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PC-Crash 10.0

3D Window

— Additional increments for slow motion mode (3D onscreen and
animation)

General

— Mouse wheel zoom retains position in 2D window (Google Maps
Mode)

Crash3 Calculation

— Direct import of deformation line from vehicle DXF drawing
Database

— Updated databases

— Import of drive mode from DSD database

Diagrams

— Filter selection (CFC filters) for smoothing curves for time
dependent graphs
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« Extended drawing module:
Import and processing of blocks

Support for complex DXF formats (blocks, paperspace,
etc.)

Default line types can be exported and imported
Traffic light object

PC-Crash 10.0

3D visualization

New definition of the light sequence (1 global sequence table
for all traffic lights)

Pedestrian traffic light

Variable number of signals

Overlay of turn arrows and pedestrian symbols
Extended snap functions

Triangulation measurement grid
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DSD

 FE calculation module

« 2D animation

PC-Crash 10.0

Calculation of Shells, Solids, Rods with constraints and
boundary conditions and different load conditions, contact
handling and usage of different materials (elastic, elastoplastic,
thermoelastoplastic)

Import of Gmsh meshes

Multiprocessor support

Batch processing is possible

Color coded visualization of displacements, stresses and strains
Support of color coded parts for grouping elements

Values window overlay
Selection of different compression options
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PC-Crash 10.0

Laser scan data

— 3D laser scanner data can be loaded and displayed in xyz or
xyzrgb (colored) format

Multibody simulation

— Double sided contact can be set for all bodies

— Multibody systems can be loaded as vehicle surface

— Additional joint types (ball, hinge, slider, universal, piston, etc.)
with joint limits

 ReconData

— Access to vehicle images with scale via the Internet
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FE Calculation

* Elements:
— Shells:
« Shell CO_3, Shell BT 4
 Integrated contact elements
— Solids:
« Solid Iso 6, Solid Iso 4
— Rods:
 Rod 2
* Integrated contact elements
— Spring/Dampers:
« Beam_Spring_2: translational and rotational 3




Dr. Steffan Datentechnik Ges.m.b.H Linz, Austria

FE Calculation

* Nodes:
— Define geometry
— Mass, moment of inertia
— Constraints
— Loads

« Constraints)
— Boundary Condition:
— RigidBody Constraint:
« Loads:

— Force, moment, acceleration, angular acceleration,
pressure ;
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FE Calculation

« Material models (Isotropic):

— Elastic:
* E: Young's modulus
* p: density
 v: Poisson ratio
» Failure_stress, Failure_strain

— Elastoplastic:
* Yield stress, strain hardening

» Stress/strain curve
e Strain rate

— Thermoelastoplastic
e q, T
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FE Calculation
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FE Calculation

! File Edit View
AABRRATIIIIBOIIO 2 F Sl D
Objects 2 x

(- Nodes
&) Elements

-- Trackers
- Materials
&)~ Constraints

-- Control

Properties

dOvVING
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FE Calculation

Mame Type Details

A263 ELASTOPLASTIC A263 E = 224 RHO = B.36E-009 NU = 0.3 failure_stress = 1.004 YIELD_STRESS = 0.585 EP = 0.9365

ALUMINUMZ024T3 ELASTOPLASTIC ALUMINUMZ024T3 E = 73.0807 RHO = 2.77E-006 NU = 0.33 failure_stress = 0,482609 YIELD_STRESS = 0.34472EF = 0.1
BERYLIUM ELASTOPLASTIC BERYLIUM E = 289,565 RHO = 1.85E-006 NU = 0.027 failure_stress = 0.289565 YIELD_STRESS = 0.224068 EP = 0.1

BIRD ELASTOPLASTIC BIRD E = 100 RHO = 9,143E-010 NU = 0.49 failure_stress = 0.01 YIELD_STRESS = 0.5EP =0

BONE ELASTOPLASTIC BOME E = 14RHO = 1.3E-006 NU = 0.43 failure_stress = 0.13 YIELD_STRESS = 0.11EP = 0.1

BRASS ELASTOPLASTIC BRASS E = 109.6 RHO = 8.47E-006 NU = 0.33551 failure_stress = 0,275 YIELD_STRESS = 0.1034EP = 0.1

BROMNZE ELASTOPLASTIC BRONZE E = 109.6 RHO = 8.874E-006 NU = 0.335 failure_stress = 0,275 YIELD_STRESS = 0.128EP = 0.1
COPPERANNEALED ELASTOPLASTIC COPPERAMMEALED E = 117.2 RHO = 8.9E-006 NU = 0.32 failure_stress = 0,185 YIELD_STRESS = 0.07EP = 0.01
COPPERHARDDRAWN ELASTOPLASTIC COPPERHARDDRAWN E = 117.205 RHO = §.9E-006 NU = 0.32 failure_stress = 0,295 YIELD_STRESS = 0.265EF = 0.1
GLASS ELASTOPLASTIC GLASS E = 65 RHO = 2.6E-006 NU = 0.23 failure_stress = 0,001 YIELD_STRESS = 0.07EP = 0.01

LEAD ELASTOPLASTIC LEAD E = 13.7888 RHO = 1.134E-005 NU = 0.425 failure_stress = 0.0179255 YIELD_STRESS = 0.00836273 EF = 0.001
MAGNESIUM ELASTOPLASTIC MAGNESIUM E = 44,8137 RHO = 1,77E-006 NU = 0.35 failure_stress = 0,255093 YIELD_STRESS = 0.151677EP = 0.1
MOLYBDEMUMWROUGHT ELASTOPLASTIC MOLYBDEMUMWROUGHT E = 275,775 RHO = 1.03E-005 MU = 0.32 failure_stress = 1.10311 YIELD_STRESS = 0.551553EF = 0.1
MNICKEL ELASTOPLASTIC MICKEL E = 220,621 RHO = 8.9E-006 NU = 0.31 failure_stress = 0.499845 YIELD_STRESS = 0.365404EP = 0.1

NICKEL ELASTOPLASTIC MICKEL E = 220,621 RHO = 8.9E-006 MU = 0.31 failure_stress = 0,499845 YIELD_STRESS = 0.365404EP = 0.1

PLATINUM ELASTOPLASTIC PLATINUM E = 146.85 RHO = 2, 145E-005 NU = 0.39 failure_stress = 1.51677 YIELD_STRESS = 0.025854EP = 0.01
SILVER ELASTOPLASTIC SILVER E = 68.9441 RHO = 1.05E-005 MU = 0.37 failure_stress = 0.124099 YIELD_STRESS = 0.0551553 EP = 0.01

STEEL ELASTIC STEEL E = 200 RHO = 7.8E-006 NU = 0.3

STEELAMSI304 ELASTOPLASTIC STEELANSIZ04 E = 193.043 RHO = 8.03E-006 MU = 0.29 failure_stress = 0599814 YIELD_STRESS = 0.263832EF = 0.1
STEELANSIC1020 ELASTOPLASTIC STEELANSIC1020 E = 199.928 RHO = 7.85E-006 NU = 0,29 failure_stress = 0.448137 YIELD_STRESS = 0.330932EP = 0.1
STEEL_EP ELASTOPLASTIC STEEL_EP E = 210 RHO = 7.8E-006 NU = 0.3 YIELD_STRESS = 0.18 EF =0.1

STEEL_THERMOEP THERMOELASTOPLASTIC  STEEL_THERMOEF E = 210 RHO = 7.8E-006 MU = 0.3

TITANIUMB 120VCA ELASTOPLASTIC TITANIUME 120VCA E = 102,037 RHO = 4.85E-006 NU = 0.3 failure_stress = 1.37888 YIELD_STRESS = 1.30994EF = 0.1

ok | cancel

Mame Type Details

CAR. RIGID_BODY CAR Master_node =0

FIXED_ALL BOUMNDARY_COMDITION FIXED _Allax =0ay =0az=0arx =0ary=0arz=0vx =0wy=0vz=0wrx =0wry =0vrz=10
MOVING  BOUMNDARY _COMDITION MOVING wx = [0,5,0.01,0ff, 100,0fffwy =0vz=0wvrx =0vwry =0wrz =0
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DSD

Dr. Steffan Datentechnik
Linz - Austria

FE Calculation

s

3D Visualization

“ o N

Style Background Animation  Print

= R ORI IV i

t=0.000 =
w1=0.0 [kmh]

-

Strains {I)

41

Strains (1)

0802653

. 0.7 22357
0642122
0.561857
0451292
0.401 326
0.321061
0.2407 96
0160531

I 0.0502653
0
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DSD

Dr. Steffan Datentechnik
Linz -

Austria

FE Calculation

Strains (1)
t=0.000 s

v1=0.0 [kmih] 0.802653
0722387

0642122

0561857

0481532

| 0401326

0321061

0.240796

0160531
I 0.0802653

0
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FE Calculation

: Diagrams Options Print  Window

RERAA@ BED %N waOO0b IA

Linear Acceleration
—1--node 1130 - acceleration in direction;

A\

VAN
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FE Calculation

Strains (1)
'1=0.000 5
' w1=0.0 [kmih] 0.000384627
0.000346165
0.000307702
0.000269239
0.000230776
P-I 0.000192314
0.000153851
0.000115388
7 69255E-005
I 3.84627E-005
-5.42101E-020
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File  Tools Window Help

=1 Modules
Geometry
Mesh
Solver
= Gmsh
_width500.msh | Mesh name
[=] Parameters

W -| &k | height
o1 Q|1
[38 @ |k |rad1
[100 | @ k| radz
’-’J-D— |Gk | res
[s00 @ |k |width

Run 'I',l'

EXYZ@ 11 &ML SH AL Done

FE Calculation

Solver
[ Gmsh

Lmdth.'il)l),rnsh w| Mesh name

[ Parameters

W: G|k~ | height
o1 IEEE
lzs—z G|k [rad1
[100 | @k |rad2
[+0 2| Gk | res
500 -| G| b | width

Run f=3

EXYZE1AEMESH A Done meshing 2D (0100067 s)

T

ATl I Rl
DN T,
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DSD

Dr. Steffan Datentechnik
Linz -

Austria

'1=0.000 s
'v1=0.0 [km/]

FE Calculation

Stresses (1) - GPa

0.196126
0176513
0.156901
0137288
0117673
0.0980629
0.0784503
- 00588377
0.0392252
I 0.0196126

0
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EES Calculation

Linz - Austria

© File Edit Vehicle Dynamics UDS Impact Options Graphics Draw Modify Bitmap 7
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Insert point

Delete point
[+] Edit drawing Chamfer
Fillet
Split
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Deformation line
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Dr. Steffan Datentechnik
Austria

Linz -

EES Calculation

File Edit WVehicle Dynamics UDS Impact Options Graphics Draw Modify Bitmap
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EES Calculation

NHTSA Database | Vehicle crush | EBS |

NHTSA Database | Vehicle crush | EBS

[1 BMw-530ix v| [Buw v] | Show ther veh. [1 smw 530 v
No. Te.. Make Model Year Body Style Mas.. Wh.. Len.. Wi.. CO.. S. o
Crush depth
11396 4060 BMW 5281 2000 0000 0000 0000 00
11915 4536 BMW 5281 2000 STATION WAGON 4805 1800 1584 0.0 Mumber of crush mesuremerts:

FOUR DOOR SEDAN 4.853 1

BMW

FOUR DOOR SEDAN 4891

i) |

14166 7003 BMW 5351 2011 FOUR DOOR SEDAN 4.885

12310 4976 BMW OTHER 2003 CONVERTIELE 4085 f,

< >
Test EBS w582 km/h hittp:/www-nrd nhtsa.dot.gov

http:/fAwww ncac. gwu.edu

Damage width Lt: Damage threshold constant
Test vehicle mass mt: b0

Crush depth Stiffness constant
MNumber of crush mesurements: b - bD

= km/h / cm
- - - 1
(On=2 On=4 @n=§ C it
m,byb
A=t L N/m
LL
Avarage crush depth B- iy 'hl2
c, . c L
1 Ci+ 2 ; | NHTSA Database | Vehicle crush | EBS
[ 2 i= 2 o= A
n-1 7B [1 B 530AC vl

b [

direction of impact (45 to 45 deg): [~ deg

Deformation enengy:

-1

» 3 _ 3
Efzwi.[%u+§( e )+ G| 1+ 8)

=1 Cial TG
w, =Ly -
EES: EES: km/n
() Restitution: k(0.
(®) Separation velocity: v D km/h
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Z

Drawing Program

User defined linetypes

— L] Snap functions

Mame Description

BylLayer
ByBlock
Continuous
&Dash PC-Crash default )
&DashDot PC-Crash default /: / >< \,I'.K I:EI {:} 4:3 _b_ _L ug o xﬂ nn
&Dot . . . . PC-Crash default
DashDotShort

Details
Mame ByLayer Global scale factor

Description Actual object scale factor

Pattern

Snap and Grid | Object Snap | Optionen

Ohbject Snap Modes

D [ ]Endpoint q'_'| []tnsertion
2 [ Midpaint b [rerpendicular

& [center &5 [Tangent

&3 [INode X [INearest

0 DQuadrant E DApparent Intersection
x Dlnhersech'on

| | Abbrechen Ubernehmen

21
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DS

Dr. Steffan Datentechnik

L niz

D

- Austria

Traffic lights

| Traffic Light

= General

Color

Layer

Linetype

Linetype scaling factor

Linetype centered

Fill pattern

Fill color
= Geometry
Position X
Position Y
Position £
Direction
Length
= Light sequence

Offset (T0):
Red
Amber

Green

Hlooo
0
BylLayer
;
=
K
[ 1192182192

-8.578 m
8.578 m
0.000 m
0.00*
1,430 m

Edit Track Control

Position: Duration

o s W

Type
. (® Red
|_ () Amber
. D Green
. (") Green flashing
|_I () Amber flashing
F (I RedfAmber

Ok

g

)
x
~,
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Linz - Austria

ReconData

k2]
-@ Index

Cipen User manual

JSD
| ReconData ] *, Vehicle images with scale |) S D
Check for updates... econ=

Steffan Datentechnik
DSD Mewsletter

About PC-Crazh 10.0... teller: IAudi v

Modell: Q72012

23
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L aser scan data

D i imati Drucken

R e BaCy sl ol < i strains

t=0.000 s

24
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Multibody new joint types

» Ball

* Hinge

* Hinge2

» Slider

* Piston

* Universal
* PUJoint
 PRJoint
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Multibody new joint types

't=0.000 s
\v1=00 [kmh]

26
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PC-Rect 4.2

 Luminance calculation

* Improved functionality in the
measurement grid window/method

 Panorama generation

* Snap function for grid points using
pattern recognition

27
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Luminance calculation

Usage of the camera calibration file (Image
Engineering)

Conversion of image data to luminance

— Exif information is used automatically
Definition of the area of interest

Calculation of visibllity

— Luminance difference thresholds according to
Adrian

— SBU diagram
— Diagram according to DIN 5037 28
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Luminance calculation

- PC-Rect-Demoversion [illum_5982.prj] - o IEN|
: Datei Bearbeiten Entzerren Verknapfen Bild Ansicht Zeichnung Fenster 7
BHSL LA HERI QAR 2 2
X ANMANODOwd—Ztnh e X8 S ASH 3 sH Q.
:P1 P2 P3 P4 g MO1 S =
| = IMG_5982.JPG

-

-

29




DSD

Dr. Steffan Datentechnik Ges.m.b.H Linz, Austria P Sin o

Luminance image

1.23 cd/m2

1.11 ¢d/m2

0.99 cd/m2

0.86 cd/m2
0.74 cd/m2

0.62 cd/m2

I
H'O.SO cd/m2
0.38 cd/m2

0.26 cd/m2

0.14 cd/m2

o —L|

0.02 ed/m?2
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Book by W. Wach

« EBooOk
 Avallable at Amazon

Wojciech Wach

Simulation

e Viewer: of Vehicle Accidents
_PC using PC-Crash
— Smartphone
— |Pad
— Kindle

g‘" Institute of Forensic Research Publishers
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Book by W. Wach

File View Goto Devices Utlities Help

B @[ e |E A EE

Chapter 2
Physical assumptions of the prog

File View Goto Devices Utiities Help

BA e [Eaa-EHE

2.1 Structure of vehicle model

Two right-hand co-ordinate systems have
introduced, see Fig. 2.1 . The global system (|
system) {O} fixed at point O, with x, y, z =
connected with the environment. The local sys
with its origin in the vehicle mass centre S and

axes, is connected with the body.

‘Systams of coorsnates:
(O -giobal
Bhyz- kel

|

Figure 2.1 Co-ordinate systems used in PC-Cras
quasi-Euler angles of vehicle rotation

The xaxis of the global system {0} is oriented to the
right of the main window of the program, y axis
upwards, z axis outside the screen. In the local system
{s}x’ axis overlaps with the longitudinal axis of the
vehicle and is oriented towards its front, y’ to the left,
while z’ axis upwards.

In PC-Crash the vehicle dynamics model has six or ten
degrees of freedom, depending on the tire model
2.3): for

the following generalised co-ordinates have been used

adopted (see sub-point linear model

=z yzdi b2 ]’ (2.1)
whereas for TMeasy model

g=2y =i da by )" (2.2

&

where:

X, ¥, Z - co-ordinates of vector describing the position of

{S} system origin in global system {0},

¢1,92,93 - quasi-Euler angles describing orientation of

{s} system relative of {O} system, i.e.:

¢1 - roll angle (angle of body rotation along longitudinal

Fie View Goto Devces Uiites Help
@ hesn|Eaa-@EEH

2.1 Structure of vehicle model

Two right-hand co-ordinate systems have been introds

see Fig. 2.1. The global system (inertial system) {O} fix
point O, with x, y, z axes, is connected with

environment. The local system {S} with its origin in
vehicle mass centre S and x', i, 2z’ axes, is connected

the body.

Figure 2.1 Co-ordinate systems used in PC-Crash and
quasi-Euler angles of vehicle rotation

The xaxis of the global system {0} is oriented to the rigl
the main window of the program, y axis upwards, z
outside the screen. In the local system {S}x’ axis over|
with the longitudinal axis of the vehicle and is orie
towards its front, y’ to the left, while z’ axis upwards.

In PC-Crash the vehicle dynamics model has six or
degrees of freedom, depending on the tire model adoj
(see sub-point 2.3): for linear model the follo
generalised co-ordinates have been used

2% < >

2% < > 198 of 6592

EBook Reader (z.B.: Kindle)

Chapter 2
Physical assumptions of the
program

fle View Goto Devices Utities Help

DR edn|[Era-G@EHE

T

a=lryzdion

whereas for TMeasy model
g=lryzo) tnoy @ 00,00 (22)
where:

X, Y, z - co-ordinates of vector describing the position of {S}
system origin in global system {0},

$1,92,¢3 - quasi-Euler angles describing orientation of {S}
system relative of {O} system, i.e.:

¢y - roll angle (angle of body rotation along longitudinal
axis x” of {S} system),

¢, - pitch angle (angle of body rotation along transverse
axis y’ of {S} system),

$3 = y - yaw angle Angle:yaw (i.e. angle of body rotation
along vertical axis parallel to z axis of {O} system),

02,1 = 1,..,4 — angle of i-th wheel rotation.

The angles are measured according to the right handed co-
ordinate system, which means that they have positive values
when oriented as shown in Fig 21 To make the

ion clearer fig 2.2 shows auxiliary co-ordinate
systems fixed at the centre of gravity S, with x"'y'z"" axes,
and x""",y""",z""" (the system is parallel to the inertial system
{on.

The vehicle model of six or ten degrees of freedom will be
referred to as 3D model Model:vehicle, 3D. If the program
user declares the height of the centre of mass position above
the road to be o, the mode will be switched automatically
into flat model , 2D. This term means a model of three
degrees of freedom, ie. longitudinal and lateral

202 of 6592

PC/Smartphone/IPad
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Handbook of accident
reconstruction

L EBOOk Heinz Burg, Andreas Moser (Ed.)
 Available at Amazon Rkt

Accident Reconstruction

Accident investigation - Vehicle dynamics - Simulation

» Viewer:
- PC
— Smartphone
— |IPad
— Kindle

33
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Dr. Steffan Datentechnik
Linz

- Austria

Handbook of accident
reconstruction

File Yiew Goto Devices Utilities Help
PRlWeEd N Baa-acall@EE

Kindle Paperwhite | Kindle. | Kindle DX

9.5.3 Forward Calculation

Physical Principles

In Europe, the impact - to ion of
linear and angular momentum - is the most widely used and
applied calculation procedure in the accident reconstruction.
The impact models describe the process of a collision of two
vehicles (bodies) with mathematical formulas to make thi
physical process solvable. The different impact models ar

based on various input and various
information about the vehicles involved, depending on the leve]
of detail and the type of modeling. Each impact model haf
limitations due to the assumptions made during the mode
creation, which result in simplifications in the modeling of th
real impact process. In momentum calculation, the course of th
impact force over time is not mathematically solved. The actua
course of the impact force F over time for different types o
impact is shown in the Figure 9.30 and would be calculated a:

follows:
sff'tmynff'm at) dt (9.

But if we decrease the collision time to zero (impact hypothesis)
then the integral can be calculated as impact impulse.

2% < > 4174 0f 12432

File View Goto Devices Utilities Help
BAWeEdH» Braa-aaal]

Kindle Paperwhite | Kindle | Kindle DX
>
(IR
- b
Tvea <
e e e

Figure 9.30 Course of the contact force, time-resolved for
various types of impact. The end of the

File View Goto Devices Utilities Help
BRWed» Bra-acall@EdE

Kindle Fire Kindle Fire HD

HANDBOOK OF ACCIDENT RECONSTRUCTION

calculation, the course of the impact force over time is not
mathematically solved. The actual course of the impact force
F over time for different types of impact is shown in the Figure
.30 and would be calculated as follows:

.\*/Alunuf /.m alt) dt

But if we decrease the collision time to zero (impact
hypothesis), then the integral can be calculated as impact

(9.70)

impulse.
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Figure 9.30 Course of the contact force, time-resolved for
various types of impact. The end of the
compression phase is the temporal reference
point for the impact calculation.
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the particularly stiff areas where large forces can be
transmitted (Figure .36). The average impact acting point
could then be assumed approximately in the middle of the
two stiff areas (Figure 0.37).

phase is the point
for the impact calculation.
N
\ \o2>
\. '
>
\
Figure 9.37 Determination of contact tangent or -plane
Figure 9.31 Coordinate system for the impact and contact normal
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Dr. Steffan Datentechnik Ges.m.b.H Linz, Austria

Thank you very much for your attention!
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