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Project Motivation @wSu  Unversiry

 Motivation & Key Issues

— Composite energy absorbers improve the crashworthiness performance of modern commercial aircraft by
dissipating energy through failure. The load carrying capabilities of these targeted energy absorbers
could be undermined due to the presence of defects. During a survivable crash event, these energy
absorbers would experience elevated strain rates and loading rates. Thus, there is a need to
investigate the performance of these crash absorbers with presence of defects at dynamic
loading rates.

— For aircraft seats, manufacturing defects and in-service damage are substantiated only during static test
but not included in dynamic test. During the definition of SAE ARP 6337 [1], there were concerns that
these defects/damage might improve or enhance the behavior of the seats in a dynamic test. Thus,
to balance the lack of Category 1 damage in dynamic test, Category 1 and some extension into Category
2 damage in the static test has been defined. The rationale is that with adequate margins in the static test,
robustness of the seat system can be demonstrated for both static and dynamic tests. However, there is a
need to assess the effect of defects on the performance of different seat components. Current
investigation will benefit the development of guidance material in support of ARP 6337.
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Project Task Breakdown & Approach  @u Uiy

Task I: Literature Research = Task ll: Introduce prefabricated manufacturing defects
and in-service damage on composite energy
absorbers. Evaluate their crush performance and
damage modes at multiple loading rates and compare
them against their pristine counterparts.

Task II: Energy Absorber Test = Task lll: Introduce prefabricated manufacturing defect

and in-service damage on representative flat
composite seat pans. Conduct sub-component level
impact tests at multiple loading rates and compare
them against their pristine counterparts.

Task Ill: Sub-Component Impact Test
» Task IV: Introduce in-service damage on
representative flat composite seat pans. Conduct full-
scale vertical (rigid seat) tests to compare the
performance of seat pans with damage against their
Task IV: Full scale vertical rigid seat test pristine counterpart.
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Task ll: Workfl

*2 Material Systems

2 Slacking Seauences

*2 Geometries

4 Manutacturing Defects
=168 Laminates Fabricated

Laminate Fabrication
with Manufacturing
N Defects

Specimen Machining

*NDI to track defect location
sWalerjel

sSurface grinding

sChamfer far fallure Initiation
800 specimens machined

ow

sDamage introduced by low
welocity impact

sMnergy survey conducted ta
quantify damage levels

«3 different energy levels selected

*Multiple NDI techniques used

@ In-Service Damage on
Pristine Specimens

Energy Absorber
Compression Tests

s ompression test

o064 dillerenl conliguralions

+1 different stroke rates

o1 repetitions per configuration

*DIC to evaluate strains and
damage evolulion Y

JWS
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sCrashworthiness parameters
using standard test data

sDamage evnlution and fallure
modes comparison

o5trains, displacement, strain
rates to be evaluated from DIC

Data Evaluation




Laminate Fabrication Overview

Panel Type Configuration Laminates Fabricated
Pristine 64
Wire placed at OML 16
Wire placed at IML C-Channel Stanchion 16
Delamination Location | 16 Pristins Wire 21 OMI Wire at ML Dalam aation Relzminatian
Logetor | Lecation]
Delamination Location I 16
Pristine 8
Wire placed at OML 12
. Corrugated Beam
Wire placed at IML o 12
(Semi-Sine)
Delamination Location | 4
Delamination Location Il 4
Prisdne WireelLOML Wit st 1ML Delernination Dl amination
lacanani nration ll

*Material Systems: IM7/8552 (Tape); AS4 PW/8552 (Fabric)

«Stacking Sequence: [90°/0°],, (Cross-Ply); [45°/90°/-45°/0°]s (Quasi-Isotropic)

*Out-of-plane fiber waviness introduced by placing a flexible stainless-steel wire of diameter 0.051” at two different locations:
*Delamination introduced by placing PTFE tape of thickness 0.0005” between plies

*168 laminates were manufactured using 24 autoclave cure cycles
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Non-Destructive Inspection

Equipment Details:
Manufacturer: TecScan
Nozzle diameter: 0.25”
Scan speed: 6 in/s
Transducer Type: Flat

For each cure cycle, atleast 2
laminates were inspected

Corrugated Beam

C-Channel Stanchion

1"

200

075"

-

[ |




Microscopic Analysis: Fiber Waviness

IM7/8552; [90°/0°],,

IM7/8552; [90°/0°],
: - -':P‘: : ‘

Waviness due to the wire placed at IML

Waviness due to the wire placed at IML
IM7/8552; (90°/0°),,

IM7/8552; [90°/0°),,

Potted specimen in clear epoxy

Waviness due to the wire placed at OML

Waviness due to the wire placed at OML
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Specimen Machining

Edge Chamfering
|

-

= Post laminate fabrication and NDI inspection, specimens were extracted
from the laminates.

= 3 from c-channel laminate and 10 from corrugated beam laminate . Corrugated

= Specimens were first cut using waterjet and then surface grinded to
achieve nominal length and width

» One edge of the specimen was chamfered 45° to initiate failure during
compression loading

—H .TGJ

-

.El.a|—|—| ,e,f’ﬁ.--_--i\"\% < ML A%

|=|-':.lI IJth'é:l \<\.|-"|tl = -750-
g .

I.7au
1,00
Iﬁ't]=_l'.
|- [ERRTIR] - R .250
- .57
Corrugated Beam Specimen C-Channel Specimen

(dimensions in inches) (dimensions in inches) Jm



Test Matrix: Manufacturing Defects

Test Matrix Test Matrix Continued
Energy Absorber: Corrugated Beam Energy Absorber: Corrugated Beam
Material Stacking Manufacturing Stroke Rate Material Stacking Manufacturing Stroke Rate
System Sequence Defect 0.01in/s 1lin/s 100in/s System Sequence Defect 0.01in/s 1in/s 100in/s

DO X3 X3 X3 DO X3 X3 X3
D1 X3 X3 X3 D1 X3 X3 X3
[90°/0°], D2 X3 X3 X3 [90°/0°],, D2 x3 x3 x3
D3 X3 X3 X3 D3 X3 X3 X3
D4 x3 x3 x3 AS4 D4 x3 x3 X3
IM7/8552 DO x3 x3 x3 PW/8552 DO X3 X3 X3
[45°/90°/- D1 X3 x3 x3 [45°/90°/- D1 x3 x3 x3
45°/0°]s D2 X3 X3 X3 45°/0°]s D2 X3 X3 x3
D3 X3 x3 x3 D3 X3 X3 X3
D4 X3 D4 X3 X3 X3

Same Test Matrix for C-Channel

Total Specimens: 360

Joint Centers of Excellence for Advanced Materials
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Test Apparatus

Piezoelectric Load Cell

Top Platen
Edge Support Plates

Corrugated Beam

C-Channel Stanchion
Bottom Platen

Actuator
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High Speed DIC: Test Schematic

Photron Fastcam
SA-Z (Side View; :

i i > Photron Fastcam
Equipped with o4 :
60mm focal length = ~ SA-Z (Front View)
lenses)

Photron Fastcam
SA-Z (Side View; _
Equipped with @—»
60mm focal '
length lenses)

JUVWS
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Corrugated Beam (Pristine)

Material System: IM7/8552; Stacking Sequence: [90°/0°],; Stroke Rate: 1 in/s

Time =:0.00 s

Defect Type: Pristine

wS

S0 View: OfiIL 150 Visw: I Ereal View Shae View
2000
FAS-FALID- 551406010
——— FAA-EA-UD-S51-A-0-142
-EAID-551-A4-00-1-0
6000 FAs-EA-LID-551-4-00-103
- 4000
i)
=
2000
%.EI 0.2 0.4 0.6 0.8 1.0 1.2
Crush Length (0.
Specimen Peak Load Sustained Total SEA Total
# [Ibs.] Load [Ibs.] [in-1b/Ib] CFE
01 5,488.19 2,974.20 208,107.90 0.5419
02 6,070.71 2,749.10 192,357.44 0.4528
03 5,226.68 2,643.58 184,974.41 0.5058
COov 7.72% 6.06% 6.06% 8.96%

JANS
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Corrugated Beam (Waviness IML) “-l

1SO View: OML 190 Viea 1080 raal View Sie View
Defect Type: Waviness/Wrinkle (wire at IML)
Material System: IM7/8552; Stacking Sequence: [90°/0°],; Stroke Rate: 1 in/s 8000
FAA-EA-UD-S51-A-D2-1-01
s FAA-EA-UD-SS1-A-D2-1-02
Time At m 6000 FAA-EA-UD-SS1-A-D2-1-03
3
- 4000 ,
]
L |
2000 {
Front View (OML) Back View (IML) 80 02 04 o5 08 10 12
- - Crush Length (in.)
Specimen | PeakLoad | Sustained | Total SEA Total
# [Ibs.] Load [Ibs.] | [in-Ib/b] CFE
01 2,944.70 455.20 31,851.16 0.1546
02 3,284.10 377.49 26,413.45 0.1149
03 2,851.00 423.78 29,652.48 0.1486
(00)Y 7.53% 9.33% 9.33% 15.34%
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Strain Path Plot: DIC

Material system AS4 pw/8552 Stack,ng Seque,.,ce [909,0 ]zs Section length along the length of the specimen at center (in)
0 L] L L L L] L L] L L)
- * 0.2 04 0.6 0.8 ' | 1.2 1.4 1.6 18
- 2
§. o eyl > e, TGN
Q -0.004 " - ® - 9
= |
oo -0.006 .
c |
o : .
r— -0.008 " i
F 0.0l .
‘z - Clamped region and S
2 0012 | shadow from the 2
a f o |
astener
L 0014 o,
3 g
o -0.016 %‘ i
© 0.018 ol Approaching crush front
— €, from the center at DO DI D2 D3 D4

peak load

DO — Pristine; D1 — Waviness x OML; D2 — Waviness x IML; D3 — Delamination Flange; D4 — Delamination Web
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Summary: hh ‘
Failure Modes

DO Pristine D1=Wainzss X OML D2 -Waviness x IML 3= Dobmination Flange D4 Delamination Web

Effects of strain rates & manufacturing defects on crushing behavior of corrugated beam energy absorbers
Stable Crushing

O OAOOCOAOOOAOCOOAOOOA

Stroke Rate
(in/s)

O M/8552; 19007, > IM7/8552; [457/90%/450/07)s  [[] ASA PW/8552;(90°0°),,  /\ AS4 PW/B552; [45%/90°/-45%/0F]s Unstable Crushing

- All specimens for this configuration have stable crushing . All specimens for this configuration have unstable crushing

- Some specimens for this configuration have stable crushing and some specimens have unstable crushing
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Summary:
Failure Modes I . ' ' .

DO~ Pristine 01— WavinessxOML D2 - Waviness x IML D3- Delamination Flange D4 - Delamination Web

Effects of strain rates & manufacturing defects on crushing behavior of c-channel stanchion energy absorbers

Stable Crushing

O O0AO0OOCDODAOOCOAOOCOAOOOA

[oF}
L
& =
v
L=
e S—
a -
DO D1 D2 D3 D4 -
\". -": 1 ¥
O IM7/8552; [90°/0°),, O IM7/8552; [45°/90°/-45%/0°)s D AS4 PW/8552; [90°/0°],, A AS4 PW/8552; [457/90°/-455/0°]s Unstable Crushing

All specimens for this configuration have stable crushing . All specimens for this configuration have unstable crushing

. Some specimens for this configuration have stable crushing and some specimens have unstable crushing
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In-Service Impact Damage: LVI

High Speed Camera

External Lights  First Surface Mirror

Corrugated Beam

C-Channel

Test Setup Information

Test Frame Dynatup 8250
Impactor Diameter 0.5”

Drop weight 6 Ibs.

Drop Height ~ Energy Level

High Speed Camera Information

Camera Type Photron Fastcam SA-Z
Resolution 1024 x 840 pixels
Frame Rate 25,000 fps
Lens Focal Length 105 mm
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Damage Level — Corrugated Beam

Impacted Face (OML) Non Impacted Face (IML)
Energy Level: 15in-lb.  Energy Level: 45in-lb.  Energy Level: 75 in-lb. Energy Level: 15in-lb.  Energy Level: 45 in-lb. Energy Level: 75 in-lb.
IM7/8552
[90°/07),5
IM7/8552

[45°/90°/-45°/0%]

AS4 PW/8552
[90°/0];5

AS4 PW/8552
[45°/90%/-45°/0°];

Joint Centers of Excellence for Advanced Materials



Damage Level — C-Channel

Impacted Face (OML) Non Impacted Face (IML)

Nommal ]_'nm'g!'- Level 30 m-lb  Noeninsl I_n;la\- lLewvel, 60 i 1. Nominal Eﬂ‘\'@}' Lavel: 90 in-lb. .\mnnu.l !'_Dﬂ'.l":_\' LE\'C[: ki) m-lb, Nommal l":llcm’ Level: 60 m-1b. Nomunal hncfg_\' Lavel: 90 m-lb.

IM 2R3n2 . : e W s,

9] .

IM7:8552
(45790045700 )

AS4 PW/ESS2
Rty P

ASS PWIS3E2
(45090045007

75 in-lo.
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Damage Area: Corrugated Beam

15 in-lb. 45 in-Ib. 75 in-lb.
0.000"
0.005"
IM7/8552 0.005"
qov/ov 0.010
(90°/0%)zs 0,015
0.020"
0.025"
0.030"
0.035*
IM7/8552 : il
[45”/90'-'/-45"/0“]5 £aici = — 0.045"
~— 0.050
: 0,055
0.050"
AS4 PW/8552
[90°/0°]¢
AS4 PW/8552
[45%/90%/-45%/0],

Scanned Area

Damage Area (in®)

O IM7/8552; (07905

O IMT8552; [45990°/-45%0°],

O AS4 PWIESS2, [0°90° )¢

A ASA PWIRSS2; 4599000 45000)

08 1 8

0.4 Al

Damage arca obrained

O

=
(=
t

(om TOF Scan IMTARSE2: (09900 4
0.0 N Impact Encegy: 13 in-lb, '
15 45 75

Nominal Impact Energy (in-lb.)

JWS
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X-Ray Ct: Corrugated Beam

Nominal Impact Energy: 75 in-lb.

IM7/8552; [90°/0°] ¢ AS4 PW/8552; [90°/0°],5

Joint Centers of Excellence for Advanced Materials -::



High Speed DIC: Corrugated Beam

IM7/8552; [90°/0°],¢
"2 T o s oo,

O TM7/8552; [459/90°/-45/0°
0 AS4 PW/8552; [09/90°)
A AS4 PW/8552; [459/90%-45°/0°)

<

[ g

<
L
T

0.15 + @ Out-of-Plane Displacement
B -

CEE)
@124

0.10 + . P
Displacement obtained

OGO

L)
from the center of the l,_..‘
0.05 non-impacted face (IML) oo

Max. Normal Displacement (in)

IM7/8352. [0°/90°] 55
Impact Energy: 45 in.-Ib.

0.00 + t

15 in-Ib 45 in-Ib 75 in-Ib 15 45 75
Nominal Impact Energy (in-1b.)

= = o = < =3CH
= - [ —_ 'y N =
= -~ < n < A
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Test Matrix: In-Service Damage

Test Matrix Test Matrix
Energy Absorber: Corrugated Beam Energy Absorber: C-Channel Stanchion
Material Stacking Impact Energy Stroke Rate Material Stacking Impact Energy Stroke Rate
System Sequence Level (in.-1b.) 0.01in/s lin/s 100in/s System Sequence Level (in.-lb.) | 0.01in/s lin/s 100in/s
15 (BVID) X3 X3 x3 30(BVID) X3 X3 X3
[90°/0°],, 45 (VID #1) X3 X3 x3 [90°/0°],, 60 (VID #1) X3 X3 x3
IM7/8552 75 (VID #2) x3 X3 x3 IM7/8552 90 (VID #2) X3 X3 X3
(459/00°/- 15 (BVID) x3 X3 x3 (45%/90°)- 30 (BVID) X3 X3 x3
459/0s 45 (VID #1) x3 x3 x3 459/°)s 60 (VID #1) X3 X3 X3
75 (VID #2) x3 %3 x3 90 (VID #2) X3 X3 x3
15 (BVID) x3 x3 x3 30(BVID) X3 x3 x3
[90°/0°],, 45 (VID #1) x3 X3 x3 [90°/09],, 60 (VID #1) x3 x3 x3
AS4 75 (VID #2) x3 x3 x3 AS4 90 (VID #2) X3 X3 X3
PW/8552 ) 15 (BVID) x3 x3 x3 PW/8552 o 30 (BVID) X3 x3 x3
[j-’;o//f)f,’;{ 45 (VID #1) x3 x3 x3 [jijli‘j] ;l i 60 (VID #1) X3 x3 x3
75 (VID #2) X3 X3 X3 75 (VID #2) X3 X3 X3
techad Pax ." L “:f etz Pax ::;l.. Impacted Face (OML) Non Impacted Face (IML)

Yo i lagy Lonll 208 Nerdmd Uow Lodd W

% PP

Total Specimens: 216
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Corrugated Beam (BVID)

Defect Type: Impact Energy 15 in-Ib. (BVID)

Material System: IM7/8552; Stacking Sequence: [90°/0°],; Stroke Rate: 1 in/s

Ll
!_.

Back View Side View

|
T
!

Load (Ibs.)

Front View Back View
8000
e FAA-EA-UD-551-A-D5-1-01
FAA-EA-UD-551-A-D5-1-02
6000 ' FAA-EA-UD-S51-A-D5-1-03 || 4
4000
2000
80 02 04 o6 08 10 1.2
Crush Length (in.)
Specimen | PeakLoad | Sustained | Total SEA Total
# [Ibs.] Load [Ibs.] | [in-Ib./b.] CFE
01 4,964.94 3,244.74 | 227,038.17 | 0.6535
02 6,184.21 3,408.42 | 238,490.60 | 0.5511
03 5,179.72 2,896.72 | 202,686.60 | 0.5592
cov 11.96% 8.21% 8.21% 9.68%

JAS
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Corrugated Beam (VID #1)

Front View Back View

8000

Defect Type: Impact Energy 45 in-Ib. (VID#1)

Material System: IM7/8552; Stacking Sequence: [90°/0°],;; Stroke Rate: 1 in/s f;ﬁffﬁ‘t’ﬁii}"ﬂﬁ‘ﬁ}
6000 | —— FAA-EA-UD-551-A-D6-1-03 | 5

4000

Load (Ibs.)

2000

. : 80 02 04 06 08 10 1.2
Side View Crush Length (in.)

Specimen | PeakLoad | Sustained | Total SEA Total
# [bs.] Load [Ibs.] | [in-Ib./b.] CFE
01 5,062.84 997.14 69,770.95 0.1970
02 5,771.56 1,295.50 90,647.29 0.2245
03 5,015.18 2,870.14 200,826.63 0.5723
Ccov 8.02% 58.48% 58.48% 63.16%
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Corrugated Beam (VID #2)

Defect Type: Impact Energy 75 in-Ib. (VID#2)
Material System: IM7/8552; Stacking Sequence: [90°/0°],; Stroke Rate: 1 in/s

Load (Ibs.)

Front View Back View
8000
——— FAA-EA-UD-551-A-D7-1-01
FAA-EA-UD-S51-A-D7-1-02
6000 —— FAA-EA-UD-551-A-D7-1-03 || %
4000
2000

%.0 0.2 0.4 0.6 0.8 1.0 1.2
Crush Length (in.)
Specimen | PeakLoad | Sustained | Total SEA Total
# [Ibs.] Load [Ibs.] | [in-Ib./b.] CFE
01 3,682.41 106.97 7,484.57 0.0290
02 3,533.29 144.62 10,118.88 0.0409
03 4,443.94 116.79 8,171.85 0.0263
Ccov 12.57% 15.90% 15.90% 24.26%

JAS
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Summary :Failure Modes
Corrugated Beams

Stable Crushing Unstable Crushing

Effects of strain rates & impact damage on crushing behavior of corrugated beam energy absorbers

)

~

c ..
= DO = Pristine
% D5 = BVID

o D6 = VID #1
< D7 = VID #2
o

=

wv

DO D5 D6 D7

O IM7/8552; [90°/0°], <> IM7/8552; [45°/90°/-45°/0°]s |:| AS4 PW/8552;[90°/0°],, A AS4 PW/8552; [45°/90°/-45°/0°]s

All specimens for this configuration have stable crushing . All specimens for this configuration have unstable crushing

. Some specimens for this configuration have stable crushing and some specimens have unstable crushing

_ Joint Centers of Excellence for Advanced Materials



Summary :Failure Modes
C-Channel Stanchions

Stable Crushing Unstable Crushing

Effects of strain rates & impact damage on crushing behavior of c-channel stanchion energy absorbers

oo A OSDOAOSHOA OC A

0
~

.01
£ 100 DO = Pristine
S D5 = BVID
1]
o D6 = VID #1
% 100 D7 = VID #2
S
%]

DO D5 D6 D7

O M7/8552;[90°/0°,, > IM7/8552; [45°/90%/-45°/0°]s [ | AS4 PW/8552;[90°/0°),  /\ AS4 PW/8552;[45°/90°/-45°/0°]s

All specimens for this configuration have stable crushing . All specimens for this configuration have unstable crushing

. Some specimens for this configuration have stable crushing and some specimens have unstable crushing

_ Joint Centers of Excellence for Advanced Materials



Task lll: Specimen and Impactor Dimension

150 . 6.000 .I/(-- -.\Il | \l
" J_O : © ':' ;j ':I B }I- R 18
@ 0.42 | \ _____ )/
o : 0 - - 2.5
B D ] L 96
A
|
O | O

Material System: AS4 PW/8552 (CFRP)
Stacking Sequence: [0°],




Task lll: Test Matrix (Previously Approved)

Sub-Component Impact Testing
Impact Velocity
Defect Type - : :
0.01in/s 1in/s 100 in/s
Pristine X3 X3 x3
Wrinkle (IML) X3 X3 x3
Impact Damage (BVID) x1 x1 x1
Impact Damage (VID) x1 x1 x1

Joint Centers of Excellence for Advanced Materials




Task lll Test Setup (Previously Approved)

Impacted Face

Picture Frame Plate
Impactor
Load Cell

Standoffs

Non-Impacted Face

_ Joint Centers of Excellence for Advanced Materials



Pristine Configuration

+9.525 |bf]

1,500 -
Specimen: Pnistine
Test Speed: 0.01 s
£ 1,000 -
=
g
Top View Normal View Iso View —
L. o 500 -
Defect Type: Pristine £
Material System: AS4 PW/8552 Stacking Sequence: [0°], =
0 i T T 1
0.0 0.4 0.8 1.2

Actuator Displacement (in.)

JAS
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Normal Displacements: Pristine

Normal Displacement (in)

1.2
1,500 1 E
Specimen: Pristine = 1.0
g Test Speed: 0.01 /s 3 o
S 1,000 5
_‘é" ’ _:-3‘ 08
= ’ =
- =
= 500 A —_ 0.6
‘L'é- 500 E
£ ; S
= £
0.4
0 "—_!’,/ T 1 g
0.0 0.4 0.8 1.2 =
Actuator Displacement (in.) U_B 02
Load: 1,250 Ibs Load drop due to failure 0.0

Configuration: Pristine; Test Speed: 0.01 in/s

_ Joint Centers of Excellence for Advanced Materials



Wrinkle Manufacturing Defect

+4.725 Ibf]

1,500 -

Specimen: With Wrinkle
Test Speed: 0.01 /s

I . J V“V/// \
g i

L | 1,000 -

Top View Normal View Iso View

Impact Load (Ibs.)

. 500 1
Defect Type: Wrinkle
Material System: AS4 PW/8552 Stacking Sequence: [0°], 0 -
0.0 0.4 0.8 1.2

Actuator Displacement (in.)

Joint Centers of Excellence for Advanced Materials




Normal Displacements: Wrinkle

Normal Displacement (in)
2
!1.0
Test Speed: 0.01 in‘s

1,000 1 fﬂ 0.8

,

500 - / 0.6

04
0 -_/

0.0 04 0.8 1.2
Actuator Displacement (in.) 0.2

1,500 1

Impact Load (lbs.)

Load: 950 Ibs Load drop due to Lalure

Configuration: Wrinkle Defect; Test Speed: 0.01 in/s

_ Joint Centers of Excellence for Advanced Materials



Test Data Comparison: Task lli

Stroke Rate Seatpan Avg. Load at failure | Avg. w, at failure Avg. Eyy at failure Average £yy
[in/s] Configuration [Ibs.] [in] [micro strain] [1/s]
Pristine 1,202 1.10 3,720 2.7E-05
001 Wrinkle 1,166 1.07 7,886 9.5E-05
Pristine 1,206 0.96 3,290 4.4E-03
1 Wrinkle 1,219 1.02 8,175 9.1E-03
Pristine 1,290 0.94 3,364 6.4E-01
10 Wrinkle 1,371 0.95 9,683 1.02

= As the final failure occurs at the clamped edge, no significant difference was observed in failure load and normal displacement for both
the configurations

= Due to the crack initiation at the vicinity of the wrinkle, the in-plane normal strains (and thus the strain rates) obtained at the center of
the seatpan are higher in comparison to the pristine configuration
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Task lll: Revised Test Setup

'u1

Picture Frame Plate

.. 5

Bottomview

!l

High-speed cameras

External Lights

, Impactor
Side Fasteners P

Torque: 25 in-lb Load cell
Corner Fasteners

Torque: 50 in-lb Standoffs
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Pristine Configuration §

Front View Back View

+0.000 Ibf 2000
Revised Test Setup
1500
3
=
- 1000
m
=]
=
500
0 _— .
0.0 0.2 0.4 0.6 0.2 1.0 1.2

Test speed: 1 in/s Displacement (in.)

Defect Type: Pristine
Material System: AS4 PW/8552 Stacking Sequence: [0°],
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Task lll: Updated Test Matrix (Revised Setup)

Sub-Component Impact Testing (Updated Boundary Condition)
Impact Velocity
Defect Type
0.01in/s 1in/s 100 in/s
Pristine X3 X3 X3
Wrinkle (IML) X3 x3 X3
Delamination (size TBD) x3 x3 X3
Impact Damage (BVID) X3 x3 X3
Impact Damage (VID) X3 x3 x3

Based on discussion with the FAA, it was determined that there is a need to
conduct the tests for Task Ill with the new boundary conditions.
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Task IV: Overview

Full Scale Vertical Test — Rigid Seat with Composite Seatpan

Defect Type Acceleration Pulse: 14g
Pristine x1
Wrinkle (IML) x1
Delamination (size TBD) x1
Impact Damage (BVID) x1
Impact Damage (VID) x1

Pitch (A): 60°
Acceleration Ideal Pulse (B): 14g
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Task IV: Ongoing Work

Solid rod
(®1.57)

Time = 0.000000 Time = 0.000000
/

Composite
seat pan

/

Y
Rigid
seat pan

Upper
support /
New attachment
on the rigid seat

pan

Designing fixture to attach deformable composite seat to rigid seat
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Current Progress Summary

Tasting Status:
*Manufacturing defects finished
"Damage evolution captured
*Post-tast images
specimen machining: Bl .
*Spedimens walerjel
"Sur lave grinded
*Une edge chamfered 45-
*- BOO specimens machined

l’\»
d
rS

n
L

—

T~

tffocts of strain rates
observed on manulacturing
delect lor ape material with
cross-ply stacking sequence

Sub component test:
In-service damage evaluation: *Preliminary tests to determine
*TTU C-Scaer, Pubses [uho strainrates has been finished
"Micto x 1ay ol “In scrvice damage ntraduction:
*DIC on non-impacted face oroging

|

=

tnergy absorber laminate Major Observations:
*Reduction in enargy absorption found

labrication: lest Setup:

runtes bel svstosrs ' rssion lpadi erdilion:
2 malerial SyYRCIns DINPIEston loaoing costdibion with fibar \\'rinltling

224 autnclave cure yckes

Mgis

In-service damage Introduction:
*Single | VI with custom fixturn
*Survery ta identify enargy levels

Energy absorber testing with in-
service damage:
* lesting finished
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Full seale test:
*1est article fabrication finished
*Conducting simulations to design

Ly i % *Custam fixture «
2 stacking Sequences . o . . *Delamination did not have significant "3 enérpies seected per conlig. VID couses significant reduction in . .
*4 manufacturing defects High speed camera setup i~ e X . A custam test fixure (o install on rigid

2 i H —r 5 ellect on energy absor plion capabilities “Supgorted with DIC
168 laminates DIC conducted on the OML side * Data evaluation ongoing seat



Potential Future Work

- Evaluate scalability of defects to sub-component level energy
absorbers
— Use a combination of analytical and testing methods to reduce the cost and
timeline of the program.
« Evaluate effects of defects on other main load path seat
components: cross-tubes, seat spreaders, seat legs,
seatbacks, etc.

* Full scale analysis to understand how defects change the
load path in aircraft seats structures.
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Published Technical Papers

« “Effects of Manufacturing Defects on Composite Seat Pans at Static and
Dynamic Strain Rates”
—  http://dx.doi.org/10.2514/6.2024-1404

- “Effects of Impact Damage on the Energy Absorption Capabilities of
Composite Materials”
— http://dx.doi.org/10.12783/asc38/36577

 “Low Velocity Impact on Composite Energy Absorbers: Experimental
Analysis”
— https://arc.aiaa.org/doi/10.2514/6.2023-1262
« “Effect Of Manufacturing Defects On Composite Energy Absorbers:

Experimental Analysis”
— https://dpi-proceedings.com/index.php/asc37/article/view/36389
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