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Objectives

— Design, fabrication & Testing of sandwich test article(s)
under combined loading at WIHTC test facility
« Material Systems & Sandwich Configuration
Geometry

Load-introduction
— Attachments,etc.

Damage configurations — notches, holes, impact damage, etc..
Instrumentation

Loading Scenarios

Failure load predictions

Testing
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DOT/FAA/AR-00/44, 2001
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TEST ARTICLE FABRICATION

1. MOLD DESIGN & FABRICATION [

2. TEST ARTICLE FABRICATION l ADAM AIRCRAFT Co. ]
3. MACHINING
4. INSPECTION

PANELS SHIPPEDlTO NIAR/WSU

INSTRUMENTATION OF (
TEST ARTICLE NIAR/WSU
- STRAIN GAGES L

S
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TESTING

+ TEST ARTICLE PREPARATION [
+Bonding of seals l FASTER, FAA WJHTC]
« Speckle pattern coating
for DIC

1

DATA REDUCTION & | (
REPORT GENERATION | |

NIAR/WSU ]
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Full-Scale Aircraft Structural Test AMTAS

Advanced Materials in

Evaluation & Research (FASTER) Fixture C

TEST FIXTURE SPECIFICATIONSRef

| | « Longitudinal loading

— 1800 Ibf/in
Exploded View — 16 load introduction points
Shear Fixture . < » Circumferential (Reactive) loading
= — 1800 Ibf/in

3 — 28load introduction points

. Frame Loads

e

o =
~  Pressure Box and Frame —a. 7

Load Assembly — 360 Ibf/in
Base Structure, Hoop and = [[HIL « Pressurization loading
Longitudinal Load Assemblies A 1 — 15 psi
A\ | - Water / Air

SPECIMEN GEOMETRY
— Radius: 60-130inches ( ** 74 inches)
— Length : 120 inches
— Width : 68 inches

Ref. John Bakuckas, ““Full-Scale Testing and Analysis of Fuselage Structure
containing Multiple Cracks,” DOT/FAA/AR-01/46.
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[EST ARTICLE GEOMETRY
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o Material Systems

— Facesheet
e TORAY COMPOSITES T700SC-12K-50C/#2510 PWCF

— Core
e Plascore Nomex PN2-3/16-3.0 honeycomb (0.75 in thick)

« Sandwich Configuration (test section)
» [45/0/45/core/45/0/45]
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TEST PLAN /STATUS AMMS

Transport Aircraft Structures

vl | PANELID | FLAW TYPE LOADING STATUS conments
1 Combined completed
CP-1 - - Tral testing to exercize loading

2 NONE Pressunzation'hoop loading completed mEZhaJJiEams:gﬁ.R?ﬂIé:Eﬂ? -
3 Longzimdinal completed
4 CP-14 Lenzitdnal leading to 1300 Ib/in completed
3 CP-1B “=motchmaden s [ eobined Joading (1:1) 435 Ibin completed

(final geomemc details to
& CP-1B be provided by FASTER) | Hoop loading to 435 Ib/in completed
7 CP-1B Longidinal leading to 435 Ibin completed
2 Combimed loadmg (1:1) { 1750 Ib/in) completed

107 diameter hole on

'l . . - -T.I-‘ .

9 CF-2 comvex side faceshest Longimdinal leadmg (1300 Ibf) completed
10 Hoop leading (1730 Ibf) completed Failure mmitiation
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TEST PLAN /STATUS dM’dms
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TEST STATUS

PANELID | FLAWTYPE LOADING COMMEnts

STEAIN SUEVEY Under progress
1. Longitudimnal loading: 300 b/
2. Combmed loading — Pressure
3.4ps1 ; Longimdmal 300
Ib/in
RESIDUAL STREENGTH
1. Inecrease pressure to S ps1and
hold
2. Increase longitudmal loading
unil farhure

11 CP-3 107 circumiferential notch To failure

107 Crreumferential notech Specimen shippad

12 cP4 ( offset) Longinudmal loading To falure

Specimen shipped | To failure
13 CP-3 107 Longmiadinal notch Circumferental loading
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TEST PLAN /STATUS dM:ms
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NG | | PANELID | FLAW TYPE LOADING SIAIUS comments
STEAIN SUEVEY Machining vmder
3. Longitudmal loading: 300 Ik/m Progress
4. Combined loading — Pressure
3. 4psa1 ; Longimdinal 300
].i I:P-'S ].l:l:: ﬂ.ﬂt‘:h af -.I'-_T":' 1].‘-“].11
BESIDUAL STEENGTH
3. Increase pressure to 8 psi and
hold
Increase longitudmal loading wmnl
fahure
15 CP-7 TED TED
16 CP-2 TED TED
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TOOLING FABRICATION

COMPLETED TOOLING
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FABRICATION OF TEST ARTICLES AMTAS
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WSU TEST

MACHINING <. 01/11/2006
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TEST RESULTS AMIAS

' Advanced Materials in
Transport Aircraft Structures

« UNDAMAGED PANEL TEST(S)

— OBJECTIVES
« CHECK LOAD INTRODUCTION & UNIFORMITY OF LOADING
« CHECK INSTRUMENTATION & PHOTOGRAMMETRY METHOD
— LOAD CASES
« CASE-1: LONGITUDINAL LOADING (500 Ib/in)
« CASE-2 : PRESSURIZATION/HOOP LOADING (6.7 psi /500Ib/in)
« CASE-3 : COMBINED LOADING ( 1000 Ib/in longitudinal / 13.4psi)
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Longitudinal load [Ibf/in]
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500 -

400 -
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Uniaxial coupon

Cylindrical Panel
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Longitudinal Strain [microstrain]

3000

% Bending

A Center of Excellence

MTAS

Advanced Materials in
Transport Aircraft Structures

200 400 600
Longitudinal Load [Ib/in]

< Loading approaches that of

pure uniaxial case at the center
of the panel

< Secondary bending of ~6.5%

observed
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. . MTAS
Pressurization/Hoop Loading

GAGES 1,[2] (09) GAGESls[6] (0°)
GAGES 3,(4] (90°) GAGES]7.[8] (90°)

200 -

‘GAGES 9,[10] (0°)
GAGES 11,[12] (90°)

«~Loading uniform across panel

1. 12—
length & width
GAGES X, [1]
CONVEX SIDE (FRONT) \CONCAVES\DE (BACK) 100 A

700 20
18 |
_).'.|.-.|.-.|.-.|.-.|.-.|.-.|.-.|.'.|.'.|.'.|.-.|.'.|.'-|.'-|.'-L UniaXial Coupon .
. . 16 |
o | 3 —>
B . o 600 - \ 14 o ©
L | = € 121 e ©® ® o0 ®
Ay ! il °
- 0° , cnces 721 ) — $ 104 )
° ! GAGES 23,[24] (90°) ° m
o | 0 500 | L . 84 @
~ 90° . — |5 Cylindrical Panel X
— — 6 _
B | e .
° ° c
T ! 24 T E 400 b 2 i
o sErme] w1 - =
| s, Rl = S : | |
~ S T B 2 0 200 400 600
T | GAGES 15.[16] (90°) >y 8_ 300
B | B 2 Hoop Load [Ib/in]

+Secondary bending of ~13%
observed

oofeaolofoeloc el o Lol el

0 500 1000 1500 2000 2500 3000

Hoop Strain [microstrain]

The Joint Advanced Materials and Structures Center of Excellence 22



r of Exeellence

TEST RESULTS AMTIAS

« SANDWICH PANELS WITH OPEN-HOLE IN
SINGLE FACESHEET

— LOAD CASES

« CASE-1: LONGITUDINAL LOADING (1750 Ib/in)

« CASE-2 : COMBINED LOADING (1750 Ib/in longitudinal /
23.63psi)

. CASE-3 : PRESSURIZATION/HOOP LOADING (23.63 psi
/1750Ib/in)

23
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TEST RESULTS dM’de

Transport Aircraft Structures

PANEL GEOMETRY & INSTRUMENTATION
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HOOP LOADING — Hoop Strain Distribution AM’MS

Transport Aircraft Structures
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HOOP LOADING — Bending of panel dM,’MS

Transport Aircraft Structures
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AMTAS
COMPARISON OF TANGENTIAL STRAINS fompat A ucres

2000

HooP : : , :
1800 < Tangential strains vary linearly with
LONGITUDINAL © enm m applied loading under pure
- 1600 - e ey g longitudinal and hoop loading
AT
/ \\ 1400 ° o < Tangential strains under hoop
‘ om } o e loading was significantly higher than
\ /1200 4 D m longitudinal & combined loading
\ - °© ° cases
L S o @ H
Z 1000 - . .
5 <«Failure initiated under hoop
S © @em .
- 800 - Ioadlng
°© Om :
60 o e +Bulging at hole edge adds to
ol @ LONGITUDINAL LOADING tangential component
| O' - - -
400 o © COMBINED LOADING(long) | .. ynder combined loading, tangential
2009 g © COMBINED LOADING(hoop) strains along hoop & longitudinal
J m HOOP LOADING directions are unequal
O T T l o .
0 5000 10000 15000 +Bulging effects

Measured Strain ( micro strain)
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COMPARISON OF backside facesheet STRAINS

HOOP

LONGITUDINAL
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/~ oY
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1800 4
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1600 - X4 A -
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1400 - A m
+ X
i A |
= 1200 + X
2 1000 - + xA ®
®
9 + XA 1
800 -
T K m
600 - +
Am ALONGITUDINAL LOADING
a00 | T Z<. -+ COMBINED LOADING(Long)
- +X % COMBINED LOADING(Hoop)
"-A m HOOP LOADING
0 : : ‘ ‘ |
0 2000 4000 6000 8000 10000

Measured Strain ( micro strain)

facesheet under hoop loading

A Center of Excellence

MTAS

Advanced Materials in
Transport Aircraft Structures

< Significant membrane strains in backside

< Under combined loading, the membrane

strains due to backside facesheet bulging
and strains due to longitudinal & hoop

loads interact

+Non-linear load-strain relationship

The Joint Advanced Materials and Structures Center of Excellence
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Comparison with coupon data ™ e

4000
« Holein single facesheet is less I X
severe as through holes or
notches 3000

« The failure load for single
facesheet hole ( pressurization)
corresponds to failure initiation

2000 —

Strength (Ib/in)

n o ®
— Could carry additional load - 5
— Test discontinued as fixture could —_
not accommodate the tangential 1000 =
displacements required for i
additional loading
I I S E N N T B
0 2 4 6 8 10 12
Flaw size (in)

FLAW TYPE / LOADING
A NONE / UNIAXIAL TENSION

(O THRO HOLE / UNIAXIAL TENSION

= THRO NOTCH / UNIAXIAL TENSION

X{ BVID / UNIAXIAL TENSION

@ HOLE IN SINGLE FACESHEET / PRESSURIZATION LOAD
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Ongoing Work

Analysis of photogrammetry data and failure modes

Testing of Specimens with notches
— Longitudinal notch

— Circumferential notch

— Notch at 45° to longitudinal axis

Two additional damage/loading configurations —TBD

Analysis
— Advatech Pacific : Failure prediction using GENOA program

The Joint Advanced Materials and Structures Center of Excellence

A Center of Frcellence

' Advanced Materials in
Transport Aircraft Structures
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A Center of Excellence
A Look Forward
Transport Aircraft Structures

e Future needs

— Longitudinal compression loading capability in the
fixture

— Inclusion of shear loading
— Fatigue
— Structural details — cut-outs, adhesive joints, etc.

The Joint Advanced Materials and Structures Center of Excellence 31
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