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Summary

Introduction

Contributors to Impact
Jonas Forssell
Bernhard Haumacher
Claus Wonnemann
Yuriry Mikhailovskiy
Ruediger Heim -
Charles Daugherty
Kjell Mattiasson

Development

Parallellisation

Parallellisation

Development

Interface development 1:st generation
Debugging

Scientific advisor

Development started end 2001. Public March 2002
Project hosted at http://impact.sourceforge.net under GPL license
Written in Java for Object Orientation, connectivity and portability

Code is at alpha stage
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Why write a code like Impact?

Needed a tool for evaluation of concept ideas
Commersial alternatives have a high complexity and price tag

Vision for Impact

To be a free and simple alternative to the advanced
commercial Finite Element codes available today.

The guideline during the development of the program has
been to keep code clear and simple in design.

Why Open Source?

Credibility

Stability — feedback from users
Self sustaining development
Fun!




Title
Intro
Vision

Explicit Time Integration General Purpose Finite Element Program

- (B
— ';l‘ - —
G | [[ — L el — R

Theory

Results
Features
Why GID?

Preprocess
Material
Conditions
General Cnd

Interface design
.prb syntax
.mat syntax
.cnd syntax
.bas syntax

Parse & Solve
General
Output

Postprocess
Animation
Trackers

Future G&l
Future Impact
Summary

The theory behind an Explicit Finite Element code

BasedonF=M*a

Equation A Equation B

Equation is solved with a Central Algorithm
Difference Method where velocities are
a half timestep offset to the

accelerations and displacement values.

=

. Set initial conditions

. Assemble M

3. Compute internal force as:
3.1 Loop over elements
3.2 Compute internal force
3.3 Assemble internal to global
3.4 Next element

. Update displacement from eq. A

. Update velocity by eq. B

. Apply boundary conditions

. Output if desired

.Gotostep 3

N

As long as the timesteps are sufficiently
small, the solution will be accurate.

The timestep is determined by the
element size and material properties

o ~No M
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Gln "7 f e —— / Explicit Time Integration General Purpose Finite Element Program

What kind of problems can Impact solve?

Many dynamic problems can be
modelled with Impact

Crash deformation

Metal sheet forming

Occupant protection

Currently suitable for component
models only
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Rosuls Extract of features included in Version 0.4.1
Why GID? Elements
1d: Rod element; 6-deg spring element with damping
Preprocess 2d: CO Triangular shell; BLT Quad shell; 1-5 integration points through thickness
Material 3d: Solid isoparametric hexa with 1 or 8 integration points
Conditions Contact
General Cnd Contact line and triangle elements
Friction
Interface design Load and BC
.prb syntax Var!able pressure and n.o.de load
.mat syntax Varlable.boun.dary condition on nodes N
.cnd syntax Local axis defineable for load and boundary conditions
bas syntax Rigid body between one or more nodes

Material
Elastic and Elastoplastic isoparametric material model

Parse & Solve Strain rate effect

General Input
Output Fembic indata format with flexible syntax
Output

Postprocess Default output to .flavia.res and .msh

Animation Trackers to read and plot curve data

Trackers Control

Automatic or manual time step

Future G&l Large strain thickness reduction on shell elements and rod
Future Impact Hourglass control for shell elements

Summary
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Why was Impact designed to use GID?

Academic license

GID
gmsh
Patran
Ansa

E
E
O
O

Open format, simple and well documented o o 0 0

Cross platform including Linux o M o o

Configurable
NURB surface capab

3D interactive

ility o - o o
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Unpack Impact zip file

Preprocess

gg:,z:ﬂns Move GID files to GID directory

General Cnd

_ Start GID A GiD Project: UNNAMED || 1|

Interface deS|gn Files Miewy Geometry  Utilities QatalMeshing Calculate Help

.prb syntax _ _ WD 2 PG| s Bolentpe T |

.mat syntax Menu is available = oottt Eanpies b e

.cnd SyntaX r’: Qate-rials Transfart... s st

.baS Syntax ﬁ, Erablem Data 7 Internet Retrieve. Ritbiens: R, st

£ Iriterval “ Others. problem type solidz
L problem type thermo_mec

Parse & Solve Create a model Q}" Local axes 3

General o

Output %
Postprocess %

Animation ==

Trackers %
Future Gé&l ﬁ:j &
Future Impact

Summary
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Defining the materials

—— _— e g

Elastic and Elastoplastic
material models available

Note the including of
thickness and number of
Integration points in the
material since these can
differ between elements.

This forces several
materials (with similar
characteristics) to be
defined.

The materials are then
applied to the geometry.

3 - Materials 1| [
MATERIAL 1 13 ‘{%! {>|ﬁ| 7|
PROFPERTY ELASTIC —~|

YOUMNGS MODULUS EE'IEI.
POREE0N RATIO EEI.S
Mass DENSITY i?.EE—E

THICENESS (1.0
INTEGRATIONPCIMNT S !5

| Assign Qraw| Unassigh | ImportExport

Close |
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Defining the conditions

Conditions are used for
defining:
Boundary conditions
Loads
Rigid bodies

Conditions can vary over
time

Text as a picture in menu
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Defining the general parameters

Summary

Time control sets the start and
end time for the solution

If step size is left at 0.0,
autostep will take control.

Print interval can be defined.
General hourglass control
parameters for the shell

elements can also be set.

These will then be applied to all
shell BLT 4 node elements.
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How is the GID interface designed?

Syntax of a Fembic file
Filename.in

Blocks starts with key words
Any block order allowed
Blocks may be repeated

Cross reference between blocks

Element data defined in each element

(N N

Nodes

1x=11y=0.0z=0.0load =Load_1
2Xx=2.1y=0.0z=0.0constraint=Constr_1
3x=1.1y=1.2z=0.0 constraint=Constr_1

Elements of type shell_CO_3
1 nodes =[1,2,3] t = 5.0 material = mat_1

Materials of type elastic
mat 1 E=210rho=7.8E-6 hu=0.3

Constriaints of type boundary_condition
Constr_1 ax=0 ay=0 az=0 vx=0 vy=0 vz=0

Loads
Load_1Fx=0.1Fy=0.... abbreviated

Trackers of type rodforce
1 element = [1] filename = rod_force.trk

Controls
run from 0 to 20 step 0.0001
print every 0.1 step
\print tracker every 0.01 step Y
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Syntax of the .prb file

BOOK: TI ME CONTRCL
QUESTI ON: START_TI ME

VALUE: 0.0
QUESTI ON:  END_TI ME

VALUE: 0.0

HELP: |F EQUAL TO START TIME, NO ANALYSI S |'S PERFORVED
QUESTI ON:  STEP_SI ZE

VALUE: 0.0

HELP: | F ZERO, THEN AUTOMATI C TI ME STEPPI NG

QUESTI ON: PRI NT_OUTPUT
VALUE: 0.0

HELP: TI ME AT WHI CH OUTPUT | S PRI NTED

BOOK: SHELL PARAMETER

QUESTI ON:  SHEAR _FACTOR

VALUE: 1.0

QUESTI ON:  HOURGLASS_CONTROL: #CB#( YES, NO)

VALUE: YES

DEPENDENCI ES:

( NO, Hl DE, MEVBRANE_HGLASS, #CURRENT#, H DE, OUT_OF PLANE_HGLASS, #
CURRENT#, HI DE, ROTATI ONAL_HGLASS, #CURRENT#)

DEPENDENCI ES:

( YES, RESTORE, MEVMBRANE_HGLASS, #CURRENT#, RESTORE, OUT_OF _PLANE_H
GLASS, #CURRENT#, RESTORE, ROTATI ONAL_HGLASS, #CURRENT#)

QUESTI ON: MEMBRANE_HGLASS

VALUE: 0.1

QUESTI ON:  OUT_OF_PLANE_HGLASS

VALUE: 0.1

QUESTI ON:  ROTATI ONAL_HGLASS

VALUE: 0.1

END GENERAL DATA
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Syntax of the .mat file

NUVBER: 1 MATERI AL: MATERI AL_1

QUESTI ON:  PROPERTY#CB#( ELASTI C, ELASTO- PLASTI C)

VALUE: ELASTIC

DEPENDENCI ES: ( ELASTI C, HI DE, YI ELD_STRESS, #CURRENT#, H DE, HARDENI NG_FACTOR, #CURRENT#)
DEPENDENCI ES: ( ELASTO- PLASTI C, RESTORE, Yl ELD_STRESS, #CURRENT#, RESTORE, HARDENI NG_FACTOR,
#CURRENT#)

QUESTI ON:  YOUNGS_MODULUS

VALUE: 210.

QUESTI ON: POl SSON_RATI O

VALUE: 0.3

QUESTI ON:  MASS_DENSI TY

VALUE: 7.8E-6

QUESTI ON:  THI CKNESS

VALUE: 1.0
QUESTI ON:
VALUE: 5
QUESTI ON: Yl ELD_STRESS
VALUE: 0.180

QUESTI ON:  HARDENI NG_FACTOR
VALUE: 1.0

END MATERI AL

| NTEGRATI ONPO NTS

NUMBER: 2 NMATERI AL: MATERI AL_2

repeated 5 tines
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Syntax of the .cnd file

Summary

Hidden ID values used to
distinguish the conditions and their

types

Dummy condition 100 used at end

NUVMBER: 1 CONDI Tl ON: Boundary_Conditi on_P1
CONDTYPE: over points
CONDVESHTYPE: over nodes
| MAGE: bc.gif
QUESTION: I D
VALUE: 1
STATE: HI DDEN
QUESTI ON: | D2
VALUE: 0O
STATE: HI DDEN
QUESTI ON: x- accel -trans
VALUE: OFF
QUESTI ON: y- accel -trans
VALUE: OFF

QUESTI ON: z-vel o-rotati on
VALUE: OFF
END CONDI TI ON

NUMBER: 41 CONDI TI ON: Pressure_Load_Sl1
CONDTYPE: over surfaces
CONDMESHTYPE: over el ens
| MAGE: pc.gif
QUESTION: I D
VALUE: O
STATE: HI DDEN
QUESTI ON: | D2
VALUE: 41
STATE: HI DDEN
QUESTI ON: Surface-Pressure
VALUE: 0.0
END CONDI TI ON

NUMBER: 52 CONDI TI ON: Ri gi d_Body_RB2
CONDTYPE: over points
CONDMESHTYPE: over nodes
I MAGE: rb.gif
QUESTION: I D
VALUE: 52
STATE: HI DDEN
QUESTI ON: | D2
VALUE: 0
STATE: HI DDEN
QUESTI ON: Mast er - Node- nunber
VALUE: 0
END CONDI TI ON
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Syntax of the .bas file

NODES
*Set cond Boundary_ Condition_P1 *nodes *or
(2,int)

*Add cond Boundary Condition L1 *nodes *or
(2,int)

*Add cond Boundary_ Condition_S1 *nodes *or
(2,int)

*Add cond Ri gid Body RB1 *nodes *or(2,int)
*Add cond Force_Load P1 *nodes *or(1,int)

*Add cond Dummy *nodes *or(1l,int) *or(2,int)
*| oop nodes
*format "9Bi
15. 8f"

* NodesNunt NodesCoor d( 1) * NodesCoor d( 2)
*NodesCoord(3) *\

*if(cond(1l,int) > 0)

*format "odi"

constraint = Constr_*cond(1,int) *\
*endi f

*if(cond(2,int) > 0)

*format "odi"

| oad = Load_*cond(2,int)

*el se

*endi f

*end nodes

X = 9%5.8f y = %45.8f z = %

/Nodes

1x=11y=0.0z=0.0load =Load_1
2x=2.1y=0.0z=0.0constraint =Constr_1
3x=11y=122z=0.0constraint =Constr_1

Elements of type shell_CO_3
1 nodes =[1,2,3] t = 5.0 material = mat_1

Materials of type elastic
mat 1 E=210rho=7.8E-6 nu=0.3

Constriaints of type boundary_condition
Constr_1 ax=0 ay=0 az=0 vx=0 vy=0 vz=0

Loads
Load_1Fx=0.1Fy=0.... abbreviated

Trackers of type rodforce
1 element = [1] filename =rod_force.trk

Controls
run from 0 to 20 step 0.0001
print every 0.1 step

Kprint tracker every 0.01 step




Title

Intro
Vision
Theory
Results
Features
Why GID?

Preprocess
Material
Conditions
General Cnd

Interface design
.prb syntax
.mat syntax
.cnd syntax
.bas syntax

Parse & Solve

General
Output

Postprocess
Animation
Trackers

Future G&l
Future Impact
Summary

Parsing and Solving

@ |nit
@ Create a Fembic instance
* Parse
@ Ask F for number of elements etc.
@ Set up arrays
@ Ask F to generate nodes, elements, writer,
Controlset, Constraints etc.

@ Setup Mass

@ Calculate mass matrix etc.
* Set Initial conditions

@ Solve

@ |Loop through time

Loop through all elements and calculate forces
Remove failed elements

Loop constraints and update

Loop nodes and calculate new postitions

Loop trackers and let them print if needed
Update timestep

Print result data if needed by ordering Writer
Loop nodes and clear forces

@ End loop time

@ Post

LA A A AR OR L

% Load ‘

4{ Contr ol set ‘

Rod_2 |

% El enent

Shel | _BT 4 |

Cont act _Li ne‘

% | mpact

Boundary_Cnd‘

4{ Const rai nt

Ri gi d_Body |

% Smack
4{ Mat eri al
% Node ‘

% Reader ‘
% Witer ‘

El astic ‘

El ast opl ast c‘
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The Reader object
generates elements by
reading the indata file.

The Reader feeds the
elements the related
indata from the file as a
string, by calling the
corresponding method

Writing is made by the
writer object.

Element data is printed by
the element by calling
corresponding method

/
N
|
-

O O O O [ Femic |
O o 0O O tsoma |
A O O O e

O O O  isoma

Void Shell CO_3.parse_Fembic(String s)

String Rod_2.print_Gid(int flag, int ipoint)
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Writing the results

The writer object is asked to write
@ First time, write .msh
@ Repating, write .res

File syntax is determined by the
writer object

Data is written by each element or
node decided by a flag

MESH

RESULT_HEADER
MESH_HEADER
RESULT_SUB_HEADER
RESULT_STRESS_GLOBAL
RESULT_STRESS_LOCAL
RESULT_STRAIN_GLOBAL
RESULT_STRAIN_LOCAL

[N U L T N

Structure allows element data to
be kept private inside object

Smack
‘ Witer }—{ G DWiter ‘
Rod_2 |
‘ Wite ‘
Shel | _BT 4 |
Y
‘ El enent Contact _Li ne‘
|
Node ‘
\

Write header

loop elements
Displacements

loop nodes
Local stresses

loop elements
Global stresses

loop elements
Local strains

loop elements
Global strains

loop elements
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Postprocessing the results

Load .flavia.res

Mesh deformation
Deformed

@ Time analysis
Step O
Displacements
Factor 1 (usually)

Apply

LR AL

Result and
deformation must be
done in fixed order for
animation

Potential for
simplification?
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Animation

Animation works well

Excellent export facilities to
jpeg and gif

Possibility of rotation/zoom
during animation would be
welcome
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Trackers

Trackers defined in
fembic file will track
and plot data into a
file (xxx.trk)

File can easily be
read and plotted in
GID

Mathematical
operations in Excel
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Next steps for GID / Impact interface?

Include all element types
@ Contact_triangle
# Contact_line
@ Rod 2
@ Beam_Spring_2

Materials
@ Spring

Trackers

Nodeforce
NodeDisplacement
NodeAcceleration
SectionForce
Energy
NodeDistance
RodForce
BeamSpring

LA A R R OB L L

Control
@ Selection of Writer

Investigate possibility of saving
constraints or alternatively
finding another way of applying
the constraints as materials.

Professional — more pictures

Update descriptions
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What are the future plans for Impact?

Version 0.5: Distributed computing
@ Possibility of running same or different runs on different CPU:s in local network
# Possibility of running same or different runs on different CPU:s over internet

Version 0.6: Evolution
@ Beam element
@ Wedge and Tetrahedron Elements

Version 0.7: Performance
@ 300% speed increase in hexahedron elements
@ 30% speed increase in shell elements
@ 30% speed increase of contact algorithm
@ 70% reduction of memory usage

Version 0.8: Stability & Accuracy
@ Hourglass control of one node hexahedron element
@ Improved error handling including check for non-physical effects
@ Complete library of test files including accuracy test

Version 0.9: Final Beta
@ Debug, Debug, Debug

Version 1.0: First stable release
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Summary

* Impact is an explicit finite element code designed to interface with
GID for both Pre- and Postprocessing

L

Object orientation allows simple extention of more elements and
interfaces to Impact

L

GID has proven to be a good choice
* Academic license

» Open file format

» Simplicity of configuration

L

Potentials for GID
# condition design
* postprocess animation

L

Developers and Testers are most welcome to join the Impact Team




Title

Intro
Vision
Theory
Results
Features
Why GID?

Preprocess
Material
Conditions
General Cnd

Interface design
.prb syntax
.mat syntax
.cnd syntax
.bas syntax

Parse & Solve
General
Output

Postprocess
Animation
Trackers

Future G&l
Future Impact
Summary

Syntax of the .bas file

CONTROLS

*if (GenDat a( START_TI ME, real ) >0.)
*for mat
9. 6f"
*GenDat a( START_TI ME, real ) *GenDat a
(END_TI ME, real ) * GenDat a( STEP_SI ZE, real )
*el se

*format "run from 9%0.5f to %0.5f"
*GenDat a( START_TI ME, real ) *GenDat a
(END_TI ME, real)

*endi f

*i f (GenDat a( PRI NT_QUTPUT, real ) >0.)
*format "print every 9%9.6f step”
*GenDat a( PRI NT_OUTPUT, real )

*el se

*messagebox ERROR: The print interval
must be set (Use Problem Data -> Tine
Control)

*endi f

"run from%0.5f to %0.5f step %

/

Nodes

1x=11y=0.0z=0.0load =Load_1
2Xx=2.1y=0.0z=0.0constraint=Constr_1
3x=1.1y=1.2z=0.0constraint=Constr_1

Elements of type shell_CO0_3
1 nodes =[1,2,3] t = 5.0 material = mat_1

Materials of type elastic
mat 1 E=210rho=7.8E-6 hu=0.3

Constriaints of type boundary_condition
Constr_1 ax=0 ay=0 az=0 vx=0 vy=0 vz=0

Loads
Load_1Fx=0.1Fy=0... abbreviated

Trackers of type rodforce
1 element = [1] filename =rod_force.trk

Controls
run from 0 to 20 step 0.0001
print every 0.1 step

kprint tracker every 0.01 step
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Syntax of the .bas file

*| oop materials
*if(strcnp(mat prop( PROPERTY), "ELASTI C")

MATERI ALS OF TYPE ELASTI C

*format "mat _%li E = %0.5f RHO = 9%16. 10f
NU = %6. 3f "

*mat num( ) * mat pr op( YOUNGS_MODULUS, r eal )
*mat prop( MASS_DENSI TY, real ) * mat pr op

(PO SSON_RATI O, real )

*endi f

*if(strcnp(mat prop( PROPERTY) , " ELASTO
PLASTI C') ==0)

MATERI ALS OF TYPE ELASTOPLASTI C

*format "mat _%li E = %0.5f RHO = 9%16. 10f
NU = 9%6. 3f YI ELD_STRESS = %0. 5f FACTOR =
96. 2f "

mat _*mat nun( ) * mat pr op

( YOUNGS_MODULUS, r eal ) * mat prop

(MASS_DENSI TY, real ) * mat prop

(PO SSON_RATI O, real ) *mat pr op

(YI ELD_STRESS, real ) * mat prop

( HARDENI NG_FACTOR, r eal )

*endi f

*end material s

e

/&odes
1x=11y=0.0z=0.0load =Load_1
2Xx=2.1y=0.0z=0.0constraint=Constr_1
3x=1.1y=1.2z=0.0constraint=Constr_1

Elements of type shell_CO0_3
1 nodes =[1,2,3] t = 5.0 material = mat_1

Materials of type elastic
mat_1 E=210rho =7.8E-6 nu=0.3

Constriaints of type boundary_condition
Constr_1 ax=0 ay=0 az=0 vx=0 vy=0 vz=0

Loads

Load_1Fx=0.1Fy=0... abbreviated

Trackers of type rodforce
1 element = [1] filename =rod_force.trk

Controls
run from 0 to 20 step 0.0001
print every 0.1 step

\print tracker every 0.01 step
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Syntax of the .bas file

CONSTRAI NTS OF TYPE boundary_condi ti on
*Set cond Boundary_ Condition_P1 *nodes
*| oop nodes *Onl yl nCond
*if(Cond(1,int)>0)

*i f (beent her e==0)

*set var beent here=1

*format "odi"

Constr_*Cond(1,int) *\
*if(strcnp(Cond(3)," OFF")!=0)

ax = *Cond(3) *\

*endi f

*endi f
*end nodes
*set var beenthere =0

Searching all nodes to see if any
node has this condition. If so,
include it in the file.

Note beenthere variable to avoid
repetition for each node.

/Nodes D

1x=11y=0.0z=0.0load =Load_1
2Xx=2.1y=0.0z=0.0constraint=Constr_1
3x=1.1y=1.2z=0.0constraint=Constr_1

Elements of type shell_CO0_3
1 nodes =[1,2,3] t = 5.0 material = mat_1

Materials of type elastic
mat 1 E=210rho=7.8E-6 hu=0.3

Constriaints of type boundary_condition
Constr_1 ax=0 ay=0 az=0 vx=0 vy=0 vz=0

Loads
Load_1Fx=0.1Fy=0.... abbreviated

Trackers of type rodforce
1 element = [1] filename = rod_force.trk

Controls

run from 0 to 20 step 0.0001

print every 0.1 step

Kprint tracker every 0.01 step )
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LOADS

*Set cond Force_Load P1
*nodes

*Set var beent here=0

*| oop nodes *Onl yl nCond
*if(Cond(2,int)>0)

*i f (beent her e==0)

*set var beent here=1
*format "odi"
Load_*Cond(2,int) *\

fx = *Cond(3) *\
fy = *Cond(4) *\
fz = *Cond(5) *\
ax = *Cond(6) *\
ay = *Cond(7) *\
az = *Cond(8) *\
nK = *Cond(9) *\
nmy = *Cond(10) *\
nez = *Cond(11) *\
arx = *Cond(12) *\
ary = *Cond(13) *\
arz = *Cond(14)
*endi f

*endi f

*end nodes

Can print all variables since zero
load does not affect solution

/Nodes D

1x=11y=0.0z=0.0load =Load_1
2Xx=2.1y=0.0z=0.0constraint=Constr_1
3x=1.1y=1.2z=0.0constraint=Constr_1

Elements of type shell_CO0_3
1 nodes =[1,2,3] t = 5.0 material = mat_1

Materials of type elastic
mat 1 E=210rho=7.8E-6 hu=0.3

Constriaints of type boundary_condition
Constr_1 ax=0 ay=0 az=0 vx=0 vy=0 vz=0

Loads
Load 1 Fx=0.1Fy=0.... abbreviated

Trackers of type rodforce
1 element = [1] filename = rod_force.trk

Controls
run from 0O to 20 step 0.0001
print every 0.1 step

Kprint tracker every 0.01 step )
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Repeated for each element type

*Set elens(triangle)

*| oop el ens

*i f (El ensNun>0)

*Set var triaNunmrl

*endi f

*end el ens

*if(triaNune0)

ELEMENTS OF TYPE shell _CO_3

*Set cond Pressure_Load_S1

*Add cond Pressure_Load_S2

*Add cond Pressure_Load_S3

*Add cond Pressure Load $S4

*Add cond Pressure_Load_ S5

*Add cond Dumy

*| oop el ens
*if(lsQuadratic(int)==1)
*messagebox - ERROR | MPACT supports only
| i near shape function

*endi f

*i f (El enmsMVat ==0)

*messagebox - ERROR:. No nmaterials defined
for the Triangular shell elenents
*endi f

*end el ens

Elements of type shell_c0_3
1 nodes =[1,2,3] nip =5 t=5.0 material = mat_1

*| oop el ens

*if(lsQuadratic(int)==0)

*| oop materials

*if (mat num() ==El ensMVat )

*Set var thick=matprop(5,real)

*Set var mat set =El ensMat

*Set var intpoint=nmatprop(6,int)
*endi f

*format "%8i nodes = [%i,%i,%i] nip
=o%li t = 9%.3f material = mat_%i "

*El ensNunt El ensConec*i nt poi nt *t hi ck* mat
set *\

*end materials

*if(Cond(2,int)>0)

*format "l oad = Load %i"

*Cond(2,int)

*el se

*endi f
*endi f
*end el ens
*endi f




