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Recent developments in computer modelling, materials char'ac1‘er/._s___a1‘1(:(1&‘u gn'_
experimental validation with respect to crash dynam/cs S

f INTRODUCTION

Civil concern : Mobility is a key factor for worldwide economic sustainable growth

Defence concern : Preserve/reduce the military structures vulnerability against new
operation/battle fields situations

1 — Development of new concepts for civil transport, e.g. : very large transport capacity
aircraft, flying wing, buried engines ...

2 — Increase transport network density, propose modular/combined transport strategies, e.g. :
generalisation of helicopter use, tilt rotors, ... etc,

3 — Progressive but massive introduction of composites or high performance metallic
materials, etc,

4 — Other economic parameters : reduction of the operational costs (maintenance, repair, etc)
and improvement of the manufacturing process.

... at equal safety level.
ONERA
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Induced Constraints for Research in the Structures and Materials Field

1 — Safety and accident consequence minimization have always been a central and major issue for
air transport industry (redundancy, creep and fatigue, stability, extreme loads : crash, collisions,
ditching, impacts, fire, icing, etc),

Complete metallic A/C F.E.
Crash Model

ONERA/AIRBUS-F

Cooperation

2 —Now : societal and environmental constraints added (pollution and noise, energy, economic
performance, etc) : in structural terms, it leads to the proposal of new shapes/concepts, and to

adaptive, very-light, flexible, reusable, or smart structures.
ONERA

e




k I;-'_-!ﬁ[_.m_al“ :

> i , LTRSS
Recent developments in caniputerjmddellmg mafer'la/s characterisation f!/L/

_-‘-:“"‘E o

expenméné’%?’i/ tion with respect to cra “@WE‘E

— __—-'_,_-—_

Cooperative Research : Common DRSC Research Lab. ONERA/LAMIH (CNRS Valenciennes)
- ONERA/DLR Joint Team and Common R&T Programmes

Contribute to the production/development of innovative knowledge and technologies for
Safe Structure Design, with a more particular interest in :

* Physics and Continuum Mechanics,

* Numerical Modelling

and Structural Analysis,

EU CRASURV

 Aeronautics and Process Engineering
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( Objective : INCREASE PASSIVE SAFETY
Meaning : IMPROVEMENT OF STRUCTURAL BEHAVIOUR AGAINST EXTREME LOADS

Method : BETTER UNDERSTANDING AND PREDICTION OF THE DYNAMIC BEHAVIOUR AND RUPTURE OF
MATERIALS AND ASSEMBLIES
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Safety Criteria : STRUCTURAL INTEGRITY / HUMAN TOLERANCE

ONERA/EUROCOPTER
Cooperation

Composite Helicopter
LONGITUDINAL BEAMS ™
N - F.E. Crash Model

B80OX-BEAM FRAME MEMBERS
(HIGH BENDING AND
COMPRESSION STRENGTH)

ENIT

Composite Frame Integrity

BEFORE AFTER
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DYNAMIC CHARACTERISATION AND MODELLING OF NON-LINEAR
AND FAILURE BEHAVIOUR OF MATERIALS

F.E. CRASH SIMULATIONS
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DYNAMIC CHARACTERISATION AND MODELLING OF NON-LINEAR AND FAILURE BE

ONERA 3D STRAIN RATE DEPENDENT

Longitudinal stress [MPa

Longitudinal stress [MPa

COMPOSITE PLY MODEL
1500 + 14000
1000 + _ 12000 o ——
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__|Shear 5 mm/min 1.2 m/s 2000 + STATIC TEST I
m::u Longitudinal strain [%] o DYNAMIC TEST |
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COMPOSITE MATERIALS DYNAMIC 4
CHARACTERISATION FOR MODEL I ONERA
IDENTIFICATION : ModAnim
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ModAnim

SIMPLIFIED COMPOSITE
HALF “TUBE”
FOR MODEL VALIDATION

CRUSH SEGMENT SIMULATION

35000

30000 +

~==STANDARD 3D LAW without CALIBRATION
= STANDARD 3D LAW with CALIBRATION

—— CRUSH TEST

== ONERA-LILLE 3D LAW without CALIBRATION
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Deflection [mm)]
NO MATERIAL DATA
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Propulsing system

I ONEKA I 45° Dynamic Tension Tests - 5 mm/min I ONERA I 45° Dynamic Tension Tests - 0,1 m/s
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Different strain/strain rate ranges

in the structure ...

Different exploitation techniques

Different specimen geometry & BCs

... Validity of extrapolated material data ?

ONERA
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OVERLAPPING of ONERA Hydraulic Jack and LAMIH Hopkinson Bars

Same specimen geometry

Strain Gauges
+ Optical extensometer
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DYNAMIC CHARACTERISATION AND MODELLING OF NON-LINEAR AND FAILURE B VIOUE
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Strain rate is not constant ...
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XES Steel — Dynamic Jack - Elasto viscoplastic behaviour

Damage
and rupture Conventional stress/strain curve
600 - 600 -
500 500 A L~
400 - 400 -
300 3007
200 4|~ VR~typel-1401/s | 200 1 — VR~type I-271 /s
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Aluminium — SHB vs DHJ
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NON LINEAR BEHAVIOUR AND FAILURE OF ASSEMBLIES

PREDICTION OF STRUCTURAL RUIN MODES

ONERA
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NON LINEAR BEHAVIOUR AND FAILURE OF ASSEMB-LIES%" ——
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Global load [N]

6000 -

Global load [N]

e I_' R ""_‘ e =1—]

wn‘h respect fgf |

: NON rﬂQEAR BEHAVIOUR AND FAILURE OF ASSE B]

0 T T T
0 0,5 1 1,5
Displacement [mm]
—0° head failure —15° —45° —90° — 0° shank failure
6000 o= 0°4ure t )
- ’:r&;r.‘f_
4000 -
2000 Pure tension (0°)
NERA
0 1 = T T f.\'-:-—_‘-‘\\
0 0,5 1 1,5 2

Displacement [mm]

—5 mm/min — 500 mm/min —0,1 m/s —1 m/s —4 m/s

" stedr”

ﬂg, tnafer'la/ hara acter sation and.
1S agvVv/ :

Vimp = {dMm/min, 500mm/min,
0.1m/s, 1m/s, 4m/s}

Sy = 1200 57

€

Dynamic pure shear test — 90°

NERA
DYNAMIC PROCEDURE : CHECK SENSITIVITY IN 0° AND 90° CONDITIONS =4
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Experimental Image
Correlation Technique

250 -~

Fine F.E. Model

200 A

150 Embrittled shell elements

100

Force globale [kN]

) 50
1 Plastic Strain

Distribution

RUPTURE OF PERFORATED PLATES WITHOUT MATERIAL MODEL CALIBRATION ONERA
(JOHNSON-COOK + GURSON MODEL) o
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’ Perforated plate (steel) - 500 mm/mn

36.38
3591
35.44
34.98
34,46
33595
33.44
3292
324
31.90
31.38
30.87
30.36
2983
23.30

CURRENT WORKS AND PERSPECTIVES :

- COMPOSITE PERFORATED PLATES,
- DYNAMIC CHARACTERISATION OF COMPOSITE

3225 MATERIALS,
27569 - FRICTION STIR WELDING ASSEMBLIES,
27158
26,61 - SPOTWELDS,
oo _ETC
25,00
24 44
2388
23.32
] 0
C
TEMPERATURE FIELD ONERA

INFRARED HIGH SPEED CAMERA —
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FLUID/STRUCTURE INTERACTIONS

REALISTIC F.E. STRUCTURAL MODEL SOLICITATION ...

ONERA
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F.E. ANALYSIS OF F/S PROBLEMS

Numerical
l l evaluation of the
Y transfer function
. A — (transducer
‘ Sréelltiu
i geometry,
A\ manufacturer data,
> _
1 f A . F.E. model)
| L4 & Iﬂl"!
E 05 I' //':‘;\\xa_ If'.H ‘J l\.l‘:d \."J\r }hil =
H » " Y .
E D_'; ___:___// o II‘“‘A‘"". — —|
II
[ ,
T P = Hx(0),5(0), 5(0), 1)
167 Pressure transducer Evaluation of the contact pressure (on the
21| Transfer function structure) from the measured pressure Pue () contact pressure
g, o | (1mpact speed = 2 Sm/s) . x(?) : membrane
E 041 l ‘ o ‘ T displacement
. , , R TRANSDUCER CHAMBER FULL OF
0,2 04 06 08 1 W ATER
Temps (ms)
[—2,5mis —3,5ms —4ms — 5 ms|
EXPERIMENTAL DATABASE ONERA

(FLUID DENSITY, IMPACT SPEED, ...) P S
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VALIDATION AGAINST STRUCTURAL COMPONENTS

Von Mises
400

1
e !

320

280

240
200
160

l Force (M
360 P Se+05

1 Force - Modele

2 Force - Ez=ai A Configuration 1

A Force - Ez=ai A Configuration 2 -------
4 Force - E=z=zai A Configuration 3

- o geed T

Number of folds, -
Max Force & displ., +—
Diss. energy

ONERA DROP TOWER :

55,000 110,000 165+0b0 220,000
Deplacensnt. (mm )

Controlled/guided trajectory <20 m/s
Modular impactor size and mass <200 kJ (1 T)
2 m x 2 m test area (piezo-electric load cells)

Etc ...

Contact

Boundary cond. __

Mesh size

Mat. Properties |

ép_ ONERA
’,,~'""#*—_—‘_-____h_hq—Qﬁ‘“““~“‘h




CONCLUSIONS AND PERSPECTIVES
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Models
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Multi-sca

Fine Mesh of front part

e Of the A321 Model

RADIOSS

Model

E
-F cooperat

Full Scale A321 F

(AIRBUS

)

10N

RADIOSS

ONERA
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joint model

Macroscopic

+ embrittled shell element
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CONCLUSION AND PERSPECTIVES —— —

Multi-physics (Fluid + Solid + Fracture Mechanics) & Multi-scale Models
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