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Crashbox - Tutorial
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In this tutorial the focus is on modeling a Formula Student Racecar
Crashbox with HyperCrash 12.0

(Written by Moritz Guenther, student at Altair Engineering GmbH)



HyperMesh*
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1. Start HyperMesh 12.0 for meshing the geometry.

2. Choose User Profile RADIOSS: Block110 and open the file
Model_start.hm from file > open.
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3. Notice: the loaded file contains three surfaces and one solid.

Click on 3D > solid map > one volume and choose the Crashbox as
solid. Change source shells to quads and set the elem size to 10mm.
Finish your operation with a final click on mesh and return.
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*HyperMesh is used for geometry editing and meshing, HyperCrash is then employed to

define material properties, contacts, boundary conditions etc.



4. Next, the surfaces are meshed. For this go to 2D > automesh and
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type in the element size 19mm. Select quads as mesh type and
choose the surface of the Barriere. Start meshing.
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5. The Anti-Intrusion-Plate needs a mesh with the size 6mm. Please
use the type mixed. Do the same with the Bulkhead by using the
size 10mm. Compare your model with this picture:
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6. Click on File > Export > Solver Deck, pick the file type RADIOSS and

export the model to your desired folder.
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HyperCrash

Materials

1. Start HyperCrash 12.0, set the working directory to a suitable
location, choose RADIOSS V11, set the Unit system to kN mm ms
kg, switch the GUI to new and start HyperCrash.

2. Import your RADIOSS mesh and ignore the transformation of the
unit system.

3. Now we have to define two different materials. On the menu panel
click on Model > Material and select Create a new object > Elasto-
plastic > Piecewise linear (36). Type the name EN AW 7075 in and
pick the same values like in the picture beneath:

1 EN AW 7075 PLAS TAB
s ey e

0]

Local Unit System None

[RHO_] Initial density®
[RHO_0] Reference density 0
[E] ¥oung's modulus®
[Mu] Peizson's ratio® «
[Eps_p_max] Failure plastic strain o
[Eps_t1] Tensile failure strain 0
[Eps_t2] Tensile failure strain ]
[C_hard] Hardening coefficient 0
[F_smooth] Strain rate smoothing |
[F_cut] Cutoff frequency for strain rate fite |0
[Eps_f] Maximum tensile failure strain ]
[func_IDp] Pressure ve. yvield factor functio| None
[Facale] ¥-Scale factor for yield factor fur@
[M_funct] Number of functions*
b Strain rate
= Yield stress
[func_IDi1] Yield stress function - 1 [1]1 EN AW 7OTS (Strain rate

[Fecale_i1] Scale factor ordinate (stre.@
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We next need to define the function for the material, for this, right
click on the field next to Yield stress function and click on define
Function. Now transfer the coordinates of the function from the
image below and confirm with save:

= 5
& Function Window [&J
Function name ;) EN AW 7075 (Strain rate 1)
Ll k]
¥ B %
EPSILON_P_MA)d sm.ml 6.205500E-001 —W
0 43215 4
1822 508
11622 H32 SIGMA
21622 544 3.102750E-001 -
3.1822 .56
Il 5 536
6.1622 582 1 i i
9.3322 52035 1 0.000000E+000
] 0.000000E+000 4.UUDDUIDE+DDU S.UUDDDhE+DDU
EPSILON_P_MAX
EPSILON_P_MAX: 0
SIGHA: 0
Validate
lUndcl Referenc:eI | Save | | Cancel

After defining the function, the material definition is complete. Now to
assign this material to the relevant components in the model, first pick the
components namely Anti-Intrusion-Plate, The Bulkhead and the Barriere
from the model tree,

"
Tree |Material

R e T 3 T T e
B (= crash_1_crash (0)
- @ Anti-Intrusion-Plate (1)
- @ Crashbox (2)
- @ Barriere (5)
.- @ Bulkhead (8)

Go back to the material browser, click on add selected parts from tree,
finish with save.
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< Yield stress
[func_IDi1] Yield stress function -1 |[1] Mew FUNCT 1

[Fscale_i1] Scale factor ordinate (stre .5
T Support*

B ® S -

d

4. Now we repeat the whole procedure of step 3 defining a Honeycomb
structure for the crashbox. Go to
Create a new object > Other > (28) and copy the entries from the
image below, notice how we have six different functions.
Important: The Initial Density is 9.13E-8 kg/mm?

HOMEYCOWMB e
D

Title

Local Unit System

[RHO_]] Initial density*®

[E_11] ¥oung's modulus, E11*
[E_22] Young's modulus, E22*
[E_33] Young's modulus, E33*
[G_12] Shear modulus, G12*
[G_23] Shear modulug, G23*
[G_31] Shear modulug, G31*

[Eps_max11] Failure strain in tension/compression in dir. 11
[Eps_ma=x22] Failure strain in tension/compression in dir. 22
[Ep=_max33] Failure strain in tenzion/compression in dir. 33
[Eps_max12] Failure strain in shear direction 12

[Eps_ma=23] Failure strain in shear direction 23

2
2
2
0
0
0
1]
0
0

[Ep=_max31] Failure strain in shear direction 31

[Iflag1] Strain formulation for yield functions 11,2233 1: ¥ield stress is a functien of strains
[Iflag2] Strain formulation for shear yield functions 12,23, =1: Yield stress is a function of -sfrai

[fun_ID11] Yield stress function 11* I[.'JE] Huneycumt:-'fr
[Fscale11] ¥-scale factor for vield function 11 i

[fun_ID22] Yield stress function 22* [14] Heneycomb L&W
[Fercale22] Y-scale factor for yield function 22 o

[fun_ID33] Yield fstress unclion 33* [14] Honeycomb L&W
[Fecaled3] ¥-scale factor for yield function 33 0

[fun_ID12] Shear yield stress function 12* [17] FUNCTION: 17
[Fscale12] ¥-scale factor for shear viel function 12
[fun_ID23] Shear yield stress function 23* [18] FUMCTION: 16
[Fecale23] Y-scale factor for shear yield function 23
[fun_ID31] Shear yield stress function 31* [17] F

[Fecaled1] ¥-scale factor for shear yield function 31 @

UMCTION: 17
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You can define the yield- and shear stress functions by right clicking in the
respective field and sel e Atwindav opdhe wheree Funct
you can define a function by entering the coordinates or by importing an

existing curve.

Note: In this tutorial all functions are imported to save time.

Yield stress function 11

Within the ffunction windowo click on Almport curveo and choose the file
HoneycombT.txt from your working directory. The function should look
like below.

& Function Window ' . ‘ lé
Function name :
i, £
EFJ t% x
5tra|n| Yield stress‘ - 7 7796R1E-003
-1.652T27T273 007779661017
-1.651090809 007738200782
-1 54545 007595740548 1
-1.647818182 007655280313 f16ld siress
-1, 007613820078 3.889331E-003
-1 007572355844
-1, 007530899609
| -1.681272727 007489435374 |
-1.639636364 00744757514 d | |
-1.638 007408518905 : 0.000000E+0
|| 163538383 “noraeanzast B E Pistron0 -8.26E-001 0.008+000
-1.634727273 007323598435 Strain
-1.633090909 007282138201
-1.631454345 007240677966
-1.628818182 007189217731
-1.628181818 007157757457
-1.626545455 007120550874
_1 R74008081 nnrneazzazs [T
Strain: 0
Yield stress: 0
alidate
Undo Reference Save Cancel

Define the other five functions by importing the following curves:

Yield stress function 22 HoneycombLW.txt
Yield stress function 33 HoneycombLW.txt
Shear yield stress function 12 HoneycombF3.txt
Shear yield stress function 23 HoneycombF4.txt
Shear yield stress function 31 HoneycombF3.txt
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Now to assign this material to the crashbox component, first pick the
crashbox component from the model tree, go back to the material
browser, click on add selected parts from tree, finish with save.

Properties

1. To define the properties follow the path Model > Property and select
Creates a new object > Surface > Shell (1).

SHELL
1] 1
Local Unit System None

[hm] Shell membrane hourglass coefficient |0
[hf] Shell out of plane hourglass

[hr] Shell rotation hourglass coefficient

[dm] Shell membrane damping

[dn] Shell numerical damping

[M] Number of integration points through the
[Thick] Shell thickness*

[&=hear] Shear factor

[lemstr] Flag for shell small strain formulation | 0: Usf yalue g EE SHELL
[lzshell Flag for 4 node shell element formulatzwgd, GEPH =hell formulafi
[lsh3n] Flag for 3 node shell element formulat | 0: use value in /JOEF_SHELL
HELL

- Thicknez= change iz taken in

[lstrain] Flag to compute strains for post-proc | 0; Use valye|

[thick] Flag for shell resultant stresses calc

[lplag] Flag for shell plane stress plasticity . terative projection with 3 Ney

Use Include picked parts to choose the Anti-Intrusion-Plate to apply
these property settings to that component.

*

End this working step with Save.
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Some questions you may have asked yourself

Why QEPH shell formulation

A QEPH (Quadrilateral ElastoPlastic Physical Hourglass Control)
element

A QEPH is the best compromise between cost and quality. Generally, it
costs no more than 15% of a BT element and the results obtained
by this element are close to those of QBAT.

A With one-point integration formulation, if the non-constant part
follows exactly the state of constant part for the case of elasto-
plastic calculation, the plasticity will be under-estimated due to the
fact that the constant equivalent stress is often the smallest one in
the element and element will be stiffer. Therefore, QEPH, defining a
yield criterion for the non-constant part seems to be a good ideal to
overcome this drawback.

A QEPH shells are more accurate for elastic or elasto-plastic loads,
whatever the loading type - quasi-static or dynamic

A QEPH shells will give better results if the mesh is fine enough. It is
not recommended for coarse mesh.

Why use 5 integration points in the thickness of shell elements

A In case of an elastic behavior, one gets the exact solution from
three integration points i that is to say that the bending moments
are exactly integrated through the thickness of the shell i and it is
not necessary to use more integration points.

A In case of a plastic behavior, the bending moments are not
integrated exactly. Using more integration points, the solution
becomes more accurate; so it is recommended to use five
integration points.
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Wh y Ithick =1

A

By default, shell thickness is supposed constant during shell
deformation. Initial thickness is used to compute strains and to
integrate stresses, but the thickness variation is still computed for
post-processing reasons. If a variable thickness (Ithick =1) is used,
true thickness is computed not only for post-processing, but also for
strain computation and stresses integration

Why Iplas =1

10

A

In plasticity computation, two fundamental assumptions must be
satisfied. First, the stress in the plastic region must verify the
plasticity criteria (for example, von Mises criteria). Second, in the
principal stresses space is the direction (4 =), due to work hardening
is normal to the yield surface.

An iterative orthogonal projection is used in this tutorial, this
method enables to satisfy the second assumption using an iterative
algorithm, the main reason we use iterative projection is to achieve
a high accuracy on stress distribution after projection.
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Properties (cont.)

2. For the components Barriere and Bulkhead, similar properties are
needed. Follow the same steps as in (1) but with the entries as
shown in the image below

SHELL

(] 2

Title
Local Unit Sy=stem None

[hm] Shell membrane hourglass coefficient |0

[hf] Shell out of plane hourglass

[hr] Shell rotation hourglass coefficient ]
[dm] Shell membrane damping 0
[dn] Shell numerical damping ]

[M] Mumber of integration points through the

[Thick] Shell thickness*

[A=hear] Shear factor 0

[lemsir] Flag for shell small strain formulation |0: Use value in /OEF SHELL
[l=hel] Flag for 4 node shel element formula®&G4: QEPH =hell formulati
[l=h3n] Flag for 3 node shell element formulat | 0; u=se value in /DEF_SHELL

[lztrain] Flag to compute strains for post-proc|: Usg

[thick] Flag for shell resultant stresses calgd|1: Thickness change is taken in

1: kerative projection with 2 Mg

[Iplas] Flag for shell plane stress plasticity

SHELL

(0] 3

Title
Local Unit System MNone

[hm] Shell membrane hourglass coefficient |0
[hf] Shell out of plane hourglass

[hr] Shell rotation hourglass coefficient

=T — =1

[dm] Shell membrane damping

[dn] Shell numerical damping

[M] Number of integration points through the
[Thick] Shell thickness®

[A=hear] Shear factor

[lzmstr] Flag for shell small strain fnrmulatm@ value in J’D@L

[lzhel] Flag for 4 node shell element formulati | 24: QEPH =hell formulation

[lzh3n] Flag for 3 node =hell element formulat _D=0%e value in /DEF_SH
[lstrain] Flag to compute strains for post-prgc | 0: Use value in /DEF_SHELL

[thick] Flag for =hell resultant stresses calcu ickness change iz ke

[Iplag] Flag for shell plane stress plasticity 1: kerative projection with 3 New

11
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3. Logically the Crashbox needs a different property as it is a solid
component, therefore use Volume > Orthotropic solid (6) and these

settings:
SoLORTH
Iz 4
Title
Local Unit System Mone
[lz=mstr] Flag for small strain formulation 0. Defa defined ir
[lzolid] Flag for =olid elements formulation 4. HEPH &-node =olid eleme

[lcpre] Flag for constant pressure formulation 0: Mo reduced pressure integrati

[dn] Numerical damping for stabilization 0
[g_a] Quadratic bulk viscosity 0
[g_k] Linear bulk viscosity 0

[h] Hourglass viscosity coefficient 0

[phi] Orthotropic angle with first reference pl | 0

[dt_min] Minimurm time step 0
Reference vector 0 0 0
[Ilp] Reference plane 0: use zkew _ID

[lorth] Orthotropic system formulation flag 0: the first axis of orthotropy is r

After selecting the Crashbox, click save to end creating new properties.
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Contact definition

1. Click on LoadCase > Contact Interface and pick the Multi usage
(Type 7). At first we define the contact between crashbox and
Barriere. After clicking selecting Include picked parts, pick first the
Crashbox and then the Barriere. Make sure the details are as below,

TYPET

D 1

Self Impact 1%

Title Crashbox ve. Barrierg
Local Unit System None

Formulation 0: Classical

[Istf] Stiffness defintion 0: Scale factor
[the] Heat contact O

[lgap] Gaplelement option 0: Constant gap (minimum}
[Mult] Max impacted seg/node (average) 0

[lkag] VYent hole closure when contact ]

[idel] Node and segment deletion 0: Mo deletion
[lcurv] Slave gap with curvature 0: Mo curvature
[ladm] Local curvature flag 0: Mot activated
[STFAC] Scale factor for stiffness

[GAP_MIN] Min. gap for impact activ. é

b [IBC] Bound. cond. deactivation

[INACTT Stiffness deactiv. (init. penetration) 0: No action
[V15_S] Critical damping coeff. on interface stiffness 0

[W15_F] Critical damping coeff. on interface friction o

[T=tart] Start time 0

[Tstop] Stop time o

[BUKULT] Sorting factor 0

[Ifric] Friction formulation . Static Coulomb
[FRIC] Coulemb friction @

[Iferm] Friction penalty formulation 0: Default

[Ifittr] Friction fittering 0: No fitering

Conform with Save.

2. Repeat the same procedure/steps for the contact between Bulkhead
and Anti-Intrusion-Plate

13
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TYPEY

(In] 2

Self Impact B

Title Bulkhead vs Anti-intrusion-Platg
Local Unit System MNone

Formulation 0: Classical

[lstf] Stiffness definition 0: Scale factor

[the] Heat contact O

[lgap] Gap/element option 0: Constant gap (minimum}
[Mult] Max impacted seg/node (average) 0

[lkag] Vent hole closure when contact |

[ldel] Node and segment deletion 0: No deletion

[lcurv] Slave gap with curvature 0: No curvature

[ladm] Local curvature flag 0: Mot activated

[STFAC] Scale factor for stiffness ¥
[GAP_WMIN] KMin. gap for impact activ. @

b [I_BC] Bound. cond. deactivation

[INACTI Stiffness deactiv. (init. penetration) 0: No actien
[WIS_5] Critical damping coeff. on interface stiffness 0

[WI1S_F] Critical damping coeff. on interface friction o

[Tstart] Start time 0

[T=top] Stop time 0

[BUKULT] Sorting factor 0

[Ifric] Friction formulation JStatic Coulemb
[FRIC] Coulomb friction @

[Iform] Friction penalty formulation . Default

[Ifiltr] Friction fitering 0: Mo fittering

The third contact is a Kinematic condition. So choose type 2. To
pick the location of the Slave nodes, first turn off the perspective

view by pressing 06P6. Then change -t he

and z-axis. Now choose with Add nodes by box selection the row of
nodes of the Crashbox next to the Anti-Intrusion-Plate and for
Master surface pick the Anti-Intrusion- Plate. End with Save.

TYPE2
7]

3
Title Crashbox vs Anti-Intrusion-Plate
Local Unit System None

[lgnore] Flag to ignore slave nodes if no master segment fount 0

[Spotflag] Spotweld formulation

1: Optimised for spotwelds & rivets

[lzearch] lzearch: Formul. for search of closest master seg. | 0: Defau

[D=earch] Deearch:Dist. for closest master seqg. 0

[ide]] Kinematic condition released when master element is del []
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Some more questions é

Why type 7 and wh atis interface gap?

A This interface simulates the most general type of contacts and
impacts

Impacts occur between a master surface and a set of slave nodes

All limitations encountered with interface types 3, 4 and 5 are solved
with this interface.

A It is a fast search algorithm without limitations Interfaces have a
gap that determines when contact between two segments occurs.

What is Coulomb friction?

A Type 7 interface allows sliding between contact surfaces. Coulomb
friction between the surfaces is modelled

A Coulombés friction law is a classic frict
Fr < B * Fy with ¥ = Fric (Coulomb friction)

Rigid body and boundary condition

1. Select Barriere in the tree and go to Mesh Editing > Rigid Body >
Create. Name it and click on Add selected parts of Tree. Switch to
Properties, Type in 305kg at Mass and choose at center of gravity
flag the third option: Mast. Fixed, mass & inertia on COG. Finish
with Save.

2. Create a new Rigid Body, click on Include picked parts and select
the Bulkhead. To simulate it more realistically select every four
nodes around the boreholes of the Anti-Intrusion-Plate using Add
nodes by picking selection. Confirm this with Save.

3. Go to Loadcase > Boundary Condition > Create and select Add
nodes by picking selection. Pick the Master node of the first Rigid
Body. Please select the translation to y and z and every rotation.

15
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Confirm with Save. Now the Barriere can only move towards the
Crashbox.

4. Do the same with the second Rigid Body but select every translation
and rotation.

What is a rigid body?

A A rigid body is an idealization of a solid body in which deformation is
neglected. In other words, the distance between any two
given points of a rigid body remains constant in time regardless of
the external forces exerted on it.

A Rigid body elements are used to
- impose equal displacement to a set of nodes;
- model rigid connections and pin-joints;
- enforce symmetry;
- model transitions, connections, spot-welds, seam-welds between
non-matching (dissimilar) meshes;
- distribute concentrated loads/masses to a set of nodes

Initial velocity

Go to Loadcase > Initial Velocity and click on Creates a new object.
With Add nodes by picking selection choose the masternode of the
Rigid Body (The Rigid Body of the Barriere). Adopt this:

INIVEL

o 1

Title fall_welocity
Local Unit System MNone

Type (: Translational
V=] X velocity 7

[vv] % velocity 0

[Vz] £ velocity 0

16
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Accelerometer

To be able to measure the acceleration you have to fix an
accelerometer. For this purpose click on Data History > Accelerometer
> Create and give it a name. Then pick the same master node where
the velocity is located and save it.

Mass check

To check if you entered correct values in the material-, property- and
rigid body definition (i.e. density, shell thickness, rigid body mass) click
on Mass > Part Details. Here you see a summary of the model masses.
Control the values and the decimal powers for physical correctness.

Mass | COG | Inertia

Entity |I|:I |Tuta|mass
- & MODEL 3.067269475E+002
- [w ROOT 0 1.726947523E+000
i [_E Crashbox_meshed 11 1.726847523E+000
@ Ant-intrusion-Plate 1 1.037599843E+000
@ Crazhbox 2 3.652000000E-001
@ Barriere 5 1.750000000E-001
@ Bulkhead 3 1.491476752E-001
P g Rigid bodies sum 3.053282824E+002

Control cards

Within the control card (Model > Control Card) you define important
and necessary settings like the value of the time step. Please click
on the control cards shown in the images below and copy the
conditions. Make sure you save every setting before you move to
the next Control Card.

17
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PRI W R P

ANIM_DT
[TSTART] Start time 0

Starts at Oms
Write one animation file for
Ims

L] AMM_ELTYPE_FORC

M amm roed
ANIM_ELTYPE_RESTYPE

Mo. of anim eltype restype 4
= Anim eltype restype - 1

Type of element ELEM
Name of the variable to be saved HOURG: Hourglass energy
= Anim eltype restype - 2

Type of element ELEM

Name of the variable to be saved WONM: von Mizes stress
= Anim eltype restype - 3

Type of element ELEM

Name of the variable to be saved EMER: Energy density (internz
= Anim eltype restype - 4

Type of element ELEM

Name of the variable to be saved EPSP: Plastic strain E1p

Generates animation files
containing element data for the
specified result.

ELEM - The variable is saved for
all types of elements; except
where not applicable.

[(Err——

- T —
[0 AwnmM_SENSOR =
ANM_NODA T
Name of the variable to be saved DT

Generates animation files
containing nodal masses.

Generates animation files
containing nodal scalar data.
For Nodal data type DT - Nodal
time step is written out

[] ANM_SHELL_TENS_RESTYPE

O aAnmM_VERS

ANIM_VECT
No. of anim vect 3
= Animvect - 1
Variable name to be saved in animation fils| VEL: Velocities
= Animvect-2
Variable name to be saved in animation file| CONT: Contact forces
= Animvect-3
Variable name to be saved in animation file| FOPT: Ferces and moments fi

T omaerny
l 2w
won e
Activation flag: ON/OFF ON

Generates animation files
containing vectorial data for
the specified variable.

Here the variables are
velocities, contact forces,
Forces and moments for rigid
bodies, rigid walls and sections

Provides an estimation of the
CPU time spent for each
processor
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Bl PRINT

Specifies the printout
frequency.

[] RADZRAD

PROC
Number of MIMD processor for this run 4

Kinimum number of MIMD processors for this 0

Number of Processors used for
this run

] RUN_MAME_NUMBER_LETTER

[] SHFRaA

RUN
Run Number 1

[DT_STOP] Final time for run 55

- Run Number
- Time when the run stops

T S0P
[0 ™™

—

TFILE
Type 4: Binary IEEE 32 bits.

[DT_HIS] Time frequency to write data on hisd | 0.09

|

Defines the frequency of
writing the time history file of
T-file, option 4 is used which
can be read by HyperGraph

This completes the model set-up. The analysis and post-postprocessing

are kept deliberately short (and simple).

19
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Start of simulation

20

Now you can export your model. For this go to File > Export >
RADIOSS and save your model.

Then open RADIOSS and select a working directory for this
simulation. The run can start.

Use relevant options like both and nthread (to assign a particular
number of processors for the run according to the machine
configuration and time available for the run)

File Edit View Logs Solver Help

Input file(s): |crash_1_crash_0000.rad
Options: -both -nthread 8 []

["] Use SMP: -nt 2 ["] Use MPI options [¥] Use solver control

Running 1 job Run ] [ Close ]
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Solver: e 12.0 wint4.exe

Job completed
Input file: |crash_1_crash_0001.rad

Run command:|.../hwsolvericl ../crash_1_crash_0000.rad -both -nthread 8 -screen -dir -solver RD

TOTAL DISK SPACE USED . ...ttt 62183 KB
ANTMATION/TH/OUTE SIZE ... ciiinemeeaneannnt 54757 KB
EESTRRT FILE SIZE ...t iiininsnaananant 7426 KB
ELAPSED TIME = 1183.45 s

NORMAL TEEMINATION
TOTAL NUMBER OF CYCLES : 215%04

==== End of solver screen output ====

==== Job completed ====

K

Once the run is completed successfully, postprocessing begins.

Click on the results button to open HyperView, which will

automatically load the results file.
For instance, check whether the following results are reasonable:

displacements of the system,

distance between the barrier and the intrusion plate
stresses in the intrusion plate

specific energy of the crashbox

hour glass energy

contact status

= 4 4 -4 -4 -2 -2

é
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Measure Group 3
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