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Summary of Objectives

The main objective of proposed research is to develop
a methodology and to set a good testing practice
guidelines (standard) in order to increase the
efficiency in design of launcher and satellite
structures, by explicitly demonstrating the risk
mitigation practice in form of an assessment of Barely
Visible Impact Damage (BVID) resistance properties of
ultra-thin wall sandwich structures.
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Contract Summary

e Kick-of-meeting: 1.11.2015
e Duration: 24 months
e Contract Price: 200 000 eur.

| Work Ir-; 1st year 2nd year l
| packeg Work package ion|1]2[3]]5]6] 7|8 #|1]2|3]4[s]s|7]e]o]#]#]#]
| WP-1 Analysis of existing state-of-art knowledge base |
| Task 1.1 |Literature review on damage resistance of sandwich strug 4 |
| Task 1.2 | Respective standard review 3 |
: WP-2 |Concept dezign, analytical and numerical analysis “ 1
| Task 2.1| Analysis and update of existing analytical approach L]

i Task 2.2 [Impact caused damage simulation in sandwich structures | 12

iTask 2.3 | Verification study of appropriate testing approach 10

| Task 2.4 |Nummerical pre analysis of actual tests performed at Wp-4) 12

| WP-3 |Manufacturing and NDT

| Task 3.1 Coupon scale sample preparation 8

I Task 3.2|Sandwich panel prototyping 9

ITﬂsk 3.3 |Non-destructive quality evaluation and characterisation of g 16

| WP-4 |sandwich specimens _|
| Task £.1|Coupon test for material characterisation 6 1
iTask 4.2 |Impact caused damage inttiation and shock propagation tes{ 9 |
iTESk 4.3 | Residual strength tests and evaluation of strength charactg 10

! WP-5 |Elaboration of design guidelines and fast design tool

| Task 5.1 |Formulation of simulation guidelines 11 1
i Task 5.2 |[Formulation of testing guidelines 10 |
| Task 5.3 | Formulation of fast analysis methodology/tool

| WP6 |Project management

:Task 6.1 |Coordination, day-to-day management

| Task 6.2 Preparation of the progress/ final reports

i WP-7 |Dissemination and exploitation

| Task 7.1 | Digsemination of knowledge 24

| Task 7.2 | Exploitation of the results 12
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+
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+
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Milestone 4




Main Technical Developments

Literature review: Mechanical
\
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Main Technical Developments

Nummerical analysis:

Real sample
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Main Technical Developments

Nummerical analysis:

Magnitude [mis]
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Honeycomb expansion frame was developed and
manufactured. Honeycomb expansion quality was
monitored by comparative study of cell image
geometry correlation with ideal geometry cell.



Main Technical Developments

Specimen manufacturing and NDT :

ngJ o ) £ w0 8 g
e o £ 2 20 | T o E <
2 E o o0 I} < 5 c 2 0 ]
S| &€ |3 % ] & |§ e g g < £
© T 5 | T £ 2 5 _| o 5 o
o o328 ]2 2| B |82l E Rz || :
3 =X »n C %) 5 T < 5 < x £ c < 3 4]
g o Q 5 Q 3 3 O W |8 E W 5w |3 wWg <
< o © o 2 9 O c 50 |g 30| & © T T & 5 E
o L r | &5 P I ) O 2 lor 249 22w < €
ESA_001 11 0.26 444 671 98.5 165.8 165.6 2371 54.1 0.40
12 0.27 46.5 92.3 258.5 257.9 45.8 0.34
ESA_002 13 0.26 45.1 68.9 94.7 163.8 163.6 210.2 49.6 0.37
14 0.26 46.9 96.9 260.8 260.5 50.0 0.37
ESA_003 15 0.26 46.3 702 94.8 168.9 169 225.7 48.5 0.36
16 0.26 45.1 79.5 248.5 248.5 344 0.26
ESA_004 17 0.26 45.7 73.6 91.1 164.6 164.7 21.0 45.4 0.34
18 0.25 44.6 79.5 244.3 244.2 34.9 0.26
ESA_005 19 0.26 0 0.0 0.00
20 0.25 0 0.0 0.00
ESA 006 2L 0.25 0 0.0 0.00
- 22 0.26 0 0.0 0.00
/A X N N KK
CIRIN NS X KS
\‘\//r/\ \ / \'/Yﬁ 5

100

10

Incidence [%]

L H

013 020 022 024 02 023 030 032 034
[mm]

28 skin plates were manufactured at the
moment. US inspected for voids and
thickness measurements. All corresponding
data of all components used to form
sandwich panel were gathered in single Excel
sheet, with hyperlinks to corresponding US
C-scans and thickness histograms.




Main Technical Developments

Specimen manufacturmg and NDT :

Each honeycomb panel (460 x 210 mm) was cut to six individual samples (150 x 100
mm). The whole sample series of six samples was scanned by laser based xyz scanner
prior and after impacting to calculate impact introduced indentation, with the reason
damage zone determination.



Main Technical Developments

Characterization of the mechanical behaviour of sandwich specimens:

Mechanical tests of carbon fiber reinforced laminate
for sandwich skin plates

plates for tests

Unidirectional laminate

Performed mechanical tests

* Tensile test

« Compression test

o 459 shear test

* Flexure test

 Short beam shear test




Main Technical Developments

Characterization of the mechanical behaviour of sandwich specimens:

Aluminium honeycomb Compression

Honeycomb node core tests

tesile strength

Plate shear test

Specimen
adhered
between
two steel
plates




Main Technical Developments

Characterization of the mechanical behaviour of sandwich specimens:

, _ Sandwich panel tests Flatwise compression test
Flatwise tension test ,

Speci Plate shear test
* Specimen

adhered
between two
steel plates

* Finds weakest
adhesive bond
in construction

Finds panel’s
component which is
least stable to shear

stress

Adhesive fillets stabilizes
honeycomb and
increases it’s shear
strength

| Core to facing
* ' adhesive failure




Main Technical Developments

Characterization of the mechanical behaviour of sandwich specimens:

Seeking for appropriate adhesive by using
CLIMBING DRUM PEEL TEST

o ‘

Adhesive Cohesive
destruction destruction
Bad Good

adhesives



Main Technical Developments

Characterization of the mechanical behaviour of sandwich specimens:

Residual strength esimation by mechanical tests

Impact
or
indentation

Damaged panel

Reference panel
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