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Test Facility: 7~
Tension-/Compression-/Torsion-Testmachine QEVDI‘IIH

* Using a Tension-/Compression-/Torsion-
Test-Machine

» Using an Optical Deformation Measurement
System ARAMIS

» Using Tubular Test Specimens made of
ROHACELL®51 WF, 110 WF and 200 WF
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Test Facility: @ evonik

Tension-/Compression-/Torsion-Testmachine
Geometry of the Test Specimen:
Y 77
o .
D/ el /7
Preparatlon of the _TeSt SpeCImen: Centering Device Centering Bush
* Tubular Test Specimens are glued < Flanges T
on F|anges / \
. . Tubular Test
» Test Specimens are assembled using Specimen \
coaxial Centering Device Wz s IW
A ! [
TN |
N N

Tested ROHACELL® Grades und Types:
* 51,110, 200 WF
« 71 RIST
« 21HP

07.10.2009
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Test Facility:
Tension-/Compression-/Torsion-Testmachine evoniy

Analysis of Test Results

« Compression Test:
Stress at the first Collapse of the Cells is used for Compression Strength

Stress-Strain-Diagram Failure Mode

Stresses o [MPa]

L I ] T ] 1 2 1}
oo o1 02 ©03 04 O5 06 OFY OB 09 10
Strain g [1]

* Tension and Shear Test:
Stresses at Breackage Point is used for Tensile and Shear Strength Properties
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3-D Failure Criterion Model for ROHACELLZ®: \/ EVONIK

INDUSTRIES

General Equations

G141 O Oy3

Stress Matrix:

O=|0y, Oy Oy

O3 Oy O3

Equivalent Stress o, of the 3D Failure Criterion Model @,
J@2a, +12a,+12)l, + (4 a2 + (4 a, + 4)a, + a2 +a,],

o, =
2a,+2a,+2
with: 1. Invariant: |1 = O 41 + O + O 33
2. Invariant: 1, :—[0'121 + 05y + Oy — Oy Opy — Oy Oay — Oy Ogy + 3 (05, + 0 +0'223)]
k2 (d -1)
S
k2
a2 - - 1
d Remarks:
q= R_+11 R;; = Compressive Strength of ROHACELL® Grade and Type
R4 R*,; = Tensile Strength of ROHACELL® Grade and Type
k =/3 R—lz Ri2 = Shear Strength of ROHACELL® Grade and Type
Effort: "' Factor of Safety: Margin of Safety:
o 1
A= Y RF =— MS =RF -1
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3-D Failure Criterion Model:

@ evonik
ROHACELL® WF \_/ INDUSTRIES
ROHACELL®
Type/ Grade 51 WF 110 WF 200 WF
Density [kg/m3] 50,4 102,8 194,8
Parameter a, [1] -0,31 0,07 0,45
Parameter a, [1] 0,00077 0,02 0,53
Tensile Strength [MPa] 1,3 3,7 5,27
Compressive Strength [MPa] 0,9 3,9 6,8
Shear Strength [MPa] 0,6 2,2 4,3
Storage Condition: 23 23 23
Temperature [°C] 50 50 50
rel. Humidity [%]
Test Condition: 23 23 23
Temperature [°C] 50 50 50

rel. Humidity [%]

07.10.2009
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3-D Failure Criterion for

EVOnNIK

INDUSTRIES

ROHACELL®51 WF in o,,/t,,-Plane

3-D Failure Criterion Model:

¢, Model consider:
« Compressible Material Behaviour of ROHACELL®
« Strength Differential Effect of ROHACELL®,
I. e. tension strength # compressive strength # shear strength

von Mises (tension) | 5 5
//von Mises (compression) 2,vonMises 3 2 = Oy <0g
i

£
N
14 \1,2 1.0
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3-D Failure Criterion for ROHACELL®

51, 110 and 200 WF in c,,/1,,-Plane

1., [MPa]

1., [MPQ]

EVOnNIK

INDUSTRIES

. ROHACELL® 51 WF ROHACELL® 110 WF
0,6 2.0
, _ \
1,5
0.4 i ¢ % \?,l
/ 1,0 / -
f b \ ° ’ \
02— y ! i
I \ 0,5 | \
| i \
JARNINY . a
0 1 i i i ot 0 ;
-1,5 -1 -0,5 0 0,5 1 1,5 -6 -4 -2 0 2 4
c,, [MPa] c,, [MPa]
ROHACELL® 200 WF Legend:
° ——3-D Failure Criterion @,
4 O I o _3htacoylra k.
9/5” %’\%\ > 1+a,+a, Ve
3 P — —Potential Body according )

0

// 4 -~ ‘\\\
J yid N
/a4 )

to von Mises (Tension) |
>3-, =02 <0}

1 /
/
J
7 l

— - — Potential Body according
to von Mises (Compression)

@ Experimental Data for Detefmination of D,

J
4
|

l
L

8 6

- - -2 0 2
07.10.2009

o, [MPa]

-4

O Experimental Data for Validation of @,
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Example 1: 3-D Failure Criterion @, Q EVONIK

INDUSTRIES

In comparison to other Failure Criteria

Example 1: O22

O33

G141, Opp O35 = 1,25 MPa = R*;, (uniaxial Tensile Strength)

|

I

O+t | O, und
12+ O13) Op3 =0
0]
33 C5o

Strength Hypothesis:

Normal Stress Hypothesis (NSH):
Aysy = 1,00

Shear Stress Hypothesis according to Tresca:
A =0
Hypothesis of strain energy of distortion according to von Mises:

Avon Mises = O

3D-Failure Model according to ®,-Potential:
Ap, = 1,43 (A, = 1 beicyy, 0y, 033= 1,13 MPa)

e. g. ROHACELL® 51 WF

07.10.2009
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Example 2: 3-D Failure Criterion @ ~
EXample 2 . %2 @ evonik
In comparison to other Failure Criteria S
Example 2: ;F
Z 4 Upper Face Sheet
, : = PMI-Foam Core
N I TETE 7 iR IETEIETE R IE TRy o Lower Face Sheet

%

Txyr N AN O) = “Txy
2 1 - @ _
— ‘ny 7 NO1 ~ Txy

G145 Ogp, O33s Oq3, Op3 = 0 UNd 54, = 7,, = Ry, = 0,6 MPa

Ag, =1 (VAL Ay prces = 0,83, Aygy = 0,48, A
e. g. ROHACELL® 51 WF

07.10.2009

= 0,96)

Tresca
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Implementation of 3-D Failure Criterion @,

@ evonik

INDUSTRIES

In FE-Programs (e. g. ANSYS®)

F) AHSYS Mechanical U Utility Menu

e ANSYS®

ANTYS e ieni
El Preprocessor _-_| |
[ Sohution
Bl General Postproc 1 1
Bl Daba & File Dpts _ELLIF (ROAYG) -
Bl Results Sumanary | | .
& Read Ress s MS-Editor
1 Failure Criteria ﬁ. |
& Plot Results ) e
@ List Results
Bl Quiery Results

Bl Dptions for Dutp
B Results Viewer
B write PGR File
# Moddal Cales
Bl Element Table
Bl Delinee Table
S§o -
B List Elern Table
B Abs Walue Option
B Surn of Each item
Bl Add ttems
B ultipdy
B Firsdl Meascinnumy
B Finif Minirmaim
B Esponentiate
B} Cross Product
Bl Dot Produsct
E Erase Takle = T
El Path Operations - ; ¥ 333333
& Sasrface Dperations

El Losd Case | .
TR | A
Pick & imerw e or mﬂmﬂfﬁ-ﬁ{mdﬂ:{rlh:l imc.ﬂ-I il'p'p-e--z !red-l .1:5',*-5-L'I !xﬂ'\--]
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INDUSTRIES

Implementation of 3-D Failure Criterion @, O EVONIK

In Microsoft EXCEL

Stress Distribution
in the Core Material

FE Model

Upper and Lower

CFRP Face Sheet
ROHACELL®

CFRP Insert Foam Core
2 2112
JA2a, +12a, +12)l, + (422 + (42, + 4)a, + a2 +a,| o
o. = 2 1 2 2 1 2 1)1 1M A_ V
V - - +
2a,+2a,+2 R7;
ROHACELL® Grade RIST
ROHACELL® Type 71
_ Tensile Strength R, [MPa]. 2,135 (positive wvaluegl
_ Compressive Strength R, [MPa]: -1,3458 {negative value)
Shear Strength Ry; [MPal: 1,100 {positive valued
Parameter ;| 0625993
Parameter k:| 0892349 Stress Components [MPal Invariant Equivalent Stress [MPal Effort A [1
Parameter daq -DI4ES ¥4 Fag Faz Tz Tz Tz |1 I: oy A
1,200 1,200 1,900 0400 0,200 0,200 4,300 04033 1,778 0,833

Parameter az: 0,264

Material Effort: A =0,833 Factor of Safety: RF=1,2 Margin of Safety: MS = 0,2
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Summary/ Conclusion & EVONIK

» Development of a new 3-D Failure Criterion @, to determine
the Effort (A), Safety Factor (RF) or Safety of Margin (MS)
for PMI-Foams ROHACELL®
3-D Failure Criteria @, consider:

- Compressible Material Behaviour
- Strength Differential Effect

« 3 Parameters are needed to describe the surface of the Breackage
In the 3-D Stress Space. These 3 Parameters can be determined by
using the Test Results of pure Tension, Compression and Shear
Loadings.

« Combined Tension/Shear and Compression/Shear Loadings were
carried out to validate the 3-D Failure Criteria

« 3-D Failure Criteria @, is already implemented in
ANSYS® (R6hm), ABAQUS® (DKI) and Patran/Nastran® (Airbus)

* The new 3-D Failure Criteria is more suitable for describing the
Material Behaviour of ROHACELL® than the Potential Body
according to von Mises and other Failure Criteria.

 Due to the current Results, use of the 3-D Failure Criterion to
determine the Material Effort of ROHACELL® is advisable.
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