LIBCOS

Annex B: Results on composite plates

CPOO1

Incoming inspection

Phase [']
\ 1004
-101,1

-101,8

1025
41031
1038
1045
1052
1 BN
1066
-107.3
1080
1087
-109.4
" W-1100
1107
L1114
12,1
L1128

Average thickness 2.11 mm

Visual inspection:

- slightly curved
Lock-in thermography:
- Uniform picture

- No pre-damage

High Velocity Impact test

No test

Lock-in thermography after HVI test

Residual strength test

Failed plate after the test

The residual strength test on the undamaged
test plate could not be conducted up to
ultimate failure as the plate failed in the tabs.
As a result, optimization on the tabs/bonding
were carried out with test plates CP007a und
CPOO7b.

German Aerospace Center (DLR)
Institute of Structures and Design, Stuttgart

73




LIBCOS

CPO002

Incoming inspection

-103,83
-104.20

| Average thickness 2.03 mm

-104,94
=1 Visual inspection:

-« | - slightly curved

s | Lock-in thermography:
o | - Uniform picture

-107.54
-« | - NO pre-damage

= W-10828

-108 65

High Velocity Impact test

Test conditions:

Impactor: 100 g steel beam
Pre-loading: 0.25%, in tension
Velocity: 67 m/s (224.5 J)

Impact side Rear view

Notch damage + large delamination

Lock-in thermography after HVI test

No front view

Rear view

Residual strength test

Failure load= 208.8 kN

Residual strength factor: 0.48

Failed plate after the test

German Aerospace Center (DLR) 74
Institute of Structures and Design, Stuttgart



LIBCOS

CPO03

Incoming inspection

-105,30
-105,60

s | Average thickness 1.99 mm
- | Visual inspection:
-106,80 .

e | - slightly curved
" | Lock-in thermography:
-108,00 - Unlform plCture
108,31
wn | - No pre-damage
-108,90
-109 20

High Velocity Impact test

Test conditions:

Impactor: 100 g steel beam

Pre-loading: 0.05%, similar to no preloading
Velocity: 71 m/s (254.7 J)

Impact side

Rear side

Notch damage + large delamination

Lock-in thermography after HVI test

Front view

P ‘ lfm?.z -

-108.3
-109.4
-110,4

1115
1126
= BT
1147

Rear view

J 112,87

l-wg:ss

110,33
110,84
-11135
111,36
-112,37

113,38

Residual strength test

Plate after the test

Failure load= 160.3 kN
Residual strength factor = 0.37
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LIBCOS

CP0O0O4

Incoming inspection

-102,20
-102, 60
w0 | Average thickness 2.01 mm

-102.40

Lea | Visual inspection:
o slightly curved

-104.60

wsn | Lock-in thermography:

-105,40

ww | - Uniform picture
"= | - No pre-damage

-106.60

-107,00

High Velocity Impact test

Test conditions:

Impactor: 100 rubber beam
Pre-loading: 0.25%, in tension
Velocity: 99.2 m/s (497 J)

Impact side Rear view

No visible damage

Lock-in thermography after HVI test

2 .-105.9
»

1075

-112,13
-112,64

-108.1 -113.15

-110,7

-112,3
1139
-115,6

Front view Rear view

113,66
114,17
114,67
115,18

No damage detected

Residual strength test

As no damage could be detected, no

No test residual strength test was conducted
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LIBCOS

CPOO05
Incoming inspection
i Average thickness 1.99 mm
| e Visual inspection:
e - slightly curved
024 Lock-in thermography:
o - Uniform picture
mm—1_: | - No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.25%, in tension
Velocity: 103.7 m/s (68.9 J)

Impact side

Rear side

Notch damage (square hole)

Lock-in thermography after HVI test

1077
-1087
1097
-1107
1116

-112,8

Rear view

Residual strength test

Failure load= 215.05 kN
Residual strength factor = 0.49
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LIBCOS

CPO0O06

Incoming inspection

-102,80

Average thickness 1.99 mm

-103,60

Visual inspection:

-104.40

- slightly curved

s Lock-in thermography:
| 1oes - Uniform picture
e - No pre-damage

107,20

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.25%, in tension
Velocity: 63.9 m/s (26.5 J)

Impact side Rear side

Cube rebounded / Square flap damage with delamination

Lock-in thermography after HVI test

Rl AP ] -Yig, 4
I-ms:uu I-100=2
105,90 |
-106,80 He
-105.6
-107,70
-107 4
-108,60
-109.2
-109,50
-111.0
Rear view
Residual strength test
Failure load= 233 kN
Residual strength factor = 0.53
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LIBCOS

CPO0O07a (cut from CP0O07)

Incoming inspection

-1008
=104
1020
} 1026
§-103.2
-1038
1044
-1050
-105,6

-106,2

Dimensions: 750 mm x 100 mm

Average thickness: 1.99 mm

Visual inspection:

- slightly curved (2 plies interchanged but
number of 0°, 45° and 90° plies is correct)
Lock-in thermography:

- Non-uniform picture: a folding in one layer is
assumed so that the plate was not used for
the test campaign. The test plate CP007 was
then cut into two pieces in order to improve
tabs and bonding for the Q/S fixture.

High Velocity Impact test

No test

Lock-in thermography after HVI test

Residual strength test

Pictures of the test plate after failure

A new “tabs/bonding” concept has been
investigated in order to be able to conduct the
test until the failure of a 200 mm wide
undamaged plate. One of these concepts
consists using a new adhesive (Epikote
Resin 02306) to bond the aluminium tabs to
the carbon test plate.

Failure in composite guage length.

Failure load= 217.8 kN (1.54% strain) for a
100 mm wide test plate

Estimated failure load (200 mm wide test
plate) = 435.6 kN
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LIBCOS

CPO007b (cut from CP007)

Incoming inspection

1008 Dimensions: 750 mm x 100 mm

1014

Average thickness: 1.99 mm

-1026

Visual inspection:
e - slightly curved (2 plies interchanged)
fuind Lock-in thermography:

Non-uniform picture: a folding in one layer is
assumed so that the plate was not used for
the test campaign. The test plate CP007 was
then cut into two pieces in order to improve

tabs and bonding for the Q/S fixture.

High Velocity Impact test

No test

Lock-in thermography after HVI test

Residual strength test

A new “tabs/bonding” concept has been
investigated in order to be able to conduct
the test until the failure of a 200 mm wide
undamaged plate. One of these concepts
consists in including a GRP tabs insert
between the carbon test plate and the
original aluminium tabs in order to attenuate
the constraints concentration at the tabs
edge. In comparison to the concept used
for CP007a.

Failure at GRP tab/composite interface.

Failure load= 195.6 kN (1.45% strain) for a
100 mm wide test plate

Estimated failure load (200 mm wide test
plate) = 391.2 kN
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LIBCOS

CPO0OO08

Incoming inspection

-100.8

Average thickness: 1.99 mm

-102,0

Visual inspection:

-103.2

- slightly curved

-104,4

s Lock-in thermography:
- Uniform picture

-106.2

- R - No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 18 g glass ball (924 mm)
Pre-loading: 0.25%, in tension
Velocity: 63.8 m/s (36.6J)

Impact side

Rear side (zoom)

No damage at front, delamination damage back

Lock-in thermography after HVI test

| Bt .-104:55
1067 -105.68
-108,0 -106,80

1094
1107
12,1

107,93

. 109,05
4 BEERLEE!
111,30

Failure load= 328.6 kN
Residual strength factor = 0.75
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LIBCOS

CP009
Incoming inspection
475 -1
-100,7 -100,4
-103,8 -102.1
07,0 -103.8
1101 -105,5
1133 Bat

Average thickness: 2.09 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 18 g glass ball (24 mm)
Pre-loading: 0.25%, in tension
Velocity: 67.6 m/s (41.1 J)

Impact side Rear side

Dent at front, delamination damage back

Lock-in thermography after HVI test

-104,10 -104 6

105,00 -106,2
1078
-100.4

1109

105,90
106,80
107,70

Rear view

Residual strength test

Failure load= 287.1 kN
Residual strength factor = 0.66
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LIBCOS

CPO0O10

Incoming inspection

-100,2
-103.0
1053

108,
11,5

-114.3

rear

Average thickness: 3.07 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

No test

Lock-in thermography after HVI test

Residual strength test (compression)

Buckle load: 38 kN (0.08% strain)
Failure load= 132.4 kN
Residual strength factor = 1
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LIBCOS

CPO11

Incoming inspection

-109,1
1103
1116

12,8
-114,1

15,4

front

Average thickness: 3.10 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 1.4 Pb (52 kN, 0.17%), in compression

Velocity: 135.9 m/s (127.2J)

]mpact side Rear side

Impact on convex face / Cube passed through / notch damage, large delamination at back
face

Lock-in thermography after HVI test

-113.9

-115.2

—
ol " N 1133 v j
(T i L h - ’
: 1146 0

|y & ;
-116,0 -

1166
1173 1179

-1187 -118.3

e, S S 1206

e -120,0 S . 2
Front view Rear view

Residual strength test (compression)

Failure load= 135.6 kN
Residual strength factor = 1.02
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LIBCOS

CPO0O12

Incoming inspection

1047
1082
1117
1152
1187
1223

Average thickness: 3.10 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 0.95 Pb (36 kN, 0.12%), in compression

Velocity: 135.0 m/s (122 J)

Impact side Rear side

Impact on convex face / Cube passed through / notch damage, large delamination at back
face

Lock-in thermography after HVI test

[ ]
1154 107 4

17,0 -109,8
1186 12,1
1202 1144

4217 1167

-123,3

e - -119,0
Front view Rear view

Residual strength test (compression)

Failure load= 127.2 kN
Residual strength factor = 0.96
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LIBCOS

CPO13

Incoming inspection

l-10?,4
11,0

1146
1182
1218
1254

Average thickness: 3.12 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube

Pre-loading:~ 0 (2 kN, 0.05%), similar to no preloading
Velocity: 134 m/s (120.4 J)

Impact side Rear side

Cube passed through / notch damage, delamination at back face

Lock-in thermography after HVI t
1101

1146

est

T

1191
1236

1281 e S e —

Front view Rear view

Residual strength test (compression)

Failure load= 132.8 kN
Residual strength factor = 1.00
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LIBCOS

CP0O14

Incoming inspection

i i 57 925
i -953 - Mggs
1031 &

-106,4
-111.0 -113.4
N -120.4
-126.8 -127 4
front rear

Average thickness: 3.1 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 20.2 g glass ball (925 mm)
Pre-loading: ~ 0 (2 kN, 0.05%), similar to no preloading

Velocity: 85.6 m/s (74 J)

Impaé’i‘ide "a 7

Glass ball rebounded / Dent on front face, delamination damage on back face

Lock-in thermography after HVI test

Rear view

Residual strength test (compression)

Failure load= 111.7 kN
Residual strength factor = 0.84
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LIBCOS

CPO15

Incoming inspection

Average thickness: 3.11 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 20.2 g glass ball (925 mm)

Pre-loading: 0.95 Pb (36 kN, 0.12%), in compression
Velocity: 83.3 m/s (70.1 J)

- Rear side .
Impact side

Impact on convex face / Glass ball rebounded / Dent on front face and delamination on
back face

Lock-in thermography after HVI test
l—106,1
-1103
1146
-1189

1232

e oo e .17 . ———
Front view

Rear view
Residual strength test (compression)

Failure load= 88.4
Residual strength factor = 0.67
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LIBCOS

C016

Incoming inspection

I-110,1
1133
1164

-119.8
1227

Average thickness: 3.14 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube

Pre-loading: 1.4 Pb (53.2 kN) ,in compression
Velocity: 129.2 m/s (111.8 J)

Impact side Rear side

Impact on convex face / Cube passed through / Square hole, delamination damage at back
face

Lock-in thermography after HVI test

I-93,4

1

| 1056
1123
-120,0

Front view Rear view

Residual strength test (compression)

Failure load= 119 kN
Residual strength factor = 0.90
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LIBCOS

C017

Incoming inspection

Secamme | WAEN
b I I-ma,s
| 1118

-115.2
-118.6

-122,0

front

Average thickness: 3.09 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 19.3 g glass ball (924.5 mm)
Pre-loading: 1.4 Pb (53.2 kN) ,in compression
Velocity: 82.2 m/s (65.2 J)

Impact side Rear side

Impact on convex face / Glass ball rebounded / Dent on front face and delamination on
back face

Front view Rear view

Residual strength test (compression)

Failure load= 85.1 kN
Residual strength factor = 0.64
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LIBCOS

C018

Incoming

inspection

. -1,
'-103,5
1118
1152

-1186
=4 -122,0

rear

Average thickness: 3.10 mm

Visual inspection: alright

Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: ~ 0 (5 kN), similar to no preloading

Impact side

Velocity: 131.6 m/s (116 J)

Rear side

Cube passed through / Dent on front face and delamination on back face

Lock-in thermography after HVI test

e I-?a

g1
| 105
119

-132

146

Front view

-102.2

‘ I-92,?

116

{
i EILE
1305
-~ 1400

‘ii" . - _,__“=,__;
Rear view

Residual strength

test (compression)

Failure load= 126.8 kN
Residual strength factor = 0.96
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LIBCOS

C019

Incoming inspection

front

Average thickness: 3.10 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: ~ 0 (2 kN), similar to no preloading

Velocity: 135.0 m/ s (122 J)

Impact side Rear side

Cube passed through / Dent on front face and delamination on back face

Lock-in thermography after HVI test

—— el EILE

Front view Rear view

Residual strength test (compression)

Failure load= 127 kN
Residual strength factor = 0.96
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LIBCOS

C020

Incoming inspection

F il -116,85 : T T |

117,53

. 118,20
- -118,38
" W-11955

s =

front

Average thickness: 3.11 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube

Pre-loading: 1.4 Pb (53.2 kN), in compression
Velocity: 126.6 m/s (107.4 J)

Impact side Rear side

Impact on convex face / Cube passed through / Dent on front face and delamination on
back face

Lock-in thermography after HVI test

I-g?:? I-99=2

1037 -1057
-109,3 -112.2
15,9 -118.7
1220 -1253
-128,0 -1318

Front view

Residual strength

Failure load= 117.6 kN
Residual strength factor = 0.89
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LIBCOS

C021

Incoming inspection

1083

-1U34 =
I-1os,4 f
1122
L] RER

rear

=1 R
= I—11U,‘l

1124
1146
1169
-119,1

Average thickness: 3.12 mm
Visual inspection: alright

Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube

Pre-loading: 1.4 Pb (53.2 kN), in compression
Velocity: 93.5 m/s (58.5 J)

Impact side

Rear side

Impact on concave face / Cube stopped / Front face damage and delamination at back face

Lock-in thermography after HVI test

Front view

Rear view

= l-ms,z
EI, -109,0

| 1128
166
1205

-124.3

Residual strength test (compression)

Failure load= 124.9 kN
Residual strength factor = 0.94
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LIBCOS

C022

Incoming inspection

B
963

1004
104 4
1085
1125

EE T~}

Average thickness: 2.06 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

No test

Lock-in thermography after HVI test

Residual strength test (tension)

Failure load= 431.6 kN
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LIBCOS

C023

Incoming inspection

rear

Average thickness: 2.04 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 21 g glass ball (825.2 mm)
Pre-loading: 0.02%, similar to no preloading

Velocity: 69.7 m/s (51 J)

Impact side Rear side

Rebound with small mark at front / delamination at back face

Lock-in thermography after HVI test

Front view Rear view

Residual strength test (tension)

Failure load= 291 kN
Residual strength factor = 0.67
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LIBCOS

C024

Incoming inspection

-4, |
-89.4
-84.8
-100.2
-105,6
-110.9

442 92

Average thickness: 1.96 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 20.9 g glass ball (820.9 mm)
Pre-loading: 0.25%, in tension

Velocity: 67.6 m/s (47.7 J)

Impact side Rear side

Rebound with small mark at front / delamination at back face / No film

Lock-in thermography after HVI test

Front view Rear view

Residual strength test (tension)

Failure load= 273.1 kN
Residual strength factor = 0.63
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LIBCOS

C025

Incoming inspection

~94.0

_1 ' -I-g?,z
) 1999
- [ 1026

-105.3
-108,0

Average thickness: 2.01 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube

Pre-loading: 0.02%, similar to no pre-loading
Velocity: 100.6 m/s (67.8 J)

Impact side Rear side

Cube passed through / Square hole notch damage, delamination at back face

Lock-in thermography after HVI test

I—81,B

-891.0
-100.2

L |-109.4
1187
| EREX

Front view Rear view

Residual strength test (tension)

Failure load= 215.7 kN
Residual strength factor = 0.50
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LIBCOS

C026

Incoming inspection

-0
I-102,9
11043
-105.6

- -107.0
. 1083

Average thickness: 2.02 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.25%, in tension
Velocity: 103.1 m/s (71.2 J)

Impact side ~ Rearside

Cube passed through / Square hole notch damage, delamination at back face

Lock-in thermography after HVI test

I-?s,s I—93.9

-89.6 98,9
-100,8 ! -102.8
12,1 -108.8
1233 1137
1346 1 EIbEN
Front view Rear view

Residual strength test (tension)

Failure load= 211.1 kN
Residual strength factor = 0.49
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LIBCOS

Cco27

Incoming inspection

Average thickness: 2.02 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube

Pre-loading: 0.02%, similar to no loading
Velocity: 98.5 m/s (65 J)

Impact side Rear side

Cube passed through / Square hole notch damage, delamination at back face

Lock-in thermography after HVI test

I—95,3

-99.5
-103.8

-108,1
12,4
1166

Front view Rear view

Residual strength test (tension)

= =

Failure load= 248.7 kN
Residual strength factor = 0.58
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LIBCOS

C028

Incoming inspection

1012

i 956 e |
i |
984 |

-104.0 e . i 1040
Wy I-ma,s - M| 1068
e ' ._-’—'Eﬁ' -109.6

front rear

Average thickness: 1.98 mm
Visual inspection: alright

Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 0.02%, similar to no loading

Velocity: 97.5 m/s (63.6 J)

Impact side Rear side

Cube passed through / Square hole notch damage, delamination at back face

Lock-in thermography after HVI test
-89.4 N Y o

Front view Rear view

Residual strength test (tension)

Failure load= 259.5 kN
Residual strength factor = 0.60
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LIBCOS

C029

Incoming inspection

-92.9

I—96,2

-995
1028

-106,1
1093

Average thickness: 1.99 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 0.02%, similar to no loading

Velocity: 96.7 m/s (62.7 J)

-

Impact side Rear side

Cube passed through / Square hole notch damage, delamination at back face

Lock-in thermography after HVI test

] |
| 902 |
M EER '

=100 - -1001
| 1050 - -105,0
! -110,0 LY 1100
= 1149 = 1140
Front view Rear view
Residual strength test (tension)

T —w=my ; ™

Failure load= 220.3 kN
Residual strength factor = 0.51
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LIBCOS

C030

Incoming inspection

-94,5 92,1
47,2 -86,0
99,9 1-100,0
1026 -104,0
A 1053 1079
-108.0 4119
front rear

Average thickness: 2 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.15%, in tension
Velocity: 93.54 m/s (58.4 J)

Impact side Rear side

Cube passed through / Square hole notch damage, delamination at back face

Lock-in thermography after HVI test

B 11013
J " 1056 N 1058
1099 N EE
-114,2 " -114.2
Front view Rear view

Residual strength test (tension)

=
[

Failure load= 206.5 kN
Residual strength factor = 0.48
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LIBCOS

C031

Incoming inspection

93,1 91,0
-96.5 -9453
903 S -995
1032 S BE-103.8
I-WS-6 -108,1
— -110,0 — 1124
front rear

Average thickness: 2.03 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 21 g glass ball (825.2 mm)
Pre-loading: 0.15%, in tension
Velocity: 68.1 m/s (48.7 J)

Impact side Rear side

Rebound with delamination damage at back face

Lock-in thermography after HVI test

: -92.4
-856 -97.8
1014 -103.2
-1073 -108.6
13,1 14,0
Front view Rear view

Residual strength test (tension)

Failure load= 225.2 kN
Residual strength factor = 0.52

German Aerospace Center (DLR) 104
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LIBCOS

C032

Incoming inspection

ol LK 813
-86.9 I-a?,a
92,9 §-93.%
-99,0 -100,2
-105,1 -106,5
-111.2 1128
front rear

Average thickness: 2 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 21.2 g glass ball (825.2 mm)
Pre-loading: 0.02%, in tension
Velocity: 63.9 m/s (43.3 J)

3 |

Impact side Rear side

Rebound with delamination damage at back face

Lock-in thermography after HVI test

i T I e32 b\ 83,9
) 893 ; 94,1
953 i ELE
101,4 Al | 1044
107, W 100 6
1136 _ ‘a o -114,8
Front view Rear view
Residual strength test (tension)
% .:E —— —

Failure load= 326.9 kN
Residual strength factor = 0.76
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LIBCOS

C033

Incoming inspection

Average thickness: 3.04 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 19.3 g glass ball (d24.5 mm)
Pre-loading: 1.4 Pb (53.2 kN), in compression
Velocity: 85.7 m/s (70.9 J)

-

Impact side Rear side

Impact on concave face / Rebound, dent on front face , delamination damage at back face

Lock-in thermography after HVI test

994 3 -111,94
I-ms,? " -112,36
-107.9 11378
I -1122 ' 114,71
1165 115,63
-1208 - X e -116,55
el SRS R e s % s Do IR
Front view Rear view

Residual strength test (compression)

k=1.10

Failure load= 87.7 kN
Residual strength factor = 0.74
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LIBCOS

C034

Incoming inspection

=

= 1095

I-112,2
| L1149
1176
Sl : P 1203

rear

Average thickness: 3.04 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 19.3 g glass ball (d24.5 mm)
Pre-loading: 1.4 Pb (53.2 kN), in compression
Velocity: 83.4 m/s (67.1 J)

Impact side Rear side

Impact on convex face / Rebound, dent on front face , delamination damage at back face

Lock-in thermography after HVI test

Front view Rear view

Residual strength test (compression)

L
f; A T L

Failure load= 58.7 kN
Residual strength factor = 0.49
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LIBCOS

C035

Incoming inspection

057 -109.8
-105.9 1123
- -108.2 1149
i -110.4 117 4
:?. 1127 420,0
= -114,9 1225
front rear

Average thickness: 3.06 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Lock-in thermography after HVI test

Residual strength test (compression)

Failure load= 119.1 kN

German Aerospace Center (DLR)
Institute of Structures and Design, Stuttgart
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LIBCOS

C036

Incoming inspection

-99.8 -927
-102,9 -99,0
1061 -1053
] -109,2 116
1124 -117.9
it 13 1 B 1242
front

Average thickness: 3.03 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Lock-in thermography after HVI test

Residual strength test (compression)

o R
T

Failure load= 118.8 kN
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LIBCOS

C037

Incoming inspection

- -108,8
| ERiN
1136

1155
: 3 1174
| r 193

rear

Average thickness: 3.03 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 20.4 g glass ball (925 mm)
Pre-loading: 0.01%, similar to no loading
Velocity: 81.8 m/s (64.5 J)

Impact side Rear side

Rebound, dent at front, delamination damage at back face

Lock-in thermography after HVI test

'-102,5
_,-r 11071

I-??
-2

-107
122
137
-151

Front view Rear view

Residual strength test (compression)

o) il

Failure load= 100.5 kN
Residual strength factor = 0.85
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LIBCOS

C038

Incoming inspection

f il . 1048 -845

o -107.1 -93.9

i! -109.4 -103.4

ﬁi -111.6 1128

1139 1223

!s" -116,1 1317
front rear

Average thickness: 3.06 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 18.9 g glass ball (924.5 mm)
Pre-loading: 1.4 Pb (53.2 kN), in compression
Velocity: 78.8 m/s (58.7 J)

Impact side Rear side

Impact on concave face / Rebound / dent on front face, delamination damage at back face

Lock-in thermography after HVI test

-104.9 -111,9

11077 1151

-1105 1182

1134 1214

-116,2 1245

- -119.0 3 1277
Front view Rear view

Residual strength test (compression)

Failure load= 96.9 kN
Residual strength factor = 0.82
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LIBCOS

C039

Incoming inspection

W

1036

-G9
-53

-96

-110

,I—124

e 138
i

rear

Average thickness: 3.08 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 18 g glass ball (d24.1 mm)

Pre-loading: 1.4 Pb (53.2 kN), in compression
Velocity: 80.6 m/s (58.4 J)

Impact side Rear side

Impact on convex face / Rebound with dent on front face / delamination at back face

Lock-in thermography after HVI test

Front view Rear view

= 1N

Residual strength test (compression)

va k=20

Failure load= 80.7 kN
Residual strength factor = 0.68

German Aerospace Center (DLR) 112
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LIBCOS

C040

Incoming inspection

Average thickness: 3.07 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 17.9 g glass ball (823.9 mm)
Pre-loading: 1.4 Pb (53.2 kN), in compression

Velocity: 82.4 m/s (60.8 J)

Impact side Rear side

Impact on concave face / Rebound with dent on front face and delamination at back face

Lock-in thermography after HVI test

-ran
y I—85,2
. 96,0
-106,8
176
1284
1392

Front view Rear view

Residual strength test (compression)

Failure load= 87.0 kN
Residual strength factor = 0.73
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LIBCOS

C041

Incoming inspection

Average thickness: 1.97 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.25%, in tension
Velocity: 101.8 m/s (69.5 J)

Impact side Rear side

Cube passed through / Square hole notch damage, delamination damage at back face

Lock-in thermography after HVI test

JE———CE—

Front view Rear view

Residual strength test (tension)

Failure load= 101.8 kN
Residual strength factor = 69.5
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LIBCOS

C042

Incoming inspection

Average thickness: 1.98 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Lock-in thermography after HVI test

Residual strength test (tension)

Failure load= 419.9 kN

German Aerospace Center (DLR) 115
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LIBCOS

C043

Incoming inspection

e 65,1 -86.9
-90.8 -925
964 082
-102.0 -103.8
y I-ﬂl?.ﬁ I—109,4
. -1133 g -14R 4
front rear

Average thickness: 1.97 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 0.02%, in tension

Velocity: 84.5 m/s (47.9 J)

Impact side - Rear side

Cube stopped / notch damage, delamination at back face

Lock-in thermography after HVI test

Rear view

Residual strength test (tension)

Failure load= 250.1 kN
Residual strength factor = 0.60
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LIBCOS

C044

Incoming inspection

= 571 75.8
921 843
1 Bl -92.9
.-102,0 -101.4
I-1 7.0 -110,0
. -111a - - REEY
front rear

Average thickness: 1.98 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 0.25%, in tension

Velocity: 97.8 m/s (64.1 J)

Impact side Rear side

Cube passed through / Square hole notch damage and delamination at back face

Lock-in thermography after HVI test

_18,0 - -840
a4 I : -89.5
) ‘I-go,:s . I-94,5
) | | -96,2 ;' 995
= W-102,0 1044
E I—m?.g : I 109,4
3 -1137 = 114 3
Front view Rear view

Residual strength test (tension)

Failure load= 211.8 kN
Residual strength factor = 0.50
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LIBCOS

C045

Incoming inspection
(e _ 821
a7.2 A '_‘ e Yo g N 965
1008 et 1014
1044 | |-10556
" I-ma,n  B-1101
5 74136 ~114.6

front rear

Average thickness: 1.99 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 21.3 g glass ball

Pre-loading: 0.02%, similar to no loading
Velocity: 64.9 m/s (44.8 J)

Impact side Rear side

Rebound, delamination at back face

Lock-in thermography after HVI test

723 ¥ | —
822 | v 843
921 . - 933
-102.0 - A 1032
I-111,9 T 1127
Front view Rear view

Residual strength test (tension)

Failure load= 311.1 kN
Residual strength factor = 0.76

German Aerospace Center (DLR) 118
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LIBCOS

C046

Incoming inspection

-68.6
78,8
88,9

99,0

p I-109,1
EELE!

Average thickness: 2.05 mm

Visual inspection: alright

Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 21.3 g glass ball (825.2 mm)
Pre-loading: 0.02%, in tension

Velocity: 65.2 m/s (45.3 J)

Impact side

Rear side

Rebound, delamination at back face

Lock-in thermography after HVI test

Front view

Rear view

Residual strength test (tension)

Failure load= 301.0 kN

Residual strength factor = 0.74

German Aerospace Center (DLR)
Institute of Structures and Design, Stuttgart
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LIBCOS

co47

Incoming inspection

Average thickness: 2.02 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 21.3 g glass ball (925.2 mm)
Pre-loading: 0.25%, in tension
Velocity: 67.6 m/s (47.7 J)

Impact side Rear side

Rebound, delamination damage at back face

Lock-in thermography after HVI test

-----

—~w :
-62,0 \ -710.1
74,1 I-m
86,3 922
984 1032
I-ﬁn,a . I'”‘12
Front view Rear view

Residual strength test (tension)

Failure load= 266.4 kN
Residual strength factor = 0.65
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LIBCOS

C048

Incoming inspection

front rear

Average thickness: 2.02 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Lock-in thermography after HVI test

Residual strength test (tension)

Failure load= 409.4 kN
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LIBCOS

C053

Incoming inspection

725 -94 5

-83.6 -100,8
-9456 -107 1
-105,6 -113,4
-116.6 1197

=127 T

12R N

Average thickness: 3.09 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 0.5 Pb (20 kN), in compression

Velocity: 136.4 m/s (124.7 J)

Impact side Rear side

Light convex buckle (ca. 1 mm) / Notch damage

Lock-in thermography after HVI test

-40,U =

-101.6 i
-108.1 1063
1146 11238
-121.1 l -119.3
s o= 1277 + B-1259
Front view Rear view

Residual strength test (compression)

Failure load= 129.6 kN
Residual strength factor = 0.97
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LIBCOS

C054

Incoming inspection

© 045

- W08
1071
134

1197

front

Average thickness: 3.06 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 0.5 Pb (20 kN), in compression

Velocity: 129.2 m/s (111.8 J)

Impact side Rear side

Light convex buckle (ca. 1 mm) / Notch damage

Lock-in thermography after HVI test

-104.9
-108.8

12,6

Front view Rear view

Residual strength test (compression)

Failure load= 124.1 kN
Residual strength factor = 0.93
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LIBCOS

CO055

Incoming inspection

84,5

rear

Average thickness: 3.11 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 0.5 Pb (20 kN), in compression

Velocity: 128.2 m/s (110.1 J)

I

Impact side Rear side

Light convex buckle (ca. 1 mm) / Notch damage

Lock-in thermography after HVI test

Front view

Residual strength

Failure load= 135.9 kN
Residual strength factor = 1.02

German Aerospace Center (DLR) 124
Institute of Structures and Design, Stuttgart




LIBCOS

CO056

Incoming inspection
s oy 18,1 _ = “1U8,0
1072 r . . L — 1109
1007 R R S RETY
1121 ' 1154
14,6 176
174 - . 1109
- 1196 — B W 122,1

front rear

Average thickness: 3.07 mm
Visual inspection: alright
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 21 g glass ball (425.2 mm)
Pre-loading: 0.5 Pb (20 kN), in compression

Velocity: 79.7 m/s (66.8 J)

|

Impact side Rear side

Light convex buckle / Rebound, dent on front face, delamination at back face

Lock-in thermography after HVI test

99,1
i I-104,1

1091
P
1180

-123.9

Front view Rear view

Residual strength test (compression)

Failure load=93.9 kN
Residual strength factor = 0.70
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LIBCOS

C057

Incoming inspection

1042 | . -109,3

M -1067 127

-109,1 -116.0

116 1194

14,1 1228

L P zs2

R -116,6
front rear

Average thickness: 3.1 mm

Visual inspection: alright, harmless / Notice: harmless “snowflake”
pattern on one side due to superficial air insertion in the plate

Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 21 g glass ball (825.2 mm)
Pre-loading: 0.5 Pb (20 kN), in compression

Velocity: 80.0 m/s (67.2 J)

=T

Impact side Rear side

Light convex buckle (ca. 1mm) / Rebound, dent on front face, delamination damage at
back face

Lock-in thermography after HVI test

-840

i I-ga,u

}’ -102,0
SR EER
I -120,0

1290

Front view ' Rear view

Residual strength test (compression)

T_;':'_,_— : paraen T

Failure load= 87.9 kN
Residual strength factor = 0.66
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LIBCOS

C058
Incoming inspection
— — v = - : T T ’
- i T 1085 TN T e Rk e i R
106 iy U] R
12,6 -116,1

ffont

-118,8
-121,5
-124.2

rear

Average thickness: 3.09 mm

Visual inspection: alright, harmless / Notice: harmless “snowflake

pattern on one side due to superficial air insertion in the plate
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:
Impactor: 21 g glass ball (825.2 mm)
Pre-loading: 0.5 Pb (20 kN), in compression

Velocity: 76.8 m/s (61.9 J)

Impact side Rear side

Light convex buckle (ca. 1 mm) / Cube stopped / Front face damage and delamination at
back face

Lock-in thermography after HVI test

Front view

4 -98.0 953
I-102,3 -101,9
1075 §-107.9
12,2 14,0
1169 ~120
4217 M EiE

Rear view

Residual strength test (compression)

Failure load= 89.6 kN
Residual strength factor = 0.67
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LIBCOS

C059

Incoming inspection

e e
-101,2 -100.8
-105,3 -106,2
-109.4 -111,6
-113.4 -117.0
1175 -122 4
1215 - -127.8
front rear

Average thickness: 3.03 mm

Visual inspection: alright, harmless / Notice: harmless “snowflake
pattern on one side due to superficial air insertion in the plate

Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Test conditions:

Impactor: 21 g glass ball (825.2 mm)
Pre-loading: 2kN, similar to no loading

Velocity: 77.6 m/s (63.3 J)

Impact side Rear side

Rebound / dent on front face, delamination damage at back face

Lock-in thermography after HVI test

»| -92.0 ~ . -89.9

j I-gs,a 975

105,1 1052

1 e 1128

‘ 118.1 o EEL

e = -1247 251

Front view Rear view

Residual strength test (compression)

Failure load= 122.8 kN
Residual strength factor = 0.92
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LIBCOS

C060

Incoming inspection

TR

1018
1059
10,0

1140
1181
o B

front

R : ¥y,

1041
1086
1131

1176

1221
-126.6

rear

Average thickness: 3.03 mm

Visual inspection: alright, harmless / Notice: harmless “snowflake

pattern on one side due to superficial air insertion in the plate
Lock-in thermography: Uniform picture / No pre-damage

High Velocity Impact test

Lock-in thermography after HVI test

Residual strength test (compression)

Failure load= 133.2 kN

German Aerospace Center (DLR)
Institute of Structures and Design, Stuttgart
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LIBCOS

Annex C: Results on aluminium plates

APO01

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

No test

Residual strength test (tension)

Bearing failure in the tabs !!
Failure load= 158 kN
Residual strength factor = 1.0

German Aerospace Center (DLR)
Institute of Structures and Design, Stuttgart
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LIBCOS

APO002

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 100.3 g steel beam
Pre-loading: 0.23%, in tension
Velocity: 100.7 m/s (507 J)

Impact side Rear side

Beam passed through / rectangular notch ~ 30 mm

Residual strength test (tension)

Failure load= 138.4 kN
Residual strength factor = 0.76

German Aerospace Center (DLR) 131
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LIBCOS

APO03

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

No test

Residual strength test (compression)

Buckle load: 20 kN

Max. load= 58.6 kN (3-cell buckle) / No
ultimate fracture

Residual strength factor = 1.0

German Aerospace Center (DLR) 132
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LIBCOS

AP0O04

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube

Pre-loading: 1.5 Pb (30 kN, 0.15%), in compression
Velocity: 133.9 m/s (120.1 J)

Impact side

Rear side

Impact on convex side / Cube passed through / Square hole with plastic deformation

Residual strength test (compression)

Max. load = 53 kN
Residual strength factor = 0.93

German Aerospace Center (DLR) 133
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LIBCOS

A005

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 1.5 Pb (30 kN, 0.15 %), in
Velocity: 125.6 m/s (106.5 J)

Impact side Rear side

Impact on convex face / Cube stopped in plate / square hole with plastic deformation

Residual strength test (compression)

Max. load= 56.9 kN
Residual strength factor = 0.996
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LIBCOS

A006

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: ~ 0 (2 kN), no preloading
Velocity: 121.7 m/s (99.2 J)

Impact side Rear side

Cube passed through plate / large square hole with plastic deformation

Residual strength test (compression)

Max. load = 54.3 kN
Residual strength factor = 0.95

German Aerospace Center (DLR) 135
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LIBCOS

A007

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

No test

Residual strength test (compression)

3-cell bukle
Max. load= 55.5 kN
Residual strength factor = 1.0

German Aerospace Center (DLR) 136
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LIBCOS

A008

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube

Pre-loading: ~ 0 in compression (2 kN), similar to no pre-
loading

Velocity: 123.2 m/s (102.4 J)

Impact side Rear side
Cube stopped by plate / crack with plastic deformation

Residual strength test (compression)

Extended rails
Max. load = 56.9 kN
Residual strength factor = 0.996

German Aerospace Center (DLR)
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LIBCOS

A009

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube

Pre-loading: ~ 0 (2 kN in compression), similar to no
preloading

Velocity: 131.4 m/s (115.7 J)

Impact side Rear side

Cube passed through plate / large square hole with plastic deformation

Residual strength test (compression)

=————=

Extended rails
Max. load= 57.9 kN
Residual strength factor = 1.01
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LIBCOS

A010

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 1.5 Pb, in compression
Velocity: 129.0 m/s (111.6 J)

Impact side

Rear side

Impact on convex face / Cube stopped / square indentation in buckle

Residual strength test (compression)

Extended rails
Max. load= 55.4 kN
Residual strength factor = 0.97

German Aerospace Center (DLR) 139
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LIBCOS

AO011

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 1.5 Pb, in compression
Velocity: 129.7 m/s (112.7 J)

Impact side Rear side

Impact on concave face / Cube passed through / large square hole with plastic deformation

Residual strength test (compression)

Extended rails
Max. load= 56.6 kN
Residual strength factor = 0.99
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LIBCOS

A012

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube

Pre-loading: 2 kN in compression, similar to no pre-load
Velocity: 123.2 m/s (102.4 J)

Impact side Rear side

Cube stopped with rebound/ indentation with very small crack from cube corner

Residual strength test (compression)

Extended rails, rail bolt deformed
Max. load= 55.7 kN
Residual strength factor = 0.98
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LIBCOS

A013

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Residual strength test (tension)

Max. load= 170 kN
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LIBCOS

A014

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:
Impactor: 13.4 g steel cube
Pre-loading: 0.02% in tension, similar to no pre-load

Velocity: 133.7 m/s (119.7 J)

Impact sidé Rear side

Rebound / indentation with small edge crack (23 mm)

Residual strength test (tension)

Max. load= 144.4 kN
Residual strength factor = 0.82
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LIBCOS

A015

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.02% in tension, similar to no pre-load
Velocity: 142.7 m/s (136.3 J)

2 AR e T

Impact side

Rear side

Rebound / indentation with no crack

Residual strength test (tension)

Large plastic deformation in the QS test
Max. load= 163.0 kN
Residual strength factor = 0.92
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LIBCOS

A016

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.25 % in tension
Velocity: 145.1 m/s (141.1 J)

Impact side | Rear side

Cube passed through / Notch damage, square hole (35 mm)

Residual strength test (tension)

Max. load= 123.7 kN
Residual strength factor = 0.70
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LIBCOS

AO017

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube

Pre-loading: 0.02 % in tension, similar to no pre-loading
Velocity: 171.5 m/s (197.1 J)

Impact side | Rear side |

Cube passed through / Notch damage, square hole (15 mm)

Residual strength test (tension)

Max. load= 148.4 kN
Residual strength factor = 0.84
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LIBCOS

A018

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.25 % in tension
Velocity: 141.6 m/s (134.4 J)

Impact side Rear side

Cube passed through / Notch damage, square hole (23 mm)

Residual strength test (tension)

Max. load= 151.7 kN
Residual strength factor = 0.86
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LIBCOS

A019

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.25 % in tension
Velocity: 141.2 m/s (133.6 J)

Impact side Rear side

Cube passed through / Notch damage, square hole (23 mm)

Residual strength test (tension)

Max. load= 143.8 kN
Residual strength factor = 0.82
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LIBCOS

A020

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.02 % in tension, similar to no pre-loading
Velocity: 147.9 m/s (146.6 J)

Impact side Rear side

Cube rebounded / Indentation with 3 cracks, 12 mm in size

Residual strength test (tension)

Max. load= 143.8 kN
Residual strength factor = 0.82
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LIBCOS

A021

Incoming inspection

Plate perfectly flat
Thickness: 2 mm

High Velocity Impact test

Test conditions:

Impactor: 13.4 g steel cube
Pre-loading: 0.25 % in tension
Velocity: 92.9 m/s (57.9 J)

Impact side Rear side

Cube rebounded / Indentation with 20 mm wide crack

Residual strength test (tension)

Max. load= 143.8 kN
Residual strength factor = 0.82
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