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Executive summary

Workpackage 1 of APROSYS SP7 project aims at piogidtate of the art modelling
technologies and develop associated numerical modelongst these activities, task 7.1.3
focuses on the development, validation and imprererof deformable barriers. This
deliverable D7.1.3A focuses more specifically odeSimpact Barrier Models.

The following report summarizes activities and cimitions of various partners’
contributions towards identifying the state of #rein side barrier models, focusing on the
AE-MDB barrier. A number of these barrier models developed inside the APROSYS
project whilst this report also summarizes theibamodels existing within the RADIOSS,
MADYMO and PAMCRASH Codes. Test data is reportemhfphysical barrier tests in
addition to improvements to barrier models.
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1 Side Impact Barrier models

1.1 Introduction

Side barrier tests launch a barrier of a particoiass and stiffness into the left or right side of
the vehicle from some initial speed and at a aer@ative position (see Figures 1 and})
Relative positions and side barrier overall prapsrtlepend on evaluation targets for specific
side impact crash test.

Figure 1-1: Side barrier and tested vehicle relative position as specified by EURO-NCAP test (R-Point
based relative position).

Figure 1-2: Relative position of MULTI-2000 (EEVC) barrier and tested vehicle (on left) and IIHS
moving deformable barrier and tested vehicle (on right).
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At Figure 3 several different side barrier testsfigurations with short description of the test
cause are represented below.

Side Velocity [km/h] Test cause

E |T~,'=_—I' 32 Fuel equipment
L)

structural reliability,
o4 :
Clcoupants strain

Fuel equipment, Structural
B Ronie

reliability
<0 structural reliability,

Clccupants strain

Figure 1-3 Side barrier test configuration and short desicnipof the test cause.

For all side crash test configurations evaluatangéts are always assessed by using the
following evaluation criteria or their combinatifiy :

1. Injury measures evaluation criteria

2. Head protection evaluation criteria

3. Structure/safety cage evaluation criteria

Injury measures evaluation criteria are used terd@ne the likelihood that a driver and/or
passenger would have sustained significant injpyarious body regions. Different measures
are recorded from the different areas (head, ngwst, abdomen, pelvis, and femur) to
evaluate different injury criteria and related risksustain specific injury.

A Head protection evaluation criterion isused as a supplement to head injury measures.
The motion and contacts of the dummies heads dtimmgrash are evaluated by this
criterion. Analysis of the motion and contact psiof the dummies heads during the side
impact crash test is used to assess this asppobtetction. This assessment is more important
for seating positions without head protection aghyavhich prevent injurious head contacts.
Very high head injury measures typically are reedrdshen the moving deformable side
barrier makes a contact with the dummy's head dunipact.

Structure/safety cage evaluation criteriaare based on measurements indicating the amount
of intrusion into the occupant compartment arouraB-pillar and/or the speed of the
deformation. This assessment indicates how wedlhacles side structure resisted intrusion
into the driver and rear-seat passenger space. Bmsion into the occupant compartment

Is inevitable in serious side impacts, however iatrysion that does occur should be uniform
in both horizontal and vertical direction and slibabt seriously compromise the driver and
passenger space.

AP-SP71-0031-D 5/49
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It should be noted that a side barrier numericgbteiill always be performed by involving
and using several different other numerical mo@essenger vehicle model, dummy model,
human body model etc.). Moreover, when numericabtevith side barrier impact models are
conducted the target structure is not the barnseitfibut vehicle models and/or dummy and
human body model®]. Therefore side barrier impact models should Ipabke to

adequately and accurately interact with sever&tigint other numerical models and also
make it possible to apply target side crash testigorations and evaluation criteria or their
combination.

1.2 Available and target numerical side model barriers

The aim of APROSYS subproject SP7 is the developmithe validated deformable barrier
models for side impact that could be later on Use€urther simulations in several different
computation environments (PAM-CRAJB], RADIOSS, MADYMO, LS-DYNA). Side
barrier model survey show that at the moment theviing side barrier models listed below
are available in computational environments:

MULTI-2000 (EEVC) barrier (Figure 1-4)
ADVANCED-2000 (EEVC) barrier (Figure 1-5)
NHTSA barrier (Figure 1-6)

IIHS side impact Mobile Deformable Barrier (Figure)
FMVSS214 Mobile Deformable Barrier

ok
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Figure 1-5: ADVANCED-2000 (EEVC) barrier

Figure 1-6: NHTSA barrier

Figure 1-7: [IHS barrier

Regarding models development and validation, gp®rt focuses more especially on the new
AE-MDB batrrier.

1.3 Modelling Environment

PAM-CRASH, RADIOSS and MADYMO computational envirmoents are designed,
validated and suited for crashworthiness simulatiartransportation industrall named
software has been used as modelling environmemtdeanced European mobile deformable
barrier (AE-MDB). All computational environmentdad to model 3D structures of arbitrary
geometry using brick elements, plate and shelldialements, beam and bar elements, and
discrete elements. In typical crashworthiness satits plates and shells are used to model
thin-walled metal or plastic components. Beamslzard are used for stiffening frames,
wheel suspensions, shafts, special connectionscoingary components. Bricks may be used
for modelling crushable foams. Further importardgcsgl options, indispensable for a
convenient and computationally stable modellingrakh events, are also available:

- skewed boundary conditions
- hourglass mode prevention

AP-SP71-0031-D 7149
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- material laws and element elimination

- rivets and spot-welds

- section force and moment time histories
- impact force time histories

All environments support explicit solid finite elemt solver for dynamic stress analysis and
high velocity impact. Spatial discretization is paged by using the following finite elements
type: 4 to 8 node solid elements, 3 or 4 node mathell elements, 3 or 4 node membrane
elements, beam, bar, 6-DOF spring/dashpot and ¢t@émbents. A wide variety of material
laws is available to model elastic, nonlinear aaitlfe conditions. The equations of motion
are integrated explicitly by the method of centliffierences. Contact-impact algorithms
permit also gaps and sliding contact along elenmtatfaces.

The application of the finite element method letdthe discretized, coupled and nonlinear
equations of motion in each degree of freedom. &legsiations are integrated in the time
domain using either implicit or explicit methodotB methods use time discretization
operators which permit to solve for the unknowrpliisements, velocities and accelerations
of each degree of freedom at a given discrete fpoitiine, from the known states of the
structure at previous points in time. Standard ioipinethods require linearization of the set
of nonlinear equations of motion and lead to sétoapled algebraic equations which must
be solved iteratively in order to achieve dynangailbrium at a considered point in time.
Standard explicit methods, on the other hand, doaguire linearization and lead to a set of
uncoupled algebraic equations when a lumped mas&nsassumed.

1.4 Modelling approach

1.4.1 General Issues

All barrier models should satisfy at a minimum tbkkowing overall modeling requirements:

- Accuracy — Barrier models should be able to yield reasgnabturate predictions
of the essential features being sought.

- Speed- the model should be executable with a reasontabiaround time, not to
exceed 12 hours regardless of its size, to allowitéoations and parameter studies.

- Robustness— small variations in model parameters shouldymet large model
responses.

Barriers are modeled from different constructiceneénts such as:

- Bars,

- Beams,

- Shells (thin shells with thickness up to 10mm dndkt shells with thickness
10mm or more)

- Solids.

Beam finite elements discretize beam and frametsires that can transmit axial forces,
shear forces, bending and torsion moments. Depgrairihe complexity of the formulation,
global stress resultants or local integration @eation integration points can be used to
calculate their response.

AP-SP71-0031-D 8/49
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Shell finite elements can be employed to discredtmactures made of plates and shells. The
three or four node shell elements discretize thellsurfaces with specific thickness that is
small in comparison with shell other characteridirmensions. The nonlinear stress
distributions (valid for thick shells) across théckness from plastification or in layered
shells require also numerical integration in thekthess direction.

Solid finite elements discretize three dimensi@talctures with high gradients of three-
dimensional stress and local plastification. Theeditization of three dimensional continua is
done by using eight node solid “brick’ elementse Bolid elements are based on trilinear
shape functions for the interpolation of the cooadies. To insure automatic satisfaction of
convergence and completeness criteria, an isop&tarfgmulation is used, thus the same
shape functions are used to interpolate the coatenand the displacements. The used
isoparametric trilinear solid elements are firstesrC® solids, thus the displacement field is
smooth inside the element and therefore both th@atement field and its gradient fields are
continuous. Across element boundaries the displan&rare continuous, while their
gradients can be discontinuous between elemensedge

Kinematic joint elements, with or without force moment resistance and with specified
kinematics degrees of freedom have been usedrbdifferent construction elements.
Kinematic joints link two nodes, N1 and N2 of a gddand a body 2 with specified initial
position in space. Translational, revolute, cyliodl, planar, universal and flexion-torsion
joints have been used to connect different bastdistructures.

1.4.2 Material properties

When batrriers are considered it should be pointimattall deformable barriers are made out
of aluminum alloy shaped in a specific geomé#iyknown as honeycomb. The named
geometry could be observed at figure 8.

Cell Size

A

Single Wall
Double Wall

w

Figure 1-8: Honeycomb structure and principal directions

Honeycomb Structures material grades from industrial quality (3003 aluminium) to aeronautic quality
(5052 and 5056 aluminium) materials. All these materials are supplied in a large quantity of cell
characteristic sizes, densities and treatments allowing various combinations for customized
applications. In Table 1 data related to available honeycomb cell sizes and densities are collected.

g:_ell SI1Zes (characteristic Minimum density Maximum density
imension)
1,58 mm 104 Kg/m3 145 Kg/m3
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3,17 mm 45 Kg/m3 130 Kg/m3
3,96 mm 36 Kg/m3 110 Kg/m3
4,76 mm 30 Kg/m3 121 Kg/m3
5,2mm 79 Kg/m3 152 Kg/m3
6,35 mm 23 Kg/m3 125 Kg/m3
9,5 mm 15 Kg/m3 84 Kg/m3
12,7 mm 28 Kg/m3 62 Kg/m3
19,05 mm 19 Kg/m3 42 Kg/m3
25,4 mm 17 Kg/m3 37 Kg/m3

Table 1: Cell sizes and material density data

For modelling barriers it is extremely importantctraracterize and model material properties
of honeycomb structure. On the basis of many diffeconducted experimerig the
following conclusions and observations have beanhed:

1. The stain-rate dependence under dynamic comprelssideng in the T-direction (see
figure 3) of the honeycomb block material is maidlye to the air effect trapped in
honeycomb cells. The honeycomb bumper material doésappear to be very rate
sensitive, with air escaping suspected to be aoreathe in-plane compressive
strengths of the two materials are less than 3eperaf their respective strengths in
the T-direction, while within in-plane, the strehgt in the L-direction are
approximately two-times of that in the W-direction.

2. Depending on shearing planes, shear failure mestmesnare quite different. In T-W
shear, adhesive debonding is the primary failurelenavhile in T-L shear, tearing of
the aluminum sheets is the dominant mode sincedthgble walls can provide
significant resistance. Both the debonding andttfaeing tend to concentrate in one
honeycomb cell layer and failures occur in a cardus way. In W-L shear, however,
failures occur in a progressive, cyclic form and aavolve both adhesive debonding
and cell wall stretching and tearing and they Ugisgdread into multiple cell layers.

3. The honeycomb material tearing strength is defiagdearing force per unit tearing
length. Based on indentation punch test (a metHameasuring T-direction tearing
strength) was shown that the honeycomb bumper rabtgsually exhibits highly
localized and neat tearing, whereas the cell vadlthe honeycomb block material are
easy to buckle, which causes spread tearing aettlsing.

AP-SP71-0031-D 10/49
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2 ADVANCED EUROPEAN MOBILE DEFORMABLE BARRIER
in PAM-CRASH

o  Geometry and structure

AE-MDB consists of 6 blocks manufactured out ofrailium formed in the honeycomb
structure. The geometry of each block, as well BSMDB overall geometry is represented at
Figure 2-1. The deformable impactor is fixed totitedley modelled according to ECE-R95
standard. The gross weight of trolley and impaitd500kg. Detailed description of the
impactor structure could be seen from rejpgjrt The geometry and certification stiffness
corridor for each block are depicted in Figure 2Rthe moment there are many different
versions of AE-MDB batrrierfs]. VSi-TUG developed three different models eachtesl to
the specific version:

1. AE-MDB V2.0 model
2. AE-MDB V3.1 model
3. AE-MDB V3.9 model

It should be noted, that versions V3.1 and V3.€difrom V2.0. Versions V3.1 and V3.9
have bumper with width of 60mm that connect D, H Brblock, while V2.0 have frontal
bumper modelled as a part of named blocks. Difiezezould be seen from Figure 2-1, Figure
2-3 and Figure 2-9. The only difference betweenMEB V3.1 and AE-MDB V3.9 is

frontal bumper stiffness.

500mm.
! 1
’I i
i i
300mm.
500mm
i i
-—x-
~._ €
S B - 250
A Bl 60
A &
A
F 200
E
Y e S ne
D 50, . % | .
150 I
= L 500 o
300 I—'\ -1
Dimensions - mm ¥ _ o o e e _:__
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Figure 2-1. AE-MDB geometry and structure.
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~ j-’ 7 16; 175

" - ‘ 8 300 307.5

Figure 2-2 AE-MDB certification corridors on Force-Displacent characteristic for each
block. Bottom at the left is resulting corridor fmemplete impactor.

0 Model Description

AE-MDB finite element model is depicted in Figur2AE-MDB model consist of six
blocks, each modeled as solid with appropriate naggroperties. The geometry of each
block is the same as geometry of the blocks oflreastructure. Each block could undergo
large deformation if external forces are big enowjbcks are connected with joints that
could be disconnected if normal loads exceed plestialues. The characteristic finite
element dimension for solid blocks is 20mm. The plate barrier has therefore 104040 solid
finite elements.

Connected blocks are embedded with shells, usewttel contact forces. Three type of the
predefined3] contact type (surface to surface contact, nodeitiace contact and tide
contact) are used. AE-MDB model is embedded wi#87shell finite elements. Model has
also 64495 nodes. Each node could be used as “nregispoint, that is point at which
displacement and force could be observed. Measpoings are located at the front barrier
face as well as at the back side, where barriixesd to the trolley. The used unit system
referring to inertia, dimension and time is (kg, mms).

AP-SP71-0031-D 12/49
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Figure 2-3 AE-MDB finite element model.

0 Numerical tests and comparison of calculated data i available experimental
results

The AE-MDB numerical model was tested with so @httertification test procedure, pole
test procedure and with impact to the vehicle mogbkere target structure was NEON
passenger vehicle.

Certification test was conducted according to fiedtfion test procedur], where trolley
with AE-MDB V2 impacted rigid wall perpendicularst velocity 35km/h and with 100%
overlap of barrier width. At Figure 2-4 one couk<alculated deformation of AE-MDB at
200ms after first contact. At Figure 2-5 calculatexte-displacement characteristic (pink
colour) is compared with certification corridoredrcolours) and experimental data from
different laboratories (black colours). In addi@bifrigure 2-6 and Figure 2-7 show calculated
force-displacement characteristic (pink colour) paned with certification corridors and
experimental data for each out of six blocks tbhatf AE-MDB barrier.
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Figure 2-4 AE-MDB deformation after 200ms at the certificatitest.

Total Force

4.00E+05

3.50E+05

“==PAM model -Total Force

3.00E+05

2.50E+05

2.00E+05

Force [N]

1.50E+05

1.00E+05

5.00E+04

0.00E+00
0.00E+00 5.00E+01 1.00E+02 1.50E+02 2.00E+02 2.50E+02 3.00E+02 3.50E+02
Displacement [mm]

Figure 2-5: AE-MDB force displacement characteristic. Cectition corridor is marked with
red color.
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Figure 2-6. AE-MDB force-displacement characteristic for ko%, B and C (from top to
bottom).
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Figure 2-7: AE-MDB force-displacement characteristic for lda, E and F (from top to
bottom).
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Pole test was conducted according to experimeesalprocedur€’], where trolley (mass
1500kg) with installed AE-MDB V3.1 and AE-MDB V3ifhpact rigid pole perpendicularly
with closing velocity 20km/h. The test setup isidega at Figure 2-8.

Figure 2-8 AE-MDB V3.1 and AE-MDB V3.9 pole test, with poteometry specification.

At Figure 2-9 numerical model of AE-MDB V3.1/V3.@@&pole is represented.

Figure 2-9 AE-MDB V3.1 and AE-MDB V3.9 pole numerical testap.
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Figure 2-10 AE-MDB V3.9 deformation after 200ms after firgintact at the pole test.

Figure 2-11 AE-MDB V3.9 deformation after 200ms after firsintact at the pole test.

At Figure 2-10 AE-MDB barriers V3.1 and V3.9 aftest are depicted, while at Figure 2-11
calculated deformation of AE-MDB V3.9 is presentatFigure 2-12 AE-MDB V3.9
deformation comparison for different cross sectisnaresented. Calculated deformations
(solid lines) are compared with measured deformatié good agreement between measured
and calculated deformation through all sectiondacbe observed. Moreover a good
agreement between experimentaly measured forcéadespent characteristic and calculated
force-displacement characteristic could be obsemvédgure 2-13.
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Cross section 1

Cross section 4

Cross section 7

Cross section 10
Figure 2-12 AE-MDB V3.9 deformation comparison for differesrioss sections. Calculated
deformations (solid lines) are compared with meaguleformations (pink and yellow color).
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Figure 2-13 AE-MDB V3.1 V3.9 experimental force-displacemehtracteristic compared
with V3.9 calculated characteristic.

When considering barriers and barrier models tfexebf barrier on vehicle structure due to
the barrier is more important than the barrier ayicaresponse itself. At Figure 2-14 some
known experimental resulf8] are shown. Intrusion profile of the vehicle sidarieasured
along specified cross sections marked with le#er8, C, D and E (see photo on left at
Figure 2-14) from vertical line marked with R. Tiody developed AE-MDB barrier model
capabilities when interacting with vehicle struetunumerical tests were conducted, where
target structure was NEON vehicle moffjl

Figure 2-14 Intrusion profile for row B (see photo on lef§ measured at impact test with
AE-MDB V2.0 on Renault vehicle.

At Figure 2-15 (on the left) numerical test setsijgleépicted. The target NEON vehicle is
stationary and the bullet AE-MDB impact NEON vehielt speed 50km/h. The longitudinal
axes of NEON vehicle and side barrier are peripaudi. Initial relative position of NEON
vehicle and AE-MDB barrier is such that longitudiaartical median plane of the mobile
deformable barrier is coincident within £ 25mm wéthransverse vertical plane parallel to

AP-SP71-0031-D 20/49



Report on barriers models for side impact
AP-SP71-0031-D

and 250mm behind the transverse vertical planamqatisrough the R-point of the front seat
adjacent to the struck side of the tested vehidie. horizontal plane of AE-MDB passing
through the intersection between the upper row jAq@l the lower row (D-F) of the AE-
MDB barrier is 550mm above ground level.

Figure 2-15 AE-MDB V2.0 impact NEON vehicle model (left irai position, right after
50ms).

At Figure 2-15 on the right picture NEON vehicledahE-MDB 50ms after impact are
shown. More results are shown at Figure 2-16 whaleulated deformation of NEON
vehicle after 100ms at the cross section B is coetpwith available experimental resys.
Acceptable agreement between measured and caltindtesion profile could be observed.

Figure 2-16 Intrusion profile for row B (see photo on leftagure 22) as measured at
impact test with AE-MDB V2.0
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More over at Figure 2-17 calculated deformatiorogry at the NEON left door is compared
with experimentally measured velocity at frontdt boor for Renault Megane impacted with
different side barriers and/or bullet vehiclesduld be observed that calculated velocity (red
color) reasonably match measured velocity for sedifferent experimental results.

Figure 2-17 Experimentally measured velocity at frontal lédor for Renault Megane
vehicle impacted with different side barriers amdldi vehicles compared with velocity
calculated on NEON vehicle impact with AE-MDB V2.0
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3 AEMDB V3.9 RADIOSS model

The Radioss barrier model has been built accorinige specifications defined for the
AEMDB version 3.9 (with bumper) proposed by EEVC W83 APROSYS.

A series of tests were ordered by ALTAIR and pemfed by CellBond on this barrier to
provide all the necessary elements to allow foaledation of the RADIOSS FE model.

3.1 General presentation of the AEMDB barrier model

The deformable element is 1700mm wide, has a heigh®0 mm (see figure 3-1) .

< 500mm
‘ ‘
60mm,
250mm
Bumper
Aluminium sheet Aluminiun
e=3 mm <

200mm

50mm i

Glue /

A A
240 mn
\ 4
Block A Block B Block C Aluminium sheet
44Q m e=3 mm
..................  A—

Main aluminium
500 mm___ honeycomb

A

300 mip 300 mny
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Aluminium sheet Bumper
e=3 mn Aluminiun

300 mm : Glue

Block E Block F

—

Main aluminium
honeycomb

300mn 300 mny,  500mm

Figure 3-1 : AEMDB barrier dimensions
This barrier is composed of 6 aluminium honeyconadeks (referenced A,B,C,D,E,F) and a
bumper.

The honeycomb bumper element is 60 mm deep andh2@@igh. One aluminium cladding
sheet, 3 mm thick, is bonded to the front and éoréar of the bumper element.

An aluminium cladding sheet, 0.5 mm thick, is baht®the front surfaces of E, F and D
blocks; and one other to the front surfaces of &Anf C blocks. An aluminium cladding
sheet, 3 mm thick, is bonded to the rear surfacbebarrier.

Solid elements represent the adhesive bond betthedacing sheets and the bumper
elements and between the bumper elements and ihecladding sheet.

The trolley with wheels has been modelled. Totassn@eformable face + trolley): 1500 kg.
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Figure 3-2: AEMDB Radioss model with trolley

3.2 Model instrumentation

Sections will be used to post-process forces foh dédock.

ENTITIES : Sections LABEL MEASUREMENT
BLOCA 5 FNY
BLOCB 4 FNY
BLOCC 6 FNY
BLOCD 1 FNY
BLOCE 2 FNY
BLOCF 3 FNY

Table 3-1 : Model instrumentation

3.3 Validation tests

Validation tests ordered by ALTAIR and provided®gllbond have been reproduced with
the AEMDB Radioss model version 11.

For all simulations achieved in this document, RASE version 4.4Q has been used. A first
series of tests was necessary in order to valitiatdifferent blocks. Each block of the
AEMDB Radioss barrier has been crushed and theedoree/displacement has been
compared to the experimental corridor. Then, theadyic certification tests have been
performed on the AEMDB batrrier.

3.4 Static validation of each block

This test consists in crushing each block compledall checking that the curve
force/displacement stays within the specified clanri The barrier is made up of six blocks
including four different (A=C, B, D=F, E) aluminiuhneycomb material stiffnesses.

%

Figure 3-3: Per block crush

AP-SP71-0031-D 25/49



Report on barriers models for side impact
AP-SP71-0031-D

Figure 3-4: Block E and D (=F) (Force vs. displacement)

Figure 3-5: Block B and A (=C) (Force vs. displacement)

3.5 Dynamic Tests

Rigid wall test, mass=1500 ky=35 km/h

Vx =9,72 m/s —
Mass = 1500 kg

Figure 3-6: Test setup
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Figure 3-7: Barrier face after crash (sim. left, experimeght)

On the graphs below, experiment is in red and sitrarl is in green. It can be noticed that
some experimental results may violate the corridor.

Figure 3-8: Block A and B (Force vs. displacement)

Figure 3-9: Block C and D (Force vs. displacement)
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Figure 3-10: Block E and F (Force vs. displacement)

Figure 3-11: All Blocks (Force vs. displacement)
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3.5.1 Offset pole test without bumper, mass=1500 kg, h

Figure 3-12: Top view barrier & model after offset pole withdutmper impact

Figure 3-13: Front view barrier & model after offset pole withidoumper impact
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Figure 3-14: Offset Pole without bumper — Block A & B (force.\thsplacement — CFC180)

Figure 3-15: Offset Pole without bumper — Block C & D (force @splacement — CFC180)

Figure 3-16: Offset Pole without bumper — Block E & F (force dssplacement — CFC180)

Figure 3-17: Offset Pole without bumper — total (force vs. dis@ment)
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Comments

The oscillations seen on blocks B and C are daesteries of consecutive buckling of the
element lines behind the impactor. The overaltdéedisplacement results matches the
experimental curve.

3.5.2 Central pole test without bumper, mass=1500 kg, ¥k&i/h

Figure 3-18: Top view barrier & model after central pole withdwmper impact
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Figure 3-19: Front view barrier & model after central pole vath bumper impact

Figure 3-20: Central Pole without bumper — Block A & B (force dsplacement — CFC180)

Figure 3-21: Central Pole without bumper — Block C & D (force dgsplacement — CFC180)

Figure 3-22:Central Pole without bumper — Block E & F (force gisplacement — CFC180)
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Figure 3-23: Central Pole without bumper — total (force vs. ispment)

3.5.3 Offset pole test with bumper, mass=1500 kg, V=2Mkm

For all models with bumper, the bumper is preseméde simulation snapshots in green to
facilitate its visualization.

Figure 3-24: Front view barrier & model after offset pole whihmper impact
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Figure 3-25: Side view barrier & model after offset pole withrbper impact

Figure 3-26: Top view barrier & model after offset pole withrbper impact
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Figure 3-27:Offset Pole with bumper — Block A & B (force vssplacement — CFC180)

Figure 3-28: Offset Pole with bumper — Block C &D (force vsspliacement — CFC180)

Figure 3-29: Offset Pole with bumper — Block E (force vs. diggment — CFC180)

Figure 3-30: Offset Pole with bumper — total (force vs. displaeat)
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3.5.4 Central pole test with bumper, mass=1500 kg, V=2bhk

Figure 3-31: Top view barrier & model after central pole withrbper impact

Figure 3-32: Front view barrier & model after central pole withmper impact

AP-SP71-0031-D 36/49



Report on barriers models for side impact
AP-SP71-0031-D

Figure 3-33: Central Pole with bumper — Block A & B (force vssplacement — CFC180)

Figure 3-34:Central Pole with bumper — Block C & D (force vssplacement — CFC180)

Figure 3-35: Central Pole with bumper — Block E & F (force vsplacement — CFC180)
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Figure 3-36: Central Pole with bumper — total (force vs. displaent)

3.5.5 Corner walls test with bumper, mass=1500 kg, V=88

During the experiment, the barrier blocks A andr® @ompletely crushed and the rigid wall
hits the trolley (red ellipsis). As can be seerttanfirst picture, the trolley is deformed after
the impact.

In the simulation model, the blocks A and D ar@ asmpletely crushed on the extreme left
of the barrier. However, since the trolley is coesed as rigid, the contact between the
trolley and the rigid wall leads to very importamtrease of the force seen on the load cells.
This generates then a rebound of the barrier baclsva
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Figure 3-37: Top view barrier & model after corner wall impact

Figure 3-38: Front view barrier & model after corner wall impac

Simulation snapshots are taken at 48 ms.

Forces curves below have to be considered up tmstent where the rigid contact occurs in
the simulation between the trolley and the wall.

Figure 3-39: Corner walls with bumper — Block A & B (force visplacement — CFC180)
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Figure 3-40: Corner walls with bumper — Block C & D (force vssglacement — CFC180)

Figure 3-41: Corner walls with bumper — Block E & F (force vésplacement — CFC180)

Figure 3-42:Corner walls with bumper — Total force (force visptacement — CFC180)

3.5.6 Bavolet (Rigid Sill) test with bumper, mass=1500W%g35 km/h
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Figure 3-42: Side view barrier & model after rigid sill impact

Figure 3-43: Front view barrier & model after rigid sill impact
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Figure 3-44:Rigid sill with bumper — Block A & B (force vs. gigacement — CFC180)

Figure 3-45:Rigid sill with bumper — Block C & D (force vs. ¢icement — CFC180)

Figure 3-46:Rigid sill with bumper — Block E & F (force vs. giscement — CFC180)

Figure 3-47:Rigid sill with bumper — total (force vs. displacent)
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During the experiment, around 65 ms, the back etrrier hits the rigid sill wall. This
generates an effort increase on blocks D, E aral the simulation, this hard contact does not
appear with the current model. Images below arenat 72 ms.

Figure 3-48: Side view barrier & model during rigid sill impa@t2 ms)
In this configuration, we notice that the forcesmase at the end of the compression phase

(after 400 mm). This is due to the buckling ofed&@ment range behind the bumper (the
bumper pushes down the block C) just at the erideoimpact.

3.6 Conclusions

The recent test data obtained from AEMDB testinggaign conducted by ALTAIR has
been very useful to improve the validation of tHeEMDB model.

Most of the results shown above indicate that tB&PB RADIOSS FE model is now close
to the physical barrier.
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4 ADVANCED EUROPEAN MOBILE DEFORMABLE BARRIER
in MADYMO

A FE model of the AEMDB batrrier [0] was developedMADYMO 6.3. This model was
validated to a frontal rigid wall impact, consigtiof 6 plates with loadcells. The performance
for this specific loadcase is very good, includihg force distribution over the different
loadcells. The performance of this model for oflbadcases has not been evaluated.

The model has been developed to represent the AEMEDEON 3.9 barrier. The MADYMO
6.3 AEMDB barrier model is shown in Figure 4-1. Tdeometry of the model has been based
on the AEMDB specifications (Figure 2-1). The basiadel setup and some unknown
parameters have been based on the EEVC WG13 bawoiel released with MADYMO 6.3.

Figure 4-1: Finite element AE-MDB barrier model and rigid badglley model.

The trolley is a rigid body, with a fully supportééacet’) FE surface. Each wheel is a
separate body connected to the trolley with a rgegbint, with an ellipsoid for the wheel
and four small ellipsoids for visualisation of ttzgation.

The honeycomb front consists of six separate blotlkslid elements (SOLID8 with reduced
integration), corresponding to the six separatd l@&ls in the validation test. From right to
left the top row has blocks A, B and C and thedmattow has blocks D, E and F. In front of
the lower blocks a bumper is included. The bumpertieen split in three sections, to match
the division in blocks of the honeycomb behind.eFtifferent HONEYCOMB_PLASTIC
materials have been defined, one for blocks A apan@ for block B, one for blocks D and F,
one for block E and one for the bumper. The chargstics of these materials have been
tuned during validation, as described in the nektisn.

A support has been added of all nodes of the hamelydo the trolley body, suppressing
translations in (global) X- and Z-direction. Thigoport prevents shear loads from causing the
block to penetrate each other and causes the haméyto deform only in impact direction.
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On the backside of the honeycomb a layer of shathents has been added with a NULL
material, sharing all nodes with the honeycomb.s€hghell elements are supported for
translation in (global) Y-direction (impact diremti) and all rotations to the trolley body. In
combination with the support of the complete howeyl, the backside thus is fully
supported to the trolley body. Due to these suppdrich act in global directions, the barrier
model can only be used driving in +/- Y-direction.

To the remaining outer surface of the honeycomhlemnshell layer has been added with a
NULL material, sharing all nodes with the honeycormbese elements are in the
GROUP_FE “/AEMDB/Barrier_gfe”, which can be used éontact definitions.

The mass of the barrier is 1480 kg, of which 10Gskigp the FE honeycomb. For the
honeycomb a relatively low (compacted) E-modulBY(N/mm2) has been used to enable a
larger time step and to reduce mass scaling.

0] Model Validation

The AEMDB barrier model has been validated to apaat test against a flat rigid wall. Test
data on the AEMDB version 3.9 barrier was obtaiftech the APROSYS project. The wall
was supplied with six load cells, measuring thedadistribution. The honeycomb
compaction characteristics in impact direction (GMR1_FUNC) have been tuned to match
the six measured forces and the total force. Thdataon results, as well as the compaction
functions used are shown at Figure 4-2.

Figure 4-2: The validation results and the compaction functions

o] Model Limitation

Some limitations apply, which should be considexbde using the barrier model:
The barrier model has only been validated forffalhtal rigid impact. Partial or
angled impacts have not been considered.
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The honeycomb has been supported in lateral diegtidisabling e.g. shear
deformation.

It was found in other projects (e.g. EEVC WG13 teardevelopment) that the
deformation modes of the honeycomb elements aralwatys correct. If a block is
loaded on one edge, the complete block will defahmost as if the loading were
applied to the complete front. This is caused leyttburglass control of the solid
elements. This effect could be reduced by reduaifdhe E-modulus or
HOURGLASS_PAR or by using HOURGLASS_STIF=VARIABLEt these will
also result in reduced robustness of the modebdgsiple workaround could be to
model many very narrow rows of elements, as wag donthe EEVC WG13 barrier
model. In the AEMDB model only six separate bloalese modelled, which might
result in inaccurate local deformation under laswdi loading.

The cladding has not been modelled separately.Willismainly have an influence
under localised loading.

0] User Instructions

The model consists of two files: b_aemdbfe_inc.amd b_aemdbfe_usr.xml. The usr file can
be implemented in the model of the user. The ileccibntains model components which do
not need to be edited by the user.

The barrier should be positioned with INITIAL_JOINPOS of Floor_jnt in the usr file. The
origin on this joint is located at the centre o thont face of the barrier, at ground level. The
orientation of the barrier can be defined in ORIENTON.SUCCESSIVE_ROT Floor_ori.
To have an impact in +/- Y-direction, only 0 oshould be entered here.

The initial velocity of the barrier as well as tivbeels can be entered in
INITIAL.JOINT_VEL, all as positive values.

Contacts with the barrier can be defined usingGROUP_FE /AEMDB/Barrier_gfe, which
includes the null-shell skin.

4.1 Conclusions on AEMDB Madymo model

A FE model of the AEMDB barrier was developed in BPAMO 6.3. This model was
validated to a frontal rigid wall impact, consigtiof 6 plates with loadcells. The performance
for this specific loadcase is good, including tbecé distribution over the different loadcells.

The model was developed for a spread load perpeladito the barrier face. The response
under a localized or shear load has not been etealulaut the validation level for these types
of loads is expected to be limited. A localizeddaa this case is considered to be a load on
an area much smaller than one of the six blocks.peErformance under a load on one block
only, but reasonable spread over this block, ietqul to be good.

Since in a normal vehicle side impact the loacg&sonably distributed over the barrier, the

performance of the AEMDB barrier model for sucloadcase is expected to be acceptable.
However, it should be noted that the performancedich a loadcase has not been evaluated.
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5 CONCLUSION

The state of the art of deformable barriers shdasnodels already have potential to
simulate complex phenomena when barrier interattt @ther structures. In some cases
numerical results show some deviation from meastesalts however this is also influenced
with a fact that it is very difficult to get compéeexperimental data related to different
barriers. In some cases it is possible to evaluateerical model only on the basis of visual
comparison of calculated deformations and defoiwnatthat could be observed from pictures
shown deformation pattern after experiment has lseaducted. At the moment in
APROSYS project there are already available expental result related not only to barriers
but also to other structures (NEON vehicle for egkanthat are closely related to barrier
testing as well as barrier model development afidatzon.

This deliverable presents the status of the aVailaiodels of the AE-MDB barrier, version
3.9. Existing models (for MADYMO, PAMCRASH) and imgved models (RADIOSS,
based on recent AE-MDB tests) are reported.
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