected with “' . The rotation

center 4 is moved to the desired position on the screen, and then the polygon is
rotated, both using the mouse with the left mouse button held down.

'_# is used to change the appearance of a polygon.

The Define Friction Polygons menu option is active until it is turned off or another
option requiring the mouse is performed.

Note: In case of overlapping polygons the values of the overlapping areas are
determined by the values of the polygon which has been defined first. To avoid
overlapping, use the Snap feature when drawing friction polygons. The Snap feature

can be accessed by activating the Snap button ié’ of the Draw toolbar.

When a vehicle goes from one polygon to another, the position of each wheel is used
independently to determine which friction applies to it.

Friction sequences defined using the Sequences menu option have a higher priority
than friction polygons. In this case when a vehicle passes through a polygon the
polygon friction coefficient is ignored.

Define Road Slope

Slope Polygon = X

Ty

Road slopes can be entered in the Define Road Slope dialogue box. After creating the
road slope, if the vehicle is to start out on it, the initial conditions must by set properly.
This is done by placing the vehicle on the road slope with the Tow Truck tool %% and
then pressing the New Simulation button '™

£

is for defining a slope polygon. Click and hold the left mouse button to draw the
first point and release it at the second point. Click at the desired locations to define
subsequent points. After entering all points of the polygon, click the right mouse
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button to close the last side of the polygon. A dialog box appears, allowing you to
enter the desired elevation and slope(s). The first slope polygon point drawn is
defined by a red circle on the main screen and is the one for which the elevation (Zref)
is specified.

{ Road slope (+ uphill): K E3
E ZRef [f]

¥edir. Slope [+ uphilll; |5 % [256 deg Nx= 0.05 Ny= 0.03

“Y-dir. Slope [+ uphil: |3 % [172 | deg

ok I Cancel |

After closing, this box can be re-opened by double-clicking on the slope polygon with

“% highlighted.

To add additional points to a slope polygon select it and click with the right mouse
button on the desired location. A popup menu appears that allows you to insert or
delete a point at the chosen location.

o

is used to rotate a polygon, after it has been selected with \% The rotation

center .2 is moved to the desired position on the screen, and then the polygon is
rotated, both using the mouse with the left mouse button held down.

J" is used to change the appearance of a polygon.

The Define Slope Polygons menu option is active until it is turned off or another
option requiring the mouse is performed.

Note: In case of overlapping polygons the values of the overlapping areas are
determined by the values of the polygon which has been defined first. To avoid
overlapping, use the Snap feature when drawing slope polygons. The Snap feature

can be accessed by activating the Snap button —5‘:"5 of the Draw toolbar.

When a vehicle goes from one polygon to another, the position of each wheel is used
independently to determine which slope and elevation apply to it.

Generate 3D Road Object #a

Complex 3D road surfaces can be created or imported using this feature. The
vehicles in the simulation will recognize the 3D road object surfaces during the
simulation. After creating the 3D road object, if the vehicle is to start out on it, the
initial conditions must by set properly. This is done by placing the vehicle on the 3D

road object with the Tow Truck tool %% and then pressing the New Simulation button
|
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& 3D Visualization [_[5]x]
Animation  Style  Backaround

EEEIEEER

There are four tabs in the 3D Road Object dialog box - General, Diagram, Marking
and Options.

General

3D Road object 2 x|

General IDiagraml Markingl Dptions...l

Owerall length: 500 ft Impoart... |
wiidth: |30 ft Ex=port... |

Long. resolution; |3 ft

Raoad radius:
I.-’-\s a diagram j
Ditche
Slope: Height:  “width:
| Left lees + |5 =5 o0
¥ Right |57 = a0 = o oo
[~ Use ditch profile

Qk, I Cancel Al

Overall length

Input the overall length of the 3D road object. The default length is 100 meters or 328
feet.

Width

Input the width of the 3D road object roadway, excluding the banks or ditches on each
side. Normally, this includes the paved area outside of the fog lines. The default width
is 4 meters or 13 feet.
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Long. Resolution

The longitudinal resolution of the 3D road object is entered here. A larger resolution
than the default value will result in a slightly lower redraw time, but will increase the
elevation error at points where the slope changes. The default resolution is 1 meter or
3 feet.

Road Radius

This drop down list allows the road radius to be specified as a diagram (see the
Diagram tab in the 3D Road Object dialogue box), as a straight road (default value),
or by using "follow points". When follow points are selected, the road centerline will
follow a path drawn using Dynamics — Define Path Points.

Import

This button allows 3D road objects, in the form of a road definition file (*.txt) or a 3D
drawing (*.dxf), to be imported.

The easiest way to construct a 3D road definition file is to first export a 3D road
created in PC-Crash into a spreadsheet program such as Excel™. Then, modify it by
changing the values to the desired ones and save the file. It can then be imported
back into PC-Crash to have a 3D road section with the new values.

3D DXF scene drawings must have surfaces applied before being imported. This can
be done in one of two ways:

1. Use a 3D drawing program such as AutoCAD® to apply the surfaces in
the form of triangular polygons between 3D points.

2. Starting with a New Project in PC-Crash, import 3D scene points from a
total station DXF file using File — Import — DXF Drawing or use the
Drawing Editor to define 3D points. Then, select the Drawing Editor

(Drawing — Draw Toolbar or g ). Use the tool * to select the
drawing components that are to be made into a 3D drawing. Right-click
in the Drawing toolbox title bar and, in the menu that appears, select
Triangulate selected. Triangular polygons will be applied between the 3D
points to make a complete 3D surface. A massage box will appear
asking if the triangulated area should be used as slope polygon.

PC-Crash 7.1 _ x|

L] "-.,‘ Do wou want ko use the triangulated area as slope polygons 7
[

Mein |

If you choose Yes the triangulated area will be used as slope polygon
and can be assessed using Dynamics — Define Road Slope.

Export

This button allows 3D road slopes, in the form of a road definition file (*.txt) or a 3D
drawing (*.dxf), to be exported.

Ditches

Banks on each side of the road that have constant slopes or a ditch profile can be

selected with W Left and W Right. When W Use Ditch Profile is also selected,
elevations at 1 meter (3.3 foot) increments across the bank from the road can be
specified in the Diagrams tab.
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When W Use Ditch Profile is not selected, a constant slope of the banks on each side
of the road can be specified in degrees or percent grade. The height and width shown
in the text boxes to the right of the slope text boxes are for information only, to give
the grade. The horizontal width across the bank is always the lesser of 20 meters
(65.5 feet) or that which is necessary to reach elevation zero along a negative slope
(downward from the road), and 10 meters for a positive slope (upward from the road).

Diagram

The Diagram tab allows the user to specify various parameters at even intervals along
the length of the 3D road object. These intervals are specified in the Diagram
Resolution text box. The default diagram parameter is Elevation and the default
resolution is 10 meters or 33 feet. After changing the resolution to the desired one,
use the TAB key to exit this text box and the new value will be accepted on the
diagram and the diagram will be scaled to the road length. Click on the diagram line
and the intervals will show on it, as seen in the following figure.

3D Road object K3 3D Road object 7] x|
General  Diagram I Marking' Options... I General:  Diagram | Markingl Options... |
IEIevation j
[ft] [ft]
33 33
18 1.6
0o ooF g o o |
1.6 1.6
3.3 33
0.0 50.0 100.0 150.0 200.0 0.a 25.0 50.0 750 100.0
Diagram resolution: |33 ft Diagram resolution: |25 ft

0K I Cancel | L |

The next step is to input the elevations at each interval. This can be done in two ways:

Cancel | Spply |

1. Click on the line and drag it up or down to the desired elevation at each point.
The vertical axis of the diagram will change to a larger scale, if necessary.

2. Double-click on the line and enter the values in the Change Object dialog box that
appears. If this box is moved away from over the diagram, the section of the road
that is being modified can be seen with red endpoints. The section number is also
shown at the right of the Change Object dialog box.
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21

General:  Diagram |Marking| Ophions. ..

1
IEIevation i) Change object 7] x|
[ft Lines/Polylines |
33
w1 IEI— ft u |25— ft
1.6 Wl IU ft e |1 ft
[1
0 T T 1 Radius: [0 N ALY
Slc-pe:|4 4
1.6
0K I Cancel | Apply |
3.3
0o 280 50.0 Fst] 1000
Diagram resolution; |25— ft
ok | Cancel | L |

The y1 and y2 text boxes are for specifying the y-axis value (in this case the
elevation) at each end of the highlighted section. After changing these values for
one section, use the arrow buttons below the section number box to move to the
next section.

After entering the y values for all the sections, they can be seen on the diagram
(following figure, left side). Depending on the elevations chosen, there may be an
unrealistic slope change between each section. This can be smoothed using the
Radius text box in the Change object dialog box, to apply a radiused transition
from one section to another. For example, the right figure below shows a road
profile that has been changed from the one in the left figure by specifying a radius
of 200 feet for the second section (the specified radius is for the right end of the
selected section). Note that the radius causes the road elevation to be different
than the specified elevation, so you may have to readjust the specified elevation
to account for this. The specified radius must not be so large that it would extend
past the far ends of the two adjoining sections.

3D Road object 7| x| 3D Road object 7] x|
General:  Diagram |Marking| Options... | General:  Diagram | Markingl Dptions...'
[ft] [ft]

50 50

25 5 25 :

0o 1 oof |

25 25

A0 A0
0.a 25.0 50.0 750 100.0 0.0 25.0 50.0 7E.0 100.0

Diagram resolution: |25 ft Diagram resolution: |25 ft

ak I Cancel | Sl | Qk. I Cancel | Sl |

In addition to Elevation, parameters that can be varied at each interval along the road

are:

Cross slope — The cross slope or super-elevation of each side of the road
surface can be specified at intervals along the road axis. A positive grade on
either side means the road slopes up from the center. Thus, if the cross slope
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is the same on both sides of the road, it will be a crowned or a dished road. If
the cross slope is negative on one side of the road and positive on the other
(as in the following figure, left side), it will be a banked road. Note that the two
lines on this figure (one for the left side of the road and one for the right side)
are overlapping at the value 0 when this window is first opened.

If the road is banked with the same cross slope on both sides, an easier way of
specifying this is to select W Left Lane Equals Right Lane. This applies the
specified left lane cross slope across the whole road (shown in the following
figure, right side).

3D Road object 7] x| 3D Road object K13
General:  Diagram I Markingl Options... | Generak  Diagram | Markingl Options. .. I
[%] I~ left lane equal right lane [%] ¥ left lane equal right lane
10.0 10.0
5.0 > ] 5.0
0o 0o
I
50 O b ' 50
-10.0 -10.0
0o 25.0 50.0 75.0 100.0 0o 25.0 50.0 750 100.0
Diagram resolution; |25 ft Diiagram resolution; |25 ft

Ok | Cancel | iy | QK. | Cancel | Ay |

Ditch Angle - If ¥ Left and/or ¥ Right Ditch in the General tab have been
activated, bank slopes can be varied along the axis of the road. The horizontal
width across the bank is always the lesser of 20 meters (65.5 feet) or that
which is necessary to reach elevation zero along a negative slope (downward
from the road), and 10 meters for a positive slope (upward from the road). As

in Cross Slope, M| Left Lane Equals Right Lane can be selected for adjusting
the slopes of both side banks to the same value. The following shows the Ditch
Angle diagram with the values left as the constant ones specified in the
General tab.

3D Road object 2 x|

Generak  Diagram |Marking| Dptions...'

Ditch angle

[%] I~ left lane equal right lane
200

10.0

0o
-10.0 /

- 0o 250 50.0 750 100.0

Diiagrarm rezolution: |25 ft
ak I Cancel | L |
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e Ditch Profile — If W Use Ditch Profile in the General tab has been selected,
road bank elevations at 1 meter (3.3 foot) increments across the bank from the
road edge can be specified. The two sides of the road cannot be varied
independently, and the specified ditch profile is continuous (similar to an
extrusion) along the whole length of the 3D road object.

3D Road object

General:  Diagram i Markingi Options... i

Ditch profile

[ft]
g

3

Ok I Cancel I Apple I

e Radius - The radius of the road (at the centerline) can be specified. A
specified radius of -10 to +10 meters (-33 to +33 feet) will be taken as "Infinity",
which means the road is straight. When the user wishes to have a smooth
transition from a straight road to a curve, it is better to use a large radius for
the "straight" portion. This avoids having a sharp radius at the point when the
road goes from a "0" radius (straight section) through a 10 meter radius (a very
sharp turn) and then to the specified radius. In the figures below, the left ones
represent the recommended method of having transitions into and out of a 200
foot radius curve, while the right one was done leaving the ends of the road at

radius "0".
3D Road object 2 x| 3D Road object 7| x|
Generak  Diagram |Marking| Options.. | General  Diagram | Marking | Options... |
R adius
[f] [ft]
2000.0 500.0
1000.0 \/ 250.0
Infinity Infrity //\
-1000.0 -260.0
-2000.0 -H00.0
0.a 126.0 250.0 3780 500.0 0o 125.0 2500 3750 500.0
Diagram resolution:  |250 ft Diagram rezolution: |250 ft

T e ok | ceneal | e |
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A

e  Width - The width of the road can be varied from point to point. There are two
lines on this diagram, so that the width of each side of the road can be varied
independently. As in Cross Slope, the lines overlap when the window is first
opened, and v Left Lane Equals Right Lane can be selected for adjusting the
widths of both sides to the same value.

3D Road object 2 x|

General:  Diagram |Marking| Dptions...l

[ft] I~ left lane equal right lane
200

10.0 L)
0.0
a0
-20.0
oo 125.0 250.0 3750 500.0

Diagram rezolution: | 250 ft

ok I Cancel | Ay |

Marking

The Marking tab allows the user to specify the number of lanes (1 to 6), the lane and
margin (paved shoulder) widths, and the line type between the lanes. The width of the
last lane is calculated automatically, based on the width of the road, the other lanes
and the margins. The color of the road markings can be defined using the color
buttons on the right side.
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General: I Diagram  Marking | Options... I

Mo, of lanes: IM hl I

— Lane Data:

Wwidth [m]: Fioad markings:

left margin: |1 ISuIid Lire j D
Lane 1: |3.5
IDashed Lire "'I D

Lane 2 35

Lane 3 D

Lane 4 D

Lane & D
ane o

Lane B: D

fight margire |1 [soidtine =] [ ]
0k, I Cancel | Aaply I

Options

In the Options tab the dashed line spacing can be chosen. WV Filled defines how the
3D road object will appear (filled or just outlined) on the main screen.

3D Road object 7] %]

General:l Diaglaml Marking

General

Length of Broken Line: |25 ft

Dist. between 2 Broken Lines: I'I 5 ft

IV Filed

Ok I Cancel | i

Note: To modify an existing 3D Road Slope after closing the 3D Road Object dialog

box, do not click on the e button again. This will create a second 3D road object.

Instead, double-click on the road with the * button activated, which will open the
3D Road Object dialog box for the current 3D road object.

If a second 3D road object is created, it is possible to join it to the first one. Simply
click on the second one and drag its end to that of the first one. The angle and
elevation of the second 3D road object will change to match the end of the first one.
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Move/Rotate Vehicle *

This tool is for moving and rotating vehicles, to place them at the desired start
position.

Position the tow truck cursor's hook at the vehicle's center of gravity and move the
vehicle to the desired position with the left mouse button pressed. If the hook is
positioned 1.5 to 5 meters (5 to 16.5 feet) from the center of gravity, the vehicle can
be rotated.

Trailers: If a trailer is connected to the vehicle, it will move and rotate with the tow
vehicle when this tool is used on the tow vehicle. Relative rotation of the trailer with
respect to the tow vehicle is accomplished by using this tool on the trailer.

Note: A vehicle can only be moved if it is in its start position (time =0).

UDS

This Menu is for interaction with UDS vehicle data collection device. UDS is presently
not widely available in North America.

Impact

This menu is for performing crash simulations.

Crash Simulation (F8)

The Crash Simulation dialog box is used to define and change crash parameters.

PC-Crash's crash simulation is based on the impulse-restitution crash model by
Kudlich-Slibar (extended for 3D cases). The theory behind this crash model is
described in the PC-Crash Technical Manual. The Kudlich-Slibar crash model is
characterized by the definition of the point of impact. The point of impact is the point
where the crash force is assumed to be exchanged. The elasticity of the collision is
considered, based on a coefficient of restitution. This model also considers the sliding
of one vehicle along another vehicle or a fixed object, based on a contact plane angle
and friction coefficient. The user can change all of these collision parameters.

The driving conditions for both vehicles are specified before the crash. Then, from
conservation of linear and angular momentum and the use of the Newtonian Crash
Hypothesis, the post-impact conditions are determined.

Once a crash is specified, the vehicle positions at the crash and 200msec after the
crash are shown on the main screen of PC-Crash. This allows the user to immediately
see the influence of different pre-impact speeds and other parameters.
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Also shown on the main screen are the impact impulse vector (heavy blue line), the
contact plane (dotted line) and the friction cone (purple lines).

The Crash force vector, the friction cone and the contact plane can be visualized
within the 3D Visualization window (Options — 3D Window) by activating Crashes
within the Options — Display settings window (Options — Options — Display
settings).
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In addition to the pre-impact conditions for each vehicle, the following impact
parameters can be altered:

e Position of the point of impact

e Impact elasticity, defined by either coefficient of restitution or separation
velocity

e Orientation of the contact plane

e The inter-vehicle contact friction coefficient along the contact plane.
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PC-Crash uses a 2D crash model when one or both of the vehicles in the crash have
a center of gravity height of 0 (as defined in Vehicle — Vehicle settings — Vehicle
Geometry). Only when a center of gravity > 0 is defined for both vehicles is the 3D
model used. The 3D model Crash Simulation dialog box has two additional
parameters: the impact height and the contact plane angle in the vertical plane.
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2D Model dialog box
Crash Simulation includes the following:

Vehicle:

These two drop down lists are for defining which vehicles are involved in each crash.

3D Model dialog box

Pre-Impact:
Vel.:

The velocities of the two vehicles specified in the Position & Velocity dialog box are
adopted as values for the pre-impact phase. In order to simplify making variations in
pre-impact speed, however, they can also be modified in this dialog box by typing
them in or adjusting them with the help of a scroll bar. The post-impact parameters
are automatically updated.

Note: If the vehicles are not in their starting position the values for the pre-impact
velocity in the Crash Simulation dialog box cannot be changed.

Post-Impact:

Below this heading the output values for the post-impact phase are shown, as follows:

e Vel. is the speed of the two vehicles.
e Dir. is the velocity vector direction of the two vehicles.
o Delta-v is the impact velocity change

e Omega is the rotational yaw velocity of the two vehicles.
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Deformation

As a control, the deformation depth of each vehicle, based on the defined positions of
the vehicles and point of impact, is indicated. The deformation depth of each vehicle,
calculated in the direction of the crash force vector, is the distance from the point of
impact to the outside of the undeformed rectangular vehicle outline.

EES

As a control, the Equivalent Energy Speed (EES) of the impact is indicated for each
vehicle. EES is similar to EBS, or Equivalent Barrier Speed, which is a term commonly
used in North America. The difference between the two is that EES also considers the
rebound velocity of the impact. Thus, the EES can be quite different from the EBS in
low speed impacts with higher coefficients of restitution. For impacts with an EBS
above about 10 mph, however, the difference between EES and EBS is generally
insignificant.

The distribution of the deformation energy between two vehicles in collision depends
on the vehicle masses and the deformation depths:

EES,

EES,

EES2 = where
mq, Mo = Mass of each vehicle

Spef1, Spef2 = Crush depth of each vehicle, outer surface to impact point,
in line with impact force.

Ep = Energy lost by both vehicles in collision due to
damage.

Additionally, one of the two EES check boxes M can be activated. In this case, the
EES value can be defined for the corresponding vehicle. The EES value for the
second vehicle will be calculated.

The calculation of the second value follows the following formula:

E, - m,EES?

EES, = —
2

If both EES check boxes are de-activated, both EES values are calculated.

The iy button beside the EES text box accesses the EES catalog. See the
description under the menu item Vehicle — EES Catalog.

Sep. v

As an alternative to defining the impact coefficient of restitution (see next item), the
separation velocity of the contacting areas of the two vehicles can be defined. When
this option button is selected and a separation speed is entered, the resulting impact
coefficient of restitution is automatically calculated.

The post-impact separation velocity is usually quite constant, regardless of most crash
parameters. This is due to the fact that elastic forces are quite constant and there is
only a small dependence on the extent of deformation. Investigations indicate the
post-impact separation velocity averages about 3 —4 mph (5 - 7 km/h).
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Defining the impact elasticity with a post-impact separation velocity can only be done
when a sliding impact can be ruled out. When calculating a sliding impact a warning
appears, informing you that you cannot define a post-impact separation velocity. The
coefficient of restitution shown will be used for the simulation, instead.

PC-Crash 7.1 f x|

L] "-.,‘ Sliding impact! Definition of P.0.1, velocity is nok possible,
[

If a post-impact separation velocity is defined that calls for a coefficient of restitution >
1, the coefficient of restitution is set to 1 and the corresponding separation velocity is
calculated.

Rest.

The coefficient of restitution is a value normally between 0 and 1 (PC-Crash default =
0.10) which defines the elasticity of the impact following the Newtonian Crash
Hypothesis. It can be varied with the scroll bar or by typing the new value in the text
box. The separation velocity is calculated automatically.

A negative coefficient of restitution can also be specified, to cover impacts where one
vehicle tears through a portion of another vehicle and no common velocity is reached.
This is useful for offset frontal impacts where the vehicles continue past one another
after tearing off each others' left front wheels or fenders, and in lateral curb impacts
where the tire and wheel bend under, allowing the vehicle to continue past the curb.
Close attention must be paid to the speed change and deformation energy when
specifying negative coefficients of restitution to ensure realistic values are used.

Friction

This is the inter-vehicle friction coefficient along the contact plane. As long as the
impact impulse vector lies within the friction cone shown on the main screen of
PC-Crash, there will be no sliding of one vehicle along the other. On the other hand, if
the impulse vector is in line with the outside of the friction cone, the specified inter-
vehicle friction has likely limited the impulse angle. If so, inter-vehicle sliding takes
place, and the contact friction coefficient describes the relation between the normal
and tangential components of the impulse vector.

Coordinates

This area contains two check boxes and three to five text boxes, as follows:

« ™ Move Point of Impact - When this is activated, the point of impact (where
the average exchange of forces between the two vehicles takes place) can be
placed. This is done by moving the mouse cursor on the main screen within
the area of vehicle overlap with the left button depressed. Alternatively, clicking
the left mouse button with the cursor outside of the area of vehicle overlap will
place the point of impact in the center of the area of overlap and rotate the
contact plane to an angle consistent with the overlapped position of the
vehicles. The point of impact can also be placed by entering the desired
coordinates in the applicable text boxes below.

. ¥ Rotate contact plane - After positioning the point of impact the contact

plane and friction cone are depicted. On activation of | Rotate Contact Plane,
a new contact plane angle (phi) can be defined by holding the left mouse
button and moving the cursor on the main screen. The contact plane angle can
also be entered in the phi text box.
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X, ¥, Z - Text boxes for the input and output of the impact coordinates. The z
coordinate, which is the height above the current road plane normal to its surface in
global coordinates (i.e. feet when in U.S. units), is only visible for 3D simulations. The
values can be changed also with the spin buttons located inside the edit boxes. The
longer a button is pressed down the faster the value will change. Spin buttons can be
controlled with the keyboard up/down direction keys too.

e phi - Angle of the contact plane between the vehicles (degrees CCW from the
global X-axis).

e psi - Angle which defines the rotation of the contact plane with respect to the
vertical plane (3D simulations only). An angle of 0° means the contact plane is

vertical. This angle can be viewed in the 3D window with | Crashes activated
in Display Settings ==

Crash
This area contains two buttons, a scroll bar and a check box, as follows:
Options

This button accesses the Simulation Parameters dialog box, which can also be
accessed in the Options menu. Please refer to the menu item Options — Options —
Simulation Parameters for a description of the items in this dialog box.

2%

Display Settings I Drefault Settings | Save |
Directories | Calors Simulation Parameters

¥ Clip Paint of Impact

Iv Crash detection v Autn calculation
Depth af penetration: tan. zinulation tirme:
|45 ms 'I |3 3 'I
Save Interval: |ntegration step:

|15 ms 'I |5 ms 'I

¥ Automatic calculation of zecondary impacts

Parameters for zecondary impacts

I same as for primary collizsion

% Restiution I'J-2
" Sep. Vel |3.1E|894 mph

Cancel Apply

Crash

This button performs the impact calculation. It is used to specify a crash in a new
simulation when no changes have been made to any values in the Crash Simulation
dialog box (impacts are calculated automatically without use of the Crash button
whenever a change is made to any value in the Crash Simulation dialog box).

Crash No.

This shows which crash the parameters are currently being set for. By changing this
value, parameters of all crashes that have occurred can be accessed. An unlimited
number of crashes between up to 32 vehicles can be performed. These crashes are

saved until a New Simulation is specified.

Using the scroll arrows automatically moves the vehicles between the different
impacts, changing the crash numbers accordingly. When shifting to the last number
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the vehicles will be shifted to the last simulation position and a further impact
calculation including post-impact movement can be appended, if desired.

| Auto calc.

When activated, the simulation will run to the vehicle rest positions, or for a pre-
defined time period, whenever a change is made in the Crash Simulation window. The
pre-defined time period can be changed using Max. Simulation Time in Options —
Options - Simulation parameters.

The vehicles' positions at rest or at the pre-defined time interval are shown on the
main screen instead of the positions 200 msec after impact, based on all defined
sequences and road conditions.

Crash Detection

This menu option is used to activate an automatic crash detection feature. This
feature continuously checks for contact between the 2D vehicle rectangular outlines. If
two vehicles touch each other, the simulation will perform an impact calculation

automatically after the selected Depth of Penetration time is reached, if 7 Automatic
Calculation of Secondary Impacts is activated. If not, the simulation will stop at this
time, allowing the user to specify the crash parameters manually. Both of these items
are located in Options — Options - Simulation Parameters. Crash Detection can

also be activated in Simulation Parameters using V' Crash Detection.
If two vehicles are less than a pre-defined minimum distance apart, the program

automatically runs at the smallest time step to allow a more accurate timing of the
automatically detected crash.

For secondary impacts between two vehicles after a primary impact (one at time = 0),
impact parameters can be different than those of the primary impact, as specified in
Simulation Parameters.

For secondary impacts when vehicles are already overlapping, Crash Detection
checks if the area of overlap is still increasing after the Depth of Penetration time from
the previous impact elapses. If it has, another impact will be calculated.

When not using Crash Detection, secondary impact values can be defined manually
in the Crash Simulation dialog box. In this case, drive the vehicles to the secondary

impact position using the Simulate Forwards button ’, rather than the Simulate

Forwards to Stop Position button ».

Crash Detection within Truck/Trailer combinations

This is similar to Crash Detection, but is for selecting whether or not impacts
between a tow vehicle and its trailer(s) are detected, due to jack-knifing.

Crash backwards simulation...

The backwards simulation of an impact can be used to determine the pre-impact
situation if the post-impact situation is known (e.g. by making a post-impact analysis
by using tire marks described in chapter Kinematic follow path backwards... on page
154).

By selecting the menu command <Impact> <Crash backwards simulation> a
window appears, listing all impact relevant parameters.
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The combo box Calculation model allows switching between two calculation models:

e Momentum backwards uses the momentum and impulse of the post-impact
situation to determine the pre-impact situation.

e EES backwards uses the deformation energy of the collision to determine
the pre-impact situation.

If the post-impact situation has been determined using the kinematic follow path
backwards menu command, the option Get data from path backwards inserts all
post-impact data automatically in the appropriate input fields.

Some of the impact parameters listed here are described in more detail in chapter
Crash Simulation (f8) on page 168.

Pre impact
v The pre-impact velocity.
ny The course angle of the vehicle before the impact. If the calculation model
is set to EES backwards, the course angle of the first vehicle has to be
set.
psi The heading of the vehicle before the impact.
om The angular velocity of the vehicle before the impact. This value is

assumed to be 0.

Post impact

v The post-impact velocity can be automatically defined by the option Get
data from path backwards or can be defined manually.

ny’ The post-impact course angle can be automatically defined by the option
Get data from path backwards or can be defined manually.

psi’ The post-impact vehicle heading can be automatically defined by the
option Get data from path backwards or can be defined manually.

om’ The post-impact angular velocity can be automatically defined by the
option Get data from path backwards or can be defined manually.
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Impact calc.

EES The calculated EES value of the deformation. If the calculation model is
set to EES backwards, this value can be specified.

r The length of the momentum arm is determined by the position of the
point of impact.

rho The angular direction of the momentum arm.

sDef The total dynamic deformation distance during intrusion is determined by
the collision positions of the collision partners and the position of the point
of impact.

c The calculated structural stiffness.

dv The change of velocity caused by the impact.

vSt The velocity of the vehicle at the point of impact.

tK The total duration of the impact

aKm The average acceleration of the vehicle caused by the impact (during tK).

S The total impulse of the impact

r The coefficient of restitution determines the elasticity of the impact. If the

calculation model is set to EES backwards, the coefficient of restitution
can be specified.

dvSp The separation velocity
R The contact friction between the vehicles that has been calculated.
Txy The angular direction of the contact plane. This value can also be

specified by selecting the option Rotate Contact Plane and using the
mouse to rotate the plane.

Tz The slope angle of the contact plane. This value can only be specified if
both impact partners have specified the height of the center of gravity.

X,Y,2Z The coordinates of the point of impact. Instead of entering the x and y
coordinates, the point of impact can also be specified by selecting the
option Move Point of Impact and using the mouse to move the point.
The z coordinate can only be specified if both impact partners have
specified the height of the center of gravity.

By pressing the button Calculate, all values in the window are updated.

Stiffness based impact model

For the analysis of impacts a simple and reliable impact model was developed, which
consider vehicle stiffness and resolve the crash in time. Some general assumptions
regarding vehicle stiffness were made, in this way a good agreement of the model for
several collision situations could be found, on the other hand CPU time could be
limited to @ minimum.

Motor vehicles are generally regarded as rigid bodies for the simulation of traffic
accident collisions with kinetic 3D simulation programs. This simplification is
admissible for the most simulations. However, for calculation of contact forces
between the vehicle body and the ground or other objects several contact ellipsoids
are used to represent the vehicle shape. The geometry of these ellipsoids is based on
the vehicle type and values specified. The contact model used to calculate the contact
force due to a certain amount of penetration between two bodies or a body and
another object are based on a linear stiffness function. A coefficient of restitution can
be specified to define the amount of elasticity during the contact. Once the contact
normal force is calculated friction forces can be calculated using the specified contact
friction between the two bodies. Therefore sliding impacts, partially sliding and full
impact situations can be calculated. The calculations of the amount of penetration, the
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location of the point of impact and the orientation of the contact plane are performed
automatically. There is no need of user interaction for the calculation of these impacts
once the general body parameters are specified.

Note that the linear stiffness function can be replaced by specifying force/distance
characteristics for a vehicle from the stiffness database. For further information on
that topic see chapter Stiffness Database on page 135.

The vehicle shape specified under Vehicle — Vehicle settings — Vehicle shape is
used to determine the vehicle ellipsoid sizes for the stiffness based impact/rollover
model. These specifications can only be done for Automobiles. Refer to the Technical
Manual (Rollover Model) for more details on specifying the contact ellipsoids.

The crash is calculated using the values specified within the Car body section
(Vehicle — Vehicle settings — Suspension Properties).

Car body
St & Normal & Soft

Friction: IF
Restitutian: IU.EIE

Stiffness: [105  m  [225041.4 Nim

Properties for stiffness based impacts can be specified in the Car Body field, as
follows:

e Friction — This is the coefficient of friction for the vehicle body. The tire to ground
friction is not specified here — it is the lesser of 0.8 or as specified elsewhere: for
the general scene, in Friction Polygons, or in the Sequence window.

e Restitution — This is the coefficient of restitution for vehicle impacts. If the
stiffness based impact model is used, only one restitution for all concerned
vehicles should be used. If different values are specified the lowest value is used
for the calculation.

o Stiffness — The "stiffness" is expressed as a deformation distance, the
corresponding stiffness is calculated automatically. The stiffness is defined by the
deformation of the car body due to its static weight - the user specifies the
deformation and the stiffness is calculated. The value of stiffness used for the tire
ellipsoids is half of the value specified for the vehicle body. For automobiles, the
specified stiffness is for the lower part of the vehicle body only. For the roof, one
quarter of the specified stiffness is used. For other vehicles, the specified
stiffness is for all body ellipsoids. In addition the value for the stiffness can be
specified (linear relationship between load and deformation), the corresponding
deformation distance is calculated automatically.

Vehicle speed changes and accelerations that occur as a result of stiffness based
impacts can be viewed in graphical form in the Diagrams window, using the menu
option Options - Diagrams — Diagrams — Vehicles or Options - Diagrams —
Diagrams — Sensor Signals. Refer to the description of this menu option later in this
chapter.

Use mesh based impact model

The mesh based impact model tessellates the vehicle body into small polygons. This
mesh has the initial form of the car body. Upon contact with the ground surface, slope
polygons or other vehicles the mesh is deformed, reducing the total energy of the
movement thus simulating kinetic energy conversion into deformation energy.

The main difference to the stiffness based impact model (see chapter Stiffness based
impact model on page 176) is that the vehicle’s structural deformation (including
restitution) is considered by determining the stiffness function. Already deformed
vehicle parts are stiffer than not deformed parts. This is especially important when
multiple impacts occur because deformation work is not applied twice to the vehicle.
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The deformation results can be examined in the 3D window. The color of the mesh
displays the amount of deformation.
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Best results are achieved if turning on wire frame view and deactivating the display of
vehicles by selecting the menu option <Style> <Display Options...>.
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Rest Positions

This enables vehicle rest positions to be defined for use with the Collision Optimizer.
Initially the rest and start positions of each vehicle are identical, so the user has to
move each vehicle from the start position to the rest position, after selecting this
option the first time. The cursor changes to a tow truck (of slightly different
appearance than the tow truck cursor used for placing the vehicles at time=0), with
which the vehicle rest positions can be defined. The initial vehicle positions remain
unchanged.

Note: If the rest positions are not shown or cannot be selected, check that W
Optimizer Positions in Display Settings == is checked.

Intermediate Positions

This is similar to Rest Positions, but is for selecting a known intermediate position
along the vehicle's post-impact path.

Five intermediate positions (Intermediate Positions 1 to 5) can be defined.

Collision Optimizer

The Collision Optimizer controls the automatic optimization of pre-impact velocities
and other parameters. Refer to the Technical Manual for the theory this model is
based on. The aim of the Collision Optimizer is to determine the pre-impact speeds
and other parameters, based on the defined rest and/or intermediate positions.

After activating this menu item the following dialog box appears, with Optimize,
Properties and Report folders:

i Collision optimizer  [HE i Collision optimizer  [EE3

Optimize | F'ropeltiesl Heportl Optimize ~ Properties | Heportl

i Collision optimizer  EHE

Dptimizel Properties  Report |

r— Dptimization — Limits and %/ eighting E rror limit: |1 i %
Impact velocities a |1 ek Cerm j —
y— Mo B 1007
[ POl z-coordinate o I v Enorimt 10.0%
] Contact plane wma: IEEI mph “elocity ranges:
] Pre-impact directions o IU— . vl 298 - 30
] Wehicle positions = : mp w2 oo . 0o
L Fre-impact directions:
Wweighting: : o0 - 0n
Mante Carla - — - 2 300 - 300
I J Riest Positions J Mowe Paint of Impact:
8 . I T S 79 - 79
Trajectory emor; 2.0 %, 94 Distance: [100 1% J | _’I—I

Optimize | Cluit |

Angle; I'I o x

Delete |

Optimize

This dialog box is for defining the strategy of the optimizing process. The following

three algorithms are currently available:

e Genetic (default)

o Linear (applicable only to impact velocity and point of impact)

e Monte Carlo

The parameters that can be varied during the optimization process are specified in the
Optimize list box. These parameters are optimized in the order that they appear in the
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list box, except that the point of impact (POI in the x-y plane) is optimized interactively
with the POI z-coordinate when optimizing with both of these items checked.

For the Linear and Genetic algorithms, each parameter is optimized in two phases,
starting with the higher step width, before the next parameter is optimized, in the
following order:

WV Impact velocity
5 km/h, 1 km/h (3 mph, 0.5 mph in US units)

3 Point of impact — POl in the x-y plane
5cm, 1cm (1", 0.4")

¥ POI z-coordinate — vertical height of the point of impact (for 3D simulations only)
5cm, 1cm (1", 0.4")

v Contact plane - angle phi (see Crash dialog box), degrees CCW from the global
X-axis

2.5 deg, 0.25 deg

3 Pre-impact directions — vehicle pre-impact heading angles are varied about the
point of impact

2 deg, 0.5 deg
¥ Vehicle positions

5cm, 1cm (1", 0.4")
V' Restitution

0.05, 0.01

W Contact friction
0.05, 0.01

The Genetic algorithm varies both of the parameters being optimized (such as
Velocity 1 and Velocity 2) in an interactive manner. For example, if starting with a
speed of 10 km/h for each vehicle, it will initially vary the speeds as follows:

Velocity 1 Velocity 2
10 10
15 10
15 15
10 15
5 15
5 10
5 5
10 5
15 5

If 15, 15 produces the lowest error, it will continue at the larger (5 km/h or 3 mph) step
to higher values. Once it starts to achieve lower errors at values less than the highest
value, the optimization step will decrease to 1 km/h or 0.5 mph.

The Linear algorithm varies the velocity and the POI differently. For the velocity, it
changes Velocity 1 up and down in large steps (5 km/h or 3 mph) until the error
decreases no more, then does the same for Velocity 2. It then repeats this at the
smaller step. For the POI, the Linear algorithm scans an area of +/-25cm (step width
5cm) and then an area of +/-5cm (step width 1cm). It is basically a raster scan of
every point at 5cm intervals in a square 50cm by 50cm, then every point at 1cm
intervals in a square 10cm by 10cm, originating at the 5cm interval point with the
lowest error in the square 50cm by 50cm. The Linear algorithm does not vary the POI
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z-coordinate so should not be used for 3D simulations where this parameter is to be
optimized on. Also, since the Linear algorithm is applicable only to impact velocity and
point of impact, the Genetic algorithm will be used for the other parameters regardless
of whether Linear or Genetic is selected.

For the Monte Carlo algorithm, 100 iterations (calculations) are performed, using
random values for the selected optimization parameters. This avoids situations where
the other algorithms could stop at a local minimum. It also gives a good indication of
the expected ranges of velocities and other parameters. It is generally best to assign
Vmin and Vmax values in the Properties dialog box when optimizing on Velocity,
otherwise random values anywhere between 0 and 300 km/h (186 mph) will be used.

The ranges of the other Monte Carlo random values are:
e POl in x-y direction —+/- 0.5m (1.6 feet)
e POlin z direction - +/-0.25m (0.8 feet).
e Contact plane angle - +/-15°
e Pre-impact directions - +/-15°
e Vehicle positions - +/-0.1m (0.3 feet)
e Coefficient of restitution - +/-0.25
e Contact plane friction - +/-0.25.

The Optimizer does not optimize on parameters such as braking, steering or pre-
impact rotation. The user must specify these values, and, if necessary, vary them
manually.

Ot

ﬂl To start the optimization, press the Optimize button. The optimization
process can be stopped at any time by a single click on the right mouse button or by
pressing the ESC key.

The better the start conditions are, the faster the optimization process will find an
optimized solution. The optimization process can be repeated several times and the
program will always keep the best solution found as a result.

The current and lowest weighted total error is displayed just above the Optimize
button during optimization. The number of optimization ftrials that have been
completed is also displayed in this area.

&l Closes the Optimize dialog box.

Properties

This dialog box enables the following values to be defined for each vehicle for the
optimization process:

e Velocity range limits (default = 0 to 300 km/h or 186 mph);
. EES;

e Weighting of distance and angular errors for the rest and intermediate
positions (default = 100%);

e  Weighting of EES (default = 0%).

When the braking level of a vehicle is not known it is advisable to assign little or no
weighting to that vehicle's rest position initially. Define a known intermediate position
fairly close to the impact point where tire forces have not played a large part in altering
the vehicle's trajectory. If only rest positions are known, define the rest position as an
intermediate position. In either case, assign braking levels on a trail and error basis
between optimizer runs until it looks like reasonable values are being used, and then
increase the weighting of the rest positions.
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Report

This dialog box shows a report of the Optimizer results. The error ranges of the
results are based on the user-selectable Optimizer trajectory error limit.

ﬁl Deletes all the previous results. If this is not pressed between
Optimizer runs, the previous iteration results will be combined with the new ones.

The results can also be viewed in the form of diagrams. Select Options — Diagrams
— Diagrams - Collision Optimizer to view diagrams for:

¢ Velocities
¢ Point of impact
¢ Restitution, contact friction
e Pre-impact directions
e Pre-impact positions
[ Diagrams- Velocities (O] =]

Diagrams Options Print  Window
‘elocities

o
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All the iteration points from Optimizer runs made since the last time ﬁl
was pressed will appear on the diagrams.

Madymo® Occupant Simulation

The optional Madymo occupant model is operated using this menu item. See the
Madymo Occupant Model chapter for complete details on this feature.

Options

This menu is used to view tables and diagrams, and to change program settings, main
screen view settings, selection of Side and 3D views.

Values (F4)

Selecting Values opens a window in which various simulation and/or sequence values
are displayed and continuously updated throughout the simulation. This option allows
the user to print or output values that are important for the assessment of a simulation
run.

The Values window can also be used as a text editor, for defining vehicle files
(*.DAT), for example. This window uses RTF (rich text format) which means it is able
to assume text formats. The user can choose proportional scripts and the format can
be imported directly into a word processing program.
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The Values window also displays the character count including space characters of
any report created.

B2 vaLuEs o [m] [

File Edit Settings

|B s Uz = ==

1 BUICK-CE 2 FORD VAN

Time [=] : 1.29 1.29

Dizstance [m] : 546 2E0

Yelocity [kmth] : 0.44 0.49

Acceleration [mfz] 783 239

Long. accel. [mfs?]: -7.7a -2.39

Lat. accel. [miz?): -0.aas -0.02

et accel. [mfs?]: -0.00 -0.00
Toolbar

File

Edit

The Values window toolbar allows the user to select different text formats and scripts.

b ulE=

Bold: Activates and deactivates bold type of the selected text

B

Vi Italic: Activates and deactivates italic type of the selected text
u Underline: Activates and deactivates underline type of the
= selected text

= = = Left, center or right alignment

= Adds or removes bullets before the selected text.

There are three menus at the top of the Values window, as follows:

The File menu is used for loading and saving files, for printing of the Values window
contents, and for selecting font styles in this and other windows in PC-Crash.

All indicated parameters in the Values window can be saved or printed under the
menu option File - Print.

Additional notes for a simulation can be added at any place in the window before
printing or saving. Move the cursor to the desired position, click the left mouse button,
and then type in the desired text.

Note: There is a limitation regarding the size of supported files. Maximum viewable
file size is 64kB, which is sufficient in most cases. However, when trying to view
Vehicle Dynamics, where ten columns of values appear for every specified time step
in the simulation, this viewable size can be too small. This can be overcome by saving
the Values file and then viewing it with any text editor.

This menu is used to edit text in the Values window.
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Settings

The Settings menu is used to choose which parameters are to be displayed in the
Values window.

The first six menu options (those above the line) can only be viewed one at a time.
When selected, all other displays are suppressed. Click on the selected menu item
above the line again to deselect it and view all the selected menu items below the
lower line.

Sequences

Displays all sequence values defined in the Sequences dialog box.

Sections

Displays the actual time, distance and velocity for all defined sequences. The values
can only be shown if the whole simulation was previously calculated.

Crash Parameters

Displays all calculated crash parameters for each crash in the simulation.

Vehicle Dynamics

Displays time, position, rotation and velocity of all vehicles in pre-defined time

intervals. The time interval is defined in Display Settings ‘== using V Last Branch.
After defining the time interval, deactivate W Last Branch or the vehicles will be
drawn at these intervals on the main screen as well.

When this information is saved as a text file (using Save from the Values File menu),
it can be used in other programs (e.g. for video animation or simulation of occupant
motion).

Report

Displays a complete report of the simulation, identical to the printout that occurs with
the File - Print Report menu option.

Use Template

Allows a report template to be loaded and automatically accept the data from the
simulation. Report templates (*.rtf files), mainly useful for reporting values from the
Kinematics toolbar, are located in the directory PC-Crash is installed in. The file
Keywords.rtf shows all the keywords that can be used in documents.

Report Settings

The contents of the report printout can be selected here.
Report settings ik B3

Dutput:
WESTART WALLES -
EMD WaALIJES
Crazhes
Sequences
IMPUT WaLUES
(] Sectionz

] 8 I Cancel |

L« |
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Distance/Time

Displays the time and distance traveled for the vehicle along its path. These are set to
zero at the beginning of every new simulation.

Tire Normal Forces

Displays the tire forces normal to the road surface at each wheel.

Tire Lateral Forces

Displays the forces lateral to the tire's longitudinal axis at each wheel.

Brake forces

Displays the braking/acceleration forces in line with the tire's longitudinal axis at each
wheel.

Energy

Displays the kinetic energy of the vehicle.

Coefficient of Friction

Displays the present friction coefficient at each wheel.

Velocity

Displays the center of gravity velocity of the vehicle along its path.

Acceleration

Displays the center of gravity acceleration of the vehicle.

Diagrams (F2)

The Diagrams window is for viewing graphs of various values with respect to distance
or time for each vehicle.

Diagram Scaling

The diagrams can be scaled with the Zoom in and Zoom out buttons £ L in the
diagram windows toolbar. Using the button {i resizes the diagram so that it fits in the
diagrams window. The displayed area can additionally be changed by selecting the
menu option <Options> <Diagrams / Axes>. In the dialog the appropriate view area
of the diagram may be entered either manually in the input fields (xmin — ymax) or
the view area can be maximized to the diagram extents automatically by selecting the
appropriate check boxes.
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Dliagram color:

. Change. .. | [~ use vehicle colors

Switch an/aff:

ak. I Cancel

Diagram Line Colors

The colors of the diagram lines correspond to the "Basic" vehicle colors chosen in
Options — Options — Colors. For example, diagram line 4 will be the same color as
Vehicle 4 in the simulation. Because of this, white should be avoided as a vehicle
color, as the diagram line corresponding to that vehicle number will not show on the
white diagram background.

The color of a line may be changed also by selecting the menu option <Options>
<Diagram / Axes>. In the dialog the color of each diagram line can be specified
individually. By selecting the check box use vehicle colors the diagram lines are
reset to the vehicle colors.

Diagram Scanning

A scan function allows values anywhere along the graphs to be shown in the Status
Bar. Pressing the left mouse button with the cursor at the desired position on the
diagram accomplishes this.
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The diagrams can be configured with the local cascade menus. These menus are at
the top of the Diagrams window, as follows:

Diagrams

This menu is for choosing which graphs are to be viewed. Each menu option can be
activated or de-activated by clicking it once. The X-axis of the graphs is distance or
time, depending on the setting in Diagrams - Options — Diagrams / Axes.

Vehicles

The following vehicle graphs can be selected using this menu item:

Velocity - a vehicle's speed along its path.

Distance v. Time - the elapsed time (seconds) with respect to distance
traveled along a vehicle's path.

Distance-Time-Velocity - the elapsed time (seconds) with respect to
distance traveled along a vehicle's path and vehicle's speed along its path

Heading - vehicle heading direction, degrees CCW from global X-axis.

Yaw angular velocity - yaw angular velocity, in radians/sec or degrees/sec
about the vertical axis, + in CCW direction.

Steering angle - the steering angle of a vehicle's wheels in degrees, + in
CCW direction.

Brake factors - the brake/acceleration forces applied to each wheel, in % of
normal static force.

Coefficient of friction - the friction coefficient at each wheel.

Tire normal forces - the vertical forces (normal to the road plane) on each
tire.

Tire lateral force - the lateral forces (parallel to the road plane) on each tire.

Tire brake forces - the longitudinal forces (parallel to the road plane) on
each tire.
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Acceleration - the vehicle's center of gravity longitudinal, lateral and vertical
accelerations.

Roll Angle - the roll angle of a vehicle about its longitudinal axis, degrees
CW from level, if viewed from the rear (only applicable for 3D simulations).

Roll angular velocity - the roll velocity of a vehicle about its longitudinal
axis, + in CW direction when viewed from the rear (only applicable for 3D
simulations).

Pitch Angle - the pitch angle of a vehicle about its lateral axis, in degrees
CW from level, if viewed from the right (only applicable for 3D simulations).

Pitch angular velocity - the pitch velocity of a vehicle, + in CW direction, if
viewed from the right (only applicable for 3D simulations).

Tire overall slip - the tire slip due to brake or acceleration forces.
Tire rpms - the wheel rotational speed, in rpm.

Trailer Hitch Force - the lateral, longitudinal and vertical components of the
hitch force between a tow vehicle and its trailer.

EES - the calculated EES values.

Multibody Systems

This menu allows graphs of the following to be viewed for each of the 16 components
of the multibody pedestrian. For all items except Energy, four values are given for
each multibody component (the X, Y, and Z global directional values, as well as the
resultant).

Distance

Velocity
Acceleration
Rotation angle
Angular velocity
Angular acceleration
Energy (kinetic)
Contact Forces

Spring Forces

Collision Optimizer

This menu allows graphs of the following Collision Optimizer items to be viewed:

Velocities

Point of impact
Restitution, contact friction
Pre-impact directions

Pre-impact positions

Madymo® Diagrams

See the Madymo Occupant Model chapter.
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Export Diagram

Exports a *.dia or *.dxf text file of the chosen diagram(s). The following dialog box
allows the data to be saved to a text file with the selected step width (in distance or
time). When working with a time graph, the user will generally want to reduce the 0.5
seconds default value to a smaller one.

Save in: Ia Examples LI i‘

|1 MonteCarla

File name: I Save

[ s |
de) B [E=T

4

Stepwidth; ID. 5 S

Sensor Signals

This feature allows the user to place a sensor anywhere in the vehicle so that
velocities, accelerations and rotational values at a selected point can be viewed on a
diagram. The default location is at the C.G. (x=y =2z =0).

Since this feature is intended mainly to see what a particular occupant is subjected to,
the acceleration of gravity is included in the acceleration plots. Thus, a vertical
acceleration of —1g will show for a stationary vehicle.

Sensor Position 2] x|

Wehicle:

Senzor position relativ to COG:

Y ;EI if
W ;EI i
z ;U i

Q. i Cancel
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Any or all of the following can be shown on the diagram, as selected using the
Options — Diagrams / Axes menu item in the Diagrams window:

e Velocity in the x, y and z directions - Curves 1, 2, 3

e Acceleration in the x, y and z directions (-1g in the global Z direction is
included for the acceleration of gravity) - Curves 4, 5, 6

¢ Rotational velocity about the x, y and z axes - Curves 7, 8, 9
¢ Rotational acceleration about the x, y and z axes - Curves 10, 11, 12
¢ Rotation about the x, y and z axes - Curves 13, 14, 15
The above Curves 1 to 15 are all for Vehicle 1. When there are more vehicles in the
simulation, Curves 16 to 30 are for Vehicle 2, Curves 31 to 45 are for Vehicle 3, etc.
Options

The Options menu is for selecting display options in the Diagrams window.

Copy (CTRL C)

This, or the button , copies the contents of the Diagram window to the Windows
clipboard for insertion in another program. Depending on the option chosen under
Paste Special in the destination document, the diagram can be pasted either as an
image or a text file. The diagram step width is selected with the Diagram/axes option
(see below).

Diagrams / Axes

Use this option for selecting distance or time for the x-axis, for selecting which
diagrams will be displayed (for multibody diagrams, only time is available), and for
selecting the diagram export step width when the Copy option (see above) is
selected..
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Within the Vehicles window each item can be switched on or off separately with the
applicable check boxes. Additionally, all items can be switched on or off by clicking
with the right mouse anywhere in the Vehicle dialog box.

Additionally the color of each diagram line and the visible diagram area can bet set.

Origin Offset

This shifts a graph to the left or right by entering the desired distance or time value in
the appropriate text box of the Origin Offset dialog box. The Distance v. Time graph
can also be shifted vertically.

When a shift in time is selected for the Distance v. Time diagram, the vehicle will also
be shifted in time in the simulation when using the Simulation toolbar slider bar

and in rendered animations, in addition to the shift that occurs in the
Diagrams window. This is useful for synchronizing the motion of a vehicle with respect
to another. Refer to the Synchronization of Vehicles section in the previous chapter.

+ Origin Offset
|1 Faord Crown j

Yelocity v, distance diagram

Driztance IEI I~ Mirror

Diigtance . time diagram

Distance IEI ™ Mirrar
Time [s]: I'Iﬂ

The graphs can also be mirrored with the appropriate W~ Mirror selection. This is
useful when showing diagrams including collisions.

Grid
This menu option toggles whether or not a grid is superimposed on the diagram. The

density of this grid is identical to the grid density on the main screen and can be
modified with the Graphics- Scale & Grid Spacing menu option.
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Move
Move allows the diagram lines to be shifted back and forth. After activation, a diagram
can be shifted with the cursor on it and the left mouse button pressed.

Draw Toolbar

This activates the drawing toolbar, so that text or drawing elements can be added to

the diagrams for descriptive purposes. Refer to the Drawing — Draw Toolbar b
menu item description.

Print
The Print menu or the button & resp. the button % are used for printing the diagram
on the printer. A print preview feature allows the printout to be viewed first. If multiple
diagram windows are open, all diagrams will be printed on a single page.
The text entered in File - Print Comments will be printed with the diagrams.
Window

The Window menu is used to open, close and organize the diagram windows for
multiple diagram viewing. The windows can also be organized by using the buttons

%, E ED and .

3D Camera Position i

This tool is used to position a camera on the main screen to define the point from
which the 3D vehicles and scene will by viewed (PC-Crash 3D only).

When activated, the cursor changes to a camera symbol on the main screen. The
camera can be moved and rotated by moving it with the left mouse button pressed. If
the camera is not visible in the screen area a single click of the left mouse button with
the cursor at any position will move the camera to that position. To change the
viewing direction, hold down the left mouse button with the cursor in the viewing cone
and move it to rotate the cone.
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3D Window (F9)
This opens the 3D View and Animation window (PC-Crash 3D only). This window can
also be opened by double-clicking on the camera symbol.

This window displays a 3D view of the scene with the vehicles positioned to match the
current frame in the simulation, along with any other positions defined in Display

Settings =

% 3D Visualization =] E3
Animation Style Background -

[y By Py

R & &

=051s5
¥1=15 8 [mph]

. ' v2=4 6 [mph|
\x{f\ ¥3=9.9 [rmph]
y _

The 3D Visualization window contains three menus at the top (Animation, Style and
Background), as follows:

Animation

This menu is for positioning the camera, rendering and playing animations, and
printing 3D views.

Set Camera Position iid

This opens the Camera Settings dialog box, in which camera position, rotation and
focal length can be changed to attain the desired view. For "bird's eye" views, a
maximum vertical angle of 89° can be selected.

Chapter 3 - Menu Description ¢ 193



— Camera pos. [ft]—

e =
=
N

— Faocal length [mm]

[
¥

<

Camera angle [deg]

werk, I?_ ﬁ
hicr. W JJ

Previgw I Cloge |

In addition to the camera position specified here, there are three pre-defined views
(front, side and top) that can be selected from the 3D Visualization window toolbar

Dynamic Camera Positioning

Dynamic camera moving, panning and zooming in the 3D window is possible, as
follows:

e Moving the Camera - Hold the left mouse button down and move the cursor in
the 3D window.

e Panning (Rotating) the Camera - Hold the sHIFT key and the left mouse button
down and move the cursor in the 3D window.

e Zooming the Camera - Hold the CTRL key and the left mouse button down and
move the cursor up or down in the 3D window to move the camera away or
towards the scene.

Render

This is for rendering animations of simulations. The animations are saved as *.AVI
files, which can be played using Windows Media Player.

When Render is selected, the desired file name for the animation must be entered in
the Save As dialog box. After the new file name has been accepted by pressing the
OK button, the Render Animation dialog box appears.
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Here, the animation dimensions (in pixels), the number of frames per second, the start
and stop times of the animation, and various options can be selected.

Options

This button opens the Animation settings window, in which anti-aliasing, fixed or
moving camera and various compression options can be chosen.

Animation settings K E3

— Anti Aliazing
Dverzampling: |2 3:
Filter degree: |2 3:

Camera

Compression

el

0K

Cancel

WV Use Anti-Aliasing

Anti-aliasing smoothes jagged edges by applying intermediate shades of adjoining
colors at even intervals along the interface.

Without Anti Aliasing With Anti Aliasing (2, 2)

Anti-aliasing should only be used for presentation quality animations, as it increases
3D window refresh and rendering time markedly.

Camera

The Camera button allows the user to choose a camera that moves with one of the
vehicles, instead of the default fixed camera position. This is done in the drop down
list at the top of the Attach camera dialog box that appears.
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vehicle's start pozition,

constant______Jid

[ Driver's wiew
[ constant camera rotation

[ &pply rall and pitch angle

| ] | Cancel

W Driver's View - This attaches the camera to the vehicle, places it in the
approximate position of a passenger car driver at an elevation of 3.94 feet (1.2
meters), and assigns it a focal length of 35mm. These values can be changed
afterwards, if desired.

¥ Constant Camera Rotation — This prevents the camera attached to a vehicle from
rotating in yaw with the vehicle (the camera never rotates with vehicle roll or pitch).

¥ Apply roll and pitch angle — The roll and pitch angle is used for the calculation of
the camera attached to a vehicle

Compression

This button opens the Video Compression dialog box, in which several video
compression parameters can be changed. In complex animations, changing these
parameters can make a practical balance between animation quality and playback
speed. These options are used when the video sequence is saved to disk.

Video sequences are compressed and decompressed by routines called codecs
(short for compressor/decompressor). A codec is responsible for compressing raw
video data into a format suitable for distribution. When the compressed video
sequence is played, the codec performs a reverse role, converting the compressed
data into images that can be displayed.

Yideo Compression

Compressor; ok,

hdicrozoft Wideo 1

Cancel
Comprezsion Quality: 100

a e
I~ Key Frame Every ;‘ frames
I~ DataFate ;‘ k.B/zec

Canfigure. ..

About...

Pl

Video for Windows includes several codecs, each of which has advantages and
disadvantages. When evaluating a codec, you should consider the following factors:

e Quality: how well does the codec preserve the original colors, motion, and
image detail?

e Data rate: does the codec reduce the data-transfer rate to an acceptable
level?

e Storage size: how much storage space is saved as a result of compressing?

e Time: how much time is required for compression and playback?
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You should experiment with several compression methods to see which works best
with your video content and delivery platforms.

The following compression methods are available in the Compressor drop down list in
the Video Compression Dialog Box:

Method

Cinepak Codec
by SuperMatch

Intel Indeo(TM)
Video R3.2

Microsoft RLE

Microsoft Video 1

Description

Excellent compression method for video
sequences delivered on CD-ROM.
Cinepak provides good image and motion
quality at CD-ROM data-transfer rates (15
frames per second with a 320-by-240
frame size produces a 150K per second
data rate). The video sequence is stored
using the 24-bit color format, which
preserves much of the color information
from the original video. When playing on
8-bit displays, Cinepak uses dithering to
transfer the 24-bit color values to an 8-bit
palette format. Cinepak uses an
asymmetric compression technique, one
that takes much longer during compression
than during playback. On a fast capture
system, allow approximately one hour of
compression time per minute of video at
320-by-240 frame size, 15 frames per
second.

Provides high-quality video (320-by-240
frame size and 15 frames per second),
using an asymmetric compression
technique. Indeo 3.1 uses a 24-bit color
format. When played on 8-bit video
displays, Indeo dithers the 24-bit colors to
8-bit format. Indeo takes advantage of
compression hardware on the Intel Smart
Video Recorder capture board, allowing
real-time hardware compression during
capture. Intel recommends a key-frame
interval of 4.

Fast compression method wuseful for
computer-generated animation, screen
captures, and other sequences with areas
of uniform color. Quality and size reduction
drop rapidly if there are many changes from
frame to frame (for example, as would be
the case in a sequence captured from
videotape). The RLE method is limited to
8-bit video sequences.

Combines good playback quality with
relatively quick compression times. If you're
using the Cinepak codec as your final
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Intel Indeo(TM)
Video Raw

Full Frames

compression method, you might consider
using Video 1 for draft versions of the video
sequence. Just be sure to retain your
original, uncompressed sequence as a
master copy. The video sequence is stored
in either 8-bit or 16-bit format. Using the
8-bit format, you can specify which palettes
to use in the video sequence, so if your
sequence is playing strictly on 8-bit
machines, Video 1 provides better control
over the palette colors than compression
methods that use an automatic dithering
technique.

Uncompressed YUV format produced by
the Intel Smart Video Recorder capture
board. Capture in this format if you want to
use a different compressor than Indeo 3.1.

Not a compression method; instead, Full
Frames saves the animation as an
uncompressed AVI file (without any loss in

quality).

The following options are available in the Video Compression dialog box:

Options
Compression

Quality

M Key Frame
Every n Frames

W Data Rate

Description

Lets you balance image quality with the
specified data rate. Higher quality (moving
the slider to the right) increases the
importance of clear, accurate images at
the expense of smooth motion. Lower
quality (moving the slider to the left)
decreases the image quality but provides
smoother motion. The Configure button
also contains a command button that
provides compressor-specific settings or
information.

Specifies how often a full frame should be
stored in the video sequence. Key frames
provide a complete frame image and act as
a reference point for successive frames
that store only differences from the
previous frame. Key frames provide
convenient jump destinations for the video
sequence; users can jump to the key
frame, and the full-frame image will be
displayed.

Specifies the expected data-transfer rate at
playback. The video compressor uses this
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information to determine how much
information to include on each frame; with
higher data rates, more information can be
stored, and quality is better. If the video
sequence is played from a device that has
a slower transfer rate than specified for
compression, the playback quality might
suffer.

Note: Don't apply multiple compression methods to your video sequence. Most
methods result in some loss of quality, and the loss is compounded if multiple
techniques are applied. For example, if you have a video output card with its own
compression software, there is no need to use any compression when creating the
AV file in PC-Crash.

When experimenting with compression settings, save the original uncompressed
version of your video sequence as a baseline.

Start

The recording of the video animation is initiated with the Start button. Depending on
its complexity, the video animation can take several minutes to create.

Note: The computer display should be set at 16 bit color or higher. A setting of only
256 colors will cause a 10x increase in rendering time. Check your display setting by
clicking on the Display icon in the MS-Windows Control Panel window.

The created video animations can be played at any time using the Windows Media
Player program.

The features of this program are documented in the Windows manual.

Playback

This menu item allows the user to choose from, and play, previously rendered
animations from within PC-Crash, instead of opening Windows Media Player.

Print Preview

This shows a preview of the 3D window printout prior to printing. The text entered in
File - Print Comments will be printed with the 3D view.

Print =

This prints the current 3D view on the printer.

Load Madymo Kin3-file

This is for importing a Madymo Kin3-file. The 3D simulation of the multiple body
movement can be visualized. Refer to the Madymo Occupant Model chapter for
more details.
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% 3D Yisualization

Animation Style Background -
- AR - CH R ' Y

About 3D

Gives a brief information about the PC-Crash animation feature.

Style

This menu is for altering the appearance of the vehicles and objects in the 3D view.

Style

+ =+ Light Source...

Display Options._.

v Insert timefvelocity
|7 Toolbar

Light Source

This is used to define the position of the light source(s). The light source position
affects the shading of the vehicles and the location of the shadows.

Light Source

2

Light Source

I 'I v enabled

Intenzity: |1UD 4
Cut-off angle: I'IB i

Puosition [m] Direction:

* ID ﬂ * IEI ﬂ

[ ID j [ IIJ j

z [0 H 2[1
Attenuation:

linear: IU I'I oooo  m
quadric: IEI

[k ]

Caticel I
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By default, only one light source is active. Use the Light source drop down list and W
Enabled to activate additional light sources.

Use the Linear and Quadratic text boxes to change the effects of each light source.
The light attenuation A is calculated as a function of the distance D between light

source and object:

1

A= 5
A+ A4, D+ A,,..D

Quad

Typically the distance between light source and objects is quite far, therefore even
small values of A.;, and Aquaq Will reduce light intensity significantly. These constants
are useful for modeling streetlights.

Instead of entering the linear attenuation, you can enter the distance. The linear
attenuation will be computed automatically.

Display Options
Display Options

Picture Format:

Refresh

I~ Fog

Distance:

SEROEL R

3 Draw ghky

:*j Direct-x i
:_j Cancel i

This dialog box contains various options which can be toggled on or off. Picture
Format is only important for animations that will be transferred to video tape.

Other options available are:

I~ Fog This activates fog, with a user-specified visibility
distance.
| Draw Sky Shows a graduated blue sky (darker at higher

elevations).

W Draw Ground

Colors the ground green, except where there is a
DXF drawing shape or bitmap.

¥ Double Buffering

Redraws the 3D window as a whole, rather than
vehicle by vehicle.

v Draw Bitmap from 2D
view

Converts the plan view bitmap from the main screen
into the correct orientation for the chosen view. This
takes some calculation time when the 3D window is
first opened, but not subsequently, even when the
camera is moved.

T Calculate shadows

The shadows of the vehicles are shown.

¥ Gouraud shading

Applies Gouraud shading to the vehicles, which
significantly smoothes their shapes. In order for this
option to function, the normal vectors of 3D DXF
vehicle shapes have to be calculated when the
shapes are brought into PC-Crash.

v Detailed wheel shapes

The wheels are shown with target wheel covers to
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indicate rotation.

¥ Wide tire marks Wider tire marks are shown.

¥ 3D Texts Displays DXF drawing text in the 3D view.

¥ Wire frame view Displays the objects as wire frame models

¥ Vehicle numbers Displays the vehicle numbers in the 3D window (not

applicable for animations)

¥ Vehicles Displays the vehicles in the 3D window. Turning the
vehicles off is a feature used mainly for viewing the
Madymo occupant model.

W Light sources The light sources will be displayed as light emitting
white balls at their position.

Direct X

This button opens the Select Direct3D® Device dialog box. Depending on what
Direct3D® mode(s) the computer's graphics card supports, rendering speed can be
increased by selecting the appropriate mode. The default mode is the HAL, the
hardware abstraction layer. In this mode the hardware acceleration of the graphics
adapter is used. As an alternative REF, the reference rasterizer, may be used. It is
significantly slower and not supported by all device drivers, but supports every
rendering mode since it is implemented in software.

x
—Adapter and device
Display Adapter: RADECHM 7000 5
Render Device: D3DDEVTYPE_HAL j
~Display mode settings
& windowed
! Eullscresn
Adapter Farmat: IDSDFMT_XBRSGSBB j
Resolution: [1152by 264 =l
Refresh Rate; |85 Hz j
—Device settings
Back Buffer Format: IDSDFMT_XBRSGSBS j
DepthjStencil Buffer Format: ID3DFMT7D24><8 j
Multisample Type: IDSDMULTISAMPLE_NONE j
Multisample Guality: ID j
Wertex Processing: ISOFTWARE_VP j
Present Interval: ID3DPRESENT_INTERVAL_IMMEDIATE j
’TI Cancel |
Additionally you can choose the display adapter, if there are more than one on your
computer.

The Back Buffer format specifies the display memory that is used for 3D visualization.
It is not required to change this value if the 3D window displays the scene. Otherwise,
try different formats to reduce memory consumption.

The depth buffer is used to determine which pixel is nearer to the camera and should
be displayed. As with the back buffer there are different formats the device may use. If
display does not work correctly try different formats to reduce memory consumption.

Additionally you can improve the quality by selecting a multisampling type. Multiple
samples are rendered to anti-alias the picture. The better the quality the more time will
be needed by the device for drawing the scene.
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Vertex processing means the transformation and lighting calculations of the 3D-
objects in the scene. You can choose if those calculations are performed by the
software or by the graphics hardware by setting the corresponding value. In general,
hardware processing is faster but not all operations are supported in every device.

Insert time/velocity

This enables the time and each vehicle’s velocity (if it is activated in Simulation Model

i ) to be placed on each animation frame. Any of the four corners of the animation
frames can be selected, with a margin (in pixels) from the vertical and horizontal
edges of the frames. The text size and color can be changed, and comments can be

added.
=" 31D Visualization - ol x|
Animation Style Background -
== 00 - B N R
Test1 3D Statustext I E3
t=0.00 5 N
w1=34.0 [mph] Position:
w2=0.0 [rph] iett top =l
Comments:
ITesH
Caolor

- Change... |
Text size: I‘I 4 Piuelz
Margin: I‘I 2 Pirelz

Cancel |

To deactivate this option, select "do not display" in the Position drop down list.

Toolbar

This activates and deactivates the 3D Visualization window toolbar.

S | BByt

Background

The Background menu is for loading and altering bitmap files for use as a background
in the 3D view. A perspective photograph of the actual incident scene can be an
effective background.
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Load Bitmap =

This loads a bitmap file into the 3D view. For scene photographs, PC-Crash's camera
position must be adjusted to the position the photograph was taken from.

Erase Bitmap

This deletes a bitmap that has been loaded into the 3D Visualization window.

Position Bitmap

This alters the size and aspect ratio of a loaded bitmap in one step. Drawing a
rectangular box (with the left mouse button held down) does this. The bitmap will be
distorted to conform to this box, so this option should not be used with photographs.

Move Bitmap

This moves the bitmap (with the left mouse button held down) to any position desired
in the 3D view.

Scale Bitmap

The size of the bitmap can be changed. This is done by entering the desired scale
factor in the Zoom Bitmap dialog box, which appears on selection of this menu option.

Zoom Bitmap i B3

Scale factor ;
am B

] 1 Cancel !

Hue/Lum/Sat

The hue, luminance and saturation of the loaded bitmap background can be changed
with the slider bars in the HLS dialog box.
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HLS 2] x|
He 4 [ I IRL

Lurnen. ﬂ J j 100
Sat. A [~ | 100

Cancel | Presigm |

Contrast/Brightness

The contrast, brightness, adaptive brightness and color of the loaded bitmap
background can be changed with the slider bars and text boxes in the Contrast &
Brightness dialog box.

Contrast & Brightness K E
Contrast: LI _I ﬂ 100

Erightress: LI _I ﬂ 100

Adaptive Brightness

A [ i

r | g |54 b |64

ak I Cancel | Preview |

Using the scroll bar for Adaptive Brightness, only brightness and contrast of areas
darker than the predefined values are modified.

The Preview button is used to display the changes without modifying the actual
picture. This can be done several times. If OK is pressed the actual picture is modified
according to the preview.

Side View Window

The Side View window allows vehicles and objects to be viewed in true scale in the
vertical plane. A measurement feature, operated by clicking and holding the left
mouse button and dragging the cursor from one point to another, is included. The
resulting dimension is shown in the Side View window status bar.

The Side View window is especially useful for examining vehicle front-rear bumper
interaction in rear-end collisions, as it includes a feature for applying vehicle pitch due
to brake dive.
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# Side view IS [=] E3
Tools Options Print

gk &£ L =

|
[ 1.07 ity 352 ft 7).
a1 | ' 2

Before opening the Side View window, select a camera position that views the
vehicles from the desired side (the distance of the camera from the vehicles does not
matter, as the view can be zoomed in or out after the Side View window is open).

The following vehicle shapes can be loaded for use in the Side View window:

e 3D DXF shapes (load with Vehicle — Vehicle DXF - File - Plan View —
Load DXF)

e 2D DXF side view shapes (load with Vehicle — Vehicle DXF — File — Side
View — Load DXF)

e Bitmap side views (load with Vehicle — Vehicle DXF — File - Side View —
Bitmap). A number of European vehicle side view bitmaps are included with
PC-Crash, in the Side View subdirectory. Some U.S. and Japanese vehicles,
as well as bicycles and motorcycles, are also included. Users can add their
own subdirectories of photographs, as desired. The photographs should be
taken as far away from the vehicle as possible, with a zoom lens, to minimize
perspective distortion.

The following menus are included in the Side View window:
Tools

Zoom In £

Move the viewpoint closer to the vehicles.

Zoom Out £

Move the viewpoint further from the vehicles.

Toolbar

This activates/deactivates the toolbar % & | @ ﬁ with the options Print, Print
Preview, Zoom in, and Zoom out.

Status bar

This activates/deactivates the status bar, which shows the mouse position within the
window.

Properties

Printer scaling, ' Show Grid and grid resolution can be selected here.
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Froperties ki B3
Printer Scaling 1. a0

¥ Show grid I2 ft
Cancel |

Options

Copy Window

This copies the visible view to the clipboard as a Windows Metafile (WMF), for pasting
into MS Word® or other programs that can accept this type of file.

Calculate Pitch Angle

This enables the calculation of vehicle pitch angle, based on the selected braking
deceleration in Dynamics - Sequences and the vehicle properties in Vehicle -
Vehicle Settings.

Calculate pitch angle 2] =]

|1 BUICK-CENTU =

avid. deceleration: IE i 2
Fitch angle: |2.1 8 deg

ak I Cancel |

The calculated pitch angle for each vehicle will be shown in the Side View window, to
enable a comparison of bumper heights.

# Side view
Tools Options Print

Y r: =l

(2827 f, e 004
A

Depth Sorting

This allows one vehicle to be shown in front of or behind the other.

Print

Print Preview [&

This shows a print preview, based on the scale selected in Tools — Properties.
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Print €

This prints the side view, based on the scale selected in Tools — Properties.

Sun position

This menu option is for the calculation of the position of the sun to the desired time to
a given date at selected places.

| Bstencich =1 [ -
Lattitude [+M, 51 [48.317
Longitude [+0, 4; |1 4.3
|1211.2002 x| 175238 = [ Dayligh saving time
I[GMT +01:00) Amsterdam, Berlin, Bem, Hj Calculate I
Sun position Lumirog, [lux] Sun rise Sun zet
146 1] 0711 16:23
Azimut: civ. Twilight 0E: 36 16:57
2882 niaut, Twilight 0558 1735
© wsw asto. Twiight 0821 1812
zz 23 4 Wb ; HHO
MU i MO
2
o
TN o oNg
ik
7o
hos
i o
e, 15 5 O=0
By TR
=1 =0
13 42 M = 5 =

Country

Selection of the country.

Place

Selection of the place. Predefined places can be selected.
Latitude (+N, -S), Longitude (+O, -W)

The coordinates of the selected places are displayed. Values for latitude and
longitude can also be defined by hand (north positive, south negative and east
positive, west negative)

Date, Time
Selection of the desired date and time.
Daylight saving time

Definition if daylight saving time active.

Time Zone
If coordinates are used for defining a place the corresponding time zone has to be
selected.
Values
Sun position Altitude is the angular distance above the horizon (0 < h <
90°),
Azimuth  the angular distance, measured along the horizon
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Grid

Point of the compass the orientation is measured in degree (0 or 360°
is equivalent to north, 90° = east, 180° = south and 270° = west).
Additionally the direction (e.g. 109.4° = OSO) is indicated as text. In the
right diagram the sun is represented in the current position (red pointer)
and in the course of the day (grey).

Luminous intensity (lux). The density of light in lux (Ix) as measure for the
quantity of light on a surface. For the calculation a white surface with
cloudless sky is accepted.

Sunrise Sunrise is the time at which the leading limb of the Sun first rises
above the horizon. The effect of refraction in the Earth's atmosphere lifts
the image of the Sun about half a degree at the horizon, making sunrise
about two minutes earlier than would be expected from the actual
position of the Sun in space.

Sunset  Sunset is the time at which the trailing limb of the Sun first sets
below the horizon. The effect of refraction in the Earth's atmosphere lifts
the image of the Sun about half a degree at the horizon, making sunset
about two minutes later than would be expected from the actual position
of the Sun in space (note: in hilly area it comes by the surrounding relief
to a so-called horizon shading, i.e. the horizon is not 0 degrees, so that
e.g. in valley situations the sun comes up later and in former times goes

down)

Civil. twilight. The period of twilight beginning (or ending) when the
center of the (refracted) Sun is more than 6.5° below the horizon (0° to
6.5°).

Nautical twilight. The period of twilight beginning (or ending) when the
center of the (refracted) Sun is more than 12° below the horizon

Astronomical twilightthe period of twilight beginning (or ending) when the center
of the (refracted) Sun is more than 18° below of horizon

This activates or deactivates a main screen grid with settings as defined under
Graphics — Scale & Grid Spacing (see the menu item description). The grid also
appears at elevation 0 in the 3D window.

Measure

The Measure tool enables measurements to be made on the main screen.
Measurements are in feet (U.S. units) or meters (metric units).

B Measure. .

D = 10.29 ft
O = 4 66 ft

D= 11.30 ft
phi = 2434 °

The Measure dialog box includes the following:

DX - Distance in X direction (horizontal on screen)
DY - Distance in Y direction (vertical on screen)
D - Distance along measurement line

phi - Angle of measurement line (CCW from X axis).

Measuring is done by placing the cursor on the first point of the distance to be
measured, and then pushing and holding the left mouse button while moving the
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cursor to the second point. The measured values remain visible in the Measure dialog
box until the left mouse button is pressed again. Deactivation of the measure feature
is done by either selecting another menu option or by clicking on this menu option
again.

Status Bar

The status bar at the bottom of the screen can be turned on or off. It contains error
messages and additional information (scale, friction, time, and simulation model).

Options

PC-Crash's default settings can be defined using Options. The settings are
automatically saved in the crash81.ini file in the Windows directory.

When Options is selected the following dialog box appears:

options 2l x|

Dizplay Settings I Default Settings I Save I hABA
Directaries Colars I Simulation Parameters
— Directories

Car Databasze:
MEPCCRASHYADSD 2004.MDB

&

FPC-Rect:

|C: “WPCRECT3WPCRELCT EXE
Yehicle DiF Files:

IC: “ProgrammehPCCrazh 724

Side wiew
IEI: WProgrammehPCCrash72\Sidevie

# @2 [

Working Directony:
IC: WPROGRAMMENPCCRASHT2Y

&

Project templates

IC:\Prngramme'\F‘EErashH\Templa il

ok I Abbrechen | Ulgemehmenl Hilte

Directories

In this area, the directories where PC-Crash looks for the vehicle databases, PC-Rect,
vehicle drawing and bitmap files, project files and project template files can be

changed, using the respective Change button .

Colors

The base colors of all vehicles can be defined according to personal preferences. The
defined colors will be used in all views.
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Options

Dizplay Settings I Default Settings l Save
Directones Colars i Simulation Parameters

Vehicle:

Pogitional:

- Change... !
200 mz after crazh:
Change... !

0k I Cancel Apply I

When pressing Change for each vehicle color box (Basic, Positional and 200ms after
the crash), the color can be selected from the following Color window. If desired
custom colors can be created.

Color 4 B

Basic colors:

' ]
Hug: W Bed: IIJ_
Sat: IU_ Green: IU_

[Uefine Eustom Eolrsss I Color3olid |, ID Blue: ID
QK | Cancel | Add to Custom Colors |

Basic

This color is for the current vehicle position on the main screen and is the color of the
vehicle in the 3D window and animations. Additionally, the diagram lines (Options —
Diagrams) will be the same color.

Positional

This color is for positions other than the current vehicle position on the main screen,
such as start and rest positions.

200 ms After Crash

This color is for the vehicle 200ms after the crash, which shows when a crash is
performed, using Impact — Crash Simulation.
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Simulation Parameters

This menu item allows the user to change simulation parameters. This can also be
accessed with the Options button in the Crash Simulation window.

Options H
Dizplay Settings I Default Settings | Save |
Directories | Colars Simulation Parameters

' Clip Point of Impac

¥ Crash detection ™ Auto calculation
Depth of penetration: td . gimulation e
|45 ms 'I |3 3 'I
Save Interval; Integration step:

|15 ms 'I |5 ma 'I

W &utomatic caleulation of secondary impacts

Fararmeters for secandary impacts

¥ same as for primary collision

1 Festitution ID-1
%) Gep Vel |3.‘|DEQ4 mph

0k I Cancel Apply

V' Clip Point of Impact
When this is activated the point of impact can be located only in the overlapping area
of the two rectangular vehicle outlines in the collision.

¥ Crash Detection

This is used to activate an automatic crash detection feature, and is identical to the
menu option Impact — Crash Detection.

Depth of Penetration

This drop down box allows the user to select the time from the first contact between
the rectangular vehicle outlines to when the impact is calculated. Normally, a time of
30 to 60msec is realistic - this can be checked against the measured vehicle crush.
This time is also the time between secondary impacts, if the vehicles are still engaged
and approaching each other.

M| Auto Calculation

When this is activated the simulation will run to the vehicle rest positions, or for a pre-
defined time interval (see next item), whenever a change is made in the Crash
Simulation dialog box.

This check box is identical to ™ Auto Calc in the Crash Simulation dialog box (see
Impact — Crash Simulation).
Max. Simulation Time

When running in Auto Calculation mode, the simulation will be stop at the time
specified here, if the vehicles have not come to rest prior to this time.
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Integration Step

The Auto Calculation integration time step can be varied. Normally PC-Crash uses a
time step of 5ms. However, for the Auto Calculation mode this time step can be
increased in duration to speed up the simulation. This larger time step will not be used
when the vehicles are near a crash.

¥ Automatic Calculation of Secondary Impacts
This enables the automatic calculation of secondary impacts when the vehicles
overlap by the amount specified in the Depth of penetration drop down list.
Parameters for Secondary Impacts

This area allows secondary impact restitution or separation velocity to be specified
differently from the first impact.

Display Settings =

This tool is used to change the display settings of the main screen and (for PC-Crash
3D) the 3D Visualization window. See also the description in the previous chapter
under Main Screen Display.

Options E1E3
Directonies | Calars I Simulation Parameters
Display Settings | Default Settings | Save

— Increment
[ Last Position * Time:
v Last Branch ¢ Dist -
— Tracks ™ Evem step
[ wheel ajectaries I—

05 [zec]
< i
v wisible tracks ISE (sec] | —
[ Crashes IE.EEEIEIS "]
= [ tiangle I'IU m] | 1|
] Center of gravity -
[ ] Seguence pogitions
[i=F Carz
[i=F Dirawing
DiF Colar d|
[T &uto refresh
0k I Cancel Apply

M Last Position

The first, last and present vehicle positions are shown.

M Last Branch

The vehicle positions at each specified increment are shown. Selection of this check
box displays an additional area in the Display Settings dialog box where the user can
specify the increment value with the Time, Distance or Every Step option buttons.

The specified increment influences only what is shown on the screen. It does not
affect the calculation frequency.
The specified increment will also be the one used in the Vehicle Dynamics section of

the Values window. W Last Branch does not have to be activated for the current
specified increment value to show in the Values window.
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¥ Wheel Trajectories

The paths of all wheels are shown, whether or not they are skidding.

M Visible Tracks

Only tire marks that would be visible on the road are indicated. For this, PC-Crash
assumes that the marks become visible when the combined longitudinal and lateral
tire forces are more than 95% of the available frictional force. The user can alter this

default value at any time.

M Crashes

The position of all the crashes, with the contact plane, friction cone, and impact

impulse are shown.

| V-triangle

The velocity vector diagrams, comprising a triangle formed by the pre-impact speed,
post-impact speed, and speed change vectors for each vehicle in a collision, are

shown on the screen.

In the text box next to 3 V-triangle the size of the velocity vector diagrams can be
scaled. With the default scaling factor of 10, a one meter (3.3 foot) distance on the
screen corresponds to a velocity of 10 mph.

Other options available in the Display Settings drop down list are:

M Center of Gravity

The path of the center of gravity is
shown

¥ Sequence Positions

The vehicle positions at the start of
each sequence are shown

M DXF Cars

Allows the vehicles to be represented by 2D or
3D DXF files, if loaded, instead of the simple
rectangular shape

¥ DXF Drawing

The loaded DXF drawing is shown as a
background to the simulation

M DXF Color

The loaded DXF-drawing is shown in color,
rather than black and white

M Bitmap

The loaded bitmap is shown in the ground
plane on the main screen

M Friction polygons

The outlines of defined friction polygons are
shown

™ Friction polygon text

The text referring to defined friction polygons is
shown

¥ Slope polygons

The outlines of defined slope polygons are
shown

™ Friction polygon text

The text referring to defined slope polygons is
shown

M Vehicle paths

Defined vehicle paths are shown

M Crush outlines

Approximate 2D crush outlines, as defined by
the location of the impact point and the
overlapping areas of the vehicle outlines, are
shown

214 o Chapter 3 - Menu Description




The optimizer intermediate and rest positions

¥ Optimizer positions
are shown

3D vehicle DXF shapes are shown in solid,

¥ Solid vehicle shapes : _
rather than wire-frame, on the main screen

Allows the selection of a more detailed vehicle
(showing windows and bumpers), on the main
screen.

¥ Detailed veh. shapes

Shows a trace from each corner of the vehicles
to define their swept path.

¥ Vehicle outline path

The ellipsoid bodies for stiffness based contact
model are shown

M Contact bodies

COG position of the intermediate and stop
position are linked with lines

¥ COG path stop
pos./intermediate pos

Shows the velocities at the point of impact for
the crash backward calc..

M POI velocities

Display of the momentum mirror method. (scale
0.001:1 m for 1000 Ns)

¥ Momentum mirror
method

M Auto Refresh

Auto Refresh automatically refreshes the screen when dialog boxes or windows are
moved or closed. It also automatically refreshes the 3D window. It is suggested this
check box be deactivated only when a slow computer is used.

Default Settings
Options EFE
Directones I Colors | Simulation Parameters
Display Settings Detault Settings I Save
— Sequences
Friction ID-8
Fieaction time: |1 A 380
Erake lag: IU e
¥ linear increase during brake setup phase
Default COG Height: ID it
— Units
Diigtarice: Angular welocity:
{usa imperial =] radss =l
Welocity: Language
Imph j IEninsh j
0k I Cancel | Apply

Default values can be specified for the following items:
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Friction
The tire-to-road friction coefficient can be specified here or changed at any time by
double-clicking on the "my" area of the status bar at the bottom of the main screen.
Reaction Time

This is the driver perception/reaction time for Reaction sequences.

Brake Lag

The brake lag time for Deceleration sequences is the time between brake pedal
application and when the specified braking level occurs at the wheel. A typical panic
stop brake lag time is about 0.2s, with longer times for normal stops or air brake
systems.

' Linear Increase during Brake Setup Phase

This specifies a linear brake force increase from zero to the specified level over the
brake lag time. If this is not checked an average of %z the specified brake force level is
assumed during the brake lag time.

Default COG Height

This is the center of gravity height that vehicles loaded into PC-Crash will have. If a
height of 0 is kept, the simulation will be a 2D simulation unless the center of gravity
height is subsequently changed in Vehicle - Vehicle Settings - Vehicle Geometry.

Units

This enables switching between different unit systems. Choose your preferences for
distances (metric, U.S.) and velocities (km/h, mph, fps and m/s). Units can be
changed at any time when working on a project.

Language

Choose from a number of languages here.
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Save

Options EE3
Directories I Colars I Simulation Parameters |
Display Settings I Drefault Settings
Undo

¥ Enabled

Mo, of steps: |60 hd

autosave feature:
after 10 min. j

0k I Cancel Apply

The Save dialog box contains settings for the Undo operation and the Auto save
Feature.

Undo

The Undo feature in PC-Crash functions similar to the Undo feature in other
programs. Operations can be undone or redone with the "Undo last action" and "Redo

last action” buttons <7 4 Up to 50 Undo steps can be retained in memory, as

selected in the Undo "No. of steps" drop down list.

Autosave Feature

Auto save automatically saves the current project under the name Recover.pro in the
Windows\Temp directory (or the directory specified in Window’s Control Panel -
System) at predefined time intervals (1 to 10 minutes) when PC-Crash is open. In
case of software failure, when PC-Crash is re-opened it will ask if you want to load the
last session, which will be contained in Recover.pro. After loading Recover.pro,
remember to rename it to the desired file name.

Graphics

The Graphics menu includes Scene bitmap operations and scene drawing operations.

Scale & Grid Spacing

This accesses the following dialog box.
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Scale 1 ImT
B i
Gnd spacing: I'I— 1]
2l |
[ Grid Lines

Scale

The scale of the screen and printout can be specified here. The scale can also be

&=
varied with the Zoom In and Zoom Out buttons ‘}'J ‘}"J in the main toolbar, or by
double-clicking in the "Scale" area of the status bar.

When starting PC-Crash, the default scale is 1:200.

Grid spacing

The grid spacing is specified here, both for the main screen and the Diagrams
window. The main screen grid is only visible if the Grid menu option (description
following) is activated. The Diagrams window grid is only visible if Grid is activated in
the Options menu of the Diagrams window.

When starting PC-Crash, the default grid spacing is one meter (3.28 feet).

M Grid Lines

The default grid shows points only. Selection of this shows full lines instead.

Bitmap
|1 - 13plan =l

v Diraw bitmap

BMP scale factor: I'I—

Offset = IEI— m
Offzet w; IEI— m
Phi o -

0k I Cancel |

General

PC Crash offers the possibility of working on several bitmaps at the same time. While
loading a new bitmap the inquiry takes place whether the current bitmap should be
overwritten. The selection of the bitmap can be made either within this window or in
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the PC Crash work area by clicking with the left mouse button (but however all
Buttons must be deactivated in the Toolbar) on the appropriate bitmap.

Draw bitmap
For every bitmap loaded, this option can be turned off to hide the bitmap.
BMP scale factor

Definition of the enlargement of the bitmap. The correct factor can be determined
using the menu option Graphics — Bitmap - Scale.

Offset x

The active bitmap is shifted in x-direction appropriate the offset
Offset y

The active bitmap is shifted in y-direction appropriate the offset
Phi

The active bitmap is rotated appropriate the angle Phi (positive rotation counter
clockwise).

Refresh (F5)

This refreshes the main screen, based on the selected settings in Display Settings

Zoom Previous (F3)

This changes the main screen area to the previous size.

Zoom Window ¥
Zoom Window allows the user to zoom in on a specific area of the main screen.

This is done by moving the cursor to one corner of the desired area, pressing and
holding the left mouse button, moving the cursor to the opposite corner of the
constructed rectangle, and then releasing the mouse button.

Zoom All

Zoom All changes the main screen viewing area to include the complete simulation
scene, including the bitmap and DXF drawing.

Pan

The Pan tool is used to move the main screen view without changing the scale.

This is done by clicking and moving the cursor on the main screen while holding the
left mouse button down, and then releasing it.

Graphics - Bitmap
This menu is user to perform operations on scene bitmaps, which are loaded using

File — Import - Bitmap @P Multiple scene bitmaps can be loaded. When subsequent
bitmaps are loaded, the following message box appears. Select the No button unless
you want to replace the existing bitmap.
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/1 } Do youwantto delete the currant bitmagp ?

Blo |

When more than one bitmap has been loaded, they can be scaled and moved
independently. Clicking on the desired bitmap will highlight it, as indicated by the black
squares at each corner. The bitmap can then be scaled, moved or rotated
independently of the others.

There are two ways of scaling, moving or rotating bitmaps. One is to select Graphics
— Scale & Grid Spacing. In the lower half of the dialog box that appears, select the
desired bitmap from the drop down list and change the values below for it by typing
them in the text boxes.

Scale 1: Im

Al =T
Gnid spacing: |1 i
2l | =T
[ Grid Lines
|1 - 19plan =l

S TP R

BMP scale factor: I'I—

Offset = IEI— m
Offzet w; IEI— m
Phi: [ -

0k I Cancel |

The second method of scaling, moving or rotating bitmaps is to use the following
functions in the Bitmap menu.

Scale

Scales the selected bitmap. A known reference distance must be marked in the
drawing area. This is done by placing the cursor on one end of the reference distance,
then moving the cursor to the other end with the left mouse button pressed. After
releasing the mouse button, the following window is displayed, which shows the
present length and allows the user to define the correct length.

Scale Bitmap ki k3

Actual distance:;

ok ]
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The procedure may be repeated several times, if an accurate scaling is not achieved

the first time.

Move &

This enables the selected bitmap to be moved with respect to the vehicles and
drawing in the simulation. Follow the same steps as with the Graphics - Pan menu

option.

Rotate

This enables the selected bitmap to be rotated by a defined angle.

Procedure:

Put the cursor at the desired center of rotation for the bitmap.

Press and hold the left mouse button while moving the cursor along any
desired reference line in the bitmap.

After releasing the left mouse button, a reference line is defined. This
line can be rotated either way by moving the cursor. The angle of
rotation (in degrees) is displayed in the status line.

When the desired rotation angle is reached, press the left mouse button
again. The bitmap will now be rotated by this angle.

Note: For every rotation of the bitmap with this menu option, the bitmap's quality will
be reduced and its size will be increased. The +90 or -90 degree bitmap rotations in
the following two menu options do not result in any loss of bitmap quality.

Rotate +90 deg

Rotates the selected bitmap 90 degrees counterclockwise.

Rotate -90 deg

Rotates the selected bitmap 90 degrees clockwise.

Grayscale

Creates a grayscale picture from a color picture.

Invert

Inverts the colors of the selected bitmap.

Hue/Lum/Sat

The hue, luminance and saturation of the selected bitmap can be changed with the
slider bars in the HLS dialog box.
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HLS 2] x|
He 4 [ | 1o

Lurmnen. j J ﬂ 100
Sat. A [~ | 100

Cancel | Preview |

Contrast/Brightness

The contrast, brightness, adaptive brightness and color of the selected bitmap can be
changed with the slider bars and text boxes in the Contrast & Brightness dialog box.

Contrast & Brightness i B3
Contrast: il _I _PI 100

Brightness: il _I _PI 100

Adaptive Brightness

Kl _ i

¢ & g |64 b 64

] I Cancel | Preview |

Using the scroll bar for Adaptive Brightness, only brightness and contrast of areas
darker than the predefined values are modified.

The Preview button is used to display the changes without modifying the actual
picture. This can be done several times. If OK is pressed the actual picture is modified
according to the preview.

Delete Bitmap

Deletes the selected bitmap.

Graphics - DXF

This menu is user to perform scene drawing operations. Scene drawings can also be

imported using File — Import — DXF Drawing ﬁ;

Move &
This enables the drawing to be moved with respect to the vehicles and bitmap in the

simulation. Follow the same procedure as with the Graphics - Pan menu option.

Draw Toolbar

This opens the Draw toolbar. The Draw toolbar contains a number of tools for creating
and editing drawings.
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% g AN v N O Oad =25 Ty T

e &Odg e ddndg A 3@ HO

Snap v Snap and Snap Spacing are selected here.
When drawing with any drawing tool, and also when
drawing Friction Polygons, Slope Polygons and
Vehicle Paths, the drawn point will snap to the
selected spacing.

Options._.. 7] x|

B

Snap zpacing

F
Cancel |

Scale The selected drawing components can be scaled
and moved here using x and y coordinates.
Selecting W Preview draws the changes
immediately after changing. Instead of entering the
values in the text boxes you also can change them
using the spin buttons.

e Shift selected

o M o

[ Freview ; m
()8 I Carcel |

Select all Selects all drawing components.

Rotate selected (3D) The selected drawing components can be rotated
about the X, Y or Z axes here.

Rotate selected K3 E3
0 EE  deo
y I 000 deg
z I 000 dea
W Rotate around [0, 0]

Ok i Cahcel !
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Shift selected (3D)

Scale selected (3D)

The selected drawing components can be shifted

along the X, Y or Z axes. Selecting 3 Preview
draws the changes immediately after changing.
Instead of entering the values in the text boxes you
also can change them using the spin buttons.

shift selected 2lx|

W Preview
QK I Cancel |

The selected drawing components can be scaled

along the X, Y or Z axes separately. Selecting 3
Preview draws the changes immediately after
changing. Instead of entering the values in the text
boxes you also can change them using the spin
buttons.

e 3!
% :
¥ 1 -
z 1 -
W Preview

(] I Cancel |

Insert object

Save selected

DXF drawings (*.dxf, *.wrl, *.idf) can be
loaded as "objects". A DXF drawing object
can be moved as a unit, independently of
the main DXF drawing

The selected drawing components can be saved as
a DXF drawing (*.dxf, *.idf, *.wrl)

Triangulate selected

3D surfaces can be created from a drawing
containing 3D points. This feature is useful for
creating 3D scenes from total station survey DXF
files or contour lines drawn in PC-Crash.

AN
U
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After selection of the desired points and activation
of this feature, 3D triangular surfaces are created
between the selected points.

A massage box will appear asking if the triangulated
area should be used as slope polygon. If you
choose Yes the triangulated area will be used as
slope polygon and can be assessed using
Dynamics — Define Road Slope.

If you choose No the triangulated area is handled as
DXF drawing, once the surfaces are created, use
File — Export — DXF Drawing to save the drawing.
It can then be imported as a 3D Road Object using
Dynamics — Define Road Slope — Generate 3D

£
Road Object “# — Import.

The vehicles in the simulation will now recognize the
drawing as a 3D road object. To set the initial
conditions properly, place the vehicle on the road

object with the Tow Truck tool %% and press the
New Simulation button '™

The following tool buttons are contained in the Draw toolbar:

il Select, Move

This button is initially active when the Draw toolbar is opened. This enables the
selection of existing drawing objects by clicking the cursor on the object with the left
mouse button. After selection, objects can be moved, modified or scaled. Multiple
elements can be selected by framing all objects within a window drawn with the
mouse, or by holding down the sHIFT key while selecting additional objects.

Modifying Objects - If only one single object is active, it can be modified in shape by
moving the corner points (marked with small squares) with the left mouse button
pressed.

Moving Objects - If one or several objects are active, they can be shifted to a
different location by putting the cursor on the object, clicking and holding the left
mouse button, and moving the object to the new location.

Selecting all Objects - If the whole drawing is to be moved, rotated or scaled, all
objects can be selected using the menu option Drawing - Select All Objects.

il Rotate Selected

Operation: When this button is pressed, the symbol # which identifies the center of
rotation, appears. Click and hold the left mouse button with the cursor on this symbol
to move the center of rotation. Rotate the selected object(s) by clicking on any point
outside this symbol in the drawing area and moving the cursor with the left mouse
button pressed. The new position of the objects is displayed immediately.

1
M Measure Line

Creates a dimension line of any length and direction.
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Operation: Mark the starting point of the line with the left mouse button pressed and
held. Move the cursor to the opposite end of the line and release the left mouse
button. If you simultaneously press the SHIFT key, the angle of the line will always be
0, 45 or 90 degrees.

ﬂ Line

Creates a line of any length and direction.

Operation: Click and hold the left mouse button to draw the first point and release it at
the second point. If you simultaneously press the SHIFT key, the angle of the line will
always be 0, 45 or 90 degrees.

b Polyline

Creates an open polyline, consisting of several line parts.

Operation: Click and hold the left mouse button to draw the first point and release it at
the second point. Click at the desired locations to define subsequent points. If you
simultaneously press the sHIFT key, the angle of the line will always be 0, 45 or 90
degrees. A single click of the right mouse button completes the polyline. To add
additional points to a poly line, select it and click with the right mouse button on the
desired location. A popup menu appears that allows you to insert or delete a point at
the chosen location.

ﬂ Polygon

Creates a polygon, consisting of several line parts.

Operation: Click and hold the left mouse button to draw the first point and release it at
the second point. Click at the desired locations to define subsequent points. After
entering all points of the polygon, click the right mouse button to close the last side of
the polygon. If you simultaneously press the SHIFT key, the angle of the line will always
be 0, 45 or 90 degrees. A single click of the right mouse button closes the polygon. To
add additional points to a polygon select it and click with the right mouse button on the
desired location. A popup menu appears that allows you to insert or delete a point at
the chosen location.

Note: Individual points of Lines, Polylines and Polygons can be adjusted using the
]

=8 putton (they must be highlighted first) to access the Change Object window.

The X, Y and Z coordinate of the ends of each line segment can be changed, and a
radius can be applied between each line segment. Alternatively a slope between the
points can be defined, the second and the following points are adjusted. The current
line segment, denoted by a number in the right portion of this dialog box, is highlighted
with red endpoints on the main screen.

Linez/Polylines I

i1 Wm #: Wm
¥ le ¥ Wm
21: IU—m 22 ID—m
Radius: IU—m
Slope; WZ

akK I Cancel | Apply |

E Rectangle

Creates a square or rectangle.
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Operation: Mark the starting corner of the square or rectangle with the left mouse
button pressed and held. Move the cursor to the opposite corner and release the left
mouse button.

ﬂ Arc

Creates an arc of a circle.

Operation: First, the full circle must be created. Mark the starting corner of the circle
with the left mouse button pressed and held. Move the cursor to the opposite corner
and release the left mouse button at the desired circle size. Then, define the
beginning and end angles of the arc segment with single clicks of the left mouse
button.

g Circle

Creates a circle or ellipse.

Operation: Two selected points always define the surrounding rectangle of the circle
or ellipse. Mark the starting corner of the circle or ellipse with the left mouse button
pressed and held. Move the cursor to the opposite corner and release the left mouse
button. If you simultaneously press the SHIFT key, a circle is automatically created.

abel Text

Enters text.

Operation: Mark the position where the text is to be entered in the drawing area by
clicking the left mouse button. Then, type in the desired text.

E‘ Generate Road Element

Draws a straight or curved road section. Road parameters are defined in the three
folders of the Road Section dialog box.

Road Section 2%
Foad and Sidewalk | width, Lares | General |
[ Parameters ——————————————
Lenagth: It
Radius: 300 ft
¥ Straight Rioad
- Sidewalk
“didth
IV Left 5 ft
¥ Right 5 It

ak I Cancel Apply
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Road Section EAE3 WP oad Section

[SoidLire =] [ ]
[oivdashL =] [ |
=[]
=[]
=l [
El |
[SoidLire =] [ |

1
1
e
e

Up to 6 lanes can be chosen. Different colors can be chosen for the different lines and

road components. The dashed line spacing can be changed. The Filled check box
allows the road to be shown in full color (below), or in outline only.

Road sections can be easily joined to one another or to intersections (see next item)
by moving the section so that the red line at the end is near the red line on the end of
the other section or the desired street of an intersection. The road section will snap
into place at the correct angle.

Properties can be redefined at any time by double- clicking on a line or edge of the
desired road section or intersection.

Note: Sidewalks are raised above the road level in the 3D view for a realistic
appearance only. They do not define a true elevation change that will affect vehicle
dynamics. That must be done using the menu option Dynamics - Define Road
Slope.

= Generate Intersection

Draws an intersection, using the Intersection dialog box. An intersection with up to six
streets can be created.

Intersection 13l Intersection
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After the roads and intersections are created, lines and symbols can be added using
the other Drawing Toolbar tools. In the following figure, crosswalk lines have been
drawn and left turn symbols from the symbol library have been added.

n Bring to Front

This and the following tool work between lines only. This tool brings the selected line
to the foreground.

n Move to Back

Puts the selected line in the background behind other lines.

. Group

Groups selected drawing components into objects, which can then be moved, rotated
or scaled as one.

. Ungroup

Ungroups selected drawing objects.

Copy Selected

A copy is made of the selected objects. The copy will be attached to the cursor, and
can be inserted by moving it to the desired location and clicking the left mouse button.

Delete Selected

All selected objects can be deleted with this tool or by pushing the DELETE key.

. Scale Selected

The selected drawing components are scaled by the amount in the Scale Factor text
box. Additionally the selected drawing components can be moved by the amount in
the text boxes. The Preview Check box applies all changes immediately to the
selected drawing components when you change a value.
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21|
Scale factar: | Shift zelected
L d. p o
[~ Preview , m
DK I Cancel |
3D

) Scale Selected 3D

The selected drawing components can be scaled along the X, Y or Z axes separately.

Selecting v Preview draws the changes immediately after changing. Instead of

entering the values in the text boxes you also can change them using the spin
buttons.

V¥ Preview

Ok, I Cancel |

3D

£ Shift Selected 3D

The selected drawing components can be shifted along the X, Y or Z axes. Selecting

3 Preview draws the changes immediately after changing. Instead of entering the
values in the text boxes you also can change them using the spin buttons.

shift selected e |

« [ Hn
N =
=

¥ Preview

oK I Cancel |

3D
%l Rotate Selected 3D

The selected drawing components can be rotated about the X, Y or axes here.
Rotate selected K3 E3

0 I e
o I 000 | deg
z I 000 deg

W Rotate around [0, 0]

Ok, i Cahcel I
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é Triangulate selected

3D surfaces can be created from a drawing containing 3D points. This feature is
useful for creating 3D scenes from total station survey DXF files or contour lines
drawn in PC-Crash.

= Extrude selected

This operation extrudes a poly-line or polygon along a given vector. Extruding means
that a copy of the line or polygon is moved by the vector and the copy and the origin
are connected by triangulated surfaces.

e ot G G 2
HRFRERE RS - PPN~
[m 3]l %4 4 1

/

b IE :a i // )

¥ ID 3: m \

z |1 3: m 2ls \\\
™| Breview
ITI Cancel |

— ]
g Measurement grid

This operation enables the definition of a four point measurement grid. Activating of
this menu option loads a standard four point grid. Double clicking on the grid opens
the “Measurement grid”-window.

Measurement grid

Measurement grid | Optionz
O] i
(O Option 2 J

R A G ]

P1 L4 m P4
fitd fitd
L1: m L l:l m
L5 |B.EE m
P2 L2 m P3
[ oK l [ Abbrechen ] [UI_Jernehmen]

Within this window the distances for the grid can be defined. With Option 1 or Option
2 the diagonals are defined. The selection box is for selection of the number of the
measurement grid.
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With ﬁ Insert a new grid is defined, this new grid is inserted at the appropriate
position. Therefore this distance is predefined.

Measurement grid | Options

Teut height: |0.25 m

[ 5howe mesh index
[ 5hows paint index

[ oK ] [ Abbrechen ] [UI_Jemehmen]

The Options window is for activating / deactivating the display of the distances and
for defining the text height.

Additionally the mash index and the point index can be displayed.

4.00m |

P2

4.00 m

e Limit method

The limit method is a graphical method to determine the impact velocity and the
impact location for vehicle / pedestrian accidents based on tire marks, the stopping
distance of the vehicle and the pedestrian throwing distance.
In this method distance limits or corridors as well as velocity limits or corridors can be
specified to determine where the impact actually occurred. The calculation is based
on the stop position of the vehicle and the rest position of the pedestrian.

After generating a diagram within the drawing program using the menu option “Limit
method” in the menu indicated below, the menus has to be moved using the arrow in
such a way, that the origin of the diagram corresponds to the rest position of the
vehicle. It's suggested, that the front of the vehicle is used as corresponding location.
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Limit method 53

Settings lLim'rts | Diagram |

Pedestrian stop pos.: Veh. deceleration:
X m amin: ’5— m./s?
¥: ’T m a max: ’?— m/s?
veh. braked before collision
Iv¥ Show diagram Tolerance throwing dist.:
v min: ’T km/h

vmac |35 km/h

veh. braked after collision (0-0.6 s)

™ Show diagram Tolerance throwing dist.:
v min: km/h
v ma: km/h
Broken glase

™ Show diagram
first pieces: m
last pieces: m

0K | Apbrechen | |

In the “Limit method-Settings” window (activated via double click on base line of
diagram) the user has to specify the “Pedestrian stop pos.” relative to the stop
position of the vehicle in the window “Settings”. Positive values in the x direction are
stop positions before the stop position of the vehicle, negative values for the x
direction of the pedestrian stop position are stop positions after the stop position of
the vehicle. The y position of the pedestrian stop position does not influence the
calculations this setting is only used to show where the pedestrian stop position was in
the real case.

For the vehicle the minimum and maximum deceleration has to be specified and the
velocity vs distance diagram is shown based on these decelerations in red color. This
diagram starts at the stop position of the vehicle.

For the pedestrian either the throwing distance diagram for collisions where the
vehicle was braked at impact already or the diagram for collisions where the vehicle
was braked immediately after the collision (0-0.6 s) can be shown or both diagrams
can be displayed if the user is not sure whether the vehicle was braked before the
collision or not. For each of these two diagrams a tolerance can be specified as
velocity tolerances for the throwing distance diagram. The diagrams for vehicles
braked before the collision are shown in green color, the light green color is the
throwing distance diagram for vehicles braked at collision and the darker green
diagrams are the diagrams based on the tolerances specified.

For vehicles braked after the collision the diagrams are shown in blue color, the light
blue diagram is the throwing distance diagram without tolerances and the darker blue
diagrams are the diagrams with the specified tolerances.

The pedestrian throwing distance diagrams start at the stop position of the pedestrian
and these diagrams are shown together with vehicle velocity diagrams.

In addition a diagram for the throwing distance of glass particles can be shown. The
position of the first and last glass particles found at the accident scene can be
specified relative to the stop position of the vehicle.

Chapter 3 - Menu Description ¢ 233



Limit method

Settings  Limits ]Diaglam]

Diist. limit 1 ped.: Diist. limit 2 ped.:
W use dist. limit
x1: IZD— m il ’3[?— m
x2: ’25— m x2: ’35— m
Velocity limit 1 Velocity limit 2
[ Use limits [~ Use limits
vl ’— km/h vl ’— km/h
va: ’— km/h v ’— km/h

X

0K | sbbrechen | |

In the limits section 2 distance limits and 2 velocity limits can be specified. These
limits can be used to define where possible areas for the pedestrian are to cross the
road or to limit the velocity of the vehicle. For these limits the intersection of the
distance or velocity ranges is calculated together with the vehicle velocity diagram and
the throwing distance diagrams and the intersecting area is shown in the diagram as a
hatched area in blue color. The velocity ranges are displayed on the velocity axis of
the diagram if a distance limit is specified, if a velocity limit is specified the distance
ranges are displayed on the distance axis. In this way the impact velocity ranges can
be calculated based on a range of possible impact locations or the impact location can
be determined based on a velocity range specified.

3

Limit method
Settings | Limts  Diagram ]

max. dist. (& m

km/h

Range

max. velocity: |70

Scaling
Tkm/ = (0.2 m

Dist. grid: |5 m
Vel. grid: |5 lkem./h
Text height: [0.4 m

zeroref. x: |0 m
zeroref. y: |0 m

Rotation: |0 Grad

vel. scaling:

Grid
1 m
1 km/h

Diagram location

0K | sbbrechen | |

In the diagram dialog the range for the diagram can be specified as a maximum
distance and velocity, the velocity scaling can be specified as meter per kph, the grid
spacing and text height can be set for solid grid lines and for the dashed grid lines to
grid spacing can be entered. The diagram position and rotation can be set in global
coordinates as well.
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% Change Line Style
Changes line styles, layers, colors and other object features.

Operation: After pressing this button, the following dialog box appears:

Line styles 2l x|
Line shyle: Line endings: Line width
I - & —]F Ledt ID m
- = | oo Rigt [0 m
. L ol [— {
Presvigws I - ~ B
I” Filled =5 ¢ B3
[~ BSplines » [I:D:l L @
LN AN
0K
= T Cancel | Calor |

All changes done in this dialog box refer to objects that have been selected. If this
menu option is chosen when no object is selected, the changes are for all future
drawing operations.

Different line styles can be selected, the layer can be selected, and Line ends can be
changed to different types. Line widths can be changed. The total width of the line is
the sum of its left and right halves. There are several possibilities for wide fill patterns.
These patterns can be applied to lines, poly-lines (including arcs) and polygons, even
when the BSplines checkbox is activated.

WV Filled fills rectangles, ellipses or polygons with a solid color.

o BSplines changes straight segments of polylines and polygons to curved
segments.

Color Buttons - the colors of all chosen objects can be changed in the Color dialog
box that these buttons access. The left Color button is for all objects and lines. The
right Color button is for the line fill, if a Line Width > 0 has been selected. To select a
new color click on the desired box. By selecting the Define Custom Colors button,
additional colors can be defined.

Note: The 5" color in the 2™ row is a transparent aqua color, useful for vehicle
windows.

Color 2] x

Basic colors:

17 MEEEAN
17T ANEET]
17T TTHEFAEN
17 HEEERAT
17T THEENT

4
Hue: Iﬁ Bed: ID_
Sat: IU_ Green: IU_
| Diefife Custon Calors >3 I ColorlSalid Lurn: ID_ Elue: ID_

QK. | Cancel Add to Custom Colors |

ﬂ Change Font, Text Color

Modifies text. Text can also be modified by double-clicking on it. The following dialog
box is displayed:
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Fonts 2| x|
Calar Height [cm]: Lapers:
[WSchwaz =] [1000 = o =l
Fant:
-  Previ
IArlaI IStandard
- -
Arial Black Kursi AaBhyysz
O} 2rial Marrow Fett
B BankGothic Lt ﬂ Fett Kursiv ﬂ
Text ~ Effects:
Thiz iz a best ;I I strike-out
LI I underine
Seripk:
[westich -1 Cancel

This dialog box allows the user to change the text color, size, the layer, font and
content. Text several lines long can be entered in this window.

% Layers

The Name of the Layers can be defined (select the Layer in the Layers box and
change the text in the Name textbox). The name will be updated in all other windows.
Within the Layers box different layers can be activated/deactivated.

I arne;
IEIne

4 il

(] I Cancel |

The created drawings and text are relevant for the layer selected in the Layer

o1 =

selection box at the bottom of the Draw Toolbar. If the layer should be

Y

changed select the relevant drawings and use the Line styles window ( change

line styles) to change the layer. For text use the Fonts window (ﬂ change font, text
color) to change the layer.

- Change objects

Individual points of Lines, Polylines and Polygons can be adjusted using the Change
Object window (they must be highlighted first).

The X, Y and Z coordinate of the ends of each line segment can be changed, and a
radius can be applied between each line segment. Alternatively a slope between the
points can be defined, the second and the following points are adjusted. The current
line segment, denoted by a number in the right portion of this dialog box, is highlighted
with red endpoints on the main screen.
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Change object

Lines/Polylines |

A 693 w2 112 m
¥l Wm ya Wm
21: ID—m 22 ID—m

Hadlus:lU—m

Slnpe'l-m13 # |-454 deg
L L

21x

0K I CanceMply |

Text can be positioned, scaled and rotated.
Text I
w1 |-7.0 m
yl: |40 m
z1: |0 m
Hihe: |0.9 m
Phi |0 .
.
4| r
Cancel | Lpply |
Solids:
Solids |
1 2 3 4
« B8 [s0z [502 [49 | m
w554 [554  [023 [023  m
z o Jo o Jo m
o
R
aK I Cancel | Lipply |
Circles can be defined using the enveloping rectangular or by selecting radius and
center.
2]
Circles |
Wl m w2 IB m
vl |6 m e |-4 m
z1: |0 m z2 ID m
Radius: |5 m s |1 m
o |1 m
2o ID m |1
4|
aK I Cancel | Lipply |

Using textured rectangles in 3D window

Rectangles can have assigned a bitmap texture to use realistic appearing objects, like
houses, walls, asphalt or grass areas, in the 3D window.

To assign a bitmap texture to a rectangle select the rectangle and press the button

=Ilf| Change objects.
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21|
Solids |
1 2 3 4
w17 |ses [ses 17 m
w[323 [323 f3z [z m
z (478|478 |0 Jo m
uw [0 1 I |0
w [0 [ I I |1—
Texture file: Ll;l
IE'\Prngramme\PEDash?Z\Examples\
I~ Tile
C: ID— m
cy IU— m Edit

0K | Abbrechanl UI_:ernehmenl

ornen 2]
Suchenin Iale)dules = % B
plants 53 plates large PG
[E)plates smallr. PG
Kl plstes small. PG
¥ sand.ipg
] Dsconsz?. PG
£ gererali.JpG
7] grass and trees.jpa
0 |7 hedge 02.ipg
£ hedge 03,100
] mplace r. PG
[l mplace. PG
£ plates large r. PG
"] Daleiname: [asehat g Offren_|
Datsityp: [Testures ( bp, ~ipg, o, .t Abbrechen

In the input field Texture file the bitmap file can be specified. If only a part of the file is
to be used for texturing the rectangle the button Edit can be used.

3| Wl = 30 visualization

Texture editor

Cancel

Animation  Style  Background

=10] x|

| R | &8l

i 5 E|_ ]

With the check box Tile a texture can be tiled on a rectangle. A reasonable application
of tiling a texture is e.g. large asphalt or grass areas repeating always the same
pattern. Instead of creating a similar large texture the width and height of a single tile
can be entered in the input field cx and cy.

% 3D Visualization
Arimation Style Background

—lolx|

R @& by

1=0.005
wi=0.0 [kmh]

E Snap

v Snap and Snap Spacing are selected here. When drawing with any drawing tool,
and also when drawing Friction Polygons, Slope Polygons and Vehicle Paths, the
drawn point will snap to the selected spacing.
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Options... 2] x|
¥ {Snap

Snap spacing

|5 ft

Cancel

i

'}

= Insert object

DXF drawings (*.dxf, *.wrl, *.idf) can be loaded as "objects". A DXF drawing object
can be moved as a unit, independently of the main DXF drawing

= Save selected

The selected drawing components can be saved as a DXF drawing (*.dxf, *.idf, *.wrl)

@ Symbol Library

Drawing symbols from a library can be loaded. Refer to the description under the
Drawing — Symbol Library menu option.

Load Object

DXF drawings can be loaded as "objects". A DXF drawing object can be moved as a
unit, independently of the main DXF drawing.

Select All Objects

All objects on the screen, including the main DXF drawing, can be activated for
moving, rotating or performing other modifications as a whole.

Scale Objects ﬂ

The selected drawing components are scaled and moved by the amount in the
appropriate text boxes.

2]
Scale factar: | Shift zelected

i S|P
[ Preview ’ m

Ok I Cancel |

Delete Object

All selected objects can be deleted with this menu option, the Delete Selected tool or
by pushing the DELETE key.

Chapter 3 - Menu Description ¢ 239



Symbol Library @

Drawing symbols from a library can be loaded. This opens a window in which different
drawings are contained. The desired drawing can be loaded as a symbol by selecting
it with the left mouse button and pushing the Copy button at the bottom of this
window. The symbols are active after loading and can be moved immediately.

Move
XClose Alt+F4

New Symbol Library. .
Load Symbol Library...
Save Symbol Library. ..

Insert Object
Delete Object

Right clicking in the title bar of the Symbol Library window accesses a menu that

enables the following:

Move

Close

Move the Symbol window

Close the Symbol window

New Symbol library
Load Symbol library
Save Symbol library

Create a new symbol library
Load another symbol library

Save the symbol library under a specified file name

Insert Object
Delete Object

Add a drawing to the symbol library

Delete the selected drawing from the symbol
library

Delete Drawing

Deletes the loaded DXF drawing(s).
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Chapter 4

Programming Sequences

General

One of the major advantages of PC-Crash lies in its ability to define driving situations
dynamically. This is done using the menu option Dynamics - Sequences (F6), which
opens the Sequences dialog box.

Sequences i B3

Sequence Edit Options |
| 2% & En 8L |

[1 Buick x| |2 Fadwinz] | =l

® Reaction ® Accel e Start
® Decel W Start ® Decel,
W Start @ Decel.

® Decel

30 mph |10 mph |E| mph

The Start icons for each vehicle in the Sequences dialog box represent time zero. As
a default condition, Reaction and Braking sequences are placed before Start (which is
usually the time of impact), with one braking sequence after Start (as shown for
Vehicle 1, above). All sequences above Start are used for a backward simulation
(before time = 0). All sequences below Start are used for a forward simulation (after
time = 0).

Any number of sequences can be selected for each vehicle in the simulation. When a
new sequence is selected from the menu at the top of the sequences dialog box, it is
inserted below the current active (highlighted) sequence.

To view and alter the parameters of a particular sequence, open its dialog box by
double-clicking on the sequence's icon.

Note that if a sequence's dialog box is open, that sequence cannot be moved or
deleted.
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In cases where there are multiple sequences of the same type it is possible to switch
between the different sequences by double-clicking on the corresponding icon. The
values in the window will change to the new sequence and can be modified.

Sequence Toolbar & & B | L

The sequence toolbar contains tools for deleting, cutting, copying and inserting
sequences, and for accessing the Kinematics diagram feature. These functions can
also be accessed by right-clicking on a sequence to bring up this menu.

¥ Cut

Copy
Faste
Delete

L= DistancefTime
Avoidance

Following are detailed descriptions of all sequence dialog box menu items.

Sequence

Vehicle/Driver

Sequence
YehiclefDriver * Accelerate

Points » Brake
Friction * Reaction
Clear All Crash

Accelerate and Brake/Accelerate

The Accelerate and Brake sequence dialog boxes are the same, and are used to
define all values associated with acceleration, braking or steering.

i Brake {1 BUICK CE) kB3

Lag[g]: IW Sequence duration;

% Brake s SR N ETX)
™ Accelerate A 1 ]
% fonmards alg] :{0.80

! bapkiards Pedal positian: [%]
= | real 4l o B
[ Steening [ Lane change
Brake Factaors
Frant axle [11:
o o affooo | o of  sdfiood
Rear axle [2):

Al ;l]mn.n Al ;||1nn.n
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Brake or Accelerator Lag Time

This is the time it takes to reach the specified brake or acceleration level, from the
previous brake or acceleration level. Either a constant level of the average between
the previous and new level, or a linear increase from the previous to the new level
occurs, depending on the setting in Options — Options — Default Settings. The
default lag time is 0.20 seconds, a reasonable pressure build-up time for a panic stop
with a modern hydraulic brake system.

Time/Distance

These option buttons are for specifying whether the length of the present sequence is
to be measured in time or distance units. The scroll bar and edit box are for specifying
the value of the time (in seconds) or the distance (in feet or meters).

Brake

The Brake and Accelerate dialog boxes can be changed from one to the other at any
time by choosing the respective option button.

The vehicle deceleration or acceleration can be defined by either specifying the
individual factors at the wheels or by specifying the acceleration with the Pedal
position slider bar or Acceleration text box.

If the individual brake factors are defined, the acceleration will be calculated and
displayed in the Acceleration text box.

If the acceleration is specified the necessary brake or acceleration force is evenly
distributed among all wheels except as follows:

e When braking is specified in a 3D simulation, the brake force distribution
specified in Vehicle - Vehicle Settings - Rear Brake Force will be used.

e When v Real Acceleration is activated, the parameters selected in Vehicle -
Engine/Drivetrain will be used. The gear shift rpom and the shift delay will also
have to be specified in this case, in the Gear Shift Point dialog box.

Gear Shift Point (2 FORD WIN)

Shift at; Time delay:
& (4000 rpm I'I oo s
» [1500 | rpm

The Shift Down text box (the lower one) applies when a vehicle is going up a
slope steep enough to cause it to decelerate. This is useful for large trucks
ascending steep grades.

The Brake and Accelerate dialog boxes are closed with the close symbol in the title
bar.

Note: The wheel brake and acceleration forces are shown in percent of static vertical
wheel load. In a 2D simulation a brake factor of 100% represents a fully locked wheel
for coefficients of friction up to 1.0. In a 3D simulation the dynamic weight shift will
increase the vertical loads on some wheels, in which case a brake factor of greater
than 100% may be required to lock the wheel, depending on the coefficient of friction.

For a forward traveling vehicle in a 3D simulation with a fairly high coefficient of
friction, a brake factor of 100% will not lock the front wheels, but will lock the rear
wheels. This causes an unstable driving condition in PC-Crash (and in the real world),
in which the vehicle will tend to "switch ends".

To avoid this situation when it is known the leading wheels of the actual incident
vehicle are locked, the 3D simulation vehicle's leading wheels must be "over-braked".
This is done by specifying a brake factor of more than 100% for the front wheels (PC-
Crash allows values as high as 500%). This can also be done by simply using the
Pedal position slider bar to specify braking. This assigns front/rear braking power

Chapter 4 - Programming Sequences o 243



according to Vehicles — Vehicle Settings - Rear Brake Force, which applies higher
brake forces to the front and lower brake forces to the rear to prevent an unstable
condition, similar to a real vehicle's brake proportioning valve.

V' Steering

This opens the Steering dialog box, in which the steering application time and steering
angle can be specified. De-activating this check box will cancel all steering

parameters.
! Steering {1 NISSAN T) [ E3
Turning circle: Tirne:
404 i |1 2
Angle [left/right]:

dule 1 4] 1 ] |33.EE IEE deg
dule 2 4] | ] |n |n deg

Turning circle

This is the turning circle diameter of the center of the outside front wheel. If the
steering angle of the outside front wheel is entered, the turning circle will be displayed.
If the turning circle is entered, the steering angle of both front wheels is displayed. In
this case, the steering angles for axles 2 and up are assumed to be zero. The
Ackermann steering angles of the front two wheels are based on the geometry of the
vehicle.

Steering Time

The steering time represents the time it takes to steer the vehicle from the last
steering angle specified in a previous sequence (or zero if there was no previous
sequence with steering) to the new angle specified.

A linear change of the steering angle over the specified time is assumed.

Steering Angle

Definition of the steering angle can be specified individually for each wheel so that
wheels steered due to impact damage can be modeled. Normal Ackermann front
wheel steering can be specified in one of two ways:

1. Use the slider bar T 2| |33'55 IEE . Clicking once in the

space between the arrow buttons changes the outside wheel angle by 1° and
clicking on an arrow button changes it by 0.1°.

2. Specify the angle of the outside front wheel and then hit the TAB key until the text
box for the inside wheel is reached. Its angle will then change automatically to the
correct value.

The wheels of the vehicle on the main screen and in the 3D window will turn to match
the entered angle.
¥ Lane Change

This opens the Lane Change dialog box, in which a lane change maneuver can be
specified. De-activating this check box will cancel the lane change maneuver.
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i Lane change {2 FORD WIN) 21X

Lateral offzet: ;l‘l 200 [ Direction--
Maz. lateral acceleration: iEI.?EI g | eft i

i g i 1" Bight |
Steering angular welocity: ;.E».EI»EI“M degls et

Lateral zteer rige distance; ;E.EEI 4 ;Nu:urmal :_j

Lateral offset
This is the total lateral movement required to complete the lane change.
Max. lateral acceleration

The specified lateral acceleration will not be exceeded while the steering wheel angle
is being increased at the start of the lane change maneuver. The Steering Angular
Velocity will drop to zero when this lateral acceleration is reached, and the specified
Lateral Steer Rise Distance will be shortened.

Steering angular velocity
This is the angular velocity at which the front wheel steering angle is being changed.
Lateral steer rise distance

The Lateral Steer Rise Distance, expressed as a percentage of the Lateral Offset, is
the lateral distance the vehicle moves while the steering angle of the front wheels is
being increased.

Default settings for the Lateral Steer Rise Distance can be specified in the drop down
list next to this text box as follows:

e  Abrupt 4.0%
e Normal 2.5%
e Smooth 1.0%
Direction
This specifies a lane change to the vehicle's left or right.

Refer to the Technical Manual for more information on the lane change feature.

Reaction

The Reaction sequence is for the definition of a perception-reaction time or distance.

! Reaction [1 CH...E3

ilime [zec 110
™ Digtance

During the reaction sequence the vehicle is moving with its previously defined brake
force or acceleration. Also the steering angle from the previous sequence is kept.

Crash

IE. o [mph]
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The Crash sequence allows a speed change to be specified anywhere along a
vehicle’s path, without using the program’s crash model. This is useful for specifying
small impacts (such as curb impacts) for which the impact speed change is estimated
from vehicle damage.

Points
Sequence
Wehicle/Driver  # |
Friction » Zero
Synchronization
Clear Al
Min Max Yelocity
Geometry change
Stop
The Stop sequence stops a vehicle at the end of the previous sequence.
Zero
Time and distance are set to zero at the position where the Null point Sequence is
placed. This sequence influences only the diagrams.
Synchronization

20x]
[13

This offsets the distance graph for one vehicle from another in the Diagrams window.
This sequence should be the first sequence listed under the Start sequence.

Min/Max Velocity

SWMinMai (o i e

W rmin Iﬂ [rph]
Wmnas |25 [rph]

This enables minimum and maximum velocities for the sequences following this
sequence to be specified. For example, the following diagram shows the effect of a
maximum specified velocity of 25 mph on a vehicle acceleration sequence.
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T2 Diagrams- Velocity —[Of ]
Diagrams Options Print  Window
welocity : Buick Century, Ford Windstar, ACURA-3.2 CL 2DR COUPE,

24{Imphl
22,
20,
18
16:
14,
12
10,
k)
3}
4
2
Ui
10 20 a0 40 0 B0 70 80 a0 100
|Dis T.33f, 1 16.13 [mph]. 2: 10,82 [mph], 3: 0.00 [mph] v
Kl I il

Alternatively, the effect of a minimum specified speed greater than zero will prevent a
decelerating vehicle from going below that speed, regardless of the length of the
braking sequence.

Geometry Change

The individual location of a vehicle’s wheels can be changed at any time with this
sequence. This is useful for modeling horizontal and vertical wheel movement due to
damage and for modeling vertical movement due to tire blowouts.

i Geometry change (1 AUDI ; 2] x| ] ZAN
— Geometry change \:
W[l wlfl  z[f] W[l wif] =[]
{0 [ {0 [1.75 | ]d |0
jo o o jo Mo o

Flat tires can be modeled by raising the vertical position of the wheel by the extra
distance the tire compresses due to its flat condition. This geometry change can be
combined with a change in tire friction (see next item) and a change in tire slip angle
(see Vehicle — Tire Model). The slip angle change must, however, occur at the start
of a particular simulation.

Trailer disconnection

If this point is assigned to a trailer in a truck trailer combination the trailer decouples
from the towing car at that point in the sequence. This point allows the simulation of
malfunctioning or loosening trailer hitches that decouple without external force.

To simulate the decoupling of trailers due to external force, refer to section Vehicle
Settings on page 106ff.
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Friction

Sequence

YehiclefDriver *

Points »
Dry
Clear All wet

Friction sequences can be used to define friction coefficients. Friction sequences are
valid from the sequence position to the start of a new friction sequence (dry or wet).

Dry Friction

i amax [g] (1 BUICK CE)
amax [g] ;EI.BEI

Coefficient af friction:

Left Right
Front asle [11:

Al o sl s« L4 adfoso
Rear axle [2]:

I B _:..i}n.an I _:.jin.an

The "dry" friction may be defined for each wheel individually. When the left front wheel
friction is changed, the other three wheels change with it. For control, the maximum
possible acceleration of the car under these conditions is also displayed.

If no friction sequence is defined, the program will use the coefficient of friction
specified in Options - Options — Default Settings.

Note: A friction sequence placed immediately after the start will apply for the whole
forward simulation, while one place immediately before the start will apply for the
whole backward simulation.

Wet Friction
iWet(1 BUICKCE) HE

Hyperbolic function:

Deceleration at 20 kmsh Im q

Deceleration at 80 kmdh 051 g

The Wet Friction sequence allows the user to define a speed-sensitive friction
coefficient, which is commonly the case when braking on wet roads. The characteristic
parameters are calculated using a hyperbolic function, based on the specification of
the acceleration at 20 km/h and at 80 km/h (below 20 km/h a constant acceleration is
assumed). Typical values are in the table below.

02 : A 2-n .. 2
M= - v™ ", where visin m/s‘.
n
Partly Wet  Damp Wet Very Extremely
Wet Wet Wet
120 0.8 0.7 0.6 0.5 0.4
180 0.6 0.5 04 0.3 0.2
A 12.6 11.9 11.36 11.14 11.79
n 2.21 2.24 2.29 2.37 2.5
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(Schimmelpfennig: Verkehrsunfall 3/85)

Note: This relation should only be used if a vehicle is tracking normally while braking.
If the vehicle slides sideways, it is very difficult to define the relationship between
friction and velocity, and it should thus not be used under these conditions. For this
reason, it is recommended this sequence not be used for the post-impact phase. In
this case it is better to use the dry friction sequence with a reduced friction coefficient.

Clear All

Deletes all previously defined sequences.

Edit
Edit

¥ Cut
Copy
' Paste
Delete

This menu option allows the user to perform following functions with the sequences:

% Cut

Cuts the active sequence to the clipboard

COpY  Copies the active sequence to clipboard

} Paste Pastes the clipboard sequence below the active sequence

Delete Deletes the active sequence

Options

Options
L Distance/Time
Avoidance

The Options menu allows the user to select the Distance/Time calculation feature or
perform avoidance calculations.

Distance/Time Calculations &

This tool performs a kinematic distance/time calculation and displays a diagram of the
results, based on the speeds and brake/acceleration sequences for each vehicle.
Impacts and yaw are ignored for the kinematic simulation. See the Technical Manual
for a complete description of the kinetic and kinematic models. The Kinematic model
is also used in Dynamics — Kinematic Calculations (F10) or if the user switches to it

=
from the Kinetics model using the Simulation Model tool % .

Avoidance

This feature allows the user to easily perform an accident avoidance analysis of the
current project.
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This analysis is automatically done after solving for vehicle speeds with a PC-Crash
simulation and determining the point of initial perception for a driver based on a
specified perception/reaction time and pre-impact braking distance. The evasion
(prevention) speed, reaction time, deceleration and distance are calculated
independently, based on the available distance between initial perception and impact.

Avoidance ki
Copy car... i

1 Buick Cent

bl ax. allowed velocity:

;SEI mph

&/0IDANCE o]
Ak mawimum deceleration [g] : 0.280
Presvention welocity [mph] : 2396
Prevention diztance [ft] : BE.40
Prevention reaction time [z] : 1.08

Coll. speed @ allowed vel. [mph]: 2415
Prevention deceleration [a] : 082

| ak i Cancel 1

The Avoidance dialog box shows the following under the Avoidance heading:

e At maximum deceleration — The braking deceleration that the avoidance
calculations are based on.

e Prevention velocity — The maximum speed which the selected vehicle could
have been going and still have avoided the impact in the overall distance
defined by the actual reaction time and pre-impact braking distance.

e Prevention distance — The overall pre-impact perception and braking
distance required to avoid the impact, at the actual pre-braking speed.

e Prevention reaction time — The maximum reaction time that the impact
could have been avoided at, at the actual pre-braking speed.

e Collision speed at allowed velocity — This is the collision speed that would
have occurred if the vehicle had the pre-braking speed defined in the Max.
Allowed velocity text box. The maximum allowed velocity is usually the speed
limit at the accident scene.

e Prevention deceleration — The required pre-impact braking deceleration to
avoid the impact, from the actual pre-braking speed.

Copy car

If a more detailed avoidance analysis is to be done - particularly for the avoidance of a
moving vehicle, the Copy car button should be used.

This button copies the selected vehicle's sequences to a new vehicle, but moves all
the sequences to after the start sequence. The new vehicle is positioned at the point
of reaction, calculated earlier. With the new order of sequences a forward simulation
can be done starting at the point of reaction. The avoidance speed is easily
determined by checking for contact between the selected vehicle and the other
vehicle while trying different pre-braking speeds. The vehicles must be moved with the

Simulation toolbar slider bar f—— , after performing the new simulation with
either of the Forward button(s) 4 ».
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The additional vehicle can be deleted using Vehicle - Erase Vehicle after finishing
the avoidance calculations.
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Chapter 5

Multibody Model

Vehicles are generally regarded as rigid bodies for the simulation of traffic accident
collisions with kinetic 3D simulation programs. This simplification is reasonable for the
simulation of vehicle - vehicle collisions, vehicle - trailer collisions and vehicle
collisions with rigid obstacles such as trees or walls. However, for vehicle collisions
with pedestrians and two-wheeled vehicles, this simplification does not allow the
motion to be accurately modeled. The introduction of multibody modeling provides a
powerful tool for the reconstructionist to study incident dynamics further, such as
correlating pedestrian injuries to vehicle damage areas.

PC-Crash was extended to allow simulation of multibody pedestrians in version 5.1.
During the development, special attention was paid to having reasonable computing
time in conjunction with realistic motion. The present version of PC-Crash has been
extended further to allow other multibody objects such as two-wheeled vehicles,
multiple multibody objects in one simulation, and multibody objects on 3D ground
surfaces.
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Operation

Loading a Multibody

The multibody is loaded as a custom vehicle with File — Import - Custom Vehicle

@. This opens the Select vehicle dialog box. A number of multibody files (designated
by the file extension *.mbdef) are provided in the Multibody subdirectory of the PC-
Crash directory.

Select vehicle 2| x|
Wehicle Mo, |2 Diriver [optional); I
Look jn: | 3 Multibady = = & ek Ev
2 Seat + Decupant 010910, mbdef maxi 010910, mbdef
50 foot lag.mbdef mazi+ driver 010910.mbdef
bicycle 1 + driver 010910.mbdef mok + driver + occupant 010910,mbdef
bicycle 1 010910, mbdef mat + driver 010910, mbdef
Block. mbdef ok 010910.mbdef
cyclist 010910, mbdef mok occupant 010910, mbdef
K I— 2

File name: || Open I
Files of type: IEar Files [* dat, * mbdef] j LCancel |
&

Select the desired multibody file and press the Open button to load it. It appears on
the main screen as shown below.

Saving a Multibody

Loaded multibody systems can be modified by the user and then saved for future use.
After modifying the multibody as desired (see the section Changing Multibody
Properties in this chapter), save the multibody under the desired name using File —
Export - Custom Vehicle. This opens the Select vehicle dialog box with a Save
button instead of the Open button. Make sure to select the *.mbdef file in the Files of
Type drop down list.

Positioning the Multibody
The position and orientation of the pedestrian multibody system can be changed in
the following three ways:
1. Using Dynamics - Position & Velocity (F7), all the loaded multibodies can
be positioned and rotated as a group.

2. The Tow Truck tool ¥ can be used to position and rotate multibody
systems individually, similar to the way a vehicle is. When positioning a
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loaded motorcycle and rider, it is difficult to maintain the same relationship of
the two with this tool.

Using Vehicle — Multibody System — Settings, the multibody systems and
even the individual bodies can be moved and rotated together or separately.
See the menu description of this menu item for more detail.

If an impact is to be performed with a vehicle, another multibody or the ground, ensure
there is no overlap at initial placement. At least a small space must be left or
unrealistically high contact forces will occur in the first integration step of the
calculations.

Applying an Initial Multibody Velocity

The initial velocity of a multibody system can be changed as a whole, but the
velocities of individual bodies within each system have to be the same. Thus, if two
pedestrian multibody systems are loaded they can have different initial velocities, but
different parts of one pedestrian’s body cannot have different velocities. Multibody
initial velocity can be defined in the following two ways:

1.

Using Dynamics - Position & Velocity (F7), all the loaded multibody
systems can be given an initial velocity as a group.

Using Vehicle — Multibody System — Settings, the multibody systems can
be given initial velocities together as a group or separately. See the
description of this menu item in the following section for more detail.

Changing Multibody Properties

The multibody properties and initial conditions can be reviewed and changed using
the menu item Vehicle — Multibody System. This accesses a window containing the
following folders:

Bodies

Joints
Spring/Dampers
Settings
Occupant

Contacts
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Bodies

Multibody system 2

Bodies IJDints | Spnngf’Dampersl Settingsl Dccupantl Contactsl

Al spstems 'I Insert System ICv: {30000
Delete Delete all

K1

I 18 - right lowwer arm

Mame:; right lower arm
Geometry [a, b, c. n] [ft]:

0.148 0142 IU.525 2

Mass 3307 b

;

Moments of inertia [kgm2]

0.00828 IU

Stiffness [N/m], Restitution:
70715
Friction [Care. Ground]:

-
.
IRENERENN

0.z
Calor 1, Colar 2:
] " top ) v oht(ezk O front [y2)
’TI Cancel | Apply | Help |

In this folder multibody bodies can be modified, created or deleted. In the top drop
down list box individual systems or "All systems" can be selected. In the second box,
individual bodies can be selected. A body is defined by the name, the appropriate
mass and the geometry. Each body is an ellipsoid, with a, b, ¢ as semi-axes and
order n:

n
2

M+M+ =1

a b c

The moments of inertia are calculated automatically. However, these values can also
be manually entered.

Stiffness, restitution and friction for each body can be defined. In the case of friction,
there can be different values for car and ground contacts. The multibody — multibody
friction is the same as that chosen for multibody — ground contact.

Two colors can be assigned to each body, which appear on opposing quadrants of
each half ellipsoid. When a body is contacted in a simulation, the second color will
turn red to illustrate the contact.

There is a preview window with option buttons for view selection:
e Top Projection in x-y plane,
e Front Projection in x-z plane,
e Right Projection in y-z plane.

In the preview window the individual bodies of a multibody system can be selected
with the mouse. The appropriate body is then shown in the drop down list box.
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Joints

Multibody system 7] x|
Bodies Joints |SpringDampers| Settingsl Dccupantl Conlactsl

All systems 'I Ingert
MNo.: lm Delate
|2 - Rear Wheel j I
|4 - Chain wheel 2|

Joint location 1 [, v, z local] [f]

Joint location 2 [, v, = lacal) [ft]
-1.64 IU 0

Frictior: 0.1

Stiffness [Phil [7], Phi min [7], S [Mm])
# IU IU 0

v IU IU 0

z |0 ID 0

¥ %-avis locked

I *-awis lacked
¥ Z-ais locked " top [xy) & fhight ez

Ok I Cancel I Lpply | Help |

The individual bodies of a multibody system are interconnected by joints. These joints
can be fully locked, fully free (similar to a ball joint), or can have stiffnesses applied
about the x, y or z rotational axes.

 front [y-2)

In the top drop down list box of the Joints folder individual systems or "All systems"
can be selected. In the second box, the joint can be selected by its number. The two
bodies connected by the selected joint are shown in the next two boxes automatically.
These three drop down list boxes can also be used to define new joints or change or
remove existing joints. The joint location is defined in the local coordinate system of
each body. The position is displayed in the preview window, where it can also be
selected by clicking on it. The joint location is illustrated with a small black circle. A
black line runs from the circle to the center of each connected body.

The stiffness of each joint can be specified as a constant frictional moment or a
moment that increases with twisting angle. The frictional moment is defined with a
coefficient of friction, which is applied at a radius of 1cm about the joint. The definition
of Stiffness Phi 0, Phi min and S are similar to those for the trailer couplings, as
follows:

e Phi 0 - This is an offset value from 0°. If the relative rotation is more than Phi 0 +
Phi min or less than Phi 0 — Phi min, the linearly increasing torque S is applied. If
Phi 0 = 0°, the torque S is symmetrical for positive and negative rotations.

e Phi min - Relative rotation with respect to Phi 0 at which the rotational torque S
starts.

e S - Linearly increasing resistive torque about the specified axis, starting at Phi 0 +
Phi min.
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Joint
Torque

-

Rotation Angle

s Phi min Phi min

0 Phi 0

Note: If very high stiffness values are used, the calculations may become unstable.
The maximum stiffness that can be used depends on the body weights and the
selected time step. Reduce the stiffness or the time step if multibody motion appears
incorrect.

The individual joints can also be locked by checking the x-axis locked check box. The
joints cannot be locked individually about the x, y or z axes.

Spring/Dampers

Multibody system 2%

Eudlesl Joints  Spring/Dampers |5&ltmgs| Elc:upantl Eontactsl

All systems - Insert
Mo.: 1 - [Rear'wWheel - Seat stay] * Delete
|2 - RearWheel j I

|5 - Seat stay

Joint lozation 1 [#, v, z local] [m]:

Joint location 2 (2, v, 2 lacal) [m]:

trangl. Stiffness [N/m]. Damping [Ms/m]
o o

rat. Stiffness [Nm/*], Damping [Mms/*]

H ID—

M o

z

o

—
—
—

Cloply)  ®lightlzl O fentlya)
QK I Cancel I Lppli I Help |

The individual bodies of a multibody system can be interconnected by spring/dampers
systems.

In the top drop down list box of the Spring/dampers folder individual systems or "All
systems" can be selected. In the second box, the spring/damper can be selected by
its number, or it can be selected by clicking on the respective area in the preview
window. The two bodies connected by the selected spring/damper are shown in the
next two boxes automatically. These three drop down list boxes can also be used to
define new spring/dampers or change or remove existing spring/dampers.

The endpoints of the spring/damper are defined in the local body coordinate system of
the respective multibody. Translational stiffness/damping and rotational
stiffness/damping coefficients about the x, y and/or z axes can be defined.
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The first spring/damper is created by selecting the Insert button, which inserts a
spring/damper between bodies 1 and 2. The bodies can then be changed to the
desired ones in the body name drop down list boxes.

Settings

Multibody system : 2%

Bnd\esl Joints I Spring/Dampers  Setings |Dccupant| Ennlactsl

Pedestian 1 h Syst. Properties
|18 - right lower arm j right lower arm Change body data

View

" top [43)]
 right [-2)
C front y-z)

' one body
€ ach system

way |0 kmsh
Phiel | *
vz |0 kmth

wmine [2E52 m
ymir: |-0.284 m

Ok I Cancel I Lpply

The functions in this folder allow rotation and positioning of the whole multibody or
individual bodies.

Help |

In the top drop down list box the desired multibody system can be selected. Individual
bodies can be selected n the second box, or by clicking on the respective body in the
preview window.

After selection of the appropriate view button and option button (One Body or Act.
System), the chosen body or system of bodies can be rotated. This can be done with
the slide control beneath the preview window or by typing in the desired value in the
Phi text box. If the body or system is to be rotated about more than one axis, the
rotations should be done about the x, y and z axes in that order.

One or all systems can be positioned. The option button Act. System must be
selected. Positioning is then done by typing the desired values in the xmin, ymin and
zmin text boxes. These are the minimum positions for the system(s) with respect to
the global coordinate system. For example, a value of O would be chosen for zmin if
the system is to start out with its lowest point on the ground. The multibody system as
a whole can also be positioned in the x-y plane in the Position & Velocity window.

One or all systems can be given an initial velocity by typing the desired values in the
Vxy, PhiVel and Vz text boxes. The option button Act. System must be selected first.

Syst. Properties

The overall properties of each multibody system can be changed using the Syst.
Properties button. Before this feature is used, select the particular multibody system to
be modified in the drop down list box at the top of the Settings folder. In addition to the
overall dimensions and weight, the coefficient of restitution of all contacts, and the
coefficient of friction of ground and vehicle contacts can be changed. The multibody —
multibody friction is the same as that chosen for multibody — ground contact.
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Syst. Properties 2 x|
feight: 145 IEx
Length: W in Hestitutian:lﬁ
Width: W if Frict. Ground: W
Height: IE'I— in Frict. Carz: IF

[ 3D Duf car contact
[~ Ocoupant

K I Cancel |

Length, Width, Height

Only the height of the multibody is user-definable here. The “length” and “width” are
scaled automatically, based on the selected height.

Weight

The weight of the multibody can be changed here. The body component weights are
then calculated automatically, based on the selected weight.

Restitution

The coefficient of restitution for the multibody impacts with the striking vehicle and the
ground is selected here.

Friction Ground

The coefficient of friction between the multibody and the ground is selected here. The
lower of the specified multibody to ground friction or Friction Polygon friction
coefficients will be used. The “Friction Ground” is also used for multibody-multibody
contacts.

Friction Cars

The coefficient of friction between the multibody and the striking vehicle is selected
here.

M| 3D Dxf Car Contact

This enables the calculation of contacts with the 3D DXF vehicle shape, rather than
the default shape. This will increase calculation time significantly, however. Also, care
must be taken with DXF shapes to ensure they have no holes or inward pointing faces
that could cause the striking multibody to be caught unrealistically. For these reasons,
the default car shape, modified to the correct dimensions using Vehicle —
Vehicle Settings —Vehicle Shape, is generally the better choice.

¥ Occupant

This enables the multibody to have contacts with a vehicle’s interior, rather than it's
exterior. Selection of this will change the direction of the faces on the vehicle shape or
attached DXF to be pointing inwards (towards the C.G.) rather than outwards. For
occupants in seats, it may instead be easier to load the Occupant + Seat mbdef file
and the features in the Occupant folder (see next folder description), which allow an
occupant calculation to be made after the vehicle simulation has been completed.

Change Body Data

The body data of a loaded pedestrian multibody can be modified using the Change
Body Data button. Before this feature is used, select the pedestrian in the drop down
list box at the top of the Settings folder. The Change Body Data button opens a dialog
box in which age, height and weight can be changed. The body component sizes and
weights are then calculated automatically, based on the selected values. Option
buttons allow the selected pedestrian or all pedestrians to be changed. After making
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changes in the Body Data dialog box, a message box appears asking if you want the
MOI (moments of inertia) adjusted to suit the specified values.

xS %

Age: |25 vears (¢ change actual pedestrian |,

. y : : -
Size: £.00 ft ” change all pedestians { ! :h Do you want to adjust the MO automatically ¢
Weight: 185 b

ok | conesl | o e bo |

The body data is changed according to the research report “International Data on
Anthropometry” by Hans W. Jurgens, Ivar A. Aune and Ursula Pieper, published by
the Federal Institute for Occupational Safety and Health, Dortmund, Federal Republic

of Germany and a study made by various scientiests in Slovakia®.

Occupant

An unrestrained occupant and also a restraint occupant (belts are modeled using
spring-damper elements) can be placed in a vehicle to examine motion in an impact
or other event, after the vehicle simulation has been completed. This feature only
functions when the ‘Occupant + Seat’ or ‘seat + occupant + belt mbdef file is
imported, which can be done after the vehicle simulation is completed. This multibody
system can also be loaded beforehand, but must be deactivated until the vehicle

simulation is completed. This is done using the Simulation Model button § to turn off

g Multibody System. Remember to turn it back on after the vehicle simulation is
completed.

The position of the occupant is specified in the Occupant window. The occupant's H-
point position is specified in the x, y and z text boxes, which define the distance from
the vehicle's front; left of the longitudinal centerline (use a negative number for right
side passengers), and above the ground. By default, a spring/damper joins the seat to
the vehicle it is placed in. This spring/damper can be viewed and modified in the
Spring/Dampers folder.

After the Start and End times for the multibody calculation are selected, the Calculate
button is used to run the calculation. The calculation progress is shown beneath the
occupant picture.

Multibody system 8 21x|
Bud\esl Joints I Sprimg#DampersI Settings Occupant ICUnlactsl
ehicle:
|2 Bt 32300 ‘I
Position:
w2 m
w037 m
z |04
Start: IU s
End, IU 2 s
K Cancel Lpply Help

I Autori — kolektiv, Vademecummedici, Zilina Slovakia 1998
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Contacts

In this folder the contact calculation choices can be made. This is done by selecting a
body in the drop down list at the top and then using the check box beside every other
body to define whether or not contact forces will be calculated if the two bodies come
into contact. In the following example, the bicycle bodies are connected with fixed
joints and there is some overlap of connecting bodies, so these contacts have been
turned off by default.

21x

Multibody system

Eudlesl Joints I 5p||ng.v‘Dampers| SEltmgsl Occupant

|01 - Front w/heel =l

101 - Front ‘Wheel -
102 - Rear whesl
[103 - Dawn tube

[ 104 - Chain wheel
105 - Seat stay

[ 0B - Seat

107 - Handlebar

[ 108 - Front forks
[W]03 - Torso

w10 - Hip

W] 11 - Fermur left
[w]12 - lower leg left
w]13 - Foot left

[w]14 - Femur right
[w]15 - lowser leq right
[w] 16 - foat right

W] 17 - right upper aim
W] 18 - right lawer arm
[w]13 - left upper arm
120 - left lower arm ;I

OK Cancel Lpply I Help |

Running the Simulation

The simulation is started using the Forward Simulation button » (exception:
occupant simulation is started within the multibody window). The multibody impacts
are calculated automatically, without the use of the Crash dialog box.

The calculation for the multibody model takes place in 1ms steps, even if 5ms is

specified in Simulation Model % . However, if the integration step is reduced to 1ms,
0.5ms or 0.1ms, these values will be used for the calculation.

Note: If 5ms is specified, although the multibody's motion is calculated at 1ms
intervals, the vehicle moves at bms intervals. At higher impact speeds (more than
about 40 km/h or 25 mph) or with very heavy multibody objects, this can cause the
multibody shape to go through the vehicle outline and then rebound unrealistically due
to a force much higher than could normally occur. Reducing the integration step fixes
this problem. To decrease calculation time, the simulation can be manually stopped
after a collision, the integration step can be increased back to 5ms, and then the
remainder of the simulation can be calculated. Also, check that the stiffness of the
multibody is realistic if unusual rebounding takes place or bodies seem to go through
the contacting surface.

Impact forces are calculated at the point where the tangent of the multibody ellipsoid
surface is parallel to and in contact with the contacting surface. If this is not possible,
an impact point will not be located and there will be no contact force. This can occur if
the multibody’s tangent point is beyond the edge of the contacting plane, such as in
the opening for a 3D vehicle DXF’s grille when 3D DXF Car Contact is selected. In
this case, the best solution is to fill the grille opening with a polygonal surface using a
3D drafting program such as AutoCAD. Another solution is to make the multibody
system with more, smaller bodies.
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Viewing the Multibody Results

Dynamic values of the complete multibody simulation can be viewed in the form of
diagrams. The Multibody model simulation motion can be viewed on the main screen
or in the 3D window using the Simulation Toolbar slider bar. An animation can be
rendered the same way an animation of a vehicle-vehicle incident can.

Viewing the Multibody Dynamics with Diagrams

The multibody diagrams can be viewed by selecting Options — Diagrams -
Diagrams — Multibody Systems.

v [iztance
Welocity
m Acceleration
Wehicles r Rotation angle
Mulbody systems Angular welocity
tadymo® Diagrams... Angular acceleration
Ewport Diagram... Ernergy

From the Multibody Systems menu, diagrams for distance, velocity, time etc. of each
rigid body component of the multibody can be viewed. The following example shows
the velocity diagrams of all of a pedestrian’s components.

m Diagrams- Yelocity [_ O] x|
Diagrams  Options  Print Window
“Welocity
kmih —1-1Torso-x
Ll —2-1Torsa-y

—6-2Hip-y

—48- 2 Hip- Res
—4- 3 Femurleft-x

—11-3Femurleft-z

—13- 4 lower leq left- x

17 -5 Foot left- x
| 4

K| - |

In order to view individual graphs clearly, it is possible to turn some of them off. This is
done by selecting Options — Diagrams/Axes in the Diagrams window. This opens a
window in which each item has a check box beside it. Click on each check box to turn
it off or on.

If you want to view only one or a few of the diagrams, you can first turn them all off by
right-clicking in this window. This allows all items to be selected or deselected. First
deselect them, and then select only the ones you want to view.

Chapter 5 — Multibody Model ¢ 263
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1 Front Wheel - » o

1 Front ‘wheel - z
1 Front “wWheel- Res

Pl A Paarifhaal oo

| Select all diagrams -l

Deselect all diagrams |
| q )

For example, selecting only Head — Resultant Velocity allows this one graph to be
viewed very clearly.

m Diagrams- Yelocity ==l
Diagrams Options  Print Windaw
Walocity

24mph —46 - 14 head- Res
221
20
187
161
141
121
101

8_

B+
4
2
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0f@0 0200 0400 0BO0 0800 1000  1.200  1.400

| Y
Al i

The diagram data can also be exported, for example to a spreadsheet program such

as MS Excel®. This is done by selecting the Diagrams window menu option
Diagrams — Export Diagram.

This opens a window in which the data can be saved as a diagram file (*.dia) or a DXF
file (*.dxf). Note that the default time step width for the diagram data is 0.5 seconds,
which should normally be changed to a much smaller value.

Viewing the Multibody Motion in 3D

Multibody animations are made the same way that other PC-Crash animations are.
First, to view the occupant in 3D, place the camera in the desired position on the main

screen using the Camera button E . The view can then be adjusted further in the 3D
Visualization window; refer to the menu item description for View — 3D Window for
more information.

Rendering the Multibody Animation

In the 3D window, select the menu option Animation — Render. After selecting a file
name for the animation to be generated, the Render Animation dialog box opens.
Since the pedestrian motion will vary greatly over a small time period, use a high
number of frames per second (50 frames per second has been selected below).
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Render Animation 7| x|

Dimenszions Frames per second:
u IBDEI IEEI fps
W IEEIEI ¥ Preview

brri: IU.UUD s
trna: |3.EI:IEI ¥ Start |

Calculated:

Generally, the best way to view pedestrian motion is with the camera beside the
striking vehicle, attached to it. Press the Options button in this dialog box to open the
Animation Settings dialog box.

Animation settings

— At Aliagzing
v L

Dverzampling:

Filter degree: |2 3:

Then, press the Camera button to open the Attach Camera dialog box. Select
“Relative to ...“ in the drop down list to select the correct vehicle to attach the camera
to.

Cancel

d

Camera

Compression

0k

el

Cancel

Attach Camera 7| x|

Camera pozition [%, v, 2] defined relative to
wehicle's start position.

[T Diiver's view

[T constant camera ratation

k. I Cancel

Once the camera is attached, return to the Render Animation dialog box and press
the Start button to render the animation. After it is rendered, you may wish to view the
animation in slow motion. Click on the Options button near the lower left corner of the
Animation window to open the following menu.

rlE

Yiew 3 I_
g
Open... Ctrl+0 L]
Close I
Copy Ctrl+C |

Configure... Ctrl+D
Command._. Ctrl+Fb

Select the Speed menu item and slide the slider bar to a low speed such as 5% of
actual. The animation can then be viewed in slow motion by clicking on the arrow
button. The Animation window main slider bar can also be used to view each
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animation frame in detail. Following is a six frame pedestrian impact sequence taken
at intervals of 100ms.

{ Ped1.avi (0 - stopped) =] B : Ped1.avi (15 - stopped) =] E3|

el } el }

 Ped1_avi (5 - stopped) [_ O[] 1 Ped1_avi (20 - stopped) [_[o[x]

rlel—} el S

: Ped1.avi (10 - stopped) =] B : Ped1.avi (25 - stopped) =] E3|

5| } T

e

Viewing Multibody Occupant Motion

When a multibody occupant is used, the vehicle body often obscures the view of the
occupant motion. Refer to the next chapter Madymo Occupant Model in the section
Viewing Madymo in 3D for different viewing methods.
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Chapter 6

Madymo Occupant Model

In PC-Crash it is possible to carry out detailed simulations of restrained or
unrestrained occupant motion and loading, with the optional interface to Madymo
(MAthematical DYnamic MOdel).

Madymo is an occupant modeler program developed by TNO Road-Vehicles
Research Institute for use by vehicle manufacturers and developers. Madymo uses a
multibody occupant model with a finite element seat belt and airbag. Also, a seat belt
pre-tensioner can be defined.

The provided PC-Crash CD contains the Madymo manuals. Refer to those manuals
for a complete description of the theoretical models of Madymo. This chapter is
confined to an explanation of the use of Madymo within PC-Crash.

The PC-Crash version of Madymo has some limitations built into it compared with the
full workstation version of Madymo, as follows:

e The occupant height is fixed at 50" percentile (5'-9" tall)

e The steering wheel and dash geometry is fixed, as follows:

e The seat belt, seat cushion and foot well dimensions are fixed at the
following values:
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e The seat belt webbing elasticity is fixed (13% stretch @ 11 kN)
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Strain [-]

Force [kN]

e The occupant cannot be out of a normal seated position at the start of the
impact

e The maximum length of the occupant simulation is 2000ms after the impact
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The coefficient of friction for all occupant - interior contacts is 0.3, except for
the seat cushion, which is 0.4.

The seat middle cushion hysteresis is as follows:

Seat Cushion Hysteresis

—&—Loading —#—Unloading

Force [N]

0 0.01 0.02 0.03 0.04

Intrusion [m]

The seat side cushion hysteresis is as follows:

Side Seat Contact Hysteresis

—&—Loading —#—Unloading

Force [N]

0 0.01 0.02 0.03 0.04 0.05 0.06
Intrusion [m]

0.07

The driver's and right front airbag properties are fixed. The driver's airbag
volume is about 50 liters and the right front airbag volume is about 115 liters.
Other properties are as follows:
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Right Front Airbag Dimensions and Mass Flow
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Operation

First, the PC-Crash simulation has to be completed and saved. A pre-impact
simulation time of at least 250ms must be included in the simulation, to allow the
Madymo occupant model to reach a steady state condition prior to impact. It is also
needed to allow for the pulse build-up duration of a typical crash, compared to the
infinitely small (time=0) pulse duration that the PC-Crash impact model is based on.

The PC-Crash impact and trajectory simulation, including the use of sequences, is
described in the previous chapters.

For the Madymo simulation, select Impact - Madymo® Occupant Simulation. This
opens the Occupant Calculation (Madymo®) window, which has five folders, as
follows:

Acceleration Pulse

This folder allows the selection of the impact number and the vehicle for which the
occupant simulation is to be calculated. For the default acceleration pulse (1ms), the
instantaneous velocity change from the PC-Crash momentum-based crash simulation
is used. Impact durations up to 150ms, using a square wave pulse, can be selected.
This time is centered on the PC-Crash impact, so that half is before and half is after it.
Occupant calculation {(Madymo®) B B3

Acceleration puls | Seat geometryl Seat stiffness I Passengerl Calculate I

Impact Na.: |1 YI ID 3
Yehicle: |1 Buick Cent 'l

Diuration:

0K I Cancel | Aappli |

When an acceleration pulse other than 1ms is selected, the Madymo interior model
and the PC-Crash vehicle outline will move with respect to one another in rendered
animations during the selected impact time. This because the Madymo model's
velocity change is being averaged over the selected acceleration pulse length, while
the vehicle's velocity change is not.

Also, the maximum duration (2000ms) of the Madymo run will be shortened with
longer acceleration pulse times. This is because the total number of calculations that
are performed is limited to 200. These calculations are at 10ms intervals except
during the crash pulse, when they are at 1ms intervals. For example, with a 100ms
crash pulse duration, 100 calculations at 1ms intervals are used during the crash,
leaving 100 calculations at 10ms intervals for the remainder of the Madymo run, which
is a total time of 1100ms. The following table gives the maximum possible Madymo
run length for the available crash pulse durations.
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Crash Pulse Max. Madymo
Duration (ms) Sim. Time (ms)

1 2000

10 1910

20 1820

30 1730

40 1640

50 1550

60 1460

70 1370

80 1280

90 1190

100 1100

110 1010

120 920

130 830

140 740

150 650

Seat Geometry
Occupant calculation (Madymo®)

Acceleration puls  Seat geometry | Seat stiffnessl Passengerl Ealculatel

—Seat back
Phi: 22} :
Height L1: 2362 in
rHeadrest——
Phi 2: 0
Height L2: Ta7 in
har. poz. h: 1] in
vert. pos. v 1.97 in

ok I Cancel | Lppl |

The seat geometry folder is for entering the seat and head restraint dimensions. The
size and angle of the seat cushion and the angle of the head restraint cannot be
changed.
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Seat Stiffness

Occupant calculation (Madymo®) K1 E3
Acceleration pulsl Seat geometry  Seat stiffness | Passengerl Ealculatel
Elastic drea——————
Seat back lﬂ— * INormaI j
Seat back torque: |1031 MNm
~Plastic &rea——————
Seat back |15_ -

Seat back torque: 1818 Mm

Seat back |2D :

Seat hack torque: 1845 Nm
Hysteresis 1714 Nm/*

ok I Cancel | Lpply |

The elastic and plastic stiffness properties can be varied here. This can be done by
selecting Normal, Stiff or Soft in the drop down list, or by specifying actual values in
the Elastic and Plastic areas.

Three seat back angles and seat back torques can be specified, along with a
hysteresis slope to account for energy loss on rebound. The 1% seat back angle (in
the Elastic Area of this folder) is the one at which the seat deformation changes from
elastic to plastic. No damping is assumed below this angle and specified elastic seat
back torque. The 2 angle and torque specified define a point where the slope of the
1% plastic curve changes to the 2™. A 3™ torque is specified at a 3" angle to define
the slope of the 2n plastic curve.

The following figure is a graph of seat back torque vs. angle, using the “Normal”
default values. The small change in torque from 15° to 20° seat back angle indicates
an almost completely plastic seat back pivot above 15°. The second line in the figure,
nearly parallel with the elastic portion of the graph, is the hysteresis curve from a seat
back angle of about 12°.

2000
1500 -
£ 1000 -
500 ’///
0 lfi:;
0 5 10, 15 20 25
deg

Seatback Pivot Characteristic

Passenger

This folder is for changing the occupant’s seated position and weight. A normal seated
posture is assumed - there is no option to model unusual postures. The occupant
height is 50" percentile male (5’-9” tall). It cannot be changed. There can be only one
occupant in the calculation at any one time.
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Occupant calculation {(Madymo®)
Acceleration pulsl Seat geometryl Seat stiffness alculatel
Weight: 16535 | |b
Position: Iright frant 'l ¥ Left stesred
Fosition:

® [78.74  in

w 1476 [in

z |1969  in

ok I Cancel | Lppl |

if ¥ Left Steered is checked (default), the steering wheel will appear for the Left
Front seated position. If unchecked, the steering wheel will appear for the Right Front

seated position.

The occupant's seat position is the occupant's H-point in the vehicle coordinate
system, as measured from the front center of the vehicle at ground level.

Calculate

This folder is for specifying directory locations,

the simulation time and the type of

restraint, and for initiating the Madymo calculation.

Occupant calculation (Madymo®)

Acceleration pulsl Seat geometryl Seat stiffnessl Passenger  Calculate |

Madpmo® location:

I:\PCErashB‘I -2madymotsolver3d exe Change... |

Save results in:

|C:APCCrashit -2 Change... |

mak. Simulation Time | 250 me | [-0.00 % - 0.250 5]

| gnition time

I-D.UEE &

™ Shoulderbel only
™ Laphelt anly

™ Side impact

¥ Side cortacts

™ Pretentioner I-D.035 b Calculate |

0] I Cancel | Apply |

The Calculate Dialog Box contains the following:

Madymo® Location

In this text box, the location of the Solver.exe file must be specified. The Solver file is
in the Madymo subdirectory of the directory PC-Crash is installed in.

Save Results In

This text box is for specifying the location where the user wishes to store the
calculated Madymo results. The results are always stored in subdirectories that are

Chapter 6

— Madymo Occupant Model ¢ 275



created when the calculations are being performed. The selected directory name must
conform to DOS rules (no spaces, maximum 8 characters).

Max. Simulation Time

This drop down list is for specifying the duration of the Madymo simulation after the
impact (0 to 2000ms). A time of 100ms prior to impact is always used.

¥ Airbag

An airbag can be used for the driver's or right front seating positions. The point in time
when airbag ignition starts can be defined in the adjacent text box. A negative time
can be used to compensate for the fact that the time=0 impact point in PC-Crash is at
the mid-point of the selected crash acceleration pulse duration.

Note: The operating system must be Windows NT or 2000 for the airbag calculation
to function.

I Seat Belt

This specifies a lap and torso seat belt. The latch plate is modeled as a sliding type

unless ¥ Side Impact is activated, in which case the lap and torso belt has a fixed
latch plate.

The frictional force at the sliding latch plate is modeled as follows:

Lo
F Friction = F Belt * ©

where

F/:,—,'Cﬁon = Belt tension with friction (on side of latch plate where
webbing length is increasing)

FBelt = Belt tension without friction (on side of latch plate where
webbing length is decreasing)

M = Latch plate friction coefficient = 0.1
& = Angle change of belt webbing at latch plate

¥ Torso Belt Only

Specifies use of a torso belt with no lap belt.

¥ Lap Belt Only

Specifies use of a lap belt only.

Note: An unrestrained occupant is modeled by selecting none of the seat belt check
boxes.

¥ Side Impact

This option and the following one are useful for side impacts and angled impacts. The
selection of this option changes the sliding latch plate in a lap and torso belt to a fixed
type. This is necessary to prevent the latch plate from releasing the belt when the
finite element portion of the lap or torso belt reaches the latch plate.

¥ Side Contacts

This defines a vertical side surface to model contact forces between the occupant and
an adjacent door panel. The door panel is a full height (roof to floor) vertical plane
fixed in position, 10cm (4") inside the outer width dimension of the vehicle.
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M Pretensioner

This defines a seat belt pretensioner. The point in time when pretensioning starts can
be defined in the adjacent text box. A negative time can be used to compensate for
the fact that the time=0 impact point in PC-Crash is at the mid-point of the selected
crash acceleration pulse duration.

Activating the pretensioner feature introduces a retractor tension force of
approximately 1500-1700 N up to a maximum of 12 cm webbing retraction. Retractor
locking occurs when the webbing then starts to withdraw from the retractor due to
occupant movement.

Calculate

Pushing % starts the Madymo calculation. The Solver 3D window appears.
Depending on the complexity and length of the simulation and the speed of the
computer processor, the calculation can take from a few minutes to over an hour. The
progress (in % completion) can be seen at the bottom of the Solver 3D window.

The calculation takes longer the first time a Madymo simulation is run, especially on
Windows NT/2000 systems.

C:~\PCCrashb6l-2~Madymo>echo TSTART »>solver_ Locked
C:\PCCrashbl-2~Madymo>solverdd
Storage allocation:
208088 words for integer storage
4A@B0A words for real storage
188888 words for character storage
MADYMO (R> Solver MADYMO 3D R5.3 - for PC—Crash

Madymo Release date : Movemher 1997
PC—Crazsh Release date : July 1998

{c) Gopyright 1927, TNO Road-Uehicles Research Institute
All rights reserved

MADYMO software programs and MADYMO databases are confidential information and
proprietary products of TNO, Delft,., The Hetherlands.

The terms and conditions governing the licensing of MADYMO software consist
solely of those set forth in the written contracts between THO and its
customers. The software may only bhe used or copied in accordance with the
terms of these contracts.

Note: If the Calculate button is greyed out, check that the location of the Solver.exe
file has been specified correctly. If it has, the probable cause is that the user aborted
a previous Madymo calculation before completion. In this case, a file called
"Solver_Locked" must be deleted from the Madymo subdirectory where the
Solver.exe file is located.

If the Calculate button is not greyed out, but the calculation progress at the bottom of
the Solver 3D window does not show within a few minutes of when the Calculate
button is pressed, check that the Madymo hardware lock has been installed properly.
On Windows NT/2000 computers, it has to be installed when the Dongle Install
program is run.

After the calculating process finishes, the following text appears:

Chapter 6 — Madymo Occupant Model ¢ 277



188808 words for character storage

MADYMO (R> Solver MADYMO 3D R5.3 — for PC—Crash

Madymo Release date : MNovemher 1997
PC—Crash Release date : July 1998

{c? GCopyright 1997. THO Road-Vehicles Research Institute
All rights reserved

MADYMO szoftware programs and MADYMO databases are confidential information and
proprietary products of THO, Delft. The Netherlands.

The terms and conditions governing the licensing of MADYMO software consist
csolely of those set forth in the written contracts between THO and its
customers. The software may only be used or copied in accordance with the
termz of these contracts.

GCalculation Progress: 188

Total Runtime <€sec): 4@. 430008

Stop — Program terminated.

C:~\PCCrashel-2-Madymo >pause
Press any key to continue .

When the user presses a key to continue, the calculated files are written to the
selected directory.

Note: If the calculation progress does not get to 99% before the program is
terminated, this could be due to one of the following:

1. The combination of the acceleration pulse time and the selected maximum
Madymo simulation time exceeds that shown in the table in the Acceleration
Pulse section of this chapter.

2. The limits of motion for the occupant have been exceeded. This is indicated in the
bottom of the reprint file (*.rep) in the directory the Madymo files were written to,
by a line such as "Bryant angle for xxx exceeds pi/2". This may occur if there is a
severe impact between the occupant and the interior.

Viewing the Madymo Results

As with the Multibody model, the results of the Madymo occupant simulation can be
viewed with the use of diagrams of the results and with 3D animations.

Viewing Madymo with Diagrams

The Madymo diagrams can be viewed by selecting the menu option Options —
Diagrams — Diagrams - Madymo® Diagrams.

The following window appears, from which the desired diagram file can be opened:
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Lok, jn: iﬁ Falice I :@j fTﬂ

|:I|n|: ;ﬂ Diriver_wodirbag.rds
I inc_dr ﬁr_j Diriveer_wiodirbag. rtf i
1 inc_mod Eﬂ Diriveer_wiodirbag.rtt

;ﬂ Drver_wodirbag_Sidelmpact. dvl
.ﬂ Diriveer_wodirbag_Sidelmpact.lac
i:ﬁ Diriveer_wodirbag_Sidelmpact. lds

;ﬂ Diriver_wodirbag. dvl
.ﬂ Drriver_wodirbag lac
i:ﬂ Drriver_wodirbag. ldz

<] |

L]

File name: i

Open

Files of twpe: ;ﬁll Tirme Hiztary files

The diagram file types are as follows:

[ Deen |
=] Cancel I

A

*.dvl | Resultant displacement (m)

and velocity (m/s)

Sternum
Head/seat
Upper torso/seat
Lower torso/seat

*lac |Resultant, x, yand z

accelerations (m/s?)

Head

Upper torso

Lower torso

EMD/Retractor (same location)

*Ids |Resultant, x, y and z linear

displacements (m)

Head

Upper Torso

Lower Torso

Left Knee

Right Knee

Buckle point

Buckle anchor point

Upper belt mounting point

Car body (vehicle C.G.)
EMD/Retractor (same location)

*.rds |Resultant, x, y and z relative

displacements (m)

Sternum
Head/seat
Upper torso/seat
Lower torso/seat

Resultant constraint force
(N),

Inertial X, Y and Z forces
(N),

Joint x, y and z forces, (N)
Body x, y and z forces (N)

*.rtf

On lower lumbar from lower torso
On lower torso from lower lumbar
On Upper torso from upper lumbar
On upper lumbar from upper torso
On lower neck sensor from lower
neck bracket

On lower neck bracket from lower
neck sensor

On head from nodding plate

On nodding plate from head

On left knee from femur

On left femur from knee

On right knee from femur

On right femur from knee
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On left middle tibia from upper tibia
On left upper tibia from middle tibia
On right middle tibia from upper tibia
On right upper tibia from middle tibia
On left lower tibia from middle tibia
On left middle tibia from lower tibia
On right lower tibia from middle tibia
On right middle tibia from lower tibia
*rtt | Resultant constraint torque | Same as *.rtf

(Nm),

Inertial X, Y and Z torques
(Nm),

Joint x, y and z torques
(Nm),

Body x, y and z torques
(Nm)

The positions of the Ma o head, upper torso and lower torso sensors are shown in
the following figure, along with the H-point location.

Lower torso H-point

Relative to the H-point of the Madymo dummy in its starting seated position, the
sensor locations (in meters) are:

Sensor | x | y | =z
Head -0.14 0 0.65
Upper Torso| -0.18 0 0.28
Lower Torso| -0.04 0 -0.02

Once the desired diagram file is loaded, it will appear with all items graphed on it.
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[E2 Diagrams- relative displacement
Diagrams Options Print  Window

distance P1-P2

1.50- —1 - Stermum - Distance {m)
—2- Sternum - Velocity (m/s)

1.00 —4 - HeaiSeat - Velocity (mis)
—5- Upper TorsoiSeat - Distance (m)
= —f - Upper Torso/Seat - Velocity (mis)
0.50 / " 7 - Lower T "

y&k\ ‘ﬁ y\k —8- ane‘ransntBeatrVelncw (n;vfs.)

1.00-
1.50-
m, mis
[t:DDDDs,W 0.00m, 2:-0.00m/s. 3 1.00m, 4 0.06 m/s, 5 0.66 m. 6 0.03 m/s. 7: 0.34 m, & 0.02 m's ﬁ
4 3

In order to view individual graphs clearly, it is possible to turn some of them off. This is
done by selecting the Diagrams window menu option Options — Diagrams/Axes,
which opens a window in which each item has a check box beside it. Click on each
check box to turn it off or on.

If you want to view only one or a few of the diagrams, you can first turn them all off by
right-clicking in this window. This brings up a menu which allows all items to be
selected or deselected. First deselect them, and then select only the ones you want to
view.

Yehicles E |

w-des

ITime j

Switch an/aff:

[wiiHead - Res. acceleration [mds™2) i

Head - =-comp. acceleration [mds*2)
Head - v-comp. acceleration [mde*2)
Head - £-com Select all diagrams

Upper Tarsa - Deszelect all diagrams
Upper Torzo -7

Ok, I Cancel |

For example, selecting only Head/Seat Velocity from the preceding diagrams allows
this one graph to be viewed clearly.

[ Diagrams- distance P1-P2 =0fx]
Diagrams Options Print  Window
distance P1-P2

100 —4 - Head/Seat - Velocity (mis)
0.80
060
0.40-
0.20

0.doo 0.100 Tz
-0.20 E

-0.40-

-0.60
-0.80
-1.00

-1.20,
rm, s

‘t=DDDDs,1 000m, 2: 0.00 m’s, 3: 1.00m, 4 0.08 mds, 5: 066 m, B 003 m/s, 7:0.34 m, & 002 m/s
[T

=
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The diagram data can also be exported, for example to a spreadsheet program such
as MS Excel®. This is done by selecting the Diagrams window menu option
Diagrams — Export Diagram.

This opens a window in which the data can be saved as a diagram file (*.dia) or a DXF
file (*.dxf). Note that the default step width for the diagram data is 0.5 seconds, which
should normally be changed to a much smaller value.

Note: The *.dvl velocities relative to the seat (H-point) are calculated as follows:

d
v=—yJx*+y* + 2

dt

This formula calculates the change in distance between two points with respect to
time, which is not the same as the relative velocity of the selected item with respect to
the seat or vehicle. For example, this formula would be equal to O if the selected item
is rotating around the H-point of the seat, with no change in radius.

To obtain the relative velocity of the selected item with respect to the seat or vehicle,
the following formula should be used:

v=qx>+ 7+ 2

For example, to calculate the impact velocity of an occupant's head against the side
window, use the relative x, y and z displacement data provided in the *.rds file to
calculate the relative x, y and z velocities. This can be done easily by exporting this
data to a spreadsheet.

Peak Values

Peak values of the Madymo diagrams are outputted in tabular form to the file *.peak.
These can be viewed in a text editor or spreadsheet program such as MS Excel®.

X Microsoft Excel - Driver_woAirbag_Sidelmpact.peak

=]

S Fle Edit Yiew Insert Format Iools Data Window Help ;|g|5||
DERERY teeds o @z s 8l 4l |08 8 - @)
nial w0 - BT g‘§_§|$% s W% EE - HA -
147 | =
A [ B [ c [ 0 T E [ F [ 6 [ H 1T [ 1T [ ®x [T [ M3
| 1 =
|2 |"MADYMO 3D: PEAKVALUES *
3
Z " MADYMO-Simulation: -
| 5 | * m50 % tile Occupant -
| & | - GeiglTUG)Maser(DSD) 2
7
& |
| 9

v

* LINEAR DISPLACEMENTS (m)

113

12+ - - -

| 15 | " IDENTIFIER " MINIMUM YALUE  TIME ™ MAXIMUM VALUE  TIME ™

e - " (mg) ~ (ms) ~

117 |

18] - = = =

119 * Head - B B

|20 | Resultant * J.8234BE+00 -28.00* 4.395BBE+00 25010+

|21 " X-comp. T 2.56719E400  BE.00 ™ 3.42084E+00 25010~

|22~ Y-comp. T-2.53885E4+00 32.00 7-2.41421E400 17500~

| 253 | Z-comp. * 1.24504E400 129.00* 1.27320E+00 236.00 *

\42i14 [» [#1],Driver_wodirbag_Sid t 4] | L[J_‘
”D[anl%G”AgtDShapBSv\\[IO4|&v£-A_vEZ:.@‘

Ready [ ] ] ] .y

Viewing Madymo in 3D

Madymo animations are made the same way that PC-Crash animations are — refer to
the menu item description for View — 3D Window.
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For the Madymo simulation, the first step is to load the *.kn3 file from the directory in
which the Madymo simulation was saved. This is done by selecting the Animation —

Load Madymo® Kin3 File menu item in the 3D Visualization window.

A window appears in which the *.kn3 file for the desired Madymo run can be selected.
Once the *.kn3 has been loaded, the Madymo multibody occupant and interior will be
visible in the 3D window and on the main screen.

If the PC-Crash project from which the Madymo run was calculated is open, the
Madymo occupant and interior will be placed in the correct position in the correct
vehicle. To view the occupant, first place the camera in the desired position on the

main screen, using the Camera button ﬂ The camera parameters can then be
adjusted further in the 3D Visualization window.

The vehicle body normally obstructs the view of the occupant. This can be overcome
in several ways, as follows:

Making the Vehicle Body Transparent

The vehicle body color can be changed to make it transparent. This is done by firstly
selecting Options — Options — Colors. Then, click on the Change button for the
basic color of the vehicle in question. Change the color to the transparent aqua blue in
the second row.

Options 2]
Display Settings i Drefault Settings i Save i
Directories Colors i Simulation Parameters

Yehicle:

Color = 7| x|

Basic calors:

1 BLICK CE

Bazic:

o

o 4 . . I_

L Chenge. | ECEEENEN
: Y1111l L

200 mz after crash:

_ Change. .. I

Custom colars:

[ 0§ 0 N NNy
(0§ F N NNl

Define Custorn Colors »> |

ok | caneel dpply | ok | cance |

If a vehicle DXF shape is attached to the vehicle, only the portion of the vehicle that is
in front of the occupant needs to be changed to the transparent color. This can be

done by selecting Vehicle — Vehicle DXF — 3 Edit Drawing and using the Change

Line Style button % to change the color of selected components.

The occupant will now be visible through the transparent body.
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% 3D Visualization = =] 3
Animation Style Background -

B S| 8 BByt

Making the Vehicle Body a Wire Frame

The vehicle body can be changed to appear as a wire frame in the 3D window. This is
done by selecting the 3D window menu option Style — Display Options and checking

¥ Wireframe View. Note that this also changes the Madymo model to wire frame.

# 3D Visualization I [=] E3
Animation Style Background -
& G @ Byl

Shifting a DXF Vehicle Body

If a 3D vehicle shape has been attached to the vehicle, it can be shifted out of the way
for viewing of the occupant. This is done by selecting Vehicle — Vehicle DXF - ¥
30

Edit Drawing. Then choose Shift Selected (3D) i in the Draw Toolbar.
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shift selected 2 x|

« [ Hn
y o Hm
: [ Hm

¥ Preview

] I Cancel |

Shift the vehicle body vertically (in the z direction) a sufficient distance so that it is not
visible in the 3D camera view of the occupant (usually 5m or 16 feet is adequate). The
Madymo occupant and seat will then be visible without any vehicle bodywork in the
way.

% 3D Visualization I [=] E3
Animation Style Background -

B S @ BB

Turning Off Vehicles in the 3D Window

The 3D view of the vehicles can be turned off by de-selecting v Vehicles in the Style
— Display Options menu item of the 3D window. As a result, only the Madymo
occupant and interior components are visible in the scene.
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# 3D Visualization O] x|
Animation Style Background -

RS Ty Bty

Rendering the Madymo Animation

In the 3D Visualization window, select the menu option Animation — Render. You will
be asked for a file name under which to save the animation.

After entering and saving a file name, the Render Animation dialog box opens. Since
the length of the occupant motion simulation will typically be only a few hundred
milliseconds, use a high number of frames per second (100 frames per second has
been selected in the following example).

Render Animation K Ed

Dimensiors Frames per zecond:

I'I a0 fps

w600
w300

brriit: IU.UUU S Dptians... |
Calculated: Cancel |
|

Generally, the best way to view occupant motion is with the camera attached to the
occupant's vehicle. Press the Options button in this dialog box to open the Animation
Settings dialog box.

Animation settings kd B3
—ant Aliaging——————————
Compression |

Owverzampling: |2 =
A

Filter degree: |2 =

Cancel

Camera
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Then, press the Camera button to open the Attach Camera dialog box. Select
“Relative to ...“ in the drop down list to select the correct vehicle to attach the camera
to.

Attach Camera 7] %]

Camera pozition [, v, 2] defined relative to
vehicle's start pogition.

| relativ ta 1 BUICK-C =]

[T Diivers view

[T constant camera ratation

Cancel |

Once the camera is attached, return to the Render Animation dialog box and press
the Start button to render the animation.

After it is rendered, you may wish to view the animation in slow motion. Click on the
Options button near the lower left corner of the Animation window to open the
following menu.

I_
EEI Yiew r |_

;
Open__. Ctrl+O RT3
Close I
Copy Ctrl+C

Configure... Citrl+D
Command... Ctrl+F5

Select the Speed menu item and slide the slider bar to a low speed such as 5% of
actual. The occupant animation can then be viewed in slow motion by clicking on the
arrow button. The Animation window main slider bar can also be used to view each
animation frame in detail.
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Index

3

3D Drawings - Applying surfaces
3D road generation

3D view

3D window

ABS
Accelerating
Acceleration Pulse
Air Resistance
Airbag
Anchor Point
Animation
Animations
Backgrounds
Anti-aliasing
Auto calc
Auto Calculation
Auto Refresh
Automatic Calculation of Secondary Impacts
Automatic collision analysis
Autosave
Avoidance
Avoidance in time

Banks

Bitmap

Bitmap Toolbar

Bitmaps
Exporting
Hide
Importing
Modifying

Brake distribution

Brake lag

Braking

Burg formula

Camera positioning
2D window
3D window
Clip Point of Impact
Codecs

69,

31,

224
159

193

109
242
272
126
276
157
193

203
195
174
212
215
213

217
249
153

161
218
22

92
219

219
111
216
242
109

192
193
212
196

Collision analysis 48
Collision optimizer 57,179
Compression of videos 196
Contact plane 52,172
Copy screen 94
Crash analysis 48
Crash backwards simulation 174
Crash detection 174, 212
Crash detection within truck/trailer combinations 174
Crash force vector 53
Crash simulation 51, 168, 175
Custom vehicles 35
Exporting 92
Importing 92
Databases, vehicle 32
Default settings 24, 87, 215
Demoversion 7
Depth of Penetration 212
Diagrams 73,185
Diagrams / Axes 190
Directories 210
Display settings 31,213
Distance/time calculations 249
Ditches 161
Angle 164
Profile 165
Dongle 6
Draw Toolbar 20, 222
Drawing menu 222
Driver Model 129
DSD database 33
DSDJapan2000 34
Duel tires 123
DXF Drawings
Exporting 92
Importing 91
Dynamics menu 139
EES 54,171
EES catalog 130, 171
Engine/drivetrain 123
Erasing vehicles 105
ESP see Stability Control
Evasion 249
Export 92
Export diagram 189
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Extrude 79, 231
F
File menu 85
Follow Path Toolbar 22
Friction
Polygons 43, 157
Sequences 248
Tire to road 216
Vehicle to vehicle 172
Friction Toolabar 22
G
Gouraud shading 201
Graphics menu 217
Graphs 73
Grid 46, 218
H
Hardware lock 6
Hardware requirements 1
Hot keys 24
|
Impact
Analysis 48
Menu 168
Import 91
Importing 3D roads 161
Input and output data 7
Installation 2
Integration Step 213
interior 79
Intermediate positions 179
K
Kinematic Calculations 142
Kinematic follow path backwards 60, 154,174
Kinematic Toolbar 148
L
Lag time 243
Language 216
Last branch 31
Licensing PC-Crash 6
Light source 200
Limit method 232
Loading a project 85
Loading projects 30
M
Madymo
Viewing the results 278
Madymo Occupant Model 267
Max. Simulation Time 212
Measure 209
Measurement grid 231
Measuring distances 46
Menu description 85
Menu options 13
Motion sequences 46
Mouse and printers 1
Move/rotate vehicle 168
Multibody Model 253

Multibody System

New project
New projects

Occupant Models
Occupants & cargo
Optimizer

Options

Options menu
Origin Offset

Pan
Passengers
Paths
PC-Crash Features
PDOF
Pedestrians
Phi
Point of impact
Position & velocity
post-impact analysis
Post-impact trajectories
Pre-impact trajectories
Print
Comments
Hardcopy of screen
Preview
Printer setup
Report
Scale scene diagram
Printouts
Project wizard
Psi

Ratschbacher's database
Reaction time
Rear Brake Force
Refreshing the screen
Rendering animations
Rest and intermediate positions
Rest positions
Restitution, impact
Roads

2D 227

3D 159

3D - cross slope

3D - marking

3D - radius

3D - width
Rollover Detection
Rollover parameters
Rollovers

Save
Saving a project
Saving projects

Saving the simulation as a drawing

Scale
Scan

138

85
29

65

113
57,179
210
182
191

34

245
111
32,219
194

179
172

163
166
165
166
141
111

68
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Scanner selection
Scene data input
Seat Belt
pretensioner
Secondary impacts
Sensor signals
Separation velocity
Sequences
Brake/Accelerate
Deleting
Friction
Lane change
Min/Max velocity
Points
Reaction
Steering
Sequences menu
Side View Window
Simulation Parameters
Slope polygons
Slope Toolbar
Snap
Specs database
Stability Control
Start point shifting
Start position redefining
Status bar
Steering
Stiffness based impact model
Stiffness Database
Sun position
Superelevation
Suspension
Synchronization of vehicles

Tire
Dimensions
Duels
Model
Tire contact calculation
Toolbars
Tow truck tool
Trailer disconnection
trailer force
Trailer steering
Trailers
Triangulate

uDS
Undo
Units

277

43, 158

23,210

111,176

123
123
119
136

18, 20
43,168
247
115
128
38,114
224, 231

168
217
28, 216

Values

Vehicle database

Vehicle menu

Vehicles
ABS
Attaching 2D and 3D shapes
Backing up
Brake distribution
C.G. height
Colors
Construction
Databases
Defining initial conditions
Deleting or replacing
Engine/drivetrain
Erasing
Geometry
Loading
Modeling crush
Occupants & cargo
Paths
Position & velocity
Positioning
Rollover parameters
Saving
Settings
Shape
Shapes - DXF and bitmap
Stiffness based impact model
Suspension
Tire model
Trailers
Vehicle administration
Wind resistance
Wire frame view

Video Compression

Visible Tracks

V-triangle

Vyskocil database

w

Wind resistance
Word processor program Interface
Working with PC-Crash

Yaw, initial

Zoom

37,106
31,116

38, 114

126

13
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